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1 .O INTRODUCTION 

Tetra Tech NUS, Inc. (TtNUS) has prepared this Work Plan (WP) and Sampling and Analysis Plan (SAP) 

for the Basewide Groundwater Operable Unit (OU) Remedial Investigation (RI) at the N&al Submarine 

Base - New London (NSB-NLON), Groton, Connecticut. These planning documents were prepared by 

TtNUS for the U.S. Department of the Navy (Navy) Northern Division (NORTHDIV) under Contract Task 

Order (CTO) 0312 of the Comprehensive Long-Term Environmental Action Navy (CLEAN) contract 

number N62472-90-D-1298. 

These planning documents are an outgrowth of the May 1999 final Existing Data Summary Report 

(EDSR) that was completed for this project (TtNUS, 19999). The WP is designed to define the technical 

and management approach for the project. The WP discusses project objectives, scope, background 

information, rationale, management techniques, community relations planning, and schedule. The SAP is 

designed to provide direction for field and laboratory staff to ensure that specific procedures are properly 

implemented in a safe and scientifically defensible manner. Together, the WP and SAP provide a logical 

rationale for the RI approach based on existing regional and site-specific information. 

The WP is presented in a format modified from United States Environmental Prqtection Agency (USEPA) 

guidance for conducting remedial investigations and feasibility studies (RI/FS) under the Comprehensive 

Environmental Response, Compensation, and Liability Act (CERCLA) (USEPA, 1988). The WP is also 

consistent with Department of Defense (DOD) guidance in the Handbook to Support the Installation 

Restoration (IR) Program Statements of Work (SOW), Volume I - Remedial Investigation/Feasibility 

Studies (RI/FS) (DOD, 1991). 

The WP is presented in Section 1.0 of this report and consists of 10 subsections, which include this 

Introduction; Background, Objectives, and Scope; Description of Site Conditions; Site Descriptions; 

Project Rationale; Risk Assessment, Project Management and Organization; Community Relations; Data 

Deliverables and Management; and Project Schedule. The SAP, Section 2.0, consists of 16 subsections 

detailing field operation tasks and procedures. Tables and figures are located at the end of the respective 

sections. Appendices to this report include the !ollowing: Field Forms (Appendix A); Standard Operating 

Procedures (SOPS) (Appendix B); Quality Assurance Project Plan (QAPP) (Appendix C); Health and 

Safety Plan (HASP) (Appendix D); and USEPA and Connecticut Department of Environmental Protection 

(CTDEP) Screening Criteria (Appendix E). 

059904/P (WP) 1-l CT0 0312 
. . 



Rev. 3 
May 2000 

1.1 BACKGROUND, OBJECTIVES, AND SCOPE 

On August 28, 1991, NSB-NLON was placed on the National Priorities List (NPL) by USEPA pursuant to 

CERCLA and the Super-fund Amendments and Reauthorization Act (SARA) of 1986. The NPL is a list of 

uncontrolled or abandoned hazardous waste sites identified by USEPA as requiring priority remedial 

actions. 

In January 1995, the Navy, USEPA, and the State of Connecticut signed the USEPA Federal Facilities 

Agreement (FFA) for NSB-NLON (USEPA, 1995a). The agreement is used to ensure that environmental 

impacts associated with past and present activities at NSB-NLON are thoroughly investigated and that 

the appropriate remedial actions are implemented to protect human health and the environment. In 

addition, the FFA establishes a procedural framework and timetable for developing, implementing, and 

monitoring appropriate responses at NSB-NLON, in accordance with CERCLA (and SARA), the National . 

Contingency Plan (NCP), the Resource Conservation and Recovery Act (RCRA), the Hazardous and 

Solid Waste Amendments (HSWA) of 1984, Executive Order 12580, and applicable state laws. 

Two Rls have been completed at NSB-NLON that included data collection and analysis at most of the 

sites covered by the Basewide Groundwater OU. Atlantic Environmental Services, Inc. (Atlantic) 

performed a Phase I RI in 1992, and Brown & Root Environmental (B&RE) completed a Phase II RI in 

1997. The findings of these Rls and other investigations conducted at the sites included in the Basewide 

Groundwater OU are summarized in the final EDSR prepared and submitted by TtNUS on behalf of the 

Navy in May 1999. 

The EDSR summarizes the data collected from previous and on-going investigations at the sites included 

in the Basewide Groundwater OU. It also describes the 13 sites to be investigated and evaluated during 

this RI. The EDSR was used as the basis for developing the scope of this RI. The purpose of project 

scoping was to analyze existing data to establish the physical characteristics of the site, determine the 

need for additional data, and develop an approach to collect the data. 

The objectives of this RI, based on the summary and recommendations of the final EDSR, are as follows: 

l Further characterize the nature and extent of contamination and hydrogeologic conditions within the 

aquifers at the sites 

l Further characterize the nature and extent of contamination within the soil at several sites 

. Perform preliminary investigations at two sites 

059904/P (WP) l-2 
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l Determine background groundwater conditions 

l Determine human health risks associated with each site 

. Identify and evaluate the factors affecting organic and inorganic contaminant migration 

l Provide data pertinent to identifying potential site-specific remedial alternatives (e.g., natural 

attenuation). 

The data collected during this RI and data collected from previous investigations will be used to complete 

these objectives. 

The scope of the RI described in this WP includes the following tasks: 

l Prepare planning documents (WP, SAP, QAPP, and HASP) 

l Complete necessary field work 

l Manage and validate project data 

l Evaluate and interpret project data 

. Prepare the RI report 

l Manage the project. 

1.2 DESCRIPTION OF SITE CONDITIONS 

NSB-NLON is located in southeastern Connecticut in the towns of Ledyard and Groton. Figure l-l shows 

the location of the base. NSB-NLON is situated on the east bank of the Thames River, approximately 

6 miles north of Long Island Sound. It is bordered on the east by Connecticut Route 12, on the south by 

Crystal Lake Road, and on the west by the Thames River. The northern border is a low ridge that trends 

approximately east-southeast from the Thames River to Baldwin Hill. 

NSB-NLON currently provides base command for submarine activities in the Atlantic Ocean. It also 

provides housing for Navy personnel and their families and supports submarine training facilities, military 

offices, medical facilities, and facilities for submarine maintenance, repair, and overhaul. 

The Basewide Groundwater OU RI covers essentially all of NSB-NLON, except for a long narrow strip of 

land that is adjacent to the Thames River and runs the entire length of the west side of the base (see 

Drawing 1). IR Program sites located in this excluded strip include the Defense Reutilization and 

Marketing Office (DRMO) and the Lower Subase. The remaining portion of NSB-NLON .included in this 
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inv,estigation is bordered on the east by Connecticut Route 12, on the south by Crystal Lake Road and 

Goss Cove, and on the north by a low ridge that trends approximately east-southeast from the Thames 

River to Baldwin Hill. 

1.2.1 Regional Boundaries 

The EDSR identified three separate regions within NSB-NLON: the Northern, Central, and Southern 

Regions. The three regions were delineated to encompass specific sites and to focus the preparation of 

the EDSR and RI. Site-specific hydrogeologic information was also used to delineate the regions. 

Regional boundaries were generally chosen so that contamination from one region would not migrate into 

another. ihe three regions are shown on Drawing 2. 

1.2.2 Topographv and Surface Features for NSB-NLON 

Four bedrock highs form the topographic upland areas at the NSB-NLON and the surrounding area. East 

of the facility, Baldwin Hill reaches an elevation of 245 feet above mean sea level (msl). In the northern, 

central, and southern regions of the facility, the bedrock highs reach elevations that also exceed 200 feet 

above msl.‘ These bedrock highs have a northwest-southeast trend, which is consistent with the regional 

strike. and other bedrock features in the region’(USGS, 1967). The western edge of the facility borders 

the Thames River. 

At NSB-NLON, the bedrock highs slope downward to two small, west-trending valleys. Bedrock outcrops 

are prevalent along steep topographic slopes. In addition to the large bedrock highs, several small sub- 

ridges are visible as bedrock outcrops at the facility. Two primary sub-ridges include one east of the 

Defense Reutilization and Marketing Office (DRMO) and one northeast of the Goss Cove Landfill. 

The two valleys between the bedrock highs are characterized as wetlands and poorly drained stream 

valleys. The valleys slope gently to the Thames River. In the northern valley, the ground elevation 

ranges from approximately 80 feet in the eastern portion to near sea level ‘along the Thames River. The 

eastern (upper) portion of this valley contains the Area A Wetland, which drains through an earthen dike 

into the Area A Downstream Watercourses. The ground surface drops steeply across the dike to 30 to 40 

feet below the elevation’of the wetland. Historically, the ground surface decreased more uniformly toward 

the Thames River (USGS, 1960). Construction of the dike and subsequent filling of the wetland area with 

dredge spoils from the Thames River caused the steep drop in the ground elevation. 

In the southern valley, the ground elevation slopes mildly from approximately 50 feet in the eastern 

portion to near sea level along the Thames River. Historically, there was a topographic depression at the 

former Crystal Lake between Tang Avenue and Crystal Lake Road. The topographic depression has 
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been filled. Filling has also occurred along the Tfiames River, and the historical shoreline has been 

extended. 

Currently, NSB-NLON consists of over 300 buildings on 547 acres of land (Atlantic, 1992). The density of 

buildings is high along the central bedrock high, in the southern valley, and along the Thames River. In 

the northern valley are streams, a wetland, and a golf course. The northern bedrock high is not heavily 

developed except along the southern face at the Area A Weapons Center and the Torpedo Shops. The 

top and northern faces of the northern ridge are wooded, undeveloped areas. 

1.2.3 Groundwater Classification and Quality at NSB-NLON 

1.2.3.1 Groundwater Classification 
. 

The CTDEP previously classified the groundwater beneath the central and southern regions of NSB- 

NLON as GB/GA. Due to the industrial nature of the site, it was unlikely that groundwater at NSB-NLON 

would be used as a potable water source. Therefore, based upon the availability of potable water and the 

proximity of the facility to the tidally influenced Thames River, the Navy applied to CTDEP to have all 

groundwater beneath NSB-NLON reclassified as GB. The GB classification indicates that the area has 

been used for long-term intense industrial or commercial development and the groundwater is not used 

as a drinking water source. Remediation standards for GB areas are typically lower than those for GA . 
_x 

areas. The Navy submitted a reclassification application to CTDEP on August 12, 1’996. A public hearing 

was conducted on the issue on December 13, 1996, and formal notification from the CTDEP regarding 

successful reclassification was received on March 5, 1997. As a result, the groundwater for all of NSB- 

NLON, except for a small portion of the site north of Perimeter Road, is now classified as GB. This small 

northern portion, which is not part of the area covered by the Basewide Groundwater OU RI, remains 

classified as GA. 

1.2.3.2 Groundwater Quality 

For the State of Connecticut, the United States Geological Survey (USGS) National Water Summary 

(USGS, 1986) reports that ” . . groundwater beneath more than 90 percent of the land in the state is 

considered to be suitable for drinking withouf treatment. . . ” However, saltwater intrusion impacts 

groundwater in coastal areas. Also, groundwater is hard to very hard in 70 percent of the wells in the 

state’s carbonate rock aquifer, 40 percent of the wells in the state’s sedimentary rock aquifer, and 15 

percent of the wells in the stratified drift and crystalline bedrock aquifers. NSB-NLON is characterized as 

being located in the stratified drift and crystalline bedrock aquifers of the state. The USGS report also 

states that “large concentrations of iron (as large as 40,000 ug/L) and manganese (as large as 

14,000 ug/L) are a common natural groundwater-quality problem in Connecticut.” 
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The Groton Water Department supplies potable water to NSB-NLON. The primary source of the Groton 

water supply is surface water reservoirs, which are supplemented with ,wells. The water supplies are 

located within-the Poquonock River Watershed, located east of NSB-NLON, and not within the NSB- 

NLON watershed. Groundwater and surface water at NSB-NLON are not used for drinking water. 

Although, there are several irrigation wells on site at the golf course, located on the western side of both 

the Northern and Central Regions of NSB-NLON, they have not been used for several years. 

Well water users in the vicinity of NSB-NLON include the Groton Water Department, the Southeastern 

Connecticut Water Authority (SECWA), the town of Ledyard, and a limited number of residences adjacent 

to the base. Several active, private groundwater supply wells are located north (near Sleepy Hollow and 

along Long Cove Road and Military Highway) and northeast (along Route 12 near the trailer park) of the 

Northern Region of NSB-NLON. 

SECWA uses groundwater to provide potable water to residents in areas north, east, and northwest of 

NSB-NLON. Analysis of groundwater samples collected in 1991 and 1994 from 16 SECWA divisions 

detected barium, sodium, chloride, fluoride, sulfate, nitrates, and nitrites. 

The town of Ledyard also uses groundwater to provide potable water to its residents. The Ledyard Water 

Pollution Control Authority (WPCA) monitors groundwater constituents. Analysis for iron and manganese 

in samples collected during July and August 1995 indicated that iron concentrations ranged from 2,170 

ug/L to 2,780 ug/L and manganese concentrations ranged from 1,100 ug/L to 1,400 ug /L. 

.X-W. 

Homes on Route 12 adjacent to the northeastern portion of NSB-NLON have private drinking water wells, 

as do homes to the north on Sleepy Hollow Road, Long Cove Road, and Military Highway. The quality of 

groundwater in these areas was measured by Atlantic and is summarized in the Off-Site Residential Well 

Water Data Evaluation Report (Atlantic, 1994e). Manganese concentrations measured in these 

residential wells ranged from less than 0.7 ug/L to 2,130 us/L, and iron concentrations ranged from less 

than 4.8 ug/L to 21,800 ug/L. Two trailer parks near the site have wells classified as public water supply 

wells. The Colonel Ledyard Mobile Home Park, located on Sleepy Hollow Road adjacent to the North 

Gate, has a well that supplies between 15 and 20 families. The Grandview Trailer Park, located at the 

intersection of Long Cove Road and Route 12, has two water supply wells. 

1.2.4 Soil Characteristics for NSB-NLON 

The United States Department of Agriculture Soil Conservation Service (SCS) has mapped the soils of 

NSB-NLON (SCS, 1983). According to the SCS report, soils at NSB-NLON have moderate to moderately 

high permeability. Available water capacity is moderate to low. In general, the soils are well drained, and 

, ----_ 
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runoff is rapid. The pH of the soils indicates that they are strongly to moderately acidic, and the erosion 

hazard is severe. 

Native soils across the facility consist of dark, fine, sandy loam (Hollis and Charlton soils). Stones, 

boulders, and bedrock outcrops are prevalent on hills and ridges (the Hollis-Charlton-Rock Complex). 

The Hinkley Loam has been identified in the far northwestern portion of the facility. The soil is associated 

with stream terraces and outwash plains and consists of dark, gravelly &nd sandy loam. Native materials 

along the Thames River are most likely of this type. 

Altered soils at NSB-NLON have been classified as either Urdothents-Urban land or Urban land. The 

Urdothents-Urban land is defined as excessively to moderately drained soils that have been disturbed by 

cutting and filling. This type of soil is located in the northern portion of NSB-NLON in the Area A 

‘Downstream Watercourses and along the Thames River. Urban land is defined as areas where more 

than 85 percent of the surface is covered by streets, parking lots, and buildings. Urban land has been 

mapped in the southern portion of NSB-NLON and along the Thames River: 

1.2.5 Geology at NSB-NLON 

NSB-NLON is situated in the Eastern Uplands region of Connecticut. The area has irregular hills of 

exposed bedrock and poorly drained, uneven valleys. The bedrock consists of metamorphosed rocks of 

sedimentary and igneous origin. The bedrock has been faulted and folded. A major east-west-trending 

fault (The Honey Hill Fault) is located approximately 6 miles north of NSB-NLON. The fault does not 

intersect the facility. 

Detailed descriptions of the regional geology are provided in the Phase I RI Report (Atlantic, 1992) and 

the Initial Assessment Study Report (IAS) (NEESA, 1983). The following subsections summarize the 

geologic setting of NSB-NLON and describe the bedrock surface and structure. . 

1.2.5.1 Geologic Setting 

According to the USGS bedrock map (USGS, 1967), the NSB-NLON facility is underlain by five different 

formations: Alaskite Gneiss, Granitic Gneiss, Mamacoke Formation, Plainfield Formation, and Westerly 

Granite. The Alaskite Gneiss and Granitic Gneiss are orange-pink to light gray, medium-grained granitic 

gneisses. The Mamacoke Formation is light to dark gray, medium-grained biotite-quartz-feldspar gneiss. 

The Plainfield Formation is dark green hornblende-biotite-quartz-plagioclase gneiss. The Westerly 

Granite is gray, fine- to medium-grained equigranular granite. 
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Most of the surficial deposits in the area are unconsolidated glacial materials that were deposited during 

the Pleistocene Age. There are two types of glacial deposits at the facility, stratified drift and glacial till. 

Stratified drift consists of sorted silt, sand, and gravel that were deposited by meltwater streams. 

Stratified drift is located on terraces of the Thames River and is mapped along the western portion of the 

facility (USGS, 1960). Glacial till consists of a dense, heterogeneous mixture of clay, silt, sand, and rock 

fragments as large as boulders. Glacial till is exposed on most of the bedrock highs and most likely 

underlies outwash materials in the valleys. The thickness varies considerably, but averages less than 

10 feet. 

. . CL-. 

The remainder of the surficial deposits is the product of post-glacial river/floodplain processes and man- 

made modifications. Quaternary alluvium that consists of sand, silt, and gravel has been mapped in the 

area of the Area A Wetland (USGS, 1960). Artificial and natural fill are prevalent at the sites being 

investigated. 
. 

1.252 Bedrock Surface and Structure 

The eastern edge of the facility is bordered by a bedrock high known as Baldwin Hill. The bedrock along 

this hill slopes toward the facility. There are three bedrock highs along the Northern, Central, and 

Southern Regions of the facility. At higher elevations (greater than 120 feet), these hills mimic the 

The depth to bedrock at wells 4MWlS through 4MW4S along the central hill, and topographic surface. 
,---W 

well 2WMWl D along the eastern hill, is less than 10 feet. At the top of the central hill, depths to bedrock 

of 2 and 7 feet were measured in wells 2LMW36B and 2LMW35B, respectively. For other bedrock highs 

where no data were available, a depth to bedrock of 10 to 15 feet was assumed. 

In the two nearly east-west-trending valleys between the bedrock highs, the bedrock surface continues to 

decrease along slopes similar to the hills, and the topographic surface flattens. In ‘the northern valley, the 

bedrock surface decreases to a general elevation of 30 feet. The overburden thickness is typically 20 to 

30 feet; however, it is thicker in the eastern portion of the valley in the vicinity of the Area A Wetland. 

Three oblong-shaped bedrock highs protrude within the valley. On these hills, the depth to bedrock is 

less than 10 feet. The southern valley is broader; the bedrock elevation decreases to below msl, and the 

overburden thickens to greater than 50 feet. There is one bedrock outcrop northeast of the Goss Cove 

Landfill along Shark Boulevard. The depth to bedrock is 12 feet at the Goss Cove Landfill, as determined 

from boring logs for well cluster 8MW2. 

Of the five types of bedrock, only the biotite-quartz-feldspar gneiss of the Mamacoke Formation and the 

Granitic Gneiss were identified during drilling, as documented in the boring logs for site-specific 

investigations. The Mamacoke Formation was identified at the Construction Battalion Unit (CBU) Drum 

Storage Area, Area A Landfill, Area A Downstream Watercourses, Rubble Fill Area at Bunker A86, Over 
M--L 1. 
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Bank Disposal Area (OBDA), Torpedo Shops, Over Bank Disposal Area Northeast (OBDANE), Spent 
Acid Storage and Disposal Area (SASDA), and Goss Cove Landfill. Ttie Granitic Gneiss was identified at 

the Area A Weapons Center. Both formations were identified within the Area A Wetland and the DRMO. 

The bedrock surface was not encountered at the Lower Subase. 

1.2.6 
. 

Hvdroneoloav at NSB-NLON , 

This section summarizes hydrogeologic conditions at NSB-NLON. Brief discussions of aquifer 

characteristics, groundwater flow, and tidal and seasonal influences on groundwater flow are provided 

below. 

1.2.6.1 Aquifer Characteristics 

During the Phase II RI, which was completed by B&RE in 1995, slug tests were performed on 

seven wells. The data were analyzed, and values of hydraulic conductivity were estimated using the 

Bouwer and Rice Method (Bouwer and Rice, 1976). Calculated hydraulic conductivity values ranged from 

0.07 to 20.3 feet/day (2.47E-5 to 7.16E-3 cm/set). The highest value is from a well screened in loose 

sand and gravel near the Thames River (6MW3D). Intermediate values between 1 and 5 feet/day are for 

wells screened in the shaltow fill and terrace deposits consisting primarily of dense, coarse sand with 

some gravel and silt. The lowest hydraulic conductivity values, which are less than 1 foot/day, are from 

wells screened in very dense, silty sand in the shallow overburden (e.g., 15MW3S) and dense, poorly 

sorted sand in the deeper overburden (e.g., 8MW2D). The results indicate that the overburden materials 

are generally moderately permeable. 

1.2.6.2 General Discussion of Groundwater Flow 

The general direction of groundwater flow at NSB-NLON is from Baldwin Hill across the facility to the west 

(in the direction of the Thames River). However, the water table surface locally mimics the bedrock and 

topographic surface. High hydraulic potentials develop within the three bedrock highs in the Northern, 

Central, and Southern Regions of the facility. Precipitation infiltrates into the overburden and bedrock 

and flows radially from the areas of high bedrock and topographic elevation toward areas of low bedrock 

and topographic elevation. More specifically, groundwater flows toward the two valleys and ultimately 

toward the Thames River or directly from the western edges of the three hills toward the Thames River. 

Drawings 3 and 4 represent groundwater potentiometric surface maps for overburden and bedrock, 

respectively. These drawings are based on groundwater elevations recorded on November 20, 1995. 

Groundwater elevations were generally lower in August than in March. In most cases, the groundwater 

elevations at well clusters are similar in the bedrock and overburden. This suggests that the bedrock and 

059904/P (WP) I-9 CT0 0312 



Rev. 3 
May 2000 

overburden are hydraulically connected and that the groundwater flow directions are similar in both, as is 

evident by comparing the overburden and bedrock flow maps. At a few well clusters, the difference in 

groundwater elevations between the bedrock and overburden is greater than several feet. In these areas, 

the bedrock and overburden have a weak hydraulic connection, and local groundwater flow directions 

may vary. 

Limited water-level data obtained in November 1995 from off-site wells show that groundwater in areas 

east of NSB-NLON are at higher elevations than along the eastern boundary of NSB-NLON, indicating 

that groundwater at NSB-NLON does not migrate off-site to the east. To the north, off-site wells have 

relatively low water levels; however, these wells are located in a valley on the opposite side of a large 

ridge that separates the IR Program sites at NSB-NLON from the wells. The ridge acts as a local 

groundwater divide, preventing migration of groundwater from the northern sites at NSB-NLON to the off- 

site wells. 

A major basin divide occurs along the ridges of Baldwin Hill. East of Baldwin Hill, water (both surface 

water and groundwater) is part of the Southeast Coast Major Basin. Water from this basin is not 

expected to travel toward the facility. West of Baldwin Hill, water is part of the Thames Major Basin. 

Surface water and groundwater from this basin ultimately discharge into the Thames River. 

Hydraulic gradients in the bedrock are greatest where the bedrock surface slope is steepest (along the 

hillside at Rubble Fill at Bunker A86) and decrease where the bedrock slope is milder (in the valley at 

Area A Downstream Watercourses). Typically, the hydraulic gradient decreases as the bedrock slope 

decreases. 

’ 
-* 

The vertical component of groundwater flow is predominantly downward in upland areas of NSB-NLON. 

However, at the base of the hills, the bedrock surface flattens and the overburden thickens. In these 

areas, upward gradients may occur, resulting in shallow bedrock groundwater discharge into the 

overburden. Near the Thames River, upward gradients exist, as is typical for groundwater in major 

stream valleys. Whether an upward or downward gradient develops depends on factors such as the 

bedrock configuration, depth of the overburden, topographic features, permeability, distance to the river, 

and the tides. , 

1.2.6.3 Tidal and Seasonal Influences on Groundwater Discharge 

Based on studies conducted during the Phase I and II Rls and an investigation at Building 31 completed 

by Halliburton NUS (HNUS, 1993), the groundwater potentiometric surface varies as a result of tidal and 

seasonal influences. The fqllowing conclusions were reached regarding tidal influences on groundwater 

discharge from NSB-NLON: 
‘---. 
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l During low tide, the hydraulic gradient of the groundwater table at NSB-NLON is in the direction of the 

Thames River and results in the highest discharge rate of groundwater to the river. 

l During high tide, the hydraulic gradient of the groundwater at NSB-NLON along the Thames River is 

reversed; flow occurs from the river to the site, temporarily halting the discharge of groundwater from 

NSB-NLON to the river. 

l Tidal changes of 1 to 3 feet are common in the Thames River. 

l The reversal in hydraulic gradient resulting from tidal influences occurs only near the Thames River, 

generally within 300 feet of the river, and does not seem to significantly alter groundwater flow in 

other areas of NSB-NLON. 

Seasonal variations of the groundwater table across the site were recorded during monthly groundwater- 

level measurements in monitoring wells. The variations of monthly water-level means generally correlate 

to months with lower and higher precipitation and recharge. 

Based on the monthly water-level data, the following conclusions were reached regarding seasonal 

influences on groundwater discharge from NSB-NLON: 

. During periods of limited recharge (i.e., summer and early fall), the hydraulic gradients along the 

bedrock highs (where there is limited overburden thickness) decrease and the groundwater discharge 

from these areas decreases. Conversely, during periods of significant recharge (late fail and spring), 

the hydraulic gradients and groundwater discharge in these areas increase. 

l Hydraulic gradients and groundwater discharge in portions of the site with significant overburden (i.e., 

the valleys and floodplain) remain relatively constant (except for tidal-related variations) throughout 

the year. 

’ 1.2.7 Climatoloqy 

NSB-NLON is in an area that has a variable climate resulting from both continental and maritime air 

masses and modified by the region’s proximity to the Atlantic Ocean. The region lies in the path of 

prevailing westerly winds and cyclonic disturbances that cross the country from the west or southwest 

toward the east and northeast. In the summer, prevailing winds are southwesterly, and in the winter they 

are northwesterly. The average wind speed is about 10 miles per hour. The region is exposed to 
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occasional storms that travel up the Atlantic coast. Storms in the region are laden with moisture from the 

ocean; in addition, some storms are tropical, and occasional storms are of hurricane intensity. 

The average annual temperature for New London, Connecticut, is approximately 50 “F. Average monthly 

temperatures vary from 58 to 72 “F in July and Augustand from 23 to 30 “F in January and’february. 

Precipitation averages approximately 44 inches per year, as measured at New London over an al-year 

period. Precipitation ranges from 32 to 65 inches per year. The greatest amount of precipitation occurs 

in March and August: the least amount occurs in June and September. . Evaporation averages 

approximately 23 inches per year (NAVFAC, 1988). 

1.3 SITE DESCRIPTIONS 

Thirteen sites were identified in the EDSR that require further investigation during the Basewide 

Groundwater OU RI. These sites are located within the three regions (Northern, Central, and Southern) 

defined within the EDSR. Detailed information on these sites is presented below by region. 

1.3.1 Northern Reqion 

The Northern Region is bordered by Perimeter Road to the north and Highway 12 to the east. This region 

also extends to the west to include the golf course west of Shark Boulevard. The southern boundary of 

the Northern Region is represented by an imaginary line extending from the intersection of Corsair Road 

and Highway 12 to Pier 32, but stopping at the western edge of the Golf Course prior to the Lower 

Subase. The following IR Program sites are located within the Northern Region and are recommended 

for further investigation. 

c- 

l Site 1 - CBU Drum Storage Area 

l Site 2A - Area A Landfill 

i Site 2B - Area A Wetland 

0 Site 3 - Area A Downstream Watercourses and OBDA 

l Site 4 - Rubble Fill Area at Bunker A-86 

l Site 7 - Torpedo Shops 

l Site 14 - OBDANE 

l Site 20 - Area A Weapons Center 

Site 5 - Hazardous Waste Storage Facility at Bunker A-85 also falls within the Northern Region, but this 

site is currently being investigated and remediated under ‘RCRA. Therefore, this site will not be 

investigated as part of this RI. 
f---5 
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Because of historical remedial actions (i.e., installation of a cap and a soil removal action), Sites 1, 24, 

and 4 are no longer considered to be independent source areas, and therefore a long-term groundwater 

monitoring program will be implemented to collectively evaluate the quality of groundwater from all three 

sites. In- addition, groundwater from Site 2B will be sampled and evaluated as part of the groundwater 

monitoring program. Therefore, for the purposes of this RI, the groundwater data collected jointly for the 

groundwater monitoring program and this RI will be used to evaluate the’sites (i.e., Sites 1, 2A, 2B, and 4) 

mentioned above. The remaining four sites, namely Sites 3, 7, 14, and 20, will be investigated and 

evaluated independently. 

1.3.1 .l CBU Drum Storage Area, Area A Landfill, Area A Wetland, Rubble Fill at Bunker A-86 

I .3.1 .I .l CBU Drum Storaae Area - Site 1 

The CBU Drum Storage Area was an unpaved area located in the northern section of NSB;NLON, adjacent 

to the deployed personnel parking lot and within the boundary of the Area A Landfill. The location of the 

CBU Drum Storage Area in relationship to other NSB-NLON IR Program sites is shown on Drawing 1. 

Figure l-2 shows the general arrangement of the site. The site was situated on a flat, open area at the base 

of a wooded hillside that slopes northeast toward the site at a 25 percent grade. Tbe site was approximately 

15 feet in width by 30 feet in length and was placed under the cover system for the Area A Landfill during 

the interim remedial action at that site. 

Twenty-six 55-gallon drums of waste oil, lubricating oil, and paint materials were observed at the site during 

the 1982 IAS. Some of the drums were reportedly leaking at that time. The IAS report concluded that the 

site had not been used for several years. Atlantic personnel inspected the site on October 20, 1988, and 

observed two 55gallon drums labeled as engine oil. No surface soil staining or stressed vegetation was 

evident. The drums noted in the IAS report were reportedly removed and properly disposed of by the Navy; 

the two drums observed in 1988 were subsequently removed. 

This site has been capped and paved over with asphalt as a result of the cover system installed at the 

Area A Landfifl. A No Further Action Decision Document has been signed for this site. Therefore, the 

current conditions at the Area A Landfill site describe the current conditions of the CBU Drum Storage 

Area. Other physical characteristics known about the site (e.g., geology) are summarized in the final 

EDSR (TtNUS, 19999). 
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1.3.1 .1.2 Area A Landfill - Site 2-A 
/ --%~ 

The Area A Landfill is located in the northeastern and north-central sections of NSB-NLON and 

encompasses approximately 13 acres. The general configuration of the Area A Landfill and adjacent sites is 

shown on Figure l-3 . The location of the Area A Landfill in relationship to other NSB-NLON IR Program 

sites is shown on Drawing 1. Access to the closed landfill is via a paved road off Wahoo Avenue. The 

thickness of the landfill materials is estimated to be 10 to 20 feet based on test boring data. The Area A 

Landfill is a relatively flat area bordered by a steep, wooded hillside that rises to the south, a steep wooded 

ravine to the west, and the Area A Wetland to the north. The landfill extends east along the wetland as far 

as a recreational area (tennis courts). Most filling occurred within the eastern and western limits of the 

landfill. 

According to the IAS report, the landfill opened sometime before 1957. However, a 1957 aerial photograph ’ 

shows no apparent landfilling, which may indicate a somewhat later start date. All materials generated by 

base operations that were not salvageable were incinerated, and the residues were disposed in the Goss 

Cove and Area A Landfills. The base incinerator, which was located north of the Lower Subase along the 

waterfront at the present location of Building 478, ceased operation in 1963. From 1963 to 1973, all refuse 

and debris were disposed in the Area A Landfill. Because on-site disposal of solid radioactive waste 

attributed to the Naval Nuclear Propulsion Program (NNPP) has been prohibited since’the inception of the 

program, and based on records, established policy, and interviews, the potential for NNPP radioactive 

material having been disposed of on site is effectively zero. Small amounts of general radioactive material 

(G-RAM) incorporated in consumer products (radioluminescent exit signs, smoke detectors, etc.) could have 

been disposed of with other industrial material in the DRMO, ‘Area A Landfill, or Goss Cove Landfill. 

However, this possibility is unlikely given what is known’about the material used for fill. Furthermore, the 

potential for G-RAM radioactivity in these former landfills would not vary substantially from that in 

commercial landfills operated for typical civilian use. 

The area fill method was reportedly used in landfill operations. New refuse was dumped from the face of 

previously deposited refuse and covered with earth. The cover material used on the landfill was sand and 

gravel obtained from the Groton water supply reservoir. Landfilling operations ceased in 1973. After 

closure, a concrete pad was constructed in the southwestern portion of the landfill for aboveground storage 

of industrial wastes. Up to the time of the interim remedial action at the Area A Landfill, the pad was still in 

existence at the site and at that time was located adjacent to and northeast of Building 373, and south of the 

dirt road that extended through this area. In the early 198Os, 42 steel drums, 87 transformers (mineral oil 

and polychlorinated biphenyl [PCB]), and 60 to 80 electrical switches were stored on the pad. Two 

transformers and several electrical switches were reportedly leaking. Past leakage of oil was also evident. 

.-.. 
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Most drums were stacked on wooden pallets;‘.and those having RCB labels were covered and bound with 

plastic sheeting. All these materials have since been properly disposed of off site. 

The IAS report indicated that refuse, including steel drums, oxygen candles, wood and metal scrap, 

concrete, and tires, was exposed at the edge of the landfill adjacent to the wetland. The IAS report also 
. 

stated that petroleum compounds had recently been poured from containers and had flowed into the 

wetland at two locations (northwestern portions of the landfill) and that, when batteries were overhauled, 

spent sulfuric acid solution was transferred to barrels and transported to Area A for disposal. The acid was 

poured into trenches dug with a bulldozer and subsequently covered with soil. 

Atlantic personnel inspected the Area A Landfill on September 30, 1988. Iron floe was observed along the 

toe of the slope of the landfill extending from the dike to the eastern end of the deployed parking lot. The 

slope of the landfill had been covered with fill, and material in the landfill was not visible. 

Sandbags, salt, and contractors’ supplies and equipment were previously stored on top of the uncapped, 

unpaved sections of the landfill. Several transformers, removed underground storage tanks, crane weights, 

and other equipment were previously stored on the concrete pad in the southwestern portion of the landfill. 

A low-permeability cover system was installed on the Area A Landfill as an interim remedial action for soils 

at the site. The cover system consists of a bedding/gas management layer underlying ‘a double liner, a 

drainage layer above the double liner, and an operating surface in selected areas at the top. A majority of 

the area was paved with asphalt after the cap was installed. The remedial action also included the 

installation of a surface water and groundwater interception trench along the southern border (upgradient) of 

the site. 

. 

The physical characteristics of the site (topography, surface features, soil characteristics, geology, and 

hydrogeology) are summarized in the final EDSR (TtNUS, 1999g). 

1.3.1 .I .3 Area A Wetland - Site 2-B 

The Area A Wetland is adjacent to the northeastern edge of the Area A Landfill and is approximately 

23.6 acres in size. The Area A Wetland is depicted on Figure l-4. The location of the Area A Wetland 

within NSB-NLON is shown on Drawing 1. This portion of NSB-NLON was undeveloped, wooded land, 

and possibly wetland until the late 1950s. In the late 1950s dredge spoils from the Thames River were 

pumped to this area and contained within an earthen dike that extends from the Area A Landfill to the 

southern side of the Area A Weapons Center. Based on the boring logs, the total volume of dredged 

material in the wetlands is approximately 1.2 million cubic yards. 
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A small pond is located at the southern portion of the wetland, and between 1 and 3 feet of standing 

water is present during all seasons. Surface water from the Area A Wetland exits the site via a weir/pipe 

outlet structure located on the western side of the site. The outlet structure discharges through the dike 

directly into Stream 4 of the Area A Downstream Watercourses site. Phragmites is the predominant type 

_ of vegetation in the wetland. 

Atlantic reported that pesticide “bricks” were placed on the wetland ice during winter and allowed to 

dissolve as a mosquito control measure. These “bricks” consisted of formulated (water-soluble) DDT and 

were used in the 196Os, prior to the 1972 ban on 4,4’-DDT. 

The physical characteristics of site (topography, surface features, soil characteristics, geology, and 

hydrogeology) are summarized in the final EDSR (TtNUS, 1999g). 

1.3.1 .1.4 Rubble Fill Area at Bunker A-86 - Site 4 

Bunker A86 is located at the end of a dirt road off Wahoo Avenue in the north-central section of NSB-NLON. 

The Rubble Fill Area was located south of the Area A Landfill, near the landfill’s west end. Historical site 

features are shown on Figure 1-5. The location of the site in relationship to other NSB-NLON I‘R Program 

sites is shown on Drawing I. 

,..-.-- . 

The Rubble Fill Area, which constituted Site 4,. was located north of the dirt road and west of the bunker. 

The size of the site was approximately 25 feet in width by 60 feet in length. The site was on a wooded 

hillside that slopes north-northeast at a grade of approximately 40 percent. The IAS report indicated that 

discarded construction materials including concrete, asphalt, an electric motor, tar buckets, wood, and 

gravel were present at the site. As concluded in the IAS report, material had not been disposed of at the 

site for more than 10 years prior to the date of the IAS (NEESA, 1983). 

Atlantic personnel inspected the site on October 20, 1988, and noted that most of the material present at 

that time was construction debris (wood and concrete). Chemical containers found at the base of the 

rubble fill area during this inspection included an empty 5gallon container of monothanolanine (labeled 

as a corrosive), an empty 5-gallon container of thorite (labeled as non-shrinking compound for patching 

concrete), and a 55-gallon drum of lubricating oil that was approximately 10 percent full. 

In early 1997, construction debris and contaminated soil and sediment were removed from the site as part 

of a time-critical removal action and incorporated into the Area A Landfill subgrade. Wood debris was 

sampled and disposed of off site. Subsequently, the Verification Sampling Report determined that the -*. 
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cancer risk associated with the site still exceeded USEPA’s ‘target range. Therefore, the remaining 
contaminated soil was removed from Site 4 in July 1997, leaving only exposed bedrock. This completed 

the remedial action for the Rubble Fill Area at Bunker A-86. 

The physical characteristics of the site (topography, surface features, soil characteristics, geology, and 

hydrogeology) are summarized in the final EDSR (TtNUS, 1999s). 

1.3.1.2 Area A Dow,nstream Watercourses and OBDA - Sites 3A and 3B 

The Area A Downstream Watercourses receive surface water and groundwater recharge from the Area A 

Landfill, Area A Wetland, Torpedo Shops, OBDANE, and surrounding areas and convey them to the 

Thames River. The Area A Downstream Watercourses include North Lake, which is not interconnected 

with the other water bodies, and several small ponds (Upper Pond, Lower Pond: and OBDA Pond) and 

interconnected streams (Streams 1 through 6). The general configuration of the Area A Downstream 

Watercourses is shown on Figure l-6. The site location is shown on Drawing 1. 

The primary discharge point of the Area A Wetland is from four 24-inch diameter metal culverts through 

the dike. The discharges from these culverts form a small stream (Stream 4) that flows westward for 

approximately 200 feet into Upper Pond. Under normal flow conditions, Upper Pond discharges to 

Stream 3, which flows northward and then westward toward Triton Avenue (past the OBDANE site) to the 

entrance of the Torpedo Shops. At this location, it meets the drainage channel from the Torpedo Shops 

and forms Stream 5. Stream 5 flows westward along Triton Avenue through the Small Arms Range and 

under Shark Boulevard and eventually discharges to the Thames River at the DRMO outfall. Upper Pond 

also has a discharge structure on the south side. During periods of high flow and high water in the pond, 

water also flows out through this structure to Stream 1, which flows westward from the OBDA site. A 

second pond (Lower Pond), northwest of Upper Pond, is a natural depression and is recharged by 

groundwater inflow. The outlet of the pond forms Stream 2, which enters a storm sewer and flows to the 

west around North Lake and discharges into Stream 6. 

’ Groundwater discharges from the Area A Landfill to a small pond (the OBDA Pond) at the base of the 

dike and the former OBDA. Stream 1 flows fro.m this pond westward toward North Lake, a recreational 

swimming area for Navy personnel. The stream enters a culvert that bypasses North Lake and 

discharges to a stream (Stream 6) below the outfall of the lake. Stream 6, which is formed by Stream 1, 

Stream 2, and the outflow of North Lake from the discharge weir, flows westward under Shark Boulevard 

and through the golf course to the Thames River. North Lake does not receive surface water from 

Streams 1 or 2. The lake is filled with potable water every year and drained at the end of the season. 

Surface water levels in North Lake do not appear to coincide with groundwater levels in adjacent 
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monitoring wells, indicating little hydraulic connection between surface water of North Lake and the 

shallow groundwater. 
,--. 

Most of the area is within designated Explosive Safety Quantity Distance (.ESQD) arcs of the Area A 

Weapons Center; therefore, further development is not planned for this area. Navy regulations prohibit 

construction of inhabited buildings or structures within these areas and, while existing buildings operate 

under a waiver of these regulations, no further construction is planned. The soil and sediment at Site 3 is 

currently under remedial design. A Proposed Plan and Record of Decision (ROD) have been completed; 

the ROD was signed in late 1997. Under this design plan, contaminated soil and sediment at Site 3 will be 

dredged and hauled off site for disposal, and wetlands and waterways in the area will be restored. 

The OBDA is located on the slope of the dike below and adjacent to the Area A Landfill. It is located on 

the southwestern end of the dike where the angle of the slope approaches 45 degrees. A small wetland 

exists at the base of the dike. This area was used as a disposal site after the earthen dike was 

constructed in 1957. The IAS report (NEESA, 1983) indicated that the material had been there for many 

years. The IAS report also indicated that the materials were not covered and included 30 partially 

covered 200-gallon metal fuel tanks and scrap lumber. Atlantic personnel inspected the OBDA on 

September 30, 1988, and observed approximately 30 empty, unlabeled 200-gallon tanks, old creosote 

telephone poles, several empty, unlabeled 55-gallon drums, and rolls of wire. Orange sediments (iron 

floe) were observed in the water discharging from the base of the dike embankment. All the debris from 

the OBDA area was removed and disposed of off site as part of a time-critical removal action in 1997. 

,/-“9 

The physical characteristics of the site (topography, surface features, soil characteristics, geology, and 

hydrogeology) are summarized in the final EDSR (TtNUS, 1999g). 

1.3.1.3 Torpedo Shops - Site 7 

The Torpedo Shops site is located in the northern portion of NSB-NLON on the north side of Triton 

Avenue. Figure l-7 shows the general site arrangement. The site location is shown on Drawing 1. The 

site is bordered on the east and north by 60-foot-high bedrock cliffs. The remainder of the site slopes to 

the southwest. An earthen berm extends along the base of the eastern portion of the exposed rock face. 

Three buildings (325, 450, and 477) exist at the site. 

Building 325 is a torpedo overhaul facility. It was built in 1955 and had an on-site septic system until 

1983, when all plumbing facilities were connected to sanitary sewers. The original septic leach field for 

Building 325 is located southwest of the building, adjacent to Triton Road. This leach field became 

clogged in 1975 and was abandoned. A new leach field (south leach field) was constructed next to the 

original leach field and was used until sanitary sewers were installed in 1983. 
---a. 
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Atlantic personnel performed a visual inspection of Building 325 on March 20, 1989 during a site visit. 

According to interviews with on-site personnel, a variety of fuels, solvents, and petroleum products have 

been used in the building. Products observed in the maintenance areas included Otto Fuel II [which is 

comprised of propylene glycol dinitrate (76 percent), 2-nitrodiphenylamine (1.5 percent), and di-n-butyl 

sebacate (22.5 percent) and produces hydrogen cyanide when burned], high-octane alcohol (190 proof 

grain alcohol), and TH-Dimer (jet rocket fuel). Solvents including mineral spirits, alcohol, and 

l,l,l-trichloroethane, as well as petroleum products such as motor oil and grease, were used in this 

building. A sink in one area was previously used for film development, and another sink was used for the 

overhaul of alkaline batteries. This plumbing drained into the on-site septic system until 1983. A 

maintenance area has a shallow’ sump that is covered with a flush-mounted steel grate. The area 

surrounding this sump was previously a washdown and blowdown area for weapons. It is not known 

‘where this sump drains, although it probably drains into the south leach field. Two underground No. 2 

fuel oil tanks are located on the southern side of this building. A third tank, which was located above 

ground adjacent to the building, was used for temporary storage of No: 2 fuel oil but, based on field 

reconnaissance, had been removed as of March 15,1995. 

A smaller building attached to the east side of Building 325 was also inspected by Atlantic personnel. It 

was previously used as an assembly shop for torpedoes and was a paint. shop at the time of the 

i ’ inspection. A storage closet in this building included containers of 1 ,I ,I -trichloroethane and methyl ethyl 

ketone (2-butanone). Drums and cylinders were stored outside on the eastern side of this building. The 

vessels were labeled as containing propane, isobutane, 2-butanone, xylot, methylene chloride, propellant, 

and zinc chromate. An addition to the northern side of Building 325 was under construction at the time of 

the Atlantic inspection and has since been completed. This building is used as a torpedo shop. 

Building 450 is the primary MK-48 torpedo overhaul and assembly facility. It was built in 1974 and was 

served by its own septic system until 1983, when it was connected to sanitary sewers. Only domestic 

wastewater from toilets, lavatories, and showers in Building 450 had been directed to the septic field 

(north leach field). Torpedo overhaul and assembly operations of Building 450 generate fuels, solvents, 

and petroleum products as wastes. An Otto fuel and seawater mixture is drained from the torpedoes, 

which are then replenished with fresh fuel. The IAS report indicated that Building 450 generates 

approximately 3,000 gallons of Otto fuel wastewater per month. This building was constructed with a 

waste collection system that collected waste products from floor drains and discharged to an underground 

waste tank/sump with a capacity of approximately 1,500 gallons. The waste tank was pumped 

periodically and the contents were disposed of off site. Otto fuel product was previously stored in a 

4,000-gallon underground tank south of Building 450 which was subsequently decommissioned. 
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Building 477, approximately 65 feet east of Building 450, was formerly used to store Otto fuel in drums. 

On-site personnel report that solvents including I,1 ,I-trichloroethane, trichloroethene (TCE), toluene, 

mineral spirits, alcohol, and bulk freon have been used at this facility. Petroleum products including 

TL-250 motor oil and hydraulic fluid have also been used in this building for torpedo maintenance. In the 

past, only domestic wastewater from toilets, ,lavatories, and showers in Building 450 was directed to the 

septic field (north system). 

“-\ 

Atlantic personnel inspected Building 450 on March 20, 1989. The former septic leach field was located 

southwest of this building in a flat, elevated area. The hazardous waste sump was no longer in use and, 

reportedly, was decommissioned in 1987. It was replaced with three 1 ,OOO-gallon aboveground tanks 

located south of the building. The floor drains were sealed and replaced with a new system for pumping 

waste products to the new tanks. A 4,000-gallon aboveground Otto fuel storage tank replaced the 

previous tank and is located south of the building. No construction is planned for the immediate future at . 

Building 450. 

An interim removal action was completed within the Torpedo Shops along the southern side of Building 

325 in December of 1995. This action was completed under the CTDEP UST Program. The focus of the 

effort was to remove soil contaminated with Total Petroleum Hydrocarbons in excess of the direct 

exposure remediation standard of residential use. Approximately 12 cubic yards of soil were removed 
,,.“” i 

from the site and disposed at an approved landfill. 

The physical characteristics of the site (topography, surface features, soil characteristics, geology, and 

hydrogeology) are summarized in the final EDSR (TtNUS, 1999g): 

1.3.1.4 OBDANE - Site 14 

The OBDANE site is located in a heavily wooded area on the edge of a ravine northwest of the Area A 

Landfill, west of the Area A Weapons Center, and south of the Torpedo Shops. At one time, 

miscellaneous wastes were apparently dumped over the bedrock edge. The site is circular and 

approximately 80 feet in diameter. A dirt road provides limited access to the wooded site. Figure l-8 

shows the general site arrangement. The site location is shown on Drawi.ng 1. A nearly vertical 

20-foot-high bedrock face is located at the eastern edge of the site. The rest of the site slopes to the 

southwest. 

The IAS report stated that the vegetation at the site indicated that no dumping had occurred within 

10 years prior to the 1982 investigation. Atlantic personnel inspected the site on September 30, 1988, 

and verified the IAS report of the presence of several empty fiber drums. No visual staining or stressed 

vegetation were observed at this time. No development of this area is currently planned. 
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The physical characteristics of the site (topography, surface features, soil characteristics, geology, and 

hydrogeology) are summarized in the final EDSR (TtNUS, 1999g). 

1.3.1.5 Area A Weapons Center - Site 20 
. 

The Area A Weapons Center site consists of Building 524 and the weapons storage bunkers. The storage 

bunker area is divided into two portions (north and south areas) that were constructed at different times and 

are of different design. The site is located at the southeastern end of Triton Avenue and is adjacent to and 

on the northwestern side of the Area A Wetland (see Drawing 1). The general configuration of the Area A 

Weapons Center site is shown on Figure l-9. 

The Area A Weapons C.enter (Building 524) is located near the top of a local topographic and bedrock high. 

Building 524 was constructed in 1990 and 1991. Portions of the site were blasted to remove bedrock to 

accommodate construction of the building. The weapons storage bunkers are located southeast and 

downhill of Building 524 and are adjacent to and at a slightly higher elevation than the Area A Wetland. 

Prior to construction of the, Area A Weapons Center, the site consisted of woodlands in the vicinity of 

Building 524 and the Area A Wetland in the bunker areas. Based on review of aerial photographs, the 

southern area of weapons storage bunkers was first evident in 1969. The northern area of weapons 

storage bunkers was first evident in February 1974. 

Atlantic personnel inspected the Area Weapons Center on September 11, 1992. The following information 

was obtained during the site inspection. Building 524 is used for administration, minor torpedo assembly, 

and storage of simulator torpedoes. No weapons production takes place in this building. Small quantities of 

chemicals and chemical waste generated by activities in this building are stored in I- to 5-gallon containers 

in seven metal storage cabinets located on a paved area south of the building. Chemicals include cleaning 

and lubricating compounds, paints, and adhesives. Many of these materials are classified as corrosive or 

flammable materials. The waste storage and management practices appeared to be good. 

The weapons storage bunkers are located southeast of Building 524. Liquid fuels in the weapons storage 

bunkers include Otto fuel, JP-10, and TH Dimer (kerosene). The group of southern area bunkers has been 

reconstructed in the last 10 years. A major part of the reconstruction involved removal of structurally 

unsuitable soil from the site. 

Routine maintenance and security improvements that are planned for the Area A Weapons Center include 

grouting and waterproofing bunkers, repaving roads, installing culverts, and regrading associated with these 

activities. 
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The physical characteristics of the site (topography, surface features, soil characteristics, geology, and 

hydrogeology) are summarized in the final EDSR (TtNUS, 19999). 

1.3.2 Central Reqion 

The Central Region extends from the southern boundary of the Northern Region to the northern boundary 

of the Southern Region, which is represented by an imaginary straight line extending from Pier 6 to the 

southern corner of Building 446 near Highway 12. The Central Region is bounded by the Lower Subase 

to the west and Highway 12 to the east. The only IR Program site associated with the Central Region-is 

Site 16 - Hospital Incinerator. A preliminary Site Investigation was recommended for this site in the 

EDSR. 

1.3.2.1 Hospital incinerator - Site 16 

Site 16 consists of the hospital incinerator. In the 198Os, the Naval Hospital Groton operated a skid- 

mounted waste incinerator at two sites adjacent to the hospital. The two sites are approximately located 

west of Tautog Road, adjacent to Building 449 and Building 452 (see Drawing 1). The sites are shown on 

Figure l-l 0. For the purposes of this RI the sites’were labeled A (North) and B (South). 

According to the FFA, the incinerator was used to destroy medical records and medical waste contaminated 

with pathological agents. Ash generated by the waste incinerator was transferred to dumpsters for disposal 

at a municipal landfill off-base. 

The skid-mounted incinerator was operated in two areas, one adjacent to Building 449 and the other 

adjacent to Building 452. Based on mapping provided in the FFA, it appears that these two areas are 

within or directly adjacent to parking lots. 

The physical characteristics of the site (topography, surface features, soil characteristics, geology, and 

hydrogeology) are summarized in the final EDSR (TtNUS, 1999g). 

1.3.3 Southern Rt?aion 

The Southern Region extends southward from the southern boundary of the Central Region. The 

Southern Region is bordered by Highway 12 to the east, Crystal Lake Road and Goss Cove to the south, 

and the Thames River or Shark Boulevard to the west. Initial or additional investigations were 

recommended in the EDSR for the following IR and underground storage tank (UST) Program sites 

located within the Southern Region: 

059904/P. (WP) 1-22 CT0 0312 



Rev. 3 
May 2000 

i , l Site 8 - Goss Cove Landfill 

l Site 15 - Spent Acid Storage and Disposal Area 

l Site 18 - Solvent Storage Area (Building 33) 

l Site 23 - Fuel Farm (Includes Site 9 - OT-5 Oily Wastewater Tank) 

Site 12 - NEX Gas Station is an UST site that is located within the Southern Region. This site is currently 

being remediated via an air sparging/soil vapor extraction (ASSVE) system. No further investigation of 

this site is recommended during this RI; however, existing monitoring data from the AS/SVE system will 

be incorporated into the NSB-NLON Environmental Geographic Information System (EGIS) and 

evaluated during the RI. 

\ 

1.3.3.1 Goss Cove Landfill - Site 8 

The Goss Cove Landfill is located in the southwestern portion of NSB-NLON, adjacent to the Thames 

River. It is west of Shark Boulevard and the intersection of Crystal Lake Road and Military Highway, east 

of the Thames River, and north of Goss Cove. Figure l-l 1 shows the general site arrangement and 

historical sampling locations. The site location is shown on Drawing 1. The Nautilus Museum and a 

paved parking lot are constructed directly over the site of the former landfill. The Nautilus Museum is a 

submarine museum operated by the Navy that is open to the public. 

The IAS report indicated that a landfill was operated at this site from 1946 through 1957. Incinerator ash 

and inert rubble were disposed of at the site, in what was then the northern portion of Goss Cove. It is 

not known whether any.other materials were disposed of in the former landfill. Several large compressed 

gas cylinders were reportedly uncovered during the excavation of a utility trench in the parking area north 

of the Nautilus Museum building. One of the cylinders was leaking propane, one was filled with ammonia, 

and the others were empty. 

Atlantic personnel reviewed archive photographs for the Goss Cove area available at the Connecticut 

’ State Library. In a 1934 aerial photograph, the limits of Goss Cove appeared to be open water with no 

evidence of fill. Railroad tracks are shown at their present position between the cove and the Thames 

River. In 1951 aerial photographs, the fill extended southward to the approximate location of an access 

driveway to the museum. The 1965 aerial photographs show the landfill extending to the present limit of 

encroachment on Goss Cove. Aerial photo&aphs from 1965,1970,1975, and 1980 show cars parked on 

the landfill surface. In 1986 photographs, the Nautilus Museum is present on the southern limits of the 

landfill and a paved parking area extends over the remaining limit of the landfill to the north. Construction 

of the Nautilus Museum was completed in 1985. 
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Atlantic personnel reviewed boring logs generated during the construction of the Nautilus Museum. The 

boring logs indicated the presence of fill material consisting of cinders, metal, brick, glass, sand, and gravel 

to a depth of 15 feet. Beneath the fill is a layer of organic silt approximately 10 to 15 feet thick. This 

material is presumably the sediment bottom of the former cove. The silt is underlain by fine sand to depths 

ranging from 25 to 100 feet below the surface. The thickness of overburden increases from east to west, . * . \._, . . . * ,.,. / __,.... i!,lj_* ^,.. j<i,* 4”” I..“. .d1 

toward the river. 

The physical characteristics of the site (topography, surface features, soil characteristics, geology, and 

hydrogeology) are summarized in the final EDSR (TtNUS, 19999). 

The Navy conducted several investigations of the soil, groundwater, sediment, and surface water 

associated with the landfill and adjacent cove. The findings of the investigations indicated that there are 

potential risks to human receptors under several hypothetical exposure scenarios. The investigations 

also revealed that there are potential risks to ecological receptors from exposure to the cove, but these 

risks are not related to site-specific contaminants. No further action was recommended for the sediment 

and surface water. A Feasibility Study of remedial alternatives was completed for the Goss Cove Landfill 

soil OU. The Navy’s proposed remedia! alternative for the soil OU, as presented in the Proposed Plan, 

consists of installation of an Engineered Control Cap, Institutional Controls, and Monitoring. The Navy 

presented their Proposed Pian at a Public Meeting in June 1999. The groundwater OU will be further 

investigated during this Basewide Groundwater OU RI. 
-. 

1.3.3.2 Spent Acid Storage and Disposal Area - Site 15 

The SASDA was located in the southeastern. section of I?JSB+JLO@, between the squfhern .sides, of 

Buildings 409 and 410. The former site location and historical sampling locations are shown on Figure l- 

12. The site’s location relative to other IR Program sites is depicted on Drawing 1. The site is a relatively 

flat area completely covered with concrete or bituminous pavement. 

The IAS report indicated that this area was used before and after World war II for, the temporary storage 

of waste battery acid in a rubber-lined underground tank. The tank was reportedly 12 feet long by 4 feet 

wide by 4 feet high. The batteries were placed on a concrete pad next to the tank where some acids 

occasionally leaked. No major spills were ever recorded. A 3 951 aerial.photograph shows that the area 

around the tank was not paved. Acid from the batteries was stored in the tank and was subsequently 

pumped into a tank truck and disposed of in the Area A Landfill. 

Atlantic personnel inspected the site and found the outline of the top of the tank. The area was 

completely covered with concrete, and only the top of the tank was visible. The tank had been filled in 

place with soil and capped with bituminous pavement. 

_. .--. 
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A time-critical removal action was completed at the SASDA during the course of the Phase II RI. The 

removal action was completed in January 1995 and included removal of the tank, tank contents, 

contaminated pavement, and approximately 318 tons of lead-contaminated soil. Soil with lead 

concentrations in excess of 500 mg/kg or Toxicity Characteristic Leaching Procedure (TCLP) leachate 

results for lead in excess of 5.0 mg/L were removed by OHM Remediation Services Corporation. The 

excavated materials were transported off site and disposed of in a RCRA landfill (Environmental Quality 

Company) in Bell~eville, Michigan. The excavation was backfilled with clean borrow material from an off- 

site location. The excavated area was covered with bituminous pavement. The Navy, USEPA, and 

CTDEP signed a No Further Action Source Control ROD for this site in 1997 (Navy, 1997c). 

In June 1997, CTDEP completed additional soil sampling at Site 15 and analyzed the samples for lead by 

‘SPLP. This program was conducted to determine if the remaining site soils could act as a potential 

source of contamination to the groundwater. The results indicated tat the remaining soils did not pose a 

potential contaminant migration problem. Although CTDEP did not provide the Navy with the analytical 

results or a map showing sampling locations, they issued a letter on September 15, 1997 providing 

concurrence with the No Further Action remedy for this site. 

The physical characteristics of the site (topography, surface features, soil characteristics, geology, and 

hydrogeology) are summarized in the final EDSR (TtNUS, 1999g). 

1.3.3.3 Solvent Storage Area - Site 18 

Site 18 consists of Building 33, the Solvent Storage Area. The location of Building 33 is shown on Figure 

l-13 and Drawing 1. According to the FFA (1995), this building has been used for the storage of 55- 

gallon drums of solvents such as TCE and dichloroethene and gas cylinders. 

The physical characteristics of the site (topography, surface features, soil characteristics, geology, and 

hydrogeology) are summarized in the final EDSR (TtNUS, 1999g). 

1.3.3.4 Tank Farm (Including Site 9 - OT-5 Oily Wastewater Tank) - Site 23 

In the early 194Os, Crystal Lake was drained and dredged to allow for construction of nine concrete USTs 

(Figure 1-14). When construction was complete, the former lake bed was reportedly filled with soils 

excavated from a small hill west of the tank area and graded to create a level surface for development at 

NSB-NLON. The location of this site is shown on Drawing 1. 
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The Tank Farm is located at the southern end of NSB-NLON and covers an area of approximately 36 

acres. The Tank Farm features are shown on Figure l-1 4 and include the following: 
*-% 

l Nine former 11 O-foot-diameter, 11 -foot-high USTs (OT-1 to OT-9) 

l A 30,000-gallon, double-walled UST (OT-10) 

l An oil/water separator (at OT-10) 

l A 1 O,OOO-gallon waste oil tank (at OT-10) 

l A fuel oil loading area adjacent to Building 482 

l Tanker truck dumping pad and trough (at OT-10) 

l Associated UST piping systems 

l The MWR Recreation Center (Building 461) 

. 
l Buildings 310 and 322 

l Six baseball/softball fields 

l A restroom facility (Building 445) 

l AS/SVE facility for the NEX service station 

l Two 150,000-gallon diesel aboveground storage tanks 

Each of the nine USTs had a holding capacity of 750,000 gallons. No. 6 fuel oil was stored in tanks OT-1 

through OT-3 from the date of construction until they were removed from service in the summer of 1991. 

Tanks OT-7 through OT-9 were decommissioned in the summer of 1990 and were used exclusively for 

storage of diesel during all 48 years of service. 

---Y 

A reduced demand for diesel fuel at NSB-NLON in the mid-1970s. led, to,the decommissioning and ,. L I‘ * L _IU 8 “/, a<,,. * 

demolition of tank OT-6.’ Details regarding demolition procedures were not on file at NSB-NLON. The 

reduced demand for diesel fuel also led to the modificatiqn of tank CT-5 for, waste oil storage purposes. 

Tank OT-4 was used to store tank bottom wastes from OT-1. Tank OT-5 was used as part of an oil/water 

separator system. Tanks OT-4 and OT-5 were reportedly decommissioned after the installation of a new 

30,000-gallon waste oil underground tank (OT-10) in 1990. Tanks OT-1 through OT-9 have been 

demolished and closed in place. Tank closure was accomplished by demolishing the tank roof supports 

and allowing the roof to collapse into the tank. The void was then filled with gravel, and the site restored 

using soil and topsoil. 

Evidence of releases of petroleum products from these tanks and their associated piping and, possibly, 

from other nearby sources was detected during previous investigations. Historical sampling locations are 

shown on Figure 1-14. Both soil and groundwater contamination have been identified. Petroleum 

hydrocarbons have been detected at the outfall of the Tank Farm storm sewer system on a number of 

4 . 
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occasions. A number of petroleum spills have been documented by the Navy in the vicinity of the Tank 

Farm at NSB-NLON. 

Product Transfer Lines 

. 

’ 

Product (No. 6 fuel oil or diesel fuel) was historically delivered via barge to a pier where it was pumped 

via pipelines to the Tank Farm USTs through the Building 332 valve house. Product was transferred via 

pipeline from the USTs to the power plant or the submarines at the Lower Subase on an as-needed 

basis. 

The No. 6 fuel oil transfer lines were situated within concrete-lined trenches, but were removed because 

No. 6 fuel oil is no longer used at NSB-NLON. The diesel fuel lines have no trenches. Portions of the 

diesel fuel lines on the-Lower Base were recently replaced. The lines located on the Upper Base are 

cathodically protected. 

Storm Drainaae Svstem 

The UST farm contains an .extensive drainage system consisting of numerous catch basins, corrugated 

metal pipe, perforated corrugated metal pipe, vitrified clay pipe, and reinforced concrete pipe. According 

to NSB-NLON personnel, the drainage system serves approximately one-third of the entire facility. 

Portions of the drainage system were installed with perforated corrugated metal pipe to depress the water 

table in the Tank Farm. T.he surface water and groundwater collected by the storm sewer system 

ultimately discharge to a boomed area of the Thames River adjacent to the Goss Cove Landfill. Based 

on known elevations of storm sewer catch basins, the elevation of the drainage system is below the 

process piping. 

. 

The central drainage line of this system (constructed of perforated corrugated metal pipe) is known to be 

corroded. The Navy attempted to videotape the storm sewer system but could not move the camera 

assembly through sections of the pipe. The Navy is currently designing a replacement storm sewer 

system. Construction of the new system is scheduled to begin in 1999. 

Tank Underdrain Svstem 

The nine former USTs (OT-I to OT-9) at the Tank Farm were each rated for a nominal capacity of 

750,000 gallons or approximately 100,000 cubic feet. Each tank was approximately 1 IO feet in diameter 

and 11 feet in depth. Depending on the season, the depth to groundwater in some areas of the site may 

be as little as 2 feet below grade. 
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Tank stability was obtained using a combination of a site-wide drainage system, an underdrain system, 
,A”- 

and a series of columns inside the tanks. A site-wide storm water drainage and dewatering system was 

installed through the Tank Farm. The system was constructed of perforated, corrugated metal pipe. This 

CI type of pipe allowed for collection of groundwater and conveyance of surface water. A vitrified clay pipe 

. underdrain system was installed around the base of OT-1, OT-2, OT-3, 01-4, and OT-5. The underdrains 

collected groundwater and discharged it into the site-wide storm water drainage system. A series of 

37 columns transmitted the weight of the tank roof and overlying fill to the floor of the tank. 

The physical characteristics of the site (topography, surface features, soil characteristics, geology, and 

hydrogeology) are summarized in the final EDSR (TtNUS, 19999). 

1.4 PROJECT RATIONALE 

The sites included in the Basewide Groundwater OU RI were evaluated in the EDSR. The goal of this RI 

is to carry out the recommendations of the final EDSR. A technically sound, comprehensive sampling 

program is required to complete the goal of the RI. This section provides general and specific technical 

information that justifies the approach taken for the sampling program discussed in Section 2.0 (the SAP). 

1.4.1 General Proiect Rationale 

The final EDSR indicates that data gaps exist in the 

Basewide Groundwater OU RI: 

following categories for the sites included in the 

. Nature and extent of soil and groundwater contamination 

l Natural attenuation 

l Background groundwater quality 

l Hydrogeology and contaminant fate and transport 

The following subsections provide technical information that justifies the sampling approach to address 

these data gaps. 

1.4.1 .l Nature and Extent of Contamination 

Available historical data regarding the nature and extent of contamination in the soil and groundwater are 

not sufficient to characterize the sites. The following general tasks are required to address the data gaps: 

o Complete additional soil borings 

059904/P (WP) l-28 CT0 Oil 2 



Rev. 3 
May 2000 

l Collect and analyze additional soil samples 

l P Install additional temporary and permanent’ monitoring wells (overburden and bedrock) 

l Collect and analyze additional groundwater samples from new and existing monitoring wells 

The specific tasks and analyses required for each site are detailed below and in. Section 2.0. 

1.4.1.2 Natural Attenuation 

Monitored natural attenuation and/or bioremediation can be viable remedial alternatives for sites 

contaminated with chlorinated solvents and petroleum hydrocarbons. Several of the.sites included in the 

Basewide Groundwater OU RI have chlorinated solvents (Torpedo Shops and Area A Downstream 

Watercourses) or petroleum hydrocarbons (Tank Farm) as contaminants of concern. Therefore, it is 
. 

prudent to collect and analyze samples for specific parameters, indicative of natural attenuation of 

chlorinated solvents and petroleum hydrocarbons, during this investigation. The data will be used to 

determine baseline conditions and to examine the viability of monitored natural attenuation and/or 

bioremediation as remedial alternatives. 

Monitored natural attenuation is a passive remediation method that can be used alone or in conjunction 

with other active remedial technologies to effectively reduce chlorinated solvent and petroleum 

contamination in soil and groundwater to levels that do not pose a risk to human health and the 

environment. Source control and performance monitoring are fundamental components of any monitored 

natural attenuation remedy. The technology works because chlorinated solvents and petroleum 

contaminants are readily biodegraded by microorganisms that occur naturally in the subsurface 

environment. However, the effectiveness of natural attenuation varies considerably from site to site and 

among different types of contaminants. 

Natural attenuation results from the combined effects of several natural processes, including 

biodegradation, dilution, sorption, dispersion, volatilization, chemical and biological stabilization, 

transformation, and destruction of contaminants (USEPA, 1999a). For petroleum hydrocarbons, 

biodegradation (i.e., biological oxidation) is the most important process because it transforms 

contaminants to innocuous by-products such as water and carbon dioxide and reduces the total mass of 

the contaminants in the subsurface. The other processes act to lower the concentration of the 

contaminants in the environment but not to reduce their mass (Kelley et al., 1996). For chlorinated 

solvents, the biodegradation process is more complicated. Reductive dechlorination is the initial step in 

biodegrading chlorinated solvents. This process generates daughter products that can be further 

degraded by direct oxidation. Chlorinated ethenes can also be degraded by cometabolic processes 

(Navy, 1998). 

059904/P (WP) l-29 ’ 5 , CT0 0312 



Rev. 3 
May 2000 

The Navy and USEPA have developed the following guidance regarding natural attenuation: 

. Technical Guidelines for Evaluating Monitored Natural Attenuation of Petrole.um Hydrocarbons and 

Chlorinated Solvents in Ground Water at Naval and Marine Corps Facilities, Department of the Navy, 

September 1998. 

. Technical Protocol for Evaluating Natural Attenuation of Chlorinated Solvents in Ground Water, 

USEPA, September 1998, EPA/600-R-98/128. 

. Use of Monitored Natural Attenuation at Superfund, RCRA Corrective Action, and Underground 

Storage Tank Sites, USEPA, April 1999, Directive 9200.4-I 7P. 

These documents provide guidance for developing technically sound sampling and analysis programs for 

natural attenuation studies and for evaluating the resulting field and analytical data. Based on the 

recommendations provided in these documents, the following parameters will be measured in the 

groundwater at the three appropriate sites (i.e., Area A Downstream Watercourses, Torpedo Shops, and 

Tank Farm) during the Basewide Groundwater OU RI. 

Field Parameters 

. Dissolved oxygen (DO) 

. Nitrate 

. Nittite 

. Divalent iron 

. Sulfate 

. Soluble Manganese [Mn (II)] 

. Oxidation-reduction (REDOX) potential 

. PH 

. Salinity 

. Temperature 

. Specific conductivity 

. Carbon Dioxide 

. Hydrogen Sulfide 

Laboratory Parameters ,..-‘“~~ 

l Sulfide 

l Methane . 

e Ethane 

l Ethene 

l Ammonia 

l Total Organic Carbon (TOC) 

l Chloride * 

l ‘Alkalinity 

l Hardness 

Dissolved oxygen data will be pollected at background locations and within the contaminant plumes. 

These data are collected to identify an inverse correlation indicative of aerobic or ,anaerobic- 

biodegradation. Data on REDOX potential, pH, alkalinity, hardness, divalent iron, dissolved nitrate, 

sulfate, sulfide, ammonia, and methane will be collected to determine if. intrinsic remediation is in progress 

and to determine the levels of possible nutrients available for microorganisms. Divalent iron, dissolved 

nitrate, sulfate, soluble manganese [Mn (II)] and methane are used to identify a correlation between 
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electron acceptors and metabolic by-production indicative of anaerobic biodegradation. TOC data will be 

collected at locations within the contaminant plume to determine organic carbon levels that could act as 

nutrients and for modeling future contaminant movement. Data. on other general groundwater field 

parameters such as chloride, conductivity, and temperature will be collected to verify that the site samples 

are obtained from the same groundwater system. increased chloride concentrations are also indicative of 

dechlorination, and ethene/ethane is a possible end-member of degradation of solvents under reducing 

environments. Salinity measurements will be taken to determine the potential impact of salt-water 

intrusion on the viability of natural attenuation. High levels of salinity have been shown to impede the 

natural degradation process. 

The documents referenced above also recommend that appropriate samples be taken and analyzed to 

evaluate the nature and extent of contamination in the groundwater and that appropriate field 

‘measurements be taken to characterize the hydrogeology of the aquifer. The site-specific project 

rationale sections provided below summarize the sampling, analytical, and field testing programs. 

After the appropriate data is collected, it will be evaluated on a site-by site basis to determine if natural 

attenuation of chlorinated solvents and petroleum hydrocarbons is currently occurring in the groundwater 

and if natural attenuation and bioremediation are viable remedial alternatives. The USEPA bioattenuation 

screening process (USEPA, 1998) will be used to complete the assessment for sites with chlorinated 

solvents. The assessment of data from the Tank Farm (petroleum contamination) will be less structured, 

but will evaluate the trends in the contaminant and electron acceptor data collected from wells located in 

upgradient, source, and downgradient areas. The evaluation for this site will be similar to the technique 

used to evaluate natural attenuation in the Lower Subase RI (TtNUS, 1999b). 

1.4.1.3 Background Groundwater Quality 

1.4.1.3.1 Developinq Backsround Groundwater Concentrations 

Background groundwater quality has not been formally defined for NSB-NLON. Groundwater sampling 

results from off-site residential wells have been used previously as interim background values. The State 

of Connecticut defines the background concentration of groundwater at a site as the concentration at the 

nearest location upgradient of a release at which groundwater has been unaffected by site operations. 

The regulations also state that if a release at a site occurred at a groundwater divide, the area considered 

background will be at the nearest location representative of groundwater quality unaffected by any 

release. The approach to developing site-specific background groundwater concentrations for organic 

and inorganic constituents at NSB-NLON will be in accordance with the State of Connecticut regulations. 

The newly collected data will be further evaluated to determine whether basewide background values can I 

be established for inorganic parameters. 
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Site-Specific Background Concentrations 

For purposes of the RI, the base has been divided into three regions (Northern, Central, and Southern). 

To determine site-specific background concentrations, existing upgradient bedrock and overburden 

monitoring wells will be sampled. Basewide potentiometric’surface maps of the overburden (Drawing 3) 

and bedrock (Drawing 4) were reviewed to determine if upgradient wells exist at each site. Where 

upgradient wells do not exist, new wells will be installed and sampled. Figure l-l 5 shows the proposed 

existing and new monitoring wells that will be sampled to determine background groundwater 

concentrations. Background groundwater samples will be analyzed for volatile and semivolatile organics, 

pesticides, PCBs, total and dissolved metals, total suspended solids, total dissolved solids, and chloride. 

To generate larger site-specific background data sets, which will result in more reliable statistical results, . 

combined upgradient and downgradient data for inorganic parameters will be evaluated to determine 

whether they are statistically similar. This evaluation will be performed using probability plots. More 

information regarding probability plots is provided in the statistical analysis section below. Once the 

appropriate grouping of the data sets has been identified through the probability plots, site-specific 

background concentrations can be calculated for each inorganic constituent. 

Basewide Background inorganic Concentrations 

The groundwater that is upgradient of the NSB-NLON property flows into three distinct regions of the 

base. Two bedrock highs exist in the central region of the base, creating groundwater divides between 

the Northern, Central, and Southern Regions. To determine whether basewide background 

concentrations for inorganic constituents can be developed, all upgradient groundwater data will be 

evaluated to determine if the chemical concentrations are from the same population. If the statistical 

analysis shows that the data are chemically equivalent (i.e., they come from the same population), all the 

upgradient data will be combined into a single, basewide upgradient data set to determine background 

concentrations of inorganic constituents. 

Statistical Analysis 

Generating probability plots to determine whether chemical concentrations are from the same population 

will be the first step in evaluating both the site-specific and basewide background data sets. The plots are 

used to determine if the data follow a normal (or lognormal) distribution and are particularly useful for 

identifying irregularities within a data set (USEPA, 1992d). Probability plots will be generated using non- 

transformed and log-transformed data. 
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Data that come from the same population (i.e., share the same mean and standard deviation) would 

exhibit a tightly organized linear pattern on the probability plot. Those values resulting from 

contamination would be skewed to the right side of the plot, producing a tailing effect. 

To generate the plots, observed concentrations of a constituent are plotted on the x-axis. For the log- 

transformed plots, these values must be converted to normal units by using the exponential function (e”). 

The expected normal probability is plotted on the y-axis. The expected normal probability for the fh 

constituent concentration value ranked from lowest to highest (ZJ is defined as: 

Zj = O -’ {(3j - 1)/(3N + 1)) 

Where: 
, 

. @*’ denotes the inverse of the cumulative normal distribution function (literature value) 

l j is the rank of the .observed concentration from lowest to highest 

l N denotes the total number of samples in the data set 

l ((3j - 1)/(3N + 1)) is the probability (p) that a value falls below that result 

l Zj denotes the probability (p) normalized to a Z score to provide linear results 

The theory is thit concentrations from the same population should be normally (or lognormally) 

distributed except for those locations that are impacted by some residential, industrial, or geochemical 

process. Chemical concentrations that are normally or lognormally distributed will exhibit a linear pattern 

on the probability plot. Isolated concentrations that.are clearly outside of the “normal” range on the 

probability plot will be considered outliers and will be removed from either the site-specific or basewide 

background data set prior to the statistical analysis. If all data are from the same population, the 

probability plot should exhibit one set of tightly organized, linear data. 

Once the appropriate samples have been identified for inclusion in site-specific and basewide background 

data sets, background concentrations can be determined by calculating an upper tolerance limit (UTL). 

However, prior to this calculation, analytical results that are reported as not detected must be adjusted for 

use in the analysis. 

.In the chemical analysis of environmental samples, some analytes may be present at concentrations that 

are below the sample quantitation limit (SQL) of the analytical procedure. These analytical results are 

generally reported as not detected (rather than zero), and the appropriate detection limit is given. The 

amount of data that are below the detection limit plays an important role in selecting the method for 

addressing the detection limit. Prior to statistical analysis, any nondetects in a background data set will 

be replaced with a value equal to one-half the SQL. Clearly, if all the observations are nondetect results, 
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no statistical analysis is warranted. In addition, field duplicate results will be averaged and counted as 

one sample for use in the statistical analysis. 
,“-r, ; 1 

The first step in calculating an UTL for each constituent in a data set is to determine whether the data 

were drawn from an underlying normal, lognormal, or undetermined distribution. A number of statistical 

evaluations may be used to determine which, if either, of the distributions is exhibited by a given data set. 

As recommended by USEPA, the Shapiro-Wilk “W-test” (for sample sets 550) will be used to determine 

whether the data are normally or lognormally distributed (USEPA, 1992d). Data that are neither normally 

nor lognormally distributed will be assumed to follow a lognormal distribution. 

The Shapiro-Wilk W-test is an effective method for determining whether a data set has been drawn from 

an underlying normal (or lognormal) distribution. In addition, by conducting the Shapiro-Wilk W-test on 

the log-transformed data, the test may be used to determine whether the data have been drawn from an 

underlying lognormal distribution. The null hypothesis (H,) that is tested is: 

Ho The population has a normal (or lognormal when the data is log-transformed) distribution. 

The alternate hypothesis (HA) is: 

N---z . 

HA The population does not have a normal (or lognormal when the data is log-transformed) 

distribution. 

If Ho is rejected, then HA is accepted. If Ho is not rejected, the data set is consistent with the Ho 

distribution. 

A “W” statistic (WC,,,) is computed for a data set (or a log transformed data set) and compared to a test 

statistic (W,,,). If W,,, 2 Wtest, then the null hypothesis is not rejected (i.e., the data are assumed to be 

normally distributed [or lognormally distributed if log-transformed data are tested]). If WC,,, c Wtest, then 

the null hypothesis is rejected and the alternative hypothesis is accepted (i.e., the data are not assumed 

to be normally distributed [or not lognormally distributed if log transformed data are tested]). 

For each constituent, a mean and standard deviation are calculated as part of the Shapiro-Wilk W-test. 

Based on the nature of the distribution (normal or lognormal), these values are used to calculate the 95 

percent UTL for each constituent. This UTL will then be used,as the background concentration. 

A tolerance interval establishes a concentration range that is constructed to contain a specified proportion 

(P percent) of the population with a specified confidence coefficient (Y). The proportion of the population 
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included, P, is referred to as the coverage. The probability with which the tolerance interval includes the 

proportion of the population P is referred to as the tolerance coefficient of the interval. 

Coverage of 95 percent is recommended because random observations from the same distribution as the 

background data would exceed the UTL less than 5 percent of the time. Similarly, a tolerance coefficient 

of 95 percent is recommended. This means that one has a confidence level of 95 percent that the 95 

percent UTL will contain at least 95 percent of the distribution of observations from background well data. 

1.4.1.3.2 Mobilitv of Metals 

The mobility of metals such as arsenic and lead has been identified as a concern at NSB-NLON. It has 

been hypothesized that two factors may be influencing the mobility of naturally occurring or anthropogenic 

metals in the soil and groundwater at,NSB-NLON. Metals may be mobilized under reducing conditions 

which can be a consequence of microbial activity associated with the former landfills’ (i.e., Area A 

Landfill), and also with degradation of fuels and carbon sources within the soils and aquifers at NSB- 

NLON. Additional groundwater quality data is required to address this concern. Development of 

background groundwater concentrations, as discussed above, will provide information that will be helpful 

in addressing this concern. In addition, the following water quality parameters will be measured in all 

monitoring wells during the RI. 

l DO 

l REDOX potential 

l Temperature 

l PR 

l Salinity 

l Turbidity 

l Total suspended solids (TSS) 

l Total dissolved solids (TDS) 

. l Specific conductivity 

These parameters will be evaluated to determine any trends (i.e., significant changes in the water quality 

parameters between the upgradient and downgradient sides of a site) indicating that specific sites are 

causing metals to become more mobile.. The data will be evaluated using the probability plots described 

above. In addition, the analysis will include development of basewide isopleths/isoconcentration maps 

with these data. 

059904/P (WP) l-35 ‘. . CT0 0312 



Rev. 3 
May 2000 

1.4.1.4 Hydrogeology and Contaminant Fate and Transport 

The final EDSR recommended that additional data be collected to characterize hydrogeology and 

contaminant fate and transport at the sites included in the Basewide Groundwater OU RI. The 

approaches to be used to address these data gaps are described below. 

1.4.1.4.1 Hvdroaeology 

To address the uncertainties in the existing basewide and site-specific hydrogeologic information, 

additional water-level measurements and aquifer testing are required. The water-level measurements are 

required to determine water table elevations, potentiometric surfaces, and the hydraulic connection 

between the overburden and bedrock, aquifers. The water levels will also be used to determine horizontal 

and vertical hydraulic gradients necessary to complete groundwater and contaminant transport modeling. 

Two comprehensive rounds of water-level measurements in, $1 new,and existing overburden and bedrock 

wells will provide adequate information to address the existing data gaps. 

Water-level measurements at the Goss Cove Landfill site, which has tidally influenced groundwater, will 

be taken at both high and low tides. ‘The dual measurements will provide sufficient information to 

determine the influence of the tides on the site’s groundwater elevations. 

Aquifer testing such as slug tests will be completed to determine the bulk characteristics of an aquifer. 

Three sites .within the Basewide Groundwater OU RI (Area A Downstream, Wafercourses, Torpedo 

Shops, and Tank Farm) require additional testing. Limited slug tests were completed at the Area A 

Downstream Watercourses and Torpedo Shops during the Phase I RI (Atlantic, 1992). Slug tests were 

completed in several shallow overburden wells at the Tank Farm during the Site Investigation (B&RE, 

1997e). Rising and falling head slug tests will be completed, as appropriate, in select wells to verify 

historical data and to characterize other portions of the aquifer, which have not been previously 

characterized. 

1.4.1.4.2 Contaminant Fate and Transport 

Site-specific contaminant fate and transport modeling may be required during the RI to determine 

downgradient exposure point concentrations for assessing risks and to predict the future extent of 

contaminant migration. Screening level models should be adequate to complete the necessary 

contaminant-specific modeling tasks. The two models that would be applicable for the task are ECTran 

(Excel-Crystal Ball Transport) and BIOSCREEN. Each model is described below. ECTran was used 

previously at New London to evaluate contaminant transport at the Goss Cove Landfill site. If modeling is 
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necessary during this RI, ECTran will be used to complete all modeling and BIOSCREEN will be used to 

verify the ECTran model’s results for sites contaminated with petroleum products. 

ECTran (Chiou et al., 1993) is an efficient and robust analytical groundwater contaminant fate and 

transport model developed by TtNUS. ECTran is implemented in Microsoft@ Excel@. An add-in package 

for Excef@, Crystal Ball@, can also be used to complete Monte Carlo simulations with the model. The 

model is based on straightforward mass-balances and advection and dispersion analytical equations, but 

can be used to simulate a variety of complex conditions. It is a multi-layer, one-dimensional model in the 

unsaturated zone that can simulate downgradient lateral transport in the saturated zone. ECTran 

estimates the downgradient concentration at the centerline of the contaminant plume. 

BIOSCREEN is an easy-to-use screening model that simulates remediation through’natural attenuation of 

dissolved hydrocarbons at petroleum fuel release sites. The model is one-dimensional and evaluates 

lateral contaminant transport in the saturated zone. The software, programmed in Microsoft@ Excel@ and 

based on the Domenico analytical solute transport model, has the ability to simulate advection, 

dispersion, adsorption, and aerobic decay as well as anaerobic reactions shown to be the dominant 

biodegradation processes at many petroleum release sites. Groundwater Services, Inc., of Houston, 

Texas, developed the model for the Air Force Center for Environmental Excellence Technology Transfer 

Division at Brooks Air Force Base. 

1.4.2 

_... ‘: _~ 1 __ ,. 

Site-Specific Proiect Rationale 

Table l-l presents the number of samples per matrix and site to be collected for this RI. The selection of 

these locations and matrices analysis are based on the data gaps identified in the EDSR (TtNUS, 19999). 

The concerns for each site, as discussed in past reports and based upon historical data, are summarized 

in Sections 1.4.2.1 through 1.4.2.4. 

1.4.2.1 Northern Region 

1.4.2.1 .l CBU Drum Storaqe Area (Site ‘1). Area A Landfill (Site 2A). Area A Wetland (Site 2B), Rubble 

Fill Area at Bunker A-86 (Site 4) 

A groundwater monitoring program has been developed for the area encompassing these four sites 

(TtNUS, 1999a). The Navy developed this program with input from USEPA and CTDEP. The monitoring 

program began during the summer of 1999. The program includes installation of additional overburden 

wells, quarterly sampling and analysis of existing and new groundwater wells, and evaluation and 

reporting of the data. The rationale for and details of the program are described in the draft final 

059904/P (WP) l-37 CT0 0312 



Rev. 3 
May 2000 

Groundwater Monitoring Plan for the Area A Landfill, Naval Submarine Base-New London, Groton, 

Connecticut (TtNUS, 1999a). 
.--L 

1.4.2.1.2 Site 3 - Area A Downstream Watercourses and OBDA 

Several volatile organic compounds (VOCs), including chloroform, vinyl chloride and 1,2-dichloroethene 

(total), were found in samples collected from overburden wells (and to a lesser extent in bedrock wells) in 

the north-central and western areas of the site, especially along Triton Road. Several VOCs were 

detected in groundwater at maximum concentrations exceeding Connecticut remediation standards for 

GA/GAA groundwater protection and/or other Connecticut and Federal criteria. Connecticut groundwater 

protection criteria specific to GB designated groundwater are not available; therefore, the Connecticut 

groundwater protection criteria applicable for GA or GAA designated groundwater are used to protect 

existing groundwater regardless of classifications. Other criteria that will be used to identify COCs are ’ 

MCLs, USEPA Region III RBCs, USEPA Region IX PRGs, CTDEP Groundwater Volatilization criteria 

(Appendix E of the RSRs), and CTDEP Surface Water Protection Criteria. The source of the VOC 

contamination is unknown, but it is likely from the Torpedo Shops leach field. Additionally, metals and 

semivolatile organic compounds (SVOCs) were detected in groundwater. Several SVOCs and metals 

were detected in groundwater at maximum concentrations exceeding Federal and state criteria. 

The human health risk assessment (HHRA) from the Phase II RI for Site 3 for the potential receptor group 

(construction worker) identified a noncarcinogenic risk greater than HI equal to 1.0 due to antimony and 

manganese. Additionally, carcinogenic risks for the construction worker associated with dermal exposure 

to groundwater attributable to the presence of vinyl chloride and 1,1,2,2-tetrachloroethane in the 

groundwater exceed the CTDEP target concern risk level of lE-6 for individual constituents but were 

within EPA’s target risk range of 1 E-4 to 1 E-6 and less than the CTDEP target cumulative cancer risk of 

1 E-5 for exposure to multiple constituents. The risk assessment assumed that groundwater was not used 

as a potable water supply, consequently exposure to groundwater was only evaluated for the construction 

worker. 

Due to the unknown source and extent of VOC contamination in the groundwater, two sampling areas 

containing temporary monitoring wells will be established in the northcentral and northwest areas of the 

site. Each of these areas will contain several strategically placed temporary monitoring wells which will 

be sampled and analyzed for quick-turn VOCs. The analysis will be performed by a fixed-base 

laboratory. Depending on the testing results, a second set of temporary monitoring wells will then be 

placed in an expanded area to further define the limits of contamination. This process will be repeated 

until the VOC plume has been defined and the extent of its boundaries have been determined. Based on 

the results of groundwater sampling at the temporary monitoring wells, permanent well clusters will be 
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installed as necessary along the perimeter of the plume for monitoring purposes. One soil sample will be 

collected from the overburden aquifer for TOC, bulk density, pH, and porosity to provide information for 

use in groundwater modeling. To fully characterize the groundwater contamination at Site 3, the existing 

wells will also be sampled. The groundwater samples collected from the permanent wells will be 

analyzed for Target Compound List (TCL) VOCs, TCL SVOCs, TCL pesticides, Target Analyte List (TAL) 

metals (total and limited dissolved), natural attenuation parameters, and water quality parameters. Three 

groundwater samples will be analyzed for dissolved metals. It should be noted that the TCL and TAL 

constituents are defined in Tables 1-l through l-3 of the QAPP (Appendix C). A limited number of 

permanent wells at this site will also be slug tested to determine the conductivity of the aquifer. 

1.4.2.1.3 Site 7 - Toroedo Shoos 

Numerous VOCs, SVOCs, and metals were detected in the groundwater at Site 7. These chemicals were 

found primarily in the overburden wells, especially in the south-central area of the site. Additionally, 

VOCs, SVOCs, and metals were detected near the abandoned septic system. The abandoned septic 

system may be a source of contamination; therefore, it will be investigated during the RI. Two VOCs, five 

SVOCs, and several metals were detected at maximum concentrations exceeding the Connecticut or I 
Federal maximum contaminant levels (MCLs), Connecticut groundwater or surface water protection 

standards, and/or COPC Screening Levels [i.e., USEPA Region III risk-based concentrations (RBCs)]. 

During the Phase II RI, human health risks for two potential receptor groups (construction workers and 

future residents) were evaluated. Noncarcinogenic risks associated with exposure to groundwater 

. 

exceeded the USE.PA acceptable level of 1 for the construction worker under the Reasonable Maximum 

Exposure (RME) scenario and for the future resident under the RME and Central Tendency Exposure 

(CTE) scenarios. Manganese was the main contributor to the hazard index for the construction worker, 

and bis(2-ethylhexyl) phthalate, antimony, arsenic, manganese, and thallium were the main contributors 

to the hazard index for the future resident. The incremental cancer risk associated with exposure to 

groundwater for the full time employee and construction worker were within the USEPA target risk range 

and the CTDEP target cancer risk. The incremental cancer risk for the future resident exceed EPA’s 

target risk range and CTDEP’s target cancer risk. Bis(2-ethylhexyl) phthalate and arsenic were the main 

contributors to the cancer risk for the future resident. 

Two soil borings and three temporary monitoring wells will be installed and sampled along the septic line 

to the south leach field to determine the absence or presence of soil and groundwater contamination 

along the abandoned septic line. An area containing seven temporary monitoring wells will be 

established in the south-central area of the site. This area will be aligned with the north-central area to be 

established for Site 3 and will be expanded with additional Site 3 temporary monitoring wells (north- 
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central area) in stages based on the results of quick turn VOC analyses. The combined Sites 3 and 7 

sampling systems will address the uncertainty in the extent of the VOC plume. One soil sample will be 

collected from the overburden aquifer for TOC, bulk density, pH, and porosity to provide information for 

use in groundwater modeling. In addition, the existing monitoring wells at Site 7 will be sampled. 

Additional permanent monitoring wells will be installed as necessary. The groundwater samples will be 

analyzed for TCL VOCs, TCL SVOCs, total TAL metals, perchlorate, natural attenuation parameters, and 

water quality parameters. Two groundwater samples will be analyzed for dissolved metals. Other criteria 

that will be used to identify COCs are MCLs, USEPA Region III RBC, USEPA Region IX PRGs, CTDEP 

Groundwater Volatilization Criteria (Appendix E of the RSRs) and the CTDEP Surface Water Protection 

Criteria. The soil samples will be analyzed for TCL VOCs, TCL SVOCs, and TAL metals. A limited 

number of permanent wells at this site will also be slug tested to determine the conductivity of the aquifer. 

F--h 

1.4.2.1.4 Site 14 - OBDANE 

Carbon disulfide and bis(2-ethylhexyl)phthalate were detected in the two groundwater samples collected 

from well 14MWl S during historical site investigations. Both chemicals were detected at an estimated 

concentration of 1 ug/L, which is less than the screening criteria for each chemical. Eleven metals were 

detected in the unfiltered OBDANE groundwater samples, and 12 metals were detected in the associated 

filtered groundwater samples. Excluding iron and sodium, which were not quantitatively evaluated 

against screening levels, arsenic and manganese were the only two metals detected at concentrations 

exceeding groundwater screening levels. Concentrations of arsenic exceeded the COPC screening level 

(i.e., USEPA Region III RBCs), and manganese concentrations exceeded the COPC screening level, the 

Federal MCL, and the Connecticut remediation standard for GA/GAA groundwater protection. 

__ . 

The risk assessment assumed that groundwater was not used-as a potable water supply, consequently 

exposures to groundwater were only evaluated for construction workers. Noncarcinogenic risks 

associated with dermal exposure to groundwater for the construction worker under both the GTE and 

RME scenarios were less than the USEPA acceptable level of 1. Estimated lifetime incremental cancer 

risks for this receptor under both scenarios were also less than USEPA’s acceptable target risk range 

(1 E-6 to 1 E-4) and the CTDEP target cumulative cancer risk (1 E-5). Therefore, it was concluded that the 

site poses little risk to human health. 

A removal action is contemplated for this site in conjunction with the remedial action at the Area A 

Downstream Watercourses and OBDA site. Therefore, it is not anticipated at this time that additional soil 

sampling will be necessary during the RI. However, the existing overburden well at the site will be 

sampled during the RI. The sample will be analyzed for TCL VOCs, total TAL metals, and water quality 
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parameters. The results will be screened against the same criteria as provided in Section 1.4.2.1.3 to 

determine COCs. 

1.4.2.1.5 Site 20 - Area A Weapons Center 

The major overburden groundwater COCs for this site were bis(2-ethylhexy)phthalate, polycyclic aromatic 

hydrocarbons (PAHs) [benzo(g,h,i)perylene, dibenzo(a,h)anthracene, and indeno(l,2,3-cd)pyrene], and 

inorganics (antimony, arsenic, boron, chromium, lead, manganese, and thallium). Detected concentrations 

of each of these COCs exceeded one or more of the groundwater screening criteria (i.e., the COPC 

screening level, the Federal MCL, the Connecticut MCL, and the Connecticut remediation standards for 

GA/GAA groundwater or surface water protection). Most of the maximum metals concentrations were 

associated with groundwater samples collected from well 2WCMW3S, located south of the site along the 

drainageway into the Area A Wetland. The primary bedrock groundwater COCs are chlorinated aliphatic 

hydrocarbons (1 ,1,2-trichlororethane, 1,2-dichloroethane, and TCE) and inorganics (Antimony and 

manganese). Detected concentrations of each of these COCs exceeded one or more of the previously 

listed groundwater screening criteria. Monitoring well 2WMW4D is the only bedrock well that was installed 

and sampled at this site. 

The human health risk assessment evaluated construction workers and future residents for potential 

exposures to groundwater. The estimated noncarcinogenic risk associated with dermal contact with 

groundwater for the CTE construction worker was less than 1. Noncarcinogenic risks for the RME 

construction worker and potential future residents (CTE and RME) exceeded the USEPA acceptable level 

of 1.0. Manganese was the main contributor to the hazard index for the construction worker and 

manganese, thallium, and arsenic were the main contributors to the hazard index for the future resident. 

Incremental cancer risks were less than 1 E-6 for the construction worker under both exposure scenarios 

and for the future resident (for both dermal contact and inhalation exposure routes) under the CTE 

scenario. The incremental cancer risk associated with the ingestion of groundwater for the CTE future 

resident was within USEPA’s target risk range of lE-6 to lE-4 but exceeded the CTDEP target 

cumulative cancer risk of 1 E-5. However, for the RME future resident, the cumulative incremental cancer 

risk associated with exposure to groundwater exceeded the upper limit of USEPA’s target risk range 

, (lE-4), and the CTDEP target cancer risk. ‘Dibenzo(a,h)anthracene and arsenic were the primary 

contributors to the cancer risk forthe future resident. 

The existing overburden and bedrock wells (four total wells) at this site will be sampled during the 

Basewide Groundwater OU RI. The groundwater samples will be analyzed for TCL VOCs, TCL SVOCs, 

total TAL metals, perchlorate, and water quality parameters. One sample will also be analyzed for 
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dissolved TAL metals. To determine COCs, the results will be screened against the same criteria 

provided in Section 1.4.2.1.3. 
P---k 

1.4.2.2 Cekral Region 

1.4.2.2.1 Site 16 - Hospital Incinerator 

There is no existing data for the Hospital Incinerator site. A review of records and personal interviews will 

be conducted to determine where potential areas of soil and groundwater contamination may exist. An 

initial Site Investigation will also be conducted to determine the absence or presence of soil and 

groundwater contamination. Soil borings and temporary wells will be completed during this investigation. 

The soil and groundwater samples collected will be analyzed for TCL VOCs, TCL SVOCs, TCL 

pesticides/PCBs, TAL metals (total), and dioxins and furans. In addition, the soil samples will undergo 

Synthetic Precipitation Leaching Procedure (SPLP) extraction followed by analysis for TCL PCBs and 

TAL metals, and water quality parameters will be measured in groundwater samples. 

1.4.2.3 Southern Region 

1.4.2.3.1 Site 8 - Goss Cove Landfill 

Numerous VOCs, SVOCs, and metals were detected in groundwater samples collected from Site 8. 

Maximum concentrations of a majority of the VOCs, SVOCs, and metals detected in groundwater 

samples from overburden wells (and, to a lesser extent, from bedrock wells) exceeded Connecticut 

and/or Federal screening criteria. However, groundwater at this site is not used or expected to be used in 

the future as a drinking water source because of brackish conditions. 

The Phase II RI HHRA for Site 8 evaluated the construction worker as a potential receptor group. The 

noncarcinogenic risk associated with dermal contact with groundwater exceeded 1 for the RME scenario. 

PCE was the main contributor to the hazard index for the construction worker. The carcinogenic risk 

associated with dermal contact with groundwater under the RME (2.8E-5) exceeded the CTDEP target 

cumulative cancer risk level (1 E-5). PCE was the major contributor to the cancer risk for the construction 

worker. 

The existing wells at this site will be sampled to determine the extent of groundwater contamination. The 

groundwater samples will be analyzed for TCL VOCs, TCL SVOCs, TCL pesticides/PCBs, total TAL 

metals, and water quality parameters. To determine COCs, the results will be screened against the same 

criteria provided in Section 1.4.2.1.3. One sample will be analyzed for dissolved TAL metals. 
,-x11, 
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1.4.2.3.2 Site 15 - Spent Acid Storaae and Disposal Area 

k 

The major classes of chemicals detected in the groundwater during previous investigations are SVOCs 

and metals. Carbon disulfide was the only VOC detected in the.groundwater. Its concentration (3 ug/L) 

was less than the COPC screening level (100 us/L) and the Connecticut Remediation Standard for 

GA/GAA groundwater protection (700 ug/L). A single pesticide (heptachlor), three SVOCs, and several 

metals were detected at maximum concentrations exceeding respective COPC screening levels (i.e., 

USEPA Region III RBC), Federal or Connecticut MCLs, and/or Connecticut groundwater or surface water 

protection standards. 

The Phase II RI HHRA for Site 15 evaluated the future resident and construction worker as potential 

receptor groups. The noncarcinogenic risk associated with exposure to groundwater exceeded 1 for the 

‘future resident under the RME scenario. Manganese was the main contributor to the hazard index for the 

future resident. The carcinogenic risk associated with exposure to groundwater for the future resident 

under the RME scenario exceeded the USEPA target risk range (lE-6 to lE-4) and the CTDEP target 

cumulative cancer risk level (1 E-5). Bis(2-ethylhexyl)phthalate, 1,4-dichlorobenzene, heptachlor, arsenic, 

and beryllium were the main contributors to the cancer risk. 

The existing monitoring wells will be sampled and the resulting groundwater samples will be analyzed to 

verify the effectiveness of the removal action and to determine chemical concentrations in the 

groundwater upgradient of the Tank Farm. Monitoring well HNUS-6 will be sampled in lieu of the 

destruction of monitoring well 15MW4S. The groundwater samples will be analyzed for TCL VOCs, TCL 

SVOCs, total TAL metals, and water quality parameters. To determine COCs, the results will be 

screened against the same criteria provided in Section 1.4.2.1.3. 

1.4.2.3.3 Site 18 - Solvent Storaae Area (Buildina 33) 

There is no existing data for the Building 33 Solvent Storage Area site. A review of records and personal 

interviews will be conducted to determine. where potential areas of soil and groundwater contamination 

may exist. An initial Site Investigation will also be conducted to determine the absence or presence of 

soil and grou,ndwater contamination. Soil borings and temporary wells will be completed during the 

investigation. The soil and groundwater samples collected will be analyzed for TCL VOCs, TCL SVOCs, 

TCL pesticides/PCBs, and total TAL metals. In addition, the soil samples will undergo SPLP extraction 

followed by analysis for TCL PCBs and TAL metals and water quality parameters will be measured in 

groundwater samples. 
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Numerous VOCs, SVOCs, and metals were detected in the groundwater at Site 23 during previous 

investigations.‘ Several VOCs, SVOCs, and metals and a single pesticide (heptachlor) were detected at 

maximum concentrations exceeding respective COPC screening levels (i.e., USEPA Region Ill RBCs), 

Federal or Connecticut MCLs, and/or Connecticut groundwater or surface water protection standards. 

No quantitative HHRA has been conducted for Site 23. Additionally, data gaps have been identified 

requiring installation of additional deep overburden monitoring wells. Therefore, two deep overburden 

monitoring wells will be installed at Site 23. One well (23MW02S) will be installed adjacent to existing 

bedrock well 23MW02D and one (23MW04S) adjacent to well 23MW04D. One soil sample will be 

collected from the two wells for TOC, bulk density, pH, and porosity to provide information for use in 

groundwater modeling. Groundwater from existing shallow overburden wells HNUS-2, HNUS-5, HNUS-7, ’ 

HNUS-9, HNUS-11, HNUS-13, HNUS-14, HNUS-17, and HNUS-20 will also be sampled. The 

groundwater samples collected will be analyzed for TCL VOCs, TCL SVOCs, TCL pesticides/PCBs, total 

TAL metals, natural attenuation parameters, and water quality parameters. One sample will also be 

analyzed for dissolved TAL metals. To determine COCs, the results will be screened against the same 

criteria provided in Section 1.4.2.1.3. Slug tests will also be completed in two deep overburden and two 

bedrock wells to estimate bulk hydraulic conductivities. 

1.4.2.4 Background 

Background conditions for groundwater at the NSB-NLON have not been. established. Accord@g to the ._._... 

CTDEP RSRs the background groundwater concentration is, “The concentration of a substance in 

groundwater (A) at the nearest location upgradient of and unaffected by the release; or (B) if such release 

occurred at or created a groundwater divide, at the nearest location representative of groundwater quality 

unaffected by any release.” To establish background conditions, existing and new monitoring wells 

upgradient of existing sites will be sampled. Site-specific background values for organic and inorganic 

compounds will be established for groundwater in the overburden and bedrock at each sjte. The L 

groundwater samples will be analyzed for TCL VOCs, TCL SVOCs, TCL pesticides/PCBs, total and 

dissolved TAL metals, chloride, and water quality parameters. The analytical data will also be evaluated 

to determine whether basewide background concentrations can be established. The existjng and 

proposed background monitoring wells to be sampled are shown on Figure 1-15. The following activities 

will occur at each site to determine background groundwater concentrations: 
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Existing overburden monitoring wells 2WMW21 S and 2LMW20S and existing bedrock wells 2WMW21 D, 

4MWlS, and 2WMW22D will be sampled. An overburden monitoring well (2WMW22S) will be installed 

and sampled adjacent to bedrock well 2WMW22D. These well locations are upgradient of Sites 1, 2A, 

2B, 3, 4, 7, 14, and 20. 

1.4.2.4.2 Central Reaion 

Existing bedrock monitoring wells 2LMW35B and 2LMW36B will be sampled. An overburden monitoring 

well (2LMW35S) will be installed and sampled upgradient of Site 16. The overburden monitoring well to 

be installed upgradient of Site 16 will only be used to determine background for conditions for the site and 

not potential groundwater contamination. 

1.4.2.4.3 Southern Region 

Existing bedrock monitoring well 23MWOl D will be sampled. An overburden monitoring well (23MWOl S) 

will be installed and sampled adjacent to bedrock well 23MWOl D. These well locations are upgradient of 

Sites 15, 18, and 23. 

Existing overburden monitoring wells 8MW8S and HNUS-23 and existing bedrock monitoring wells 

8MW8D and 8MWl OS will be sampled. These wells are upgradient of Site 8. 

1.5 RISK ASSESSMENT 

1.5.1 Ecoloqical Risk Assessment 

Ecological risks associated with all sites except Sites 16, 18, and 23 were addressed in the Phase II RI or 

subsequent investigations (i.e., Goss Cove Landfill). No additional ecological risk assessments will be 

completed for the sites included in the Phase II RI. 

Sites 16 and 18 are paved or covered with buildings. The activities conducted at these sites are industrial 

in nature. Softball fields and a jogging track cover Site 23. The lawn (turf grass) at this site is routinely 

mowed. The site is used regularly for military training and recreational activities. Therefore, these sites 

do not provide suitable ecological habitat and these sites are not expected to impact ecological receptors 

in any nearby ecological habitats. Therefore, ecological risk assessments will not be completed for these 

sites. 
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1.5.2 Human Health Risk Assessment 
N--h 

The HHRA evaluates .risks for potential receptors under current and future land use in the absence of 

remedial action. The HHRA for the Basewide Groundwater CU Rt will be performed in accordance with 

guidance set forth in the following documents: 

l USEPA (United States Environmental Protection Agency), August 1997. Exposure Factors 

Handbook. EPA/600/P-95/002Fa. Office of Health and Environmental Assessment,, Exposure 

Assessment Group. Washington, D.C. 

. USEPA (United States Environmental Protection Agency), Region I, June 1989. Draft Final 

Supplemental Risk Assessment Guidance for,the Super-fund Proaram. EPA/901/5-89/001. Boston, I*~..l/I4< ati: *,..*x*. ,. .‘x,;u”‘ ,I .^TmLR *i.. ,,,, .j.,,, (__ I 1 ,:_, _, 

Massachusetts. 

l USEPA (United States Environmental Protection Agency), December 1989. Risk Assessment 

Guidance for Super-fund - Volume I - Human Health Evaluation Manual (Part A) - Interim Final. 

EPA/540/i -89/002. Office of Emergency and Remedial Response. 

. USEPA (United States Environmental Protection Agency), March 25, 1991. Risk Assessment 
.-“---” . 

Guidance for Super-fund - Volume I: Human Health Evaluation Manual - Supplemental Guidance - 

“Standard Default Exposure Factors” - Interim Final. OSWER Directive 9285.6-03. Office of ,a, I,,‘“, . 4 ,_/ ~,., ,, 

Emergency and Remedial Response. 

l USEPA (United States Environmental Protection Agency), January 1992. Dermal Exposure 

‘Assessment: Principles. and .Applications. EPA/600/8-911001 B. Office of Research and 

Development. 

l USEPA (United States Environmental Protection Agency), May 1992. Supplemental Guidance to 

’ RAGS: Calculating the Concentration Term. OSWER Publication 9285.7-081. 

l USEPA (United States Environmental Protection Agency), Region I, August 1994c; August 1995b; I 
November 1996c, August 1999b. Risk Updates, Numbers 2, 3, 4, and 5. Waste Management Division, 

Boston, Massachusetts. 

l USEPA (United States Environmental Protection Agency), January 1998. Risk Assessment 

Guidance for Superfund - Volume I - Human Health Evaluation Manual (Part D, Standardized 
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Planninq, Reuortina, and Review of Superfund Risk Assessment) - Interim. EPA 540-R-97:033. 

Office of Solid Waste and Emergency and Response 9285.7-01 D. 

l USEPA (United States Environmental Protection Agency), November 1998. Risk Assessment 

Guidance for Suuerfund Volume I-Human Health Evaluation Manual-Supplemental Guidance-Dermal 

Risk Assessment Interim Guidance. Office of Emergency and Remedial Response. 

l CTDEP (Connecticut Department of Environmental Protection), January 1996. Remediation 

Standard Requlations. Bureau of Water Management, Permitting, Enforcement and Remediation 

Division, Hartford, Connecticut. 

Many of the sites to be investigated during the Basewide Groundwater OU RI have undergone extensive 

study during the Phase I and II Rls. However, groundwater at NSB-NLON sites included in the RI has not 

been thoroughly characterized. For the Basewide Groundwater OU RI, only environmental media that 

may contribute to groundwater contamination will undergo further study. Table l-2 summarizes the risk 

assessment approach for each site and media to be investigated. This table also lists decision 

documents that have been issued as a result of previous investigations. 

A risk assessment provides the framework for developing risk information necessary to assist in . 

developing potential remedial alternatives for a site. A baseline HHRA consists of five major components, 

as follows: 

l Data evaluation (identification of COCs) 

. Exposure assessment 

l Toxicity assessment 

l Risk characterization 

0 Uncertainty analysis 

To assess potential public health risks, four major aspects of chemical contamination and exposure must 

be considered: (1) contaminants with toxic characteristics must be found in environmental media; (2) the 

’ contaminants must be released by either natural processes or by human action; (3) potential exposure 

points must exist; and (4) human receptors must be present at the point of exposure. Risk is a function of 

both toxicity and exposure. If any one of the requirements listed above are absent for a specific site, the 

exposure route is regarded as incomplete and no potential risks will be considered for human receptors. 

The risk assessment for the Basewide Groundwater OU RI will estimate the potential for human health 

risk at each of the individual IR Program sites, although several sites will be calculated together (i.e., one 

set of risks will be calculated) because of their proximity to each other. 
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The data evaluation section below (Section 1.5.2.1) addresses the selection of COCs. Both current and 

historical data will be considered in developing a list of COCs for each medium. In turn, these COCs will 

be used to evaluate potential human health risks. 

The toxicity assessment section (Section 1.5.2.2) presents the available human. health criteria for all-the 

selected COCs. Quantitative toxicity indices are presented when they are available. Enforceable 

standards such as MCLs, regulatory guidelines such as Ambient Water Quality Criteria (AWQC) and 

Health Advisories, and dose-response parameters such as Reference Doses (RfDs) and Cancer Slope 

Factors (CSFs) are presented for each COC. 

The exposure assessment section (Section 1.5.2.3) identifies potential human exposure pathways at the 

source areas under consideration. Exposure routes are identified based on @format/on such as source 

area chemical concentrations, chemical release mechanisms, patterns of human activity, and other 

pertinent information to develop conceptual site models for each type of source. One overall set of 

exposure routes has been developed for the Basewide Groundwater OU RI, but not all routes are 

applicable to all sites. Section 1.5.2.2 presents the equations and relevant input parameters for 

estimating chemical intakes. The site-specific risk assessments will present only those routes relevant to 

each site. 

The risk characterization section (Section 1.5.2.4) describes how the estimated intakes will be combined 

with the toxicity information to estimate risks. General uncertainties associated’with the risk assessment 

process are discussed qualitatively in Section 1.5.2.5. 

1.5.2.1 Data Evaluation 

Data evaluation is a site-specific task that uses a variety of information to determine which of the detected 

chemicals at a site are most likely to present a risk to potential receptors. The end result of this 

qualitative selection process is a list of COCs and representative exposure point concentrations for each 

medium. The methodology that will be used to identify COCs for the Basewide Groundwater OU RI 

Report is discussed in Section 1.5.2.1-l. The methodologies that will be used to determine exposure 

point concentrations for the selected COCs are discussed in Section 1.5.2.1.2. 

1.5.2.1 .I Selection of Chemicals of Concern 

COCs for the baseline HHRA will be limited to those chemicals that exceed a selection criterion. For the 

upcoming risk assessment, Federal and state risk-based and health-based criteria will be used to reduce 

the number of chemicals and exposure routes considered in a risk assessment. The premise of this 
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screening step is that risk is typically dominated by a few chemicals and that, although dozens may 

actually be detected, many chemicals may contribute minimally to the total risk. ‘The purpose of using 

Federal and state criteria is to satisfy the potential concerns of each regulatory agency because similar 

Federal and state criteria may not be developed using the same methodologies and exposure 

assumptions. 

Maximum detected concentrations (in a single sample) at each site and’in each medium will be compared 

to the risk-based and health-based screening criteria. If the maximum concentration exceeds any of the 

screening criteria, that chemical will be retained as a COC for all exposure routes involving that medium. 

For example, if barium is a COC for soil, this chemical would be evaluated as a COC for both ingestion 

and dermal soil exposure routes. If none of the chemicals detected in a medium exceed a criterion, that 

medium will be dropped from further consideration and the potential risks associated with exposure to 

that medium will be regarded as relatively insignificant. 

In general, all available, validated data from historical investigations and any new data collected during 

the Basewide Groundwater OU RI sampling effort will be used to identify COCs for a site. Field screening 

data, unvalidated data, and analytical results qualified as rejected, R, during the data validation process 

will not be considered because of their potential unreliability. For soil, the COC selection process will not 

use data obtained from historical sampling locations that have since been excavated, unsaturated. soil 

collected from depths greater than 15 feet below ground surface (bgs), saturated soils, and composite 

soils. Soil samples collected from areas that meet the CTDEP definition of “inaccessible soil” will also be 

evaluated in the COC selection process to determine if an environmental land use restriction would be 

required. “Inaccessible soils” are defined by the CTDEP as soils at a depth greater than 4 feet or soils 

more than two feet below a paved surface comprised of a. minimum of three inches of bituminous 

concrete or concrete. The direct exposure criteria do not apply to inaccessible soil provided that an 

environmental land use restriction is in effect. The environmental land use restriction must ensure that 

the soil will not be exposed as a result of excavation, demolition, or other activities and that any pavement 

which is necessary to render the soil inaccessible is maintained in good condition, Upon analysis of the 

analytical data, the Navy will petition the CTDEP for environmental land use restrictions on a site by site 

basis. 
. 

Essentiall’y, two types of COCs may be identified: direct exposure COCs and additional COCs based on 

potential contaminant migration tendencies. Direct exposure COCs are those chemicals detected at 

maximum concentrations in excess of criteria developed for the protection of direct human contact with a 

medium. When necessary, other health-based criteria will be used to identify additional COCs based on . 

likely contaminant migration pathways. Both federal and CTDEP criteria will be used for COC selection. 

Federal criteria include MCLs, Region III RBCs, and Region IX PRGs. CTDEP criteria will include direct 
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exposure, pollutant mobility, groundwater protection, surface water protection, volatilization criteria for 

groundwater and volatilization criteria for soil vapor. 
,--?A 

Although both-direct exposure and additional COCs will be identified in the risk assessment, quantitative, 

numerical risk estimates will be developed for direct exposure COCs only. Additional COCs based only 

on potential contaminant migration tendencies are not expected to contribute significantly to the direct 

exposure pathways selected for quantitative evaluation in the risk assessment; therefore, these chemicals 

will not be included in the numerical risk estimates. The elimi,nation of these chemicals is not expected to 

adversely impact the results of the risk assessment. Additional COCs will be addressed ,qualitatively and 

will be considered when developing recommendations and conclusions for each site (i.e., migration 

concerns will be used to identify whether additional sampling, groundwater modeling, or remediation is 

warranted). 

The remainder of this section discusses the criteria used for COC selection on a medium-specific basis. 

Copies of all current screening criteria are contained in Appendix E of this WP. 

COCs will be selected for surface soil (soil from depths of 0 to 2 feet bgs) and “all soil.” The “all soil” 

category refers to soil samples collected from depths of 0 to 10 feet bgs and is used to account for soil to 

which a construction worker and future resident may be exposed. If a chemical is identified as a COC for 

surface soil, it is automatically retained as a COC for “all soil.” If a compound is found in the subsurface 

soil at a concentration in excess of a screening criteria, it is retained as a COC for the “all soil” category 

only. 

The following screening criteria will be used to identify COCs for direct exposure: 

USEPA Region Ill COC Screening Levels for Residential Soil Ingestion. Although current and likely 

future land use at NSB-NLON is strictly industrial, risk-based concentrations for soil ingestion for 

residential land use will be used as a conservative approach. These values are developed using the 

current USEPA Region III Risk-Based Concentration (RBC) Table (USEPA, 1999b), which identifies 

concentrations of potential concern for over 600 chemicals in various media (air, drinking water, and soil) 

using certain RME default assumptions. The residential soil ingestion values are calculated by assuming 

that a receptor is exposed to soil for 350 days per year for a 30-year exposure period. For carcinogenic 

chemicals, the values used for COC screening will be based on a IE-6 target incremental lifetime cancer 

risk and incorporate age-adjusted factors for small children and adults. The criteria for noncarcinogenic 

chemicals will be based on a target HQ of 0.1, which is one-tenth of the suggested cumulative target 
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noncarcinogenic risk for a potential receptor, and exposure defaults for small children. The estimation of 

cumulative target noncarcinogenic risks is described in greater detail in Section 1.5.2.4. Region III RBCs 

will only be used in instances where a Region IX PRGs is not available. 

Region 9 Preliminary Remediation Goals (PRGs). Region 9 Preliminary Remediation Goals (PRGs) 
. 

are risk-based tools for evaluating and cleaning up contaminated sites. They are being used to streamline 

and standardize all stages of the risk decision-making process. The Region 9 PRG table combines 

current EPA toxicity values with “standard” exposure factors to estimate contaminant concentrations in 

environmental media (soil, air, and water) that are considered protective of humans, including sensitive 

groups, over a lifetime. Chemical concentrations above these levels would not automatically designate a 

site as “dirty” or trigger a response action. However, exceeding a PRG suggests that further evaluation of 

the potential risks that may be posed by site contaminants is appropriate. Further evaluation may include 

additional sampling, cohsideration of ambient levels in the environment, or a reassessment of the 

assumptions contained in these screening-level estimates (e.g. appropriateness of route-to-route 

extrapolations, appropriateness of using chronic toxicity values to evaluate childhood exposures, 

appropriateness of generic exposure factors for a specific site etc.) (US EPA Region 9 Home Page, 

1999). 

Connecticut Direct Exposure Criteria (Residential and Industrial). Connecticut direct exposure 

criteria under residential land use will also be used’for COC screening. Tlie Connecticut’ direct exposure 

criteria are calculated using methodologies similar to those used to develop the USEPA Region Ill COC 

Screening Levels for soil ingestion. However, RME default assumptions used by the state are slightly 

different than those used by USEPA Region III (i.e., the state assumes that a residential receptor will be 

exposed to soil at a frequency of 365 days per year, whereas USEPA assumes a 350-day yearly 

exposure). The standards for carcinogenic chemicals are based on a USEPA IE-6 target incremental 

lifetime cancer risk and the CTDEP target cumulative cancer risk (1 E-5) for groups of contaminants. The 

standards for noncarcinogenic chemicals are based on a target HQ of 1. The State of Connecticut has 

not developed direct exposure criteria for all chemicals positively detected at NS,B-NLON. For those 

chemicals lacking adopted direct exposure criteria, TtNUS calculated direct exposure criteria during 

previous phases of investigation at NSB-NLON (B&RE, 1997e and TtNUS, 1998b) using the 

methodologies outlined in the Connecticut Remedial Standard Regulations guidance (CTDEP, 1996). 

These previously calculated values were submitted to the state for review and have been revised based 

on comments received from the state (B&RE, 1998b and TtNUS, 1999f). 

, 

In order to identify additional COCs based on potential contaminant migration tendencies, various 

screening criteria will be used to evaluate shallow soil and “all soil” (soil collected from depths of 0 to 

10 feet bgs). The criteria are discussed below. 
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USEPA Generic Soil Screening Levels (SSLs) for Transfers from Soil to Air (Inhalation) and 

Migration to Groundwater. USEPA Generic SSLs (USEPA, 1996a) for direct inhalation will be used to 

evaluate chemicals that may volatilize from soil, as well as contaminated particulates that may be present 

in air (fugitive dust) as a result of particulate entrainment from soil. Because of the shallow depth to 

groundwater at NSB-NLON, the SSLs associated with a dilution and attenuation factor of 20 will be used 

to identify COCs. Both the inhalation and migration to groundwater SSLs are calculated using default, 

residential land use exposure factors, infinite source models, and conservative default assumptions for 

source delineation. Therefore, these values are conservative and are designed to be protective against 

, ~----% 

potential exposure at most sites. USEPA has calculated generic SSLs for approximately 110 organic and 

inorganic chemicals. SSLs for carcinogenic chemicals are based on a IE-6 target incremental lifetime 

cancer risk. For noncarcinogenic chemicals, the SSLs are based on a target HQ of 1. 

Connecticut Pollutant Mobility Criteria (GB Classified Area). The state has developed pollutant 

mobility criteria for GA/GAA (drinking water source) and GB (non-drinking water source) classified areas. 

Because the NSB-NLON is classified by the state as a GB area, Connecticut pollutant mobility criteria for 

GB classified areas will be used to identify COCs. For most organic chemicals, pollutant mobility criteria 

are calculated using methodologies similar to, those used to develop the USEPA generic SSLs for 

migration to groundwater. However, the actual models and RME default assumptions used by the state 

are different than those used by USEPA Region III. The standards for carcinogenic chemicals are based 

on a 1 E-6 target incremental lifetime cancer risk. The standards for noncarcinogenic chemicals are 

based on a target HQ of 1. It should be noted that the pollutant mobility criteria for inorganics, pesticides, 

and PCBs apply to SPLP or TCLP analytical results only. As mentioned previously, for those chemicals 

lacking adopted pollutant mobility criteria, TtNUS calculated alternative criteria during previous phases of 

investigation at NSB-NLON (B&RE; l997e and TtNUS, 1998b) using the methodologies outlined in the 

Connecticut Remediation Standard Regulation guidance (CTDEP, 1996). These previously calculated 

values were submitted to the state for review and have been revised based on comments received from 

the state (B&RE, 1998b and TtNUS 1999f). 

,-+ 

Connecticut Soil Vapor Volatilization Criteria. Connecticut soil vapor volatilization criteria are for sites 

known to be contaminated with VOCs and where the groundwater depth is within 15 feet of the ground , 
surface or a building. Soil vapor volatilization criteria are calculated using methodology described in 

American Society for Testing and Materials (ASTM) El 739-95 Standard Guide for Risk-Based Corrective 

Action Applied at Petroleum Release Sites (1995). USEPA does not currently have guidance for the 

calculation nor has it promulgated corresponding screening criteria. 
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If the results of the groundwater investigation indicate an exceedance of the Connecticut Groundwater 

Volatilization Criteria (Appendix E of the RSRs), the CTDEP and the USEPA will be advised about the 

elevated VOC concentrations. A scope of work to address the soil vapor issue in potentially impacted 

buildings will be drafted after the agencies are notified. If a soil vapor investigation is undertaken, the 

data will be compared to the criteria listed in Appendix F of the RSRs. 

Background. As per USEPA Region I guidance (USEPA, 1995b), background concentrations developed 

by Atlantic for chemicals in soil will be presented in the Basewide Groundwater OU RI report but will not 

be used to eliminate COCs. All COCs for soil that are considered to be attributable to natural, 

background soil conditions will be addressed in the risk assessment to provide a complete 

characterization of potential risk. However, a discussion of site data in comparison to the established 

background levels will be provided in each site-specific section of the risk assessment. It should be noted 

that background concentrations will be considered when developing recommendations and conclusions 

for each site (i.e., identifying whether additional sampling, groundwater modeling, or remediation is 

warranted). 

Sediment 

Analytical results for sediment samples collected from Site 2B - Area A Wetland and Site 16 - Hospital 

Incinerator, will be evaluated collectively with analytical results for soil samples collected from each of 

these sites. Therefore, the information provided for soil also applies to sediment samples collected from 

these sites. Analytical results for sediment samples will not be evaluated for any of the other sites 

because sediment contamination at these sites is not expected to have an impact on the associated site 

groundwater. 

Groundwater 

COCs for groundwater will be selected using analytical data for unfiltered and filtered samples. If an 

inorganic chemical is detected in both the filtered and unfiltered groundwater samples at concentrations in 

excess of screening criteria, the chemical will be identified as a COC for both sample matrices. However, 

to be conservative, only data for unfiltered sampled will be used in the quantitative risk assessment 

because the concentration of ‘a chemical in the unfiltered sample matrix includes the chemical 

concentration associated with the dissolved sample matrix and any suspended particulates. If a chemical 

is detected in the filtered sample matrix, but not in the unfiltered sample matrix, or if a chemical is present 

in the filtered sample matrix at a concentration of concern, but not in the unfiltered sample matrix, this 

chemical will be identified as a COC for the filtered sample matrix only. In this instance, the filtered 

sample results will be used in the quantitative risk assessment. 
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COCs for direct exposure to groundwater will be identified using the following screening criteria: 
.---a , 

USEPA Regibn Ill COC Screening Levels for Tap Water- Ingestion. Although groundwater at 

NSB-NLON is not currently used as a drinking water supply and is not expected to be used as such in the 

future because of industrial land use and saline groundwater conditions, RBCs for tap water ingestion will 

be used to conservatively identify COCs. The USEPA Region III criteria are calculated using an age- 

adjusted exposure equation, which assumes that a receptor uses groundwater for household purposes at 

a frequency of 350 days per year for 30-year exposure period. The screening values for tap water 

ingestion, which incorporate exposure via inhalation of volatiles, will be developed using the USEPA 

Region Ill RBC Table (USEPA, 1999b). For carcinogenic chemicals, the values used for COC screening 

will be based on a 1 E-6 target incremental lifetime cancer risk. The criteria for noncarcinogenic chemicals 

are based on a target HQ of 0.1. Region III RBCs will be used only in cases where Region IX PRGs are 

not available. 

Region 9 Preliminary Remediation Goals (PRGs). Region 9 Preliminary Remediation Goals (PRGs) 

are risk-based tools for evaluating and cleaning up contaminated sites. They are being used to streamline 

and standardize all stages of the risk decision-making process. The Region 9 PRG table combines 

current EPA toxicity values with “standard” exposure factors to estimate contaminant concentrations in 

environmental media (soil, air, and water) that are considered protective of humans, including sensitive 

groups, over a lifetime. Chemical concentrations above these levels would not automatically designate a 

site as “ditty’! or trigger a response action. However, exceeding a PRG suggests that further evaluation of 

the potential risks that may be posed by site contaminants is appropriate. Further evaluation may include 

additional sampling, consideration of ambient levels in the environment, or a reassessment of the 

assumptions contained in these screening-level estimates (e.g. appropriateness of route-to-route 

extrapolations, appropriateness of using chronic toxicity values to evaluate childhood exposures, 

appropriateness of generic exposure factors for a specific site etc.) (US EPA Region 9 Home Page, 

1999). 

----% 

Connecticut Groundwater Protection Criteria (GA/GAA). Connecticut groundwater protection criteria 

are applicable to GAIGAA-classified areas (drinking water source areas) only. Although all of the 

groundwater included in the Basewide Groundwater OU R3 at NSB-NLON is within a GB-classified area 

(a non-drinking water source area), the groundwater protection criteria for GA/GAA-classified areas will 

be used for informational purposes and as a conservative approach for COC selection. Groundwater 

protection criteria for GA/GAA-classified areas are calculated using methodologies similar to those used 

to develop the USEPA Region III COC screening levels for tap water ingestion. However, the exposure 

equation and RME default assumptions employed by the state are slightly different than those advocated 
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by USEPA Region III (a receptor is assumed to be exposed to groundwater at a frequency of 365-days- 

per-year, instead of USEPA’s 350-days-per-year age-adjusted exposure scenario). The standards for 

carcinogenic chemicals are based on a 1 E-6 target incremental lifetime cancer risk. The standards for 

noncarcinogenic chemicals are based on a target HQ of 1. As mentioned previously, for chemicals 

lacking adopted groundwater protection criteria, TtNUS will calculate groundwater protection criteria or 

will use values calculated during previous investigations at NSB-NLON. (B&RE, 1997e and TtNUS, 

1998b) using the methodologies outlined in the Remediation Standard Regulations (RSR) guidance 

(CTDEP, 1996). These previously calculated values have been submitted to the state for review and 

have been revised based on comments received from the state (B&RE, 1998b and TtNUS, 1999f). 

Federal and State Maximum Contaminant Levels (MCLs). Federal MCLs are standards promulgated 

under the Safe Drinking Water Act (USEPA, 1996b) and are designed to protect ‘human health (direct 

‘ingestion). State MCLs have been promulgated under the Public Health Code as part of the regulations 

of Connecticut State agencies (Title 19, Health and Safety, the Public Code of the State of Connecticut, 

Chapter II, Environmental Health). Both Federal and state MCLs are based on laboratory or 

epidemiological studies and apply to drinking water supplies. They are designed in a manner similar to 

the USEPA Region III RBCs (prevent human health effects associated with lifetime exposure of an 

average adult who consumes 2 liters of water per day). However, MCLs also reflect the technical 

feasibility of removing the contaminant from water. Although MCLs are typically enforceable standards 

for groundwater, these standards are not strictly applicable to groundwater at NSB-NLON because 

groundwater at the site is not currently used as a drinking water supply nor is it expected to be used as 

such in the future. It should also be noted that primary MCLs and secondary MCLs, based on aesthetic 

drinking water qualities (color, odor, taste, etc.), will be used to identify COCs. 

Connecticut Surface Water Protection Criteria. Because groundwater at the sites that will be 

addressed during the upcoming RI discharge to nearby surface water bodies and/or ultimately to the 

Thames River, screening criteria protective of surface water will be used to identify CO& associated with 

potential contaminant migration pathways. The CTDEP surface water protection criteria are calculated 

using the lower of the human health criteria or the freshwater aquatic life criteria for a chemical and 

dilution factors based on the nature of the chemical (CTDEP, January 1996). However, because the 

Thames River is a marine ecosystem and not a freshwater ecosystem, CTDEP surface water remediation 

standards based on freshwater aquatic life criteria are not directly applicable for COC screening. 

Connecticut Groundwater Volatilization Criteria. Connecticut groundwater volatilization criteria are for 

sites that are known to be contaminated with VOCs and where the groundwater depth is within 15 feet of 

the ground surface or a building. Groundwater volatilization criteria are calculated using methodology 

described in ASTM E1739-95 Standard Guide for Risk-Based Corrective Action Applied at Petroleum 
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Release Sites (1995). USEPA has not promulgated corresponding screening criteria for this type of 

evaluation. As mentioned previously, for chemicals lacking adopted groundwater protection criteria, 

TtNlJS will calculate groundwater volatilization criteria using the methodologies outlined in the RSR, 

guidance (CTDEP, 1996) or will use values calculated during previous investigations at NSB-NLON 

(B&RE, 1997e and TtNUS, 1998b). These ,previously calculated values have been submitted to the state 

for review and have been revised based on comments received f.rom the state (B&RE, 199813 and TtNUS 

1999f). 

-h 

If the results of the groundwater investigation indicate an exceedance of the Connecticut Groundwater 

Volatilization Criteria (Appendix E of the RSRs), the CTDEP and the USEPA will be advised about the 

elevated VOC concentrations. A scope of work to address the soil vapor issue in potentially impacted 

buildings will be drafted after the agencies are notified. If a soil vapor investigation is undertaken, the 

data will be compared to the criteria listed in Appendix F of the RSRs. 
. . 

Background. As per Connecticut guidance, background values will be developed for each site to be 

investigated during the Basewide Groundwater OU RI. However, as per USEPA Region I guidance 

(USEPA, 1995b), these newly developed background values will not be used to eliminate COCs. All 

COCs for groundwater that are considered to be attributable to natural, background groundwater 

conditions will be addressed in the risk assessment to provide a complete characterization of potential 

risk. However, each site-specific section of the risk assessment will discuss site data in comparison to 

the established background levels. It should be noted that background concentrations will be considered 

when developing recommendations and conclusions for each site (i.e., identifying whether additional 

sampling, groundwater modeling, or remediation is warranted). 

It should be noted that Federal maximum contaminant level goals (MCLGs) and Federal AWQCs are 

other health-based standards, but these criteria will not be used in the baseline HHRA to identify 

groundwater COCs. These criteria will not be used because they are very similar to the risk-based and 

health-based criteria discussed in the previous paragraphs. 

Surface Water 

Analytical results for surface water samples collected from Site 2B will be qualitatively evaluated. 

Contamination in surface waters at this site may impact the associated site groundwater. Analytical 

results for filtered and unfiltered surface water samples will be screened independently to account for 

suspended sediments. The screening criteria described for groundwater will also be used for COC 

selection for surface water. This approach results in a conservative list of COCs because surface water is 

not used as a drinking water supply. 
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No new surface water data will be collected during the Basewide Groundwater OU RI. A quantitative risk 

assessment using all historical data and based on direct exposure-to surface water was conducted during 

the Phase II RI. Surface water data will be compared to CTDEP Water Quality Criteria and Ambient 

Water Quality Criteria (AWQC). 

1.5.2.1.2 Exposure Point Concentrations 

According to USEPA Regional guidance, risk assessments are conducted using an exposure point 

concentration for each COC (except when assessing exposure to groundwater, where the maximum 

detected concentration and the average plume concentration are used as exposure point concentrations). 

The exposure point concentration will be defined as the 95 percent UCL and will be calculated using the 

latest USEPA risk assessment guidance (USEPA, 1992c). A value of one-half the detection limit will be 

substituted for nondetected values in the calculation. At the direction of USEPA, because of potential 

problems with sample heterogeneity, the maximum detected concentration reported for field duplicate pair 

samples will be used in the calculation for soil and sediment matrices. The average for the duplicate pair 

will be employed for aqueous matrices. 

For sample sets consisting of less than 10 samples, the maximum and average concentrations will be 

used as the exposure point concentrations because the UCL does not ‘provide a good estimation of the 

upper bound of the mean concentration for these small data sets (USEPA, 1992d). For larger sample 

sets, the methodology to be used depends on the distribution of the sample set. For this risk 

assessment, the distribution will be determined using the Shapiro-Wilk W-Test (Gilbert, 1987). If the 

results of this test are inconclusive and the distribution is regarded as undefined, maximum and average 

detections will be used as exposure point concentrations for the RME and CTE, respectively. 

. 

For normally distributed data, the calculation of the exposure point concentration (UCL) is a two-step 

process. First, the standard deviation of the sample set must be determined, as follows: 

s = C(Xi - X)2 “2 [ 1 (n-1) 
where: S = standard deviation 

Xi = 

n = 

individual sample value 

number of samples 

jj = mean sample value 
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The one-sided UCL on the mean will be then calculated as follows: 
.-. 

UCL = x + t $ 
( 1 n 

where: UCL = 95 percent UCL of the mean 

x = arithmetic average 

t = one-sided t distribution factor (to& 

S = standard deviation 

n = number of samples 

For log-normally distributed data sets, the exposure point concentration will be calculated using the 

following equation: 

UCL = 
HS 

- 
(n - I)“* I 

where: UCL = 95 percent UCL of the mean 

exp = constant (base of the natural log, e) 

2 = mean of the transformed data 
-N-1 

S = standard deviation of the transformed data 

H = H-statistic (from Gilbert, 1987; H0.g5) 

n = number of samples 

This equation uses individual sample results that have been transformed by taking their natural logarithm. 

As mentioned previously, average and maximum plume concentrations will generally be used as the 

exposure point concentrations for assessing risks associated with groundwater exposure (EPA Region I, 

1994). Because of the multiple rounds of groundwater sampling that have been performed at some of the 

sites investigated, the first step in developing exposure point concentrations for this medium will be to 

determine an average chemical concentration for each well (using one-half the detection limit for 

nondetected results). The maximum plume concentration will then be defined as the highest average in a 

single well. The average of all the well-specific averages will be considered to represent the average 

plume concentration. It should be noted that the maximum detected concentration in a single 

groundwater sample will be used as the exposure point concentration if the calculated average or 

maximum plume concentration exceeds the maximum detection in a single sample. 

059904/P @VP) l-58 CT0 0312 



: ‘I ! j” ! I( ,_._“._ ,1 

Rev. 3 
May 2000 

1.5.2.2 Toxicity Assessment 

The toxicity assessment for the COCs examines information concerning the potential human health 

effects of exposure to COCs. The goal of the toxicity assessment is to provide, for each COC, a 

quantitative estimate of the relationship between the magnitude and type of exposure and the severity or 

probability of human health effects. The toxicity values that will be presented in this section of the risk 

assessment will be integrated with the exposure assessment (Section 1.5.2.3) to characterize the 

potential for adverse health effects (Section 152.4). 

The toxicological evaluation involves a critical review and interpretation of. toxicity data from 

epidemiological, clinical, animal, and in vitro studies. This review of the data ideally determines both the 

nature of the health effects associated with a particular chemical and the probability that a given quantity 

of a chemical could result in the referenced effect. This analysis defines the relationship between the 

dose received and the incidence of an adverse effect for the COCs. 

The entire toxicological database is used to guide the derivation of CSFs for carcinogenic effects and 

RfDs for noncarcinogenic effects. These data may include epidemiological studies, long-term animal 

bioassays, short-term tests, and evaluations of molecular structure. Data from these sources are 

reviewed to determine if a chemical is likely to be toxic to humans. Because of the lack of available 

human studies, however, most toxicity data used to derive CSFs and RfDs comes from animal studies. 

For noncarcinogenic effects, the most appropriate animal model (the species most biologically similar to 

the human) is identified. Pharmacokinetic data often enter into this determination. In the absence of 

sufficient data to identify the most appropriate animal model, the most sensitive species is chosen. The 

RfD is generally derived from the most comprehensive toxicology study that characterizes the 

dose-response relationship for the critical effect of the chemical. Preference is given to studies using the 

exposure route of concern; in the absence of such data, however, an RfD for one route of exposure may 

be extrapolated from data from a study that used a different route of exposure. Such extrapolation must 

take into account pharmacokinetic and toxicological differences between the routes of exposure. 

’ Uncertainty factors are applied to the highest no-observed-adverse-effect-level (NOAEL) to adjust for 

inter- and intraspecies variation, deficiencies in the toxicological database, and use of subchronic rather 

than chronic animal studies. Additional uncertainty factors may be applied to estimate a NOAEL from a 

lowest-observed-adverse-effect-level (LOAEL) if the key study failed to determine a NOAEL. When 

chemical-specific data are not sufficient, an RfD may be derived from data for a chemical with structural 

and toxicologic similarity. 

CSFs for known or probably human carcinogens are generally derived from positive cancer studies that 

adequately identify the target organ in the test animal data and characterize the dose-response 
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relationship. CSFs are derived for possible human carcinogens for which the data are sufficient, but are 

not derived for chemicals with little or no carcinogenicity data or for chemicals shown to be 

noncarcinogens. No consideration is given to similarity in the animal and human target organs, because 

a chemical capable of inducing cancer in any animal tissue is considered potentially carcinogenic to 

humans. Preference is given to studies using the route of exposure of concern, in’ which normal 

physiologic function was not impaired, and in which exposure occurred during most of the animal’s 

lifetime. Exposure and pharmacokinetic considerations are used to estimate equivalent human doses for 

computation of the CSF. When a number of studies of similar quality are available, the data may be 

combined in the derivation of the CSF. 

Toxicological profiles for each of the COCs will be presented in an appendix to the Basewide 

. Groundwater OU RI. Each profile will summarize the available literature on carcinogenic and 

noncarcinogenic effects associated with human exposure to the chemical. 

1.5.2.2.1 Carcinoqenic Effects 

The toxicity information cons,idered in the assessment of potential carcinogenic risks includes a weight-of- 

evidence classification and a slope factor. The weight-of-evidence classification qualitatively describes 

the likelihood that a chemical is a human carcinogen and is based on an evaluation of the available data 

from human and animal studies. A chemical may be placed in one of three groups in USEPA’s 
“K--h 

.classification system to denote its potential for carcinogenic effects: 

l Group A - known human carcinogen 

l Group Bl or B2 - probable human carcinogen 

l Group C - possible human carcinogen 

Chemicals that cannot be classified as a human carcinogen because of a lack of data are placed in 

Group D, and those for which there is evidence of noncarcinogenicity in humans are placed in Group E. 

The CSF is the toxicity value used to quantitatively express the carcinogenic hazard of cancer-causing 

chemicals. It is defined as the upperbound estimate of the probability of cancer incidence per unit dose 

averaged over a lifetime. Slope factors are derived from studies of carcinogenicity in humans and 

laboratory animals and are typically calculated for compounds in Groups A, Bl , and 82, although some 

Group C carcinogens also have slope factors and some B2 carcinogens have none (e.g., lead). Slope 

factors are specific to a chemical and route of exposure and are expressed in units of (mg/kg/day)-’ for 

both oral and inhalation routes. Inhalation cancer toxicity values are usually expressed as inhalation unit 

risks in units of reciprocal ug/m3 [1/(ug/m3)]. Because cancer risk characterization requires an estimate of *--. 
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reciprocal dose in units of l/(mg/kg/day), the inhalation unit risk must be converted to the mathematical 

equivalent of an inhalation CSF, or risk per unit dose (mg/kg/day). This is done by assuming that humans 

weigh 70 kg and inhale 20 m3 of air per day [i.e., the inhalation unit risk (l/ug/m3) is divided by 20 m3, 

multiplied by 70 kg, and multiplied by 1,000 ug/mg to yield the mathematical equivalent of an inhalation 

slope factor (1 /mg/kg/day)]. 

USEPA’s Integrated Risk Information System (IRIS) database will be consulted as the primary source for 

CSF values. USEPA intends that IRIS supersede all other sources of toxicity information for risk 

assessment. If values are not available in IRIS, the annual Health Effects Assessment Summary Tables 

(HEAST) will be consulted, as well as the current USEPA Region IX Preliminary Remedial Goal Table 

(USEPA, 1998d), and the EPA’s National Center for Environmental Assessment (NCEA). If no criteria 

are available from any of these sources, risks will not be quantified for these chemicals and potential 

‘exposures will be addressed in the uncertainty section of the risk assessment. 

CSFs exist for several (but not all) Class C compounds. These compounds typically exhibit inadequate 

evidence of carcinogenicity in humans and limited evidence in animals. For this HHRA, Class C 

compounds will be evaluated quantitatively as class A/Bl/B2 compounds, but the risks associated with 

exposure to Class C compounds will be discussed separately if these chemicals are major risk drivers, 

underscoring the uncertainty associated with these estimations. 

-, , ‘. 

Dermal CSFs will be derived from the corresponding oral values. In the derivation of a dermal CSF, the 

oral CSF will be divided by the gastrointestinal absorption efficiency to determine a CSF based on an 

absorbed dose rather than an administered dose. The oral CSF will be divided by the absorption 

efficiency because CSFs are to be expressed as reciprocal doses. If no absorption rate is available in the 

literature, no adjustment will be made. 

Risk estimates for PAHs have, in the past, assumed that all carcinogenic PAHs have a’potency equal to 

that for benzo(a)pyrene. While benzo(a)pyrene was well studied, other Class B2 PAHs had insufficient 

data with which to calculate a CSF. USEPA has published provisional guidance to assess PAHs 

(USEPA, 1993). Estimated orders of potential potency (rather than a toxicity equivalence factor or TEF) 

were developed based on skin painting tests and are rounded to one significant figure (based on an order 

of magnitude). The values are based on a comparable endpoint (complete carcinogenesis after repeated 

exposure to mouse skin). The quality of the data does not support any greater precision. The orders of 

potential potency to be used in this health risk assessment are presented in Table l-3 and are those 

proposed for use by USEPA Region I (USEPA, 1994c). 
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USEPA has determined that the CSF for benzo(a)pyrene is 7.3 (mg/kg/day)” and that no acceptable 

inhalation unit risk factor exists for this compound. Therefore, the guidance is applicable only to oral 

exposure. There is “no basis for judgment that benzo(a)pyrene or other PAHs will be equipotent by oral 

and inhalation routes” (USEPA, 1993). The effects of particulates and cocarcinogens on benzo(a)pyrene 

effects in the lungs have not been addressed, thereby preventing establishment of an inhalation potency 

for benzo(a)pyrene and relative potencies for other PAHs. 

‘““s, 

1.5.2.2.2 Noncarcinoaenic Effects 

For noncarcinogens, it is assumed that there exists a dose below which no adverse health effects will be 

seen. Below this “threshold” dose, exposure to a chemical can be tolerated without adverse effects. For 

noncarcinogens, a range of exposure exists that can be tolerated. Toxic effects are manifested only 

when physiologic protective mechanisms are overcome by exposures to a chemical above its threshold ’ 

level. Maternal and developmental endpoints are considered systemic toxicity. 

The potential for noncarcinogenic health effects resulting from exposure to chemicals is assessed by 

comparing an exposure estimate (intake or dose) to a RfD. The RfD is expressed in units of mg/kg/day 

and represents a daily intake of contaminant per kilogram of body weight that is not sufficient to cause the 

threshold effect of concern. An RfD is specific to the chemical, the route of exposure, and the duration 

over which the exposure occurs. Separate RfDs are presented for ingestion and inhalation pathways. In 

particular, Reference Concentrations (RfCs) in units of mg/m3 are typically presented for the inhalation 

pathway. Because characterization of noncarcinogenic effects requires a dose estimate in units of 

mg/kg/day, the inhalation RfC must be converted to an inhalatioh RfD. The conversion is performed by 

assuming that humans.weigh 70 kg and inhale 20 m3 of air per day [i.e., the inhalation RfC (mg/m3) is 

multiplied by 20 m3/day and divided by 70 kg to yield an inhalation RfD (mg/kg/day)]. 

.‘*--“* 

To derive a RfD, USEPA reviews all relevant human and animal studies for each compound and selects 

the study (or studies) pertinent to the derivation of the specific RfD. Each study is evaluated to determine 

the NOAEL or, if the data are inadequate for such a determination, the LOAEL. The NOAEL corresponds 

to the dose (in mg/kg/day) that can be administered over a lifetime without inducing observable adverse 

effects. The LOAEL corresponds to the lowest daily dose that induces an observable adverse effect. 

The toxic effect characterized by the LOAEL is referred to as the “critical effect.” To derive an RfD, the 

NOAEL (or LOAEL) is divided by uncertainty factors to ensure that the RfD will be protective of human 

health. Uncertainty factors are applied to account for extrapolation of data from laboratory animals to 

humans (interspecies extrapolation), variation in human sensitivity to the toxic effects of a compound 

(intraspecies differences), derivation of a chronic RfD based on a subchronic study, or derivation of an 

RfD from the LOAEL rather than the NOAEL. , In addition to these uncertainty factors, modifying factors *II*,, 
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between 1 and 10 may be applied to reflect additional qualitative considerations in evaluating the data. 

For most compounds, the modifying factor is 1. 

A dermal RfD will be developed by multiplying the oral RfD by the gastrointestinal tract absorption factor. 

The resulting dermal RfD, based on an absorbed dose, will be used to evaluate the dermal (unabsorbed) 
. 

dose calculated by the dermal exposure algorithms. Table l-4 lists the gastrointestinal absorption factors 

from USEPA guidance (USEPA, 1998c). 

USEPA’s IRIS database will be consulted as the primary source for RfD values. USEPA intends that IRIS 

supersede all other sources of toxicity information for risk assessment. If values are not available in IRIS, 

the annual HEAST will be consulted, as well as the current USEPA Region IX PRG table (USEPA, 

1998d), and EPA’s NCEA, and USEPA Region III RBCtable (USEPA, 1999b). If no RFD is available 

from any of these sources, then if appropriate a surrogate will be selected otherwise noncarcinogenic 

risks will not be quantified, and potential exposures will be addressed in the uncertainty section of the risk 

assessment. 

The primary source for obtaining RFD values is the IRIS database, followed by other USEPA sources 

described for the carcinogens. When developing noncarcinogenic risk estimates, it is important to note 

the primary target organs affected by a particular chemical. This information may be used in the Risk 

Characterization section to segregate risks by target organ effects, unless the HI is below unity. 

1.5.2.3 Exposure Assessment 

The exposure assessment defines and evaluates the exposures experienced by a receptor population. 

To have an exposure, several factors must be present. First, there must be a source of contamination. 

Second, there must be a mechanism through which a receptor can come into contact with the 

contaminants in that medium. Third, there must actually (or potentially) be a receptor present at the point 

of contact, and fourth, there must be an exposure route at the point of contact. 

The exposure assessment presented consists of several sections that characterize the physical site 

setting and the receptors of concern, identify the potential contaminant migration and exposure pathways, 

.define the contaminant concentrations at the points of exposure, and present the equations that will be 

used to quantify exposure in terms of contaminant intake (dose). 

1.5.2.3.1 Exposure Settinq 

This section contains information on the land use and receptor characteristics in the area surrounding 

NSB-NLON andthe Thames River. 
. ., 
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Land Use. NSB-NLON is a base command for naval submarine activities in the Atlantic Ocean. The 

base includes housing for Navy personnel and their families, submarine training facilities, military offices, 

medical facilities, and facilities for the maintenance, repair, and overhaul of submarines. 

.----%. 

. Exposed Populations. NSB-NLON is located within the boundaries of Groton and Ledyard, which had a 

total population of 45,144 in the 1990 census (Atlantic, 1992). Communities adjacent to the base include 

Northwest (located east of Route 12; population 5,520 in 1980), Pleasant Valley (located south of the 

base; population 4,374 in 1980), and the base itself (population 4,099 in 1980). The community of Gales 

Ferry in Ledyard borders the base on the north (population 7,802 in 1988). A detailed assessment of the 

types of activities that currently occur and those that are planned is presented in Appendix E of the Phase 

I RI Report (Atlantic, 1992). 

1.5.2.3.2 Conceptual Site Model 

This section discusses the general conceptual site model for NSB-NLON. A conceptual site model 

facilitates consistent and comprehensive evaluation of the risks to human receptors by creating a 

framework for identifying the paths by which human health may be impacted by contaminants predicted to 

exist-at the source areas. A conceptual site model depicts the relationships between the elements 

necessary to construct a complete exposure pathway, as follows: 

___ . 

l Sources and potential COCs 

l Contaminant release mechanisms 

l Contaminant transport pathways 

l * Exposure mechanisms and exposure routes 

l Receptors 

Two simple conceptual site models have been developed for all source areas to provide the basis for 

identifying the potential risks to human health and the environment. One model has been developed for 

sites at which the source is at the ground surface (Figure l-16), and the second model considers sites at 

which the wastes were initially emplaced (either intentionally or unintentionally) in the subsurface (Figure 

1-17). These models consider the current operating conditions of the facilities and the actual or potential 

receptors that could come into contact with the COCs. 

The conceptual site models first consider the sources assumed to be available, either currently or in the 

future. At these sites, the sources are the wastes disposed at the facilities or the contaminated soil 

resulting from on-site activities. Contaminants may be released from these sources by mechanisms such 
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as wind or water erosion or leaching to the subsurface. Once released from the source, contaminants are 

transported in media such as air, surface water, or groundwater. Receptors may be exposed either 

directly or indirectly to contaminants in these media via a variety of mechanisms. The exposure 

mechanisms considered include routine domestic activities and working outdoors, among others. These 

exposure mechanisms generally act along one or more exposure routes such as ingestion, inhalation, or 

direct dermal contact. 

The conceptual site models also indicate those exposure routes that are carried through the quantitative 

risk assessment for each receptor. An objective during the development of the conceptual site model is 

to focus attention on those pathways that contribute most to the potential impacts on human health and 

the environment and to provide the rationale for screening out other exposure pathways that are minor 

components of the overall risk. . 

Sources of Contamination. Each site has its own source of contamination (e.g., wastes disposed in a 

landfill or materials stored on the ground surface). The following sites are considered to have potential 

subsurface sources: 

l Area A Landfill (Site 2A) 

l Rubble Fill at Bunker A86 (Site 4) (all soil has been removed, but subsurface contamination may 

have migrated to groundwater prior to soil removal) 

l Torpedo Shops (Site 7) 

l Goss Cove Landfill (Site 8) 

l OBDANE (Site 14) 

l Spent Acid Storage and Disposal Area (Site 15) (most soil has been removed, but subsurface 

contamination may have migrated to groundwater prior to soil removal) 

l Area A Weapons Center (Site 20) 

l Tank Farm which includes Site 9 - OT-5 Oily Wastewater Tank (Site 23) 

Some of these sites may also have localized surface sources of contamination, as well as subsurface 

sources. 
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The following sites are considered to have potential surficial sources of contamination: 

l CBU Drum Storage Area (Site 1) (historically this site had potential surficial sources of contamination, 

but was subsequently covered by the Area A Landfill cap) 

l Area A Wetland (Site 2B) 

l Area A Downstream Watercourses and OBDA (Site 3) [all soil and sediments with contaminant 

concentrations above Preliminary Remediation Goals (PRGs) will be remediated] 

l Area A Weapons Center (Site 20) 

l Hospital Incinerator (Site 16) 

l Building 33 Solvent Storage Area (Site 18) 

Area A Downstream Watercourses (Site 3), Area A Wetland (Site 2B), and Goss Cove Landfill receive 

runoff and groundwater recharge from several sites. Although pesticide bricks historically placed at the 

Downstream Watercourses serve as a potential surficial source of contamination, contamination found at 

this site may also be attributable to runoff or recharge from other surrounding sites. . 

Ultimately, these sources have the potential to release chemicals to the surface and subsurface soil. This 

soil then serves as a secondary source of contamination. 

Contaminant Release and Miqration Mechanisms. Chemicals may be released from the sites by a 

variety of mechanisms including stormwater runoff and subsequent erosion of surface soil, infiltration of 

soluble chemicals and subsequent migration through the subsurface soil to the water table where the 

chemicals may migrate downgradient, and wind erosion of surface soil from unpaved areas. 

Storms generate runoff, which is directed toward stormwater drainageways. Initially, this water may move 

across a site as sheet flow, which can entrain loose soil material. This soil is moved from the site as a 

sediment and is deposited where the flow velocity diminishes below that needed to carry a particular grain 

size. Typically at sites in undeveloped areas, this sediment is deposited in small drainageways and 

migrates farther downstream with each new storm, which also adds new material. 

-.. 

r^* 
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Soluble chemicals released to the ground surface may also migrate downward through the soil column 

with infiltrating precipitation. The migration of these chemicals may be somewhat impeded by the 

chemical’s tendency to bind to soil organic material. Eventually, these soluble chemicals may reach the 

water table. Once in the groundwater, chemicals may continue to migrate via dispersion and advection in 

the downgradient direction. Eventually, these chemicals may discharge with the groundwater to the 

Thames River. 

Chemicals adsorbed to surface soil may also be released from a site via wind erosion of loose soil 

material. These particulates are carried downwind and potentially off site if the grain size is small enough 

and the wind velocity is great enough. Additionally, chemicals may also be released from soil via 

volatilization. 

i .5.2.3.3 Potential Routes of Exposure 

A receptor can come into contact with contaminants in a variety of ways, which are generally the result of 

interactions between a receptors behavior or lifestyle and an exposure medium. This assessment 

defines an exposure route as a stylized description of the behavior that brings a receptor into contact with 

a contaminated medium. 

Air -. This pathway is based on the scenario that, as part of daily living, a receptor is enveloped in air that 

contains suspended particulates and volatile organic vapors originating from the source areas. 

Subsequent exposure of the receptor occurs upon inhalation of the ambient air. 

Initially, a qualitative comparison of maximum detected soil concentrations and USEPA generic SSLs for 

inhalation and CTDEP volatilization criteria, based on intermedia transfer (from soil to air), will be 

performed to determine if additional quantitative analysis of this potential exposure pathway is warranted. 

The inhalation SSLs are based on residential land use and lifetime exposure scenarios and are therefore 

relatively conservative values for potential receptors under current land use conditions. 

Incidental lnqestion of Soil. Incidental ingestion could occur when soils containing COCs are 

transferred from hand to food or a cigarette. 

Direct Contact with Soil. Receptors may come into direct contact with soil affected by the release of 

chemicals from the source areas. During the receptor’s period of contact, the individual may be exposed 

via inadvertent ingestion of a small amount of soil or via dermal absorption of certain contaminants from 

the soil. 

. 
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Direct Contact with Groundwater. It is possible that an excavation (for construction, utility maintenance, 

etc.) could be deep enough to come into contact with the shallow groundwater. In such an instance, 

workers could be exposed to the groundwater via dermal contact. In addition, it has been assumed (at 

the direction of USEPA) that some sites could be developed for future residential land use. Household 

use of groundwater will be evaluated for these sites unless site-specific conditions (e.g., saline water 

quality near the Thames River) would prevent its use. Under the potential groundwater use scenario, 

direct dermal contact with groundwater, ingestion of groundwater, and inhalation of VOCs could occur 

during routine exposure. Exposure to groundwater is evaluated for the adult future resident. Exposures 

for child residents are presumed to be a lesser magnitude. 

“-- .^ 

Current USEPA Region I guidance (USEPA, 1995b) will be used to assess the human health risks 

associated with exposure to volatiles in groundwater used for domestic purposes (showering, bathing, 

cooking, washing, etc.). This exposure pathway will be evaluated in a qualitative fashion by assuming that ’ 

the dose from inhalation of VOCs in potable water is equal to that from direct ingestion. Calculated 

chemical-specific risks for VOCs via ingestion are essentially multiplied by a factor of two to account for 

ingestion and inhalation exposures. 

Incidental Ingestion/Direct Contact with Surface Water. This pathway will not be quantitatively 

evaluated during the Basewide Groundwater OU RI because no new data will be collected and 

quantitative risk for this pathway was assessed during the Phase II RI and during the Lower Subase RI. 

Incidental Inaestion/Dermal Contact with Sediment. This pathway will not be quantitatively evaluated 

during the Basewide Groundwater OU RI because no new data Will be collected and quantitative risk f.or 

this pathway was assessed during the Phase II RI. 

1.5.2.3.4 Potential Receptors 

Several potential receptors are identified under both current and future land use conditions. The original 

list of receptors identified for the sites included in the Phase II RI (B&RE, 1997a) has been modified to 

conform to current guidance, to provide some consistency between sites, to focus the assessment on 

potentially meaningful exposures, and, in general, to streamline the risk assessment process. These 

receptors are as follows: 

. Full-time employees - Adult military or civilian personnel assigned to work 40 hours per week at a 

particular facility. 
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l Construction workers - Adult civilian personnel who may be involved in a short-term, one-time 

construction project at a site. 

l Older child trespassers (ages 6 to 16) - Older children and teenagers (civilians or family of military 

personnel) trespassing on or near a site while exploring, playing, or performing other activities. 

l Future residents - Persons (adults and children) residing at a site assuming that the facility is closed 

and developed for residential purposes. 

One or more of these receptor groups will be evaluated quantitatively for each of the sites under 

investigation in this RI. Table l-5 contains a matrix summary of the particular combinations of receptor 

groups to be evaluated in the HHRA for each site. * 

Future residential receptors (adult and child) will be included in the baseline HHRA at the direction of 

USEPA and CTDEP. These receptors are not potential receptors under current land use and are 

included only to provide an indication of potential risks if the facility were to close and then be developed 

for residential use. Although enlisted and officer personnel reside at the base under current conditions, 

the residential scenario is not applicable for these receptors because (1) they do not reside in the areas of 

investigation and (2) they are assigned to the base for a relatively short period of time (3 or so years). A 

future residential land use scenario is also considered unlikely given the critical nature of the facility with 

respect to support of the submarine fleet and national defense. 

Two classes of each receptor will be considered, as per USEPA Region I guidance. The first is identified 

as a CTE receptor, which is developed using both regional guidance (USEPA, 1994~) and professional 

judgment regarding site-specific conditions. The second class of receptor is the RME, and is developed 

as per USEPA guidance (USEPA, 1989d and USEPA, 1994c). 

1.5.2.3.5 Exposure Pathwavs 

An exposure pathway consists of four elements: a source and mechanism of release, a route of 

contaminant transport through an environmental medium, a contact point for a human receptor, and an 

‘exposure route at the point of contact. All four components must be present for the exposure pathway to 

be considered complete. This section summarizes the potentially complete exposure pathways that will 

be quantitatively evaluated in the upcoming risk assessment and provides the rationale for those 

pathways that will not be evaluated. Table l-6 summarizes the potentially complete and incomplete 

exposure pathways and receptors. 

059904/P (WP) l-69 CT0 0312 



Rev. 3 
May 2000 

1.5.2.3.6 Quantification of Exposure 

Estimates of exposure are based on the contaminant concentrations at the exposure points and on 

scenario-specific assumptions and intake parameters. The models and equations used to quantify 

intakes are described in this section and have been obtained from a variety of USEPA guidance 

_ documents, which are cited in the specific intake estimation sections that follow. 

Exposures depend on the predicted concentrations of chemicals in environmental media and local land 

use practices, and both are subject to change over time. This results in a large number of possible 

combinations of receptors, media, exposure pathways, and concentrations. As mentioned previously, 

Table l-6 summarizes the exposure pathways to be evaluated in the quantitative risk assessment. Some 

of these scenarios (such as occupational, trespassing, and residential scenarios) may be applicable 

under both current and future land use conditions. 

Exposure model parameters are presented in Tables l-7 and l-8 for potential future residents, child 

trespassers, full-time employees, and construction workers, respectively. The parameters are generally 

those values used in the Phase II RI (B&RE, 1997a), which were based on parameters identified in the 

Phase II RI Work Plan (Atlantic, 1993). Values. have been updated to reflect current USEPA guidance. 

All parameters are referenced in footnotes on each table. These parameters are used in the equations 

presented in this section, along with the exposure point concentrations, to calculate intakes that will be 

used to determine risks. 

Incidental lnaestion of Soil. Intake of contaminants in soil will be estimated using the predicted 

concentration of a contaminant in the location of interest. This pathway will be evaluated for the 

construction worker, full-time’employee, and child and adult residents. Age-adjusted ingestion factors will 

be used to estimate intakes for future residents because of the higher ingestion rate experienced by small 

children. In genera!, intakes associated with soil ingestion will be calculated using the following equation: 

Intakesi = 
(c,i)(lR)(FI)(EF)(ED)(cF) 

(BWAT) 

. 

where: Intake,i = intake of contaminant “i” from soil (mg/kg/day) 

C,i = concentration of contaminant ‘Ii” in soil (mg/kg) 

IR = ingestion rate (mg/day) 

FI = fraction ingested from contaminated source (decimal fraction) 

EF = exposure frequency (days/yr) 

ED = exposure duration (yr) 
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CF = conversion factor (10” kg/mg) 

BW = body weight (kg) 

AT = averaging time (days); 

for noncarcinogens, AT=ED*365-days/yr; 

for carcinogens, AT=70 yr”365 days/yr 

For adults not involved in construction activities, ingestion rates range from 50 mg/day (adults under CTE 

conditions) to 200 mg/day (potential future child residents for the RME). Ingestion rates of 480 mg/day 

(RME) (USEPA, 1991) and 240 mg/day (CTE) will be used for construction personnel. Exposure 

frequencies range from 80 days per year for the CTE construction worker to 250 days per year for the 

RME full-time employee. Values of 1 .O for the RME and 0.5 for the CTE will be used for the fraction of 

soil from the contaminated source ingested by a potential receptor. . 

Dermal Contact with Soil. Intake of a contaminant in soil via absorption through the skin will be 

estimated using the predicted concentration in the soil at the location of concern. The dermal absorption 

pathway will be evaluated for the construction worker, full-time employee, and child and adult residents. 

As with soil ingestion, age-adjusted contact rates will be used for potential future residents. Dermal 

absorption from potentially contaminated areas will be calculated using the following equation: 

tC~i)(SA)t~F)tABS)(Fd)o(EF)(ED) 
Intakesi = 

(B’WAT) 

where: Intake,i = 
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Csi 

SA 

AF 

ABS 

Fd 

CF 

EF 

ED 

BW 

AT 

amount of chemical “i” absorbed during contact with soil (mg/kg/day) 

concentration of chemical “i” in soil (mg/kg) 

skin surface area available for contact (cm*/day) 

skin adherence factor (mg/cm*) 

absorption factor (decimal fraction) 

fraction available for contact from contaminated source 

(decimal fraction) 

conversion factor (1 Om6 kg/mg) 

exposure frequency (days/yr) 

exposure duration (yr) 

body weight (kg) 

averaging time (days); 

for noncarcinogens, AT=ED*365 days/yr; 

for carcinogens, AT=70 yr*365 days/yr 
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The estimate will assume that dermal contact with soil by potential receptors occurs at the same exposure 

frequency as soil ingestion. The estimate will also assume that 19 percent of the total body surface area *- , 

(to account for forearms, head, and hands) for adults and 30 percent of the total body surface area (to 

account for forearms, head, hands, and feet) for children will be exposed. These values were selected 

based on default clothing scenarios expressed in the USEPA dermal exposure guidance (USEPA, 

1992a). Soil adherence factors will be selected from the published range of 0.07 to 0.2 mg/cm* (USEPA, 

1998c). Values of 1 .O (RME) and 0.5 (CTE) will be used for the fraction of soil available for contact from 

the contaminated source. Dermal absorption factors are provided in Table l-9 (USEPA, 1998c). I 

Dermal exposures to COCs in soil will be evaluated in accordance with methodology supplied by USEPA 

Region I. COCs with chemical-specific absorption factors in Table l-9 (USEPA, 1998c) will be 

quantitatively evaluated in the HHRA. For those COCs without chemical-specific dermal absorption 

factors, dermal exposures will be evaluated using a generic absorption factor of 0.1 for organics and 0.01 

for inorganics. The use of those values will be discussed in the uncertainty section. 

Dermal Contact with Groundwater. Because the groundwater at NSB-NLON is not used as a potable 

supply, only limited exposure scenarios are considered under current site conditions. However, as 

previously mentioned, this scenario will be evaluated for future residents for conservative purposes. 

Under future land use conditions, deep excavations at the NSB-NLON for activities such as utility 

maintenance and construction could result in a dermal exposure to the shallow groundwater that is 

contained in the overburden. Therefore, construction workers will be evaluated for dermal exposure only. 

The following equation will be used to assess exposures resulting from dermal contact with water 

(USEPA, 1992a): 

DAD,, = (DA,,,,)tEV)(ED)tEF)(A) 

@‘NAT) 

where: DADti = 

D&vent = 

EV = 

ED = 

EF = 

A = 

BW = 

AT = 

dermally absorbed dose of chemical “i” from water (mg/kg/day) 

absorbed dose per event ( mg/cm2-event) 

event frequency (events/day) 

exposure duration (yr) 

exposure frequency (days/yr) 

skin surface area available for contact (cm*) 

body weight (kg) 

averaging time (days); 

for noncarcinogens, AT=ED’365 days/yr; 
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for carcinogens, AT=70yr*365 days/yr 

The absorbed dose per event (DAevent) . IS estimated usi?g a nonsteady-state approach for organic 

compounds and a more traditional steady-state approach for inorganics. For organics, the following 

equations apply: 

If t event < t’, then: DAevent = (2 KJ (Cwi) (CF) 

If t event > t’, then: DAevent = (Kp)(Cwi)(CF) + 22 

where: &, = duration of event (hr/event) 

i = time it takes to reach steady-state conditions (hr) 

K, = permeability coefficient from water through skin (cm/hr) 

C,i = concentration of chemical “i” in water (mgL) 

7 = lag time (hr) 

K = constant (unitless; equal to 3.141592654) 

CF = conversion factor (1 OM3 L/cm3) 

B = partitioning constant derived from Bunge Model.(dimensionless) 

Values for the chemical-specific parameters (t,,,,,, t’, K,, 2, and B) are obtained from the current dermal 

guidance. If no published values are available for a particular organic compound, they will be calculated 

using equations provided in the cited guidance. 

The following nonsteady-state equation will be used to estimate DA,,, for inorganics: 

DA event = (Kp) (Cd (tevent) 

In general, the recommended default value of 0.001 will be used for inorganic constituents. 

The exposure frequencies for a construction wdrker exposed to soil will be 120 days per year for a RME 

and 80 days per year for a CTE. Construction workers will not be exposed to groundwater the entire time 

they are at the site, but only when they are excavating below the water table for building. footers, 

foundations, etc. Therefore, the groundwater exposure times for adult construction workers are 4 hours 

per day for 20 days per year (one work month) for the RME and 2 hours per day for 10 days per year for 

the CTE. The exposure duration for this receptor will be set at 1 year. Construction workers exposed to 
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groundwater are assumed to be exposed only on their forearms and hands, for a total available skin 

surface area of 3,800 cm*. 
-+---. 

1.5.2.3.7 Exposure to Lead 

The equations and methodology presented in the previous section cannot be used to evaluate exposure 

to lead because of the absence of published dose-response parameters for this chemical. Exposure to 

lead will be evaluated using the USEPA Integrated Exposure Uptake Biokinetic (IEUBK) Model for lead, 

version 0.99D (USEPA, 1994a). This model is designed to estimate blood levels of lead in children 

(under 7 years of age) based on either default or site-specific input values for air, drinking water, diet, 

dust, and soil exposure. Exposures to lead by nonresidential adults are evaluated by using a slope-factor 

approach developed by the USEPA Technical Review Workgroup for Lead,(USEPA, 1996c and 1996d). 

The approach focuses on estimating fetal blood lead concentrations in women exposed to lead-’ 

contaminated soils. 

Studies indicate that infants and young children are extremely susceptible to adverse effects from 

exposure to lead. Considerable behavioral and developmental impairments have been noted in children 

with elevated blood lead levels. The threshold for toxic effects to children from this chemical is believed 

to be in the range of 10 ug/dL to 15 ug/dL. Blood lead levels greater than 10 ug/dL are considered to be 

a “concern.” 

In general, the IEUBK Model and Technical Review Work Group Model for lead will be used to address 

exposure to lead when groundwater concentrations exceed the 1’5 ug/L Federal Action Level promulgated 

under the Safe Drinking Water Act and when detected. soil concentrations exceeded the Office of Solid 

Waste and Emergency Response (OSWER) soil screening level of 400 mg/kg. for residential land use 

(USEPA, 1994b). 

152.4 Risk Characterization 

This section characterizes the potential human health risks associated with potential exposure to COCs at 

the NSB-NLON. Section 1.5.2.4.1 outlines the methods that will be used to estimate the type and 

magnitude of health risks. Section 1.5.2.5 discusses the uncertainties associated with all aspects of the 

risk characterization process. 

1.5.2.4.1 Risk Characterization Methodoloqv 

Potential human health risks resulting from exposure to COCs will be estimated using algorithms 

established by USEPA (1989d). The methods’ described by USEPA are protective of human health and 

.,.-,, 

. 
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are likely to overestimate risk. The methoddlogy”Lis& specrfrc algorithms to calculate risk as a function of 

chemical concentration, human exposure parameters, and toxicity. Risks from hazardous chemicals will 

be calculated for either carcinogenic and noncarcinogenic effects. 

Chemical Carcinoqens. Risks attributable to exposure to chemical carcinogens will be estimated as the 

probability of an individual developing cancer,over a lifetime. At low doses, the incremental lifetime 

cancer risk (ILCR) will be determined as follows (USEPA, 1989d): 

ILCRi = (Intakei)(CSFi) 

where: ILCRi = 

Intakei ‘= 

CSFi = 

incremental lifetime cancer risk for chemical “i”, expressed as a 

unitless probability * 

intake of chemical “i” (mg/kg/day) 

cancer slope factor of chemical “i” (mg/kg/day)-’ 

According to the USEPA, risks below 1 E-6 (or a risk less than one in one million) are generally 

considered to be “acceptable”, and risks greater than 1 E-4 (1 in 10,000) are generally considered to be 

“unacceptable”. According to CTDEP, risks less than 1 E-5 (1 in 100,000) for cumulate risk or 1 E-6 (1 in 

1 ,OOO,OOO) for individual chemicals are generally considered to be “acceptable”, while risks greater than 

1 E-5 for cumulative risk or 1 E-6 for individual chem’icals, are generally considered to be “unacceptable”. 

When carcinogenic risks exceed lE-2 (1 in 100) using the above methodology, USEPA (USEPA, 1989d) 

specifies that the one-hit model should be used, as follows: 

fLCRi = I- exP[(-Intakei)(CSFi)] 

Risks will be estimated for all carcinogenic compounds regardless of the class designation (A, B, or C). 

Noncarcinogens. The hazards associated with the effects of noncarcinogenic chemicals will be 

evaluated by comparing an exposure level or intake to a RID. The ratio of the intake to the RfD is called 

the HQ and will be defined as follows (USEPA, 1989d): 

HQi = 
Intake, 

RfDi 
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where: HQi = 

Intakei = 

RfDi = 

hazard quotient for chemical “i” (unitless) 

intake of chemical “i” (mg/kg/day) 

reference dose of chemical “i” (mg/kg/day) 

. . ‘--‘ks 

If the ratio of the intake to the RfD exceeds unity, noncarcinogenic (toxic) effects may occur. A HI will be 

generated by summing the individual HQs for all the COCs associated with a specific pathway. If the 

value of the HI exceeds unity, noncarcinogenic health effects associated with that particular chemical 

mixture may occur, and therefore it will be necessary to segregate the HQs by target organ effects or 

mechanism of action. The HQ should not be construed as a probability in the manner of the ILCR, but 

’ rather a numerical indicator of the extent to which a predicted intake exceeds or is less than a RfD. 

1.5.2.5 Uncertainties Analysis 

Uncertainty is associated with all aspects of the baseline HHRA. This section presents a generic 

summary of these uncertainties and discusses how they might affect the final risk numbers. A more 

detailed discussion of uncertainty will be provided when the risk assessment is performed. 

Uncertainty in the selection of COCs is primarily associated with the current status of the predictive 

databases and the procedures used to includebr exclude constituents as COCs. Uncertainty associated 

with the exposure assessment includes the values used as input variables for a given intake route, the 

methods used and the assumptions made to determine exposure point concentrations, and the 

predictions regarding future land use and population characteristics. Uncertainty in the toxicity 

assessment includes the quality of the existing data to support dose-response relationships and the 

weight of evidence used for determining the carcinogenicity of COCs. Uncertainty in risk characterization 

includes those uncertainties associated with exposure to multiple chemicals and the cumulative 

uncertainty from combining conservative assumptions made in earlier activities. 

.--i . 

1.5.2.5.1 Uncertaintv in Selection of Chemicals of Concern 

A minor amount of uncertainty is associated with the final risk values based on the selection of COCs to 

be used in the quantitative risk assessment. However, the use of predetermined USEPA Region IX 

screening values based on conservative land use scenarios (i.e., residential land use for soil and 

ingestion and inhalation for groundwater and surface water) in combination with the reduction of the 

values for carcinogens to correspond to a IE-6 cancer risk should ensure that the most significant 

contributors to risk from a site are evaluated. The elimination of chemicals that are present at 

concentrations corresponding to a cancer risk less than 1 E-6 and an HI less than 0.1 should not affect the 

final conclusions regarding contaminants that could pose a potential health concern. In addition, other 

health-based and state risk-based criteria will be used to conservatively select COCs. 
,,--L 
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$ 1.5.2.5.2 Uncertaintv in the Exposure Assessment 

Uncertainty in the exposure assessment arises from the methods used to calculate exposure point 

concentrations, determine land use conditions, select receptors, and select exposure parameters. Each 

of these is discussed below. 

Calculation of Exposure Point Concentrations. For media at some sites, fewer than 10 samples may 

be available, making the estimation of the 95 percent UCL on the mean highly uncertain. In these cases, 

the average and maximum detected chemical concentrations will be used to assess risks. As a result, 

the risk estimated for the RME, where maxima will be used as exposure concentrations, will most likely be 

overstated because potential receptors are not likely to be exposed to the maximum concentration over 

the entire exposure period. 

For some sites, the risk evaluation will focus on one or more smaller areas of concern. These boundaries 

are somewhat artificial and originated as investigations of a source area such as a tank or are simply 

gross geographical boundaries. Exposures may or may not occur in these particular areas; therefore, 

risks could be under- or overestimated. 

Determination-of Land Use. The current land use patterns were well established during the Phase I and 

Phase II Rls. Detailed interviews with base personnel were used to establish the potentially exposed 

populations and the activities that could bring them into contact with contaminated media. In addition, 

planned construction projects were identified. 

One issue associated with land use that contains a high degree of uncertainty is the potential conversion 

of the base (particularly the sites under consideration in the RI) to residential uses. This scenario is 

considered highly unlikely given the dispersed population patterns currently surrounding the base and the 

heavily industrialized nature of the facility. These factors, in addition to the critical nature of the facility 

with respect to support for the submarine fleet, make a future industrial land use scenario much more 

likely, at least for the foreseeable future. 
. 

Exposure Routes and Rece&r identification. Exposure routes and receptor groups were fairly well 

defined. An attempt has been made to simplify the various groups identified and to determine a single set 

of exposure parameters to apply to each group. These may either under- or overestimate the risks, with 

the final result dependent on how well the receptors were defined. 
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Selection of Exposure Parameters. Each exposure factor selected for risk assessment has some 

associated uncertainty. Generally, exposure factors are based on surveys of physiological and lifestyle 

profiles across the United States. The attributes and activities studied in these surveys generally have a 

broad distribution. To avoid underestimation of exposure, the selection will use USEPA guidelines for the 

RME receptor, which generally consist of the 95’h percentile for most parameters. 

*-I-X 

Use of the 95’h percentile for each parameter ensures that the assessment bounds the actual risks from a 

postulated exposure. This risk number is used in risk management decisions but does not indicate an 

average or more typical exposure or the risk range expected for individuals in the exposed population. To 

address these issues, USEPA has suggested the use of the CTE receptor, whose intake variables are set 

at approximately the 50th percentile of the distribution. The risks for this receptor seek to incorporate the 

range of uncertainty associated with various intake assumptions. Many of the parameters were estimated 

using professional judgment, although USEPA Region I provides some default parameters (USEPA, 

1994c). 

An additional source of uncertainty associated with the exposure assessment of the baseline HHRA is the 

presence of the hospital at the base, which is located near Tautog Avenue. Sick or ailing individuals 

represent a subpopulation of potential concern because they may experience an increased risk due to 

increased sensitivity to chemical exposure. Because the Hospital Incinerator is one of the sites under 
F--Y 

investigation, a significant degree of uncertainty may be associated with this aspect of the expoSure 

analysis. 

1.5.2.5.3 Uncertaintv in the Toxicoloaical Evaluation 

The toxicological data used as the basis for all risk assessments contain uncertainty in the following 

areas: 

p Non-threshold (carcinogenic) effects are extrapolated from high doses administered to laboratory 

animals to low doses received under more common human exposure scenarios. 

l Results of laboratory animal studies are extrapolated to human environmental receptors. 

l There are considerable interspecies variation in toxicological endpoints used in characterizing ’ 

potential health effects resulting from exposure to a chemical. 

l There is considerable variability in sensitivity among individuals of any particular species, 
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,* 
l Short-time toxicological studies are used to pred~c~~~&$g%rm effects. 

Some chemical-specific uncertainties are as follows: 

l The carcinogenicity of arsenic via ingestion is not confirmed by the available data. However, USEPA 

has proposed an oral unit risk factor that was used for all oral and dermal exposures to arsenic at this 

site. Because arsenic is a major risk driver, the risks may be overstated. 

l Some uncertainty is associated with the evaluation of chromium, which will be assumed to be present 

in its hexavalent state. Because hexavalent chromium is considered to be more toxic than the 

trivalent state, which is more common, risks for this chemical will probably be overestimated. 

‘1.5.2.5.4 Uncertainty in the Risk Characterization 

Uncertainty in risk characterization results primarily from assumptions made regarding additivity of effects 

from exposure to multiple compounds from various exposure routes. High uncertainty exists when cancer 

risks for several substances are summed across different exposure pathways. This assumes that each 

substance has a similar effect and mode of action. Often compounds affect different organs, have 

different mechanisms of action, and differ in their fate in the body, so additivity may not be an appropriate 

assumption. However, the assumption of additivity is made to provide a conservative risk estimate. 

Finally, the risk characterization does not consider antagonistic or synergistic effects. Little or no 

information is available to determine the potential for antagonism or synergism for the COCs. Therefore, 

this uncertainty cannot be discussed for its impact on the risk assessment, because it may either 

underestimate or overestimate potential human health risk. 

1.6 PROJECT MANAGEMENT AND ORGANIZATION 

TtNUS is responsible for the overall management of the project, including all field sampling activities. 

Navy personnel will actively support the ‘investigation and will coordinate with personnel from TtNUS 

during field activities. The responsible organizations and personnel involved in the project are as follows: 

Northern Division 
Naval Facilities Engineering Command 
Code 1823/ME 
10 Industrial Highway, Mail Stop #82 
Lester, Pennsylvania 19113-2090 
(610) 595-0567, ext. 162 

Mr. Mark Evans 
Remedial Project Manager (RPM) 
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NSB-NLON 
Environmental Department 
Building 166 
Groton, CT 06349-4899 
(860) 694-5176 

Andy Stackpole 
Environmental Department and Manager 

Ms. Darlene Ward 
IRPM 

Tetra Tech NUS 
Foster Plaza VII 
661 Andersen Drive 
Pittsburgh, PA 15220 
(412) 921-7090 

Mr. John J. Trepanowski, P.E., Program Manager 
Mr. David P. Cercone, C.P.G., Project Manager 
Mr. Paul Frank, Quality Assurance Manager 
Mr. Matthew M. Soltis, CIH, CSP, Health & Safety Manager 

USEPA 
USEPA Region I 
1 Congress Street 
Suite 1100 (HBT) 
Boston, MA 02114-2023 
(617) 918-I 385 

Ms. Kymberlee Keckler 
RPM 

CTDEP 
Connecticut Department of Environmental Protection 
Water Management Bureau 
Permitting, Enforcement and Remediation Division 
Federal Remediation Program 
79 Elm Street 
Hartford, CT 06106-5;27 
(860) 424-3768 

Mr. Mark Lewis 
RPM 

Figure l-l 8 presents the project management organization chart for the Basewide Groundwater OU RI at 

NSB-NLON, Groton, Connecticut. Under the direction of the Navy RPM, TtNUS is responsible for the 

overall management, implementation, and inspection of the contract field activities. Navy personnel will 

be actively involved and will coordinate with TtNUS personnel in a number of areas. The authorities and 

organizational relationships of key personnel are depicted on Figure 1-18. Responsibilities for program 
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management, project management, field operations, and laboratory operations are discussed in the 

following sections. 

1.6.1 Field Responsibilities 

The TtNUS field investigation team will be ‘organized according ‘to the activities planned. Field team 

members will be selected based on the type and extent of effort required. All team members will be 

appropriately skilled and trained for the tasks they are assigned to perform. The team will consist of a 

combination of the following personnel: 

. Field Operations Leader (FOL). (The FOL may also fill other roles) 

l Site Quality Assurance (QA)/ Quality Control (QC) Advisor 

l Site Safety Officer (SSO) 

l Field hydrogeologist/geologist(s) 

The proposed field activities will be performed by TtNUS personnel and subcontractors, and overseen by 

the TtNUS FOL. A general discussion of the FOL’s responsibilities follows. 

The FOL is responsible for coordinating all on-site personnel and for providing technical assistance when 

required. The FOL or designee will coordinate and be present during all sampling activities and will 

ensure the availability and maintenance of all sampling materials and equipment. The FOL is responsible 

for the completion of all sampling, boring, well construction, field, and, chain-of-custody documentation 

and will assume custody of all samples and ensure‘their proper handling and shipment. The FOL is 

responsible for providing oversight and technical supervision of the drilling and direct-push subcontractor. 

Other duties of the FOL include the following: 

. 

l Functions as communications link between field crew members, the site QA/QC advisor, SSO, and 

project manager 

l Oversees the mobilization and demobilization of all field equipment and subcontractors 

l Resolves logistical, weather, personnel, and equipment problems 

. Responsible for maintaining the site logbook 

l Initiates field change requests when necessary 

The FOL will act as the site QA/QC advisor, who is responsible for ensuring adherence to all QA/QC 

guidelines as defined in the SAP and QAPP. Strict adherence to these procedures is critical to the 

collection of acceptable and representative data. The following summarizes the site QA/QC advisors 

responsibilities: 

059904/P (WP) l-81 CT0 0312 



Rev. 3 
May 2000 

. Ensures that field duplicates and field quality control blanks are collected at the proper frequency 
F--%. 

l Ensures that additional volumes of sample are supplied to the analytical laboratory at the proper 

frequency to accommodate laboratory QA/QC analyses 

l Ensures that measuring and test equipment are calibrated, used, and maintained in accordance with 

applicable procedures 

l Acts as liaison between site personnel, laboratory personnel, and the QA manager (QAM) 

o Manages bottleware shipments and oversees field preservation and filtration activities 

The yet-to-be-determined FOL (or assistant) will also serve as the SSO. The duties of the SSO are 

detailed in the Site Security Plan and HASP (Appendix D). The SSO has stop-work authority, which can 

be executed upon the determination of an imminent safety hazard. 

1.6.2 Laboratorv Responsibilities 

The subcontracted analytical laboratory will be responsible for analyzing. all RI samples in accordance 

with the specified analytical methods and for reporting data in accordance with the requirements outlined 

under the Contract Laboratory Program (CLP) and the QAPP (Appendix C). The selected laboratory will 

be responsible for properly disposing of the unused samples and reporting the receipt of any broken 

sample bottles or other problems relative to samples (e.g., head-space in VOC vials) to the project 

manager. 

1.7 COMMUNITY RELATIONS 

A Community Relations Plan for NSB-NLON, Groton, Connecticut was developed and issued in February 

1994 (Atlantic, 1994a). The plan identified issues of community interest and concern regarding NSB- 

NLON. It also described the program of community relations activities that the Navy will conduct during 

the’lR Program. The Co’mmunity Relations Plan covers all of the IR Program sites being investigated at 

NSB-NLON, including those under the Basewide Groundwater OU RI. The applicable community 

relations programs will be followed during the RI to be conducted at the Basewide Groundwater OU. 

A Restoration Advisory Board (RAB) has been established by the Navy for the purpose of allowing 

individuals the opportunity to give advice to the Navy on the IR Program at NSB-NLON and to act as a 

focal point for the exchange of information between the Navy and the local community. The NSB-NLON 
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RAB includes representatives from regulatory agencies such as USEPA Region I and CTDEP, as well as 

community representatives. The RAB meets quarterly. The scope and findings of the Basewide 

Groundwater OU RI will be discussed and explained at a future RAB meeting. In addition, feasibility 

studies and proposed plans related to the Basewide Groundwater OU, which will be developed after the 

RI, will also be discussed at future RAB meetings. 

1.8 DATA DELIVERABLES AND MANAGEMENT 

A draft RI report will be issued approximately 6 months after the field sampling effort is completed. The 

report will discuss methodologies used by field personnel, observations and sampling methodologies, and 

sampling results. It will also include tables and figures summarizing sampling results generated from this 

investigation. 
. 

The data generated from this investigation shall be validated in accordance with the USEPA’s National 

Functional Guidelines as amended by Region I. Further details on the data validation process and data 

quality issues are outlined in the QAPP in Appendix C. 

Historical analytical data from previous investigations at the NSB-NLON are maintained in an electronic 

database. This database will be updated with the newly collected data and will be used to identify data 

trends and anomalous data results, and to compare the results to applicable standards. The database 

will also be used to identify anomalous results that are statistically significant relative to background 

values. The approach that will be used to manage the analytical database for the Basewide Groundwater. 

OU RI is discussed below. 

1.8.1 Data Manaaement Plan 

The purposes of the data management plan are to track investigation data and provide adequate levels of 

QA. The following subsections summarize the components of the data management plan. 

, Software 

I Microsoft Visual FoxPro 3.0 will be’ the primary software for all data management and data manipulation 

activities. 

Responsibilities 

All analytical and field data will be managed by the Information Management Solutions Group of TtNUS, 

which will be responsible for compiling and maintaining project files that will contain hard copies of the 

, 
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chains-of-custody, sample log forms, boring logs, sample location maps, and documentation of QA data 

manipulation. Removal of any files will require the initials of the requestor and date. 

All electronic data will be managed on the TtNUS network system under the CT0 312 directory. The 

security of the database will be maintained by the network backup system, which occurs on‘s daily basis. 

Sample Tracking ’ 
. 

A “cradle-to-grave” sample tracking system will be implemented prior to the field effort. All sample 

numbers, requested laboratory analyses, and field duplicate information will be entered into a database 

from the approved WP and SAP. The sample tracking database will then be used to generate both 

‘sample jar labels and sample log forms to be completed in the field. Chain-of-custody forms will be faxed 

to the TtNUS Pittsburgh office at the end of each sampling day to be compared against the sample 

tracking database. This will allow for early detection of errors made in the field so that any necessary 

adjustments can be made while the field crew is mobilized. An electronic copy of the sample tracking 

database will be sent to the laboratory to avoid manual entry of sample numbers into the Laboratory 

Information Management System (LIMS). After successful completion of all requested analyses, the 

laboratory will submit an electronic deliverable to TtNUS for every sample delivery group (SDG). The 

format specified for electronic deliverables from the laboratory is shown in Appendix B. Once all 

electronic deliverables have been received from the laboratory, queries will be run versus the predeld 

effort database to ensure that the laboratory performed all of the requested analyses. The project 

manager will be notified as to any discrepancies. Ideally, discrepancies can be noted early enough so 

that additional sampling is not necessary. 

Sample Information 

Before electronic files are received from the laboratory, all sample-specific information will be entered into 

the data management system. This information will include things such as the depth at which the sample 

was collected, the associated area of concern, and the aquifer in which the well was screened. The 

sample information file will allow for the analytical results to be grouped properly for statistical purposes in 

the RI report. 

Survey Data 

All survey data will be delivered in Excel spreadsheet format. The files will contain a minimum of 

northing, easting, ground surface elevation, top of casing elevation, and top of riser elevation. The survey 

will be based on the Connecticut State Plane Coordinate System (SPCS) North American Datum (NAD) 

1983 for horizontal control and the North American Vertical Datum (NAVD) 1988 for vertical control. “-- 
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Survey data will then be transformed by TtNUS into an appropriate system for NSB-NLON and imported 
into the data management system. 

Data Validation 

Once all samples and analyses have been accounted for, the electronic data files are printed for each 

SDG and analytical fraction and submitted for data validation. Validators will incorporate data qualifiers 

into the electronic database and resubmit the data to the Information Management Solutions Group. 

Project Data Compilation 

The new data generated under this RI will be incorporated with all previous dat.a generated at NSB- 

NLON. All data such as units of measure and chemical nomenclature will be manipulated to maintain 

consistency with the project database. The project database is a relational database that ensures data 

structure integrity and data quality for all NSB-NLON data. 

Data Summary Output 

The project database will be used to generate all statistical tables for the various sections of the RI report 

such as nature and extent of contamination, HHRA, and data evaluation. Programs have been written to 

pull data for statistics directly from the database to preserve data integrity and consistency. Report 

formats have been written in Visual FoxPro to present analytical results in Excel@ Spreadsheet-style 

format, which are typically included as appendices. 

For all aqueous data (i.e. groundwater), field duplicates will be averaged for statistical purposes. The 

maximum concentration will be used to represent field duplicate concentrations in solid media (i.e. soil). 

The normal, duplicate, average, and maximum concentrations will all be presented in the analytical 

results appendix. 

Geographic information Systems (GE) 

Upon compilation of all sample, chemical, and positional data, the data will be incorporated into an 

ArcView ‘GIS project. The basis of the ArcView project will be existing basemaps for NSB-NLON. The 

GIS system can be used to generate site location maps, sample location maps, contaminant iso-contour 

maps, potentiometric surface maps, and contaminant tag maps. The data can be delivered to the Navy in 

Tri-Service Standard format upon request. 
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1.9 PROJECT SCHEDULE 

The field activities for the project are presently scheduled to begin in March 2000 and should be 

completed in May 2000. The draft RI report is scheduled to be completed within approximately 6 months 

after the field work is completed and the final RI report is scheduled to be submitted within approximately 

6 months after the draft RI report is completed. 
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TABLE l-l 

SAMPLE SUMMARY TABLE 
BASEWIDE GROUNDWATER OU RI 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 1 OF 2 ,, 

NORTHERN REGION 
Number of Samples 

1 CENTRAL REGION 1 SOUTHERN REGION I I 

I Matrix I Parameters@) } Sites 1,2A, Back- 

2B,4 Site 3 Site 7 Site 14 Site 20 Site 16 Site 6 , Site 15 Site 18 Site 23 ground(3) I Total I 

SHALLOW SOILS”’ 

- I 

IoIoIoI I 
72 I I I 0 

0 I 0 I 0 I 35 I 0 I- n I *l-l7 

ISubtotal 
-.. I I ’ 

-- 

I 0 I *S) 0 0 64 0 0 35 0 1 4 4 10 5 3 14 

15 136 
c 

‘I [TCL VOC 11 L 
GROUNDWATER’7’ TCL SVOC 11 1 22 1 21 1 -- 1 4 1 4 I 10 1 5 1 3 1 14 1 15 1 109 1 

TCL PESTICIDES 

! 

I -- 1 22 1 -- 1 -- 1 _- 1 4 1 10 1 -- 1 3 1 14 1 15 -1 68 --. --- 
‘I c;L i-cBs 

I 
_- -_ -- -- _- 4 10 -- 3 14 15 46 

DIOXINS/ FURANS -- -- -- -- -- 4 -_ -- _- __ -- 4 
TAL TOTAL 

&METALSi4’ 11 22 21 1 4 4 10 5 3 14 15 110 
TAL DISSOLVED 

METALSc4’ _- 3 2 _- 1 __ 1 __ -_ 2 15 24 



TABLE l-l 

. 
SAMPLE SUMMARY TPBLE 

BASEWIDE GROUNDWATER OU RI 
NSB-NLON, GROTON, CONNECTICUT 

PAGE2OF2 

Matrix 

Number of Samples 
NORTHERN REGION 1 CENTRAL REGION 1 SOUTHERN REGION 

Parameters”’ Sites 1,2AA I I I I I I Back- -r-.-l 
_ I 2B,4 ( Site31 Site7 I Site141 Site201 Site 16 1 Site 8 I Site 15 I Site 18 I Site 23 I ground3) ) ‘“Ia’ I 

GROUNDWATPR 
(Contim- -, 

I I I I I I I I I I I I I 
IPFFfCHl ORATF _- -- I 31 I -- 1 A 1 -_ _- _- _- _- -- 75 .I..,..-*. , L,rVI,~V,,,*rL t I , I, , I ’ I r I I r I I -- 

led\ TSSITIX I 11 I77 I71 I 1 I 4 I 4 I 10 I 5 I 3 I 14 I 1.5 I 110 I 

. I TOTAL I 110 1 165 1 151 1 3 1 21 1 164 1 61 1 20 1 88 1 102 1 116 1 1001 1 

1 Shallow soils are defined as samples collected from depths of 0 to 1 foot below ground surface. 
2 Deep soils are defined as samples collected from depths greater than 1 foot below ground surface. 
3 Two rounds of background samples will be collected. Each round will consist of 15 samples, 
4 TAL metals analysis does not include cyanide. 
5 Includes 9 samples to be collected from temporary well points which will have quick-turn VOC analysis. Depending on the results, additional temporary well samples 

may be collected. 
6 Includes 7 samples to be collected from temporary well points which will have quick-turn VOC analysis. 
7 Water quality parameters of pH, temperature, dissolved oxygen, oxidation reduction potential (ORP or REDOX), salinity, turbidity, and specific conductivity will be measured 

in the field for all groundwater samples. 
8 Natural attenuation parameters include total organic carbon (TOC), dissolved oxygen, salinity, oxidation-reduction potential, pH, alkalinity, hardness, divalent iron, 

chloride, nitrate, nitrite, sulfide, sulfate, carbon dioxide, hydrogen sulfide, ammonia, methane, ethane, ethene, soluble manganese [Mn (II)], temperature, and specific conductivity. 
9 The TCL and TAC constituents are defined in Tables l-1 through 1-3 of the QAPP (Appendix C). 
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TABLE+%? 

SUMMARY OF RISK ASSESSMENT APPROACH BY SITE AND MEDIA 

BASEWIDE GROUNDWATER OU RI 
NSB-NLON, GROTON, CONNECTICUT 

Site 

NORTHERN REGION 
ISite 1 - CBU Drum Storage Area 
Site 2A -Area A Landfill - 
Site 28 -Area A Wetland 
Site 4 - Rubble Fill Bunker A-86 
(Sites 1, 2A, 2B, and 4 will be evaluated 

ISite 1 

Site 2A 

Site 28 

Previously Remedial FS Proposed HHRA 
Investigated Investigation PRAP HHRA Approach so GW SD SW 

RODINFADD for GW OU RI 

IYes IYes IYes -SO IQualitative IYes T; 

Yes 

Yes 

Yes 

Yes 

Yes - SO 

No 

Quantitative No WV 

together under one risk assessment) 
Site 4 Yes Yes Yes - SO/SD 

Site 3 -Area A Downstream Watercourses and OB 

Site 5 - Bunker A-85 

Site 7 - Torpedo Shops 

Site 14 - OBDANE 

Site 20 - Area A Weapons Center 

I 
CENTRAL REGION 
Site 16 - Hospital Incinerator 

, 
SOUTHERN REGION 

No No No Qualitative 
Quantitative 

IYes 
IYes 

IYes 
IYes 

INA INA 
INA INA I 

Site 8 - Goss Cove Landfill Yes Yes Yes - SO/SD/SW Qualitative Yes Yes Yes (GCTTR) Yes (GCITR) 
Quantitative No(RA) Yes No No 

Site 12 - NEX Gas Station Site 12 Yes ? ? Qualitative Yes Yes NA NA 
Site 23 -Tank Farm Quantitative No(RA) Yes NA NA 
(Sites 12 and 23 will be evaluated together Site 23 Yes Yes - but a Yes - SO 
under one risk assessment) quantitative risk 

assessment was 

Site 15 - Spent Acid Storage 
and Disposal Area 
Site 18 - Building 33 
Solvent Storage Area 

I NOT performed 
Yes Yes Yes - SO Qualitative Yes Yes NA NA 

Quantitative No(RA) Yes NA NA 
No No No Qualitative Yes Yes NA NA 

Quantitative Yes Yes NA NA 

Notes: 
NA - Not Applicable TR - Thames River 
HHRA - Human Health Risk Assessment RA - Remedial Action 
FS .- Feasibility Study SO - Soil 
PRAP - Proposed Plan SD - Sediment 
ROD - Record of Decesion SW - Surface Water 
NFADD - No Further Action Decision Document GW - Groundwater 
GC - Goss Cove ? - Information Unknown 
Qualitative - No new data; screening level assessment of data; discuss previous HHRA; identify mobility issues (no modeling); provide uncertainty discussion 
Quantitative - New data; complete new HHRA; identify mobility issues (potential for modeling); provide uncertainty discussion. 



TABLE l-3 

POTENTIAL POTENCY FOR CARJNQGENIC PAHs”’ 
BASEWIDE GROUNDWATER 0.U RI 

NSB-NLON, GROTON, CONNECTICUT 

Chemical 

Benzo(a)anthracene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Benzo(a)pyrene 

Chrysene 

Dibenz(a,h)anthracene 

Indeno(l,2,3xd)pyrene 

Weight-of- Order of Potential 
Evidence Potency 

B2 0.1 

82 0.1 

B2 0.01 

B2 1.0 

B2 0.001 

B2 1.0 

B2 0.1 
1 

1 USEPA, 1993; USEPA, 1994c. 

B2 Probable Human Carcinogen 

? 



TABLE I-4 

SUMMARY 0~ GASTROINTESTINAL ass~wwcr;N E&~Z=IE~JCIES AND RE~OMIVIENDATIONS 
FOR ADJUSTMENT OF CSFS AND RFDs FOR SPECIFIC COMPOUNDS (‘I 

BASEWDE GROUNDWATER OU RI 
NSB-NLON, GROTON, CONNECTICUT 

Compound GI Absorption Adjustment 
Required? 

ORGANICS 

Chlordane I 80% I No 

2,4-Dichlorophenoxyacetic acid 
I I 

>90% No 

DDT 

Pentachlorophenol 

PCBs 

PAHs 

TCDD 

Other Dioxins/Dibenzofurans 

All orther organic compounds 

70-90% (oil) 

76% (diet) 
100% (water) 

96% (squalene) 
80% (emulsion) 
81% (corn oil) 

58% (starch solution) 
89% (diet) 

50-60% (diet) 
70% (diet) 

70-83% (corn oil) 

>50% 

generally >50% 

No 

No 

No 

No 

No 

No 

No 
INORGAN,CS‘. . : 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

15% (aqueous) Yes 

95% No 

7% (aqueous) Yes 
* 

0.7% (water) Yes 

3-5% (food) Yes 

Chromium (Ill) 

5% (waterj 

1.3% (feed/aaueous) 

Yes 

Yes 

Chromium (IV) 

Copper 

Cyanide 

Manganese 

Mercuric chloride (other soluble salts) 

Insoluble or metallic mercury 

Nickel 

2.5% (aqueous) 

57% 

>47% 

6% 

7% 

<7% 

4% 

Yes 

No 

No 

Yes 

Yes 

Yes 

Yes 

Selenium 

Silver 

30-80% 

4% 

No 

Yes 

Thallium I 100% I No 

Vanadium 

Zinc 

2.6% 

highly variable 

Yes 

No 

USEPA, 1998c. 



TABLE I-5 

SUMMARY OF RECEPTQRS SY SITE 
BASEWIDE GROUNDWATER OU RI 

NSB-NLON, GROTON, CONNECTICUT 

Site 

NORTHERN REGION 

1 - CBU Drum Storage Area 
2A - Area A Landfill 
2B - Area A Wetlands 
4 - Rubble Fill at Bunker A-86 

3 - Area A Downstream 
WatercoursesIOBDA 

7 - Torpedo Shops 

14 - OBDANE 

20 - Area A Weapons Center 

CENTRAL REGION 

16 - Hospital Incinerator 

SOUTHERN REGION 

8 - Goss Cove Landfill 

15 - Spent Acid Storage and 
Disposal Area 

18 - Solvent Storage Area 
(Building 33) 

12 - NEX and 23 - Tank Farm 

Full-Time Construction Older Child Future Residents 
Employees Workers Trespassers (Adult/Child) 

(6-16 years) 
,_ ,_ a. ‘.. _^..,“d,. i 

-- x -- -- 
-- X -- -- 
-- X -- -- 
-- X -- -- 

-- X -- -- 

X X -- X 

X -- -- 

-- X -- -- 

X x 1 X X 1 . . I 

-- X -_ -_ 

-- X -_ X ,,=-“-. 

X X X X 

-- X -- X 

6 
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TABLE l-6 

sukMARy oi”EXPosUR~ROilT~~..EilAiijAtED.QUA~~~T~Tl~E~Y 

BASMll 
NSB-NLO 

3E GROUNDWATER OU RI - 
U, GROTON, CONNECTICUT ‘. 

Receptors Exposure Routes 

Potentially Complete’Exposure Pathways 

Construction Workers l Soil Ingestion (subsurface and surface) 

l Soil Dermal Contact (subsurface and surface) 

l Inhalation of Air/Dust (subsurface and surface) 

l Dermal Contact with Groundwater 

Full-Time Employees l Soil Ingestion (surface) 

l Soil Dermal Contact (surface) 

l Inhalation of Air/Dust (surface) 

Older Child Trespassers 0 Soil Ingestion (surface) 

(ages 6-16 years) l Soil Dermal Contact (surface) 

l Inhalation of Air/Dust (surface) 

l Sediment Ingestion 

l Sediment Dermal Contact 

Incomplete Exposure Pathways 

Future ResidentsV(Adult and Child) l Soil Ingestion (surface and subsurface) 

l Soil Dermal Contact (surface and subsurface) 

l Inhalation of Air/Dust (surface and subsurface) 

l Direct Ingestion of Groundwater”’ 

l Dermal Contact with Groundwater while 
Showering/Bathing”’ 

1 Exposure to groundwater not evaluated for site along Thames River ,(Goss Cove Landfill) because of 
saline conditions. 



TABLE l-7 

EXPOSURE PARAMETERS FOR FUTURE RESIDENTS (‘) 

BASEWIDE GROUNDWATER OU RI 

NSB-NLON, GROTON, CONNECTICUT 

PAGE 1 OF 2 

Exposure 
Older Child Trespasser Future Residents (*) 

Scenario 
Parameter (units1 (6-16 vearsl 1 

Soil/Sed liment IExDosure Concentration fmalka) I 
Ingestion 

. I t- -- g-----r 
.4dult Child 

RME CTE RME CTE RME CTE 

, 95%UCL 95%UCL 95%UCL 95%UCL 95% UCL 95% UCL 

Ingestion Rate (mg/day) I 100 50 100 50 200 100 
52 (” 150 150 150 150 Exposure Frequency (day/yr) 

Exposure Duration (vr) 

soill ‘Se !din 
- 
ien 

- 
It 

Dermal Contact 1 Bodv Surface Area (cm’) I 10500 UN I 10500 w I 20000 

Body Weight (kg) ‘- ’ 43 @) 43 t5’ 70 70 15 15 

Exposure Concentration (mg/kg) 95% UCL 95% UCL 95%UCL 95% UCL 95% UCL 95%UCL 

.-. ,-. , (6) 20000 @) 6980 (‘) 6980 @) . I r 
Fraction Exposed (forearms, head, hands) 1 0.3 @) 1 0.3 @) 1 0.19 @) 0.19 @) 0.3 @’ 0.3 @’ 

‘0) 0.01 (‘O) 0.2 (lo) 0.06 (‘O’ Adherance Factor (mg/cm*) 0.2 (lo) 0.06 (lo) 0.07 ( I I 
Exuosure Freauencv (dav/vr) 120 C3’ 52 (3) 150 I 150 I 150 I 150 I 

/Body Weight (kg) I NA I NA I 70 I 70 I NA I NA I 



TABLE 1-7 

EXPOSURE PARAMETERS FOR FUTURE RESIDENTS (‘) 

BASEWIDE GROUNDWATER OU RI 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 2 OF 2 

Exposure 
Older Child Trespasser Future Residents (*I 

Scenario 
Parameter (units) (6-16 years) Adult Child 

RME CTE RME CTE RME CTE 

Groundwater Exposure Concentration (mg/L) NA NA Maximum Average NA NA 

Dermal Contact Body Surface Area (cm*) NA NA 20000 @’ 20000 @) NA NA 
(Showering/ Fraction Exposed (whole body) NA NA 1 .o t4’ 1.0 (4) NA 
Bathing) 

NA 
Event Frequency (event/day) NA NA 

Duration of Event (hr/event) NA NA o.&’ (9) 
NA 

0.16; (4)(g) NA 

NA 

NA 
Exposure Frequency (day/yr) NA NA 350 234 NA NA “‘; 

__^ 

Exposure Duration (yr) NA NA 30 9 NA NA”,. .;A 

Body Weight (kg) NA NA 70 ,’ 70 NA ,.., _,. .r NA ‘1. . . ,, -;I$ 
.“I*_ ^ 

1 USEPA, 1994c, unless otherwise noted. 
.3-i. 
.;y .__,” : _,.... ._- 

2 A 30- and g-year future resident evaluated (RME and CTE). Age-adjusted ingestion and dermal contact rates will be used for soil/ 
. ,,-a.. I.. .- :* . (-1 

sediment exposures. 
TX?- >.. + ..- 

3 Based on Phase I RI (Atlantic, 1992). 

4 Professional judgment. 
- 

5 USEPA, 1989b. 

6 USEPA, 1992c. 

7 20 m3/day. 

8 NA - Exposure route not evaluated. 

9 For RME, 15 minutes per event, and for CTE, IO minutes per event. 

10 USEPA, 1998c. 



TABLE l-8 TABLE l-8 

EXPOSURE PARAMETERS FOR FULL-TIME EMPLOYEES AND CONSTRUCTION WORKEPS (I) EXPOSURE PARAMETERS FOR FULL-TIME EMPLOYEES AND CONSTRUCTION WORKEPS (I) .“--% .“--% 
. ̂  _. s.rll*.(l”l *4)‘,Il...arr _,*,a* .‘.../_ ^ ._,a” ‘, , + * ,_ L . ̂  _. s.rll*.(l”l *4)‘,Il...arr _,*,a* .‘.../_ ^ ._,a” ‘, , + * ,_ L x x A,. ,-i ..,a A,. ,-i ..,a 

BASEWIDE GROUNDWATER QlJ PI. BASEWIDE GROUNDWATER QlJ PI. 
NSB-NLON, GROTON, CONNECTICUT NSB-NLON, GROTON, CONNECTICUT 

Exposure 

Scenario 

Soil Ingestion 

Soil Dermal 
Contact 

Inhalation of 
Dust/Air 

Groundwater 
Dermal 
Contact 

I 

(units) RME 1 CTE RME 

Exposure Concentration (mg/kg) 95% UCL 95% UCL 

Ingestion Rate (mg/day) 

95% UCL 

480 

Exposure Frequency (daylyr) 

Exposure Duration (yr) 
I I I 

I 25 I 
@ , (3) 

Body Weight (kg) 

Exposure Concentration (mg/kg) 

Fraction Exposed (forearms, head, hands) 

95% UCL 

‘20000’4’ 

0.1 Qt5) 

0.02@’ 

95% UCL 

0.19'5' 

Exposure Frequency (day/yr) 

Exposure Duration (yr) 25 ($3) , (3) 

Body Weight (kg) 

Exposure Concentration (mg/m$ 1.8E-8 x 1.8E-8 x QE-8 X 
UCL@’ UCLC3’ UCLC3’ 

Inhalation Rate (m?hr) 
I I I 

2.515’ 1 2.5’5’ 1 3.Qt5’ 

Exposure Time (hr/day) 

Exposure Frequency (day/yr) 

@ p 8’2) 

150 150 1 2oC3’ 

Exposure Duration (yr) 
I I I 

25 @) , (3) 

Parameter 1 Full-Time Employee I Construction Worker 

Body Weight (kg) 

CTE I 

Exposure Concentration (mgll) 
I I I 

NA”’ 1 NA Maximum Average 

Body Surface Area (cm2) I NA NA 1 2oooo’4’ 1 2oooo’4’ 1 
I I I 

Fraction Exposed (forearms, head, hands) NA NA 0.19’5’ 1 

Event Frequency (events/day) I NA I NA I 1 I ’ I 
Duration of Event (hr/event) 

I I I I 

NA NA 4(Z) $2) 

Exposure Frequency (days&r) 

Exposure Duration (yr) 

NA NA 2ot2’ 1 oC2’ 

NA NA , (3) , (3) 

Body Weight (kg) I NA .,hI NA 1 70 70 

1 USEPA, lQQ4c, unless otherwise noted 5 USEPA, 1989b 
2 Professional judgement 6 USEPA, 1998c 
3 Based on Phase I RI (Atlantic, 1992) 7 NA - Exposure route not evaluated 
4 USEPA, 1992b ,cua 
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TABLE 18 

RECOMMENdED DERMAL ABSORPTION FACTOR FROM SOIL”’ 
BASEWIDE GROUNDWATER OU RI 

NSB-NLON, GROTON, CONNECTICUT 

Compound 

Arsenic 

Cadmium 

Chlordane 

2,4-Dichlorophenoxyacetic acid 

DDT 

TCDD and other dioxins 
cl 0% organic soil 
>lO% organic soil 

Lindane 

PAHs 
Benzo(a)pyrene 

PCBs 
Aroclor 1254 and 1242 

Pentachlorophenol 

Generic Defaults for Screening 

Semivolatile organic compounds 

lnorgbnics 

Dermal Absorption Factor 

0.03 

0.01 

0.04 

0.05 

0.03 

0.03 
0.001 

0.04 

0.13 

0.14 

0.25 

0.1 

0.01 

1 USEPA, 1998c 
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APPROXIMATE LIMIT 
OF LANDFILL CAP 

MONITORING WELL 

. SOIL BORING 

SURFACE SOIL SAMPL 

----lo- EXISTING CONTOUR 

-. .- WATERCOURSE 

--mru STORM SEWER AND 

DERGROUND UTILITY LOCATIONS ARE APPROXIMATE. 
SE MAP AND UTILITY INFORMATION FROM MAPS OF 
B-NLON AND PHASE II RI WORK PLAN. 
IL SAMPLING LOCATIONS WERE COVERED DURING 

THE INSTALLATION OF THE CAP ON THE AREA A LANDFILL. 

CATCH BASIN 
m EXPOSED BEDROCK 

s+ FENCE 

-REVO- l/22&3 



BION BASKETS 

ABION BASKETS 

GROUNDING CABLE 

@ EXISTING MONITORING WELL 

@ EXISTING STAFF GAUGE 

NOTE: 
1. BASE MAP AND UTILITY INFORMATION 

FROM MAPS OF NSB-NLON AND 
PHASE II RI WORK PLAN (ATLANTIC, 

ffl PROPOSED MONITORING WELL 
AND STAFF GAUGE 

[7 PROPOSED MONITORING WELL 
n SEEP LOCATION 
* MONITORING LOCATION 

- AREA A LANDFILL 
NSB-NLON 

GROTON. CONNECTICUT 



APPROXIMATE LIMIT OF 
FINAL COMR SYSTEM 

NOTE: 
1. BASE MAP AND UTILITY INFORMATION 

FROM MAPS OF NSB-NLON AND 
PHASE II RI WORK PLAN (ATLANTIC, 
MAY 1993). 

2. 2WMW2S WAS NOT COMPLETED DUE TO 
A LACK OF GROUNDWATER. A SOIL 
SAMPLE WAS COLLECTED FROM THIS 
LOCATION. 

/ \ -f /Fsh \\\\ ;2w!M!3 I 

LEGEND 

!I------- 
i TT 

\ 
-- \ 

-. -. . ., . .~ 

CRANF TEST/ \ 

2vzWSS 
PHASE I MONITORING WELL 

2ViiW5D 
PHASE II MONITORING WELL 

2srB3 
PHASE I TEST BORING 

S:-6 
PHASE II STAFF GAUGE 

PHASE II 
2k’fl SAMPLE 

SURFACE WATER 

SITE 2- AREA A WETLAND 
N.SB-NLON, GROTON, CONNECTICUT 

---lo- EXISTING CONTOUR 

1 BUILDING No. 

-a- WATERCOURSE 
-m---D STORM SEWER AND 

CATCH BASIN 

m EXPOSED BEDROCK 

e FENCE 

0 250 500 

II J 
SCALE IN FEET 



NOTES: 
1. UNDERGROUND UTILITY LOCA 
2. BASE MAP AND UTILITY INFORMATION FROM MAPS OF NSB-NLON 

AND PHASE II RI WORK PLAN. 
3. THE LOCATION OF 4SW/SDl IS APPROXIMATE. 
4. ALL SAMPLE LOCATIONS FOR SITE 4 EXCEPT 4MWlS 

WERE EXCAVATED DURING THE REMOVAL ACTION IN 
5. MONITORING WELLS 4MW2S, 4MW3S, AND 4MW4S WER 

DURING THE REMOVAL ACTION. 

PHASE II MONITORING WELL 

PHASE II TEST BORING 

PHASE II SURFACE SOIL SAMPLE 

PHASE II SURFACE WATER AND/OR 
2 SEDIMENT SAMPLE 

PHASE I SURFACE SOIL SAMPLE 

--- WATERCOURSE 

--nU+ STORM SEWER AND 
CATCH BASIN 

m EXPOSED BEDROCK 
w FENCE 

SITE 4-RUBBLE FILL AREA 
AT BUNKER A86 

NSB-NLON, GROTON. CONNECTICUT 

FORM CADD NO. TtNUS-AH.DWG - REY 0 - 



NOTES: 
1. UNDERGROUND UTILITY LOCATIONS ARE APPROXIMATE. 
2. BASE MAP AND UTILITY INFORMATION FROM MAPS OF 

NSB-NLON AND PHASE II RI WORK PLAN, 
(ATLANTIC. MAY 1993). 

3. *-2DMWlBS AND 2DMW15S WERE NOT COMPLETED DUE TO A 
LACK OF GROUNDWATER. SOIL SAMPLES WERE COLLECTED 
FROM THESE BORINGS. 

GOLF COURSE 

GOLF COURSE 

NORTH LAKE 

J CGFND 

2DtW25D EXISTING MONITORING WELL 

2DtW20D PHASE II MONITORING WELL 

-I@- EXISTING CONTOUR 
m BUILDING No, 

. ..-..---. WATERCOURSE 
--m+ STORM SEWER AND 

CATCH BASIN 
qjgm ii,, ,_ EXPOSED BEDROCK 

0=0 
SCALE IN FEET 

SITE MAP 
SITE 3-AREA A DOWNSTREAM WAlERCOlJRSES/OBDA 

NSB-NLON, GROTON, CONNECTICUT 

FCfW CAD0 NO. T’tNlJSBi.DoI - REV B - l/28/98 



AREA A 
DOWNSTREAM 
WATERCOURSE 

PHASE I MONITORING WELL 

PHASE I TEST BORING 

NOTES: 
1. UNDERGROUND UTILITY LOCATIONS ARE APPROXIMATE. 

2. BASE MAP AND UTILITY INFORMATION FROM MAPS 

OF NSB-NLON AN0 PHASE II RI WORK PLAN. 

3. 8325SS IS A CONFIRMATION SOIL (S) SAMPLE COLLECTED 

FROM THE SOUTH (S) EN0 OF THE EXCAVATION. 

4. B325SW IS A CONFIRMATION SOIL (S) SAMPLE COLLECTED 

FROM THE WEST (W) END OF THE EXCAVATION. 

0 150 300 

PHASE II SURFACE WATER SAMPLE 

?‘#ii!E f1 ShYENT SAMPLE 
SE IMENT SAMPLE 

PHASE II STAFF GAUGE 

BUlLOlNG No. 

- - WATERCOURSE 

--srU-c, STORM SEWER AN0 
CATCH BASIN 

HECKED BY 

SITE MAP 
COST/SCHEO-AREA SITE 7-TORPEDO SHOPS 

I I I NSB-NLCN, GROTON, CONNECTI CUT 
SCALE 

AS NOTED 
amu C.M U” T.U‘IC ..,r.YC sr\r a 4 rn” #na 

DRAWlNG NO. 
FIGURE l-7 

REV. 

0 



I I I i ii 

ASE II TEST BORING 

a PHASE I SURFACE 
14SS* SOIL SAMPLE 

A PHASE II SURFACE 
14ss3 SOIL SAMPLE 

----lo- EXISTING CONTOUR 

1 BUILDING ,No. 
- ..,_,.._.. ,-.... WATERCOljRSE 

0 80 160 
+jjj$@ EXPOSED BEDROCK 

SM- STORM SEWER AND 
SCALE IN FEET CATCH BASIN 

SITE MAP 
SITE 14-08DANE 

NSB-NLON, GROTON, CQNNECTICUT 
SCALE DRAWING NO. 

FIGURE l-8 
F..“.. “.I_ .,a c . . . . .m . . . . . ,.*a I l/W= 



APPROXIMATE LIMIT OF 
FINAL COVER SYSTEM 

@ PHASE I RI MONITORING WELL 

8 PHASE II RI MONITORING WELL 

0 PHASE II RI TEST BORING 

+ PHASE II RI SURFACE WATER SAMPL 

n PHASE II RI SEDIMENT SAMPLE 

2WMW4S WAS NOT COMPLETED DUE TO 
A LACK OF GROUNDWATER. A SOIL SAMPLE 
WAS COLLECTED FROM THIS LOCATION. 

SITE P&AREA A WEAPONS CENTER 
NSB-NLCN. GROTON, CONNECTICUT 

FiXI CADD Ml. TtN!JS-BHJJGN - REV 0 - l/20/98 



I I i III 

0 100 20 

SCALE IN FEET 

BRAWN BY DATE 

-I JP 10/28/98 Tetra Tech NUS, Inc. CONTRACT NO. OWNER NO. 

7856 312 
:HECKED BY DATE 

SITE MAP 

COST/SCHED-AREA SITE IGHOSPITAL INCINERATOR DATE 

I I I NSB-NLON, GROTON, C@4NECTICUT 
SCALE 

AS NOTED ORAWING No’ FIGURE l-l 0 
e-.-“-J” r-n.3 .I” .r_...e a..n.,r K.. . .,.,..mn 



PHASE I MONITORING WELL 

PHASE I TEST BORING 

PHASE I SURFACE WATER SAMPLE 

PHASE II MONITORING WELL 
GOSS COVE PHASE II TEST BORING 

PHASE II SURFACE WATER 
•8sw~sD3 AND/OR SEDIMENT SAMPLE 
oBSW/SD3 PHASE II ADDITIONAL ECOLOGICAL 

SEDIMENT SAMPLE 
PHASE II AIR SAMPLE 
DGI MONITORING WELL 

DGI SOIL BORING 

PHASE II SURFACE SOIL 

-lO- EXISTING CONTOUR 
-...W.‘.-... BUILDING No. 

-...- WATERCOURSE 

OF FORMER LANDFILL STORM SEWER AND 

THAMES RIVER CATCH BASIN 

UTILITY LOCATIONS ARE e EXPOSED BEDROCK 

UTILITY INFORMATION 
NSB-NLON AND PHASE II OH@ 

SCALE IN FEET 

SITE MAP 

SITE &GOSS COVE LANDFILL 
NSB-NLDN, GROTON, CONNECTICUT 
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6. SOIL SAMPLING LOCATIONS WITHIN THE EXCAVATION AREA AT 
DEPTHS LESS THAN 4 FEET HAVE BEEN EXCAVATED. 

MER SPENT ACID 

LIMITS OF EXCA 

1 SitW2S PHASE II MONITORING WELL 

PHASE I TEST BORING 

FFS TEST BORING 

PHASE I SOIL SAMPLE 

PHASE II SEDIMENT SAMPLE 

-lo----- EXISTING CONTOUR 
11231 BUILDING No. 

-,-.-‘.‘- WATERCOURSE 
-m+3 STORM SEWER AN0 

CATCH BASIN 

Tetra Tech N 



T&a Tech NUS, Inc. 

SITE MAP 
SITE 18-SOLVENT STORAGE AREA 

(BUIIDING 33) 
I I I 

SCALE 
NSB-NLON. GROTON, CONNECTICUT 

AS NOTED 
DRAWING NO. 

FIGURE l-13 -- 
FORM CADD NO. TtNlJS-AH.DWG - REV 0 - 1122198 



LEGEND 

8 ExlsUng Monitoring Well 

@ Destmyed Monitoring Well 

0 Historical Temporary WelllSdl Boring 

0 Historical Soil Boring 
structure 

~Southern Region Boundary 

‘- I IR Sites 
e Air Sparging Wsll 

0 Vapor Extraction Well 

Vapor Testing Points 

A/ Air Sparging Line 
,/~ , Vapor Extraction Line 

SITE MAP 
SITE 23 -TANK FARM 

NSS-NLON, GROTON, CT 
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CAD: 7856cm03.dwq 06/25/99 HJP 

8 EXISTING WELL 

+b PROPOSED MONITORING WELL 

0 800 1600 

SCALE IN FEET 
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CONTRACT NO. 

I 

OWNER NO. 

7856 312 
CHECKED BY DATE 

COST/SCHED-AREA 
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RECEPTORS 

KEX 
. POTENTIALLY COMPLETE EXPOSURE PATHWAY 

0 INCOMPLETE EXPOSURE PATHWAY 

m 

AIR 

INHALAnON I I I lot 

- VAPOR INTRUSION 
INTO INDOOR AIR INHALAnON I.1 I lo 

_ - IMMERSION -+ INHALAnON 1.1.1 lo 

OERMAL CONTACT 
CONTACT WITH 1.1.1 lo 

1. BLANK BOX INDICATES THAT EXPOSURE PATHWAY IS NOT APPLICABLE 
SURFACE SOIL INGESTION 1.1.1 lo 

FOR RECEPTOR AND THEREFORE WILL NOT BE EVALUATED. 

RELEASE TRANSPORT 
MECHANISM MEDIUM 

EXPOSURE 
ROUTE 

OERMAL CONTACT 0 

INGESTION 0 

MOVEMENT 

DIRECT 
DERMAL CONTACT 0 

- CONTACT WlT” - ,NGESnoN 0 
SURFACE WATER 

FISH INGESTION 0 

DIRECT 
CONTACT WlTti DERMAL CONTACT 0 0 

- SUBSURFACE 
SOIL INGESTION l 0 

INFILTRATING INHALATION 
PREClPlTAnON 

0 0 

CONTACT WlTH DERMAL CONTACT 
GROUNDWATER I I.1 lo 

INCESnON 

2. ALTHOUGH ALL PorNnAL EXPOSURE PATHWAYS FOR THE FUTURE RESIDENT 
ARE CONSIDERED TO BE INCOMPLETE. EXPOSURES TO FUTURE RESIDENTJAL 
RECEPTORS WlLL BE EVALUATED AT THE OIRECnON OF EPA AND CTDEP 
TO PROVTDE AN IOlCAnON OF POTENnAL RISKS IF THE FACILITY WERE TO 
CLOSE AND THEN BE DEVELOPED FOR RESlOENTlAL USE. 

NSB-t&ON 
GfloToN. coNtEcTlcuT 

DRAMNO NO. FIGURE 1-16 1 “;- 
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DERMAL CONTACT 0 0 

INHALATION 0 

VAPOR INTRUSIO 
INTO INDOOR AIR INHALATION IO 1 I 101 

INHALATION I Ial I I 

. POTENTIALLY COMPLETE EXPOSURE PATHWAY 

0 INCOMPLETE EXPOSURE PATHWAY 

NOTES 

1. BLANK BOX INDICATES EXPOSURE PATHWAY IS NOT APPLICABLE 
FOR RECEPTOR AND THEREFORE WILL NOT BE EVALUATED. 

2. ALTHOUGH ALL POTENTIAL EXPOSURE PATHWAYS FOR THE FUTURE RESIDENT 
ARE CONSIDERED TO BE IMCOMPLETE, EXPOSURES TO FUTURE RESIDENTIAL 
RECEPTORS WILL BE EVALUATED AT THE DIRECTION OF EPA AND CTDEP 
TO PROVIDE AN INDICATION OF POTENTIAL RISKS IF THE FACILITY WERE TO 
CLOSE AND THEN BE DEVELOPED FOR RESIDENTIAL USE. 
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1. SITE AND STUDY AREA LGCATtDNS MRE TAKEN 
FROM THE FOLIOWING REPORTS: 

- FEDERAL FACILITY AGREEMENT UNDER CERUA 120, 
NAVAL SUBMARINE BASE, NEW LDNDON. CONNECTICUT 

- FINAL INITIAL ASSESSNENT STUDY (ENVIRDDYNE, MARCH 1903) 
- HYDROGEOLOGIC INVESTIGATION UNDERGRWND STORAGE 

TANKS OT-4, OT-7, OT-8, OT-9. AND 54-H 
(FUSS k O’NEILL, SEPTEMBER 1969) 

- PHASE 1 REMEDIAL INKSTlGATtGN (ATLANTIC, AUGUST 1992) 
- SITE CHARACTERIZATION REPORT FOR OT-10, BUILDtNG 325. 

AND BUILDING 59 (HNUS, APRIL 1995) 
- DRAFT FINAL SUPPLEMENT TO INITIAL ASSESSMENT STUDY 

(NAVAL FAWLITIES ENGINEERING SERVICE CENTER, APRIL 1995) 

- REMOVAL SITE EVALUATION FOR QUAY WALL (HNUS, MAY 1995) 

2. SITE AND STUDY AREA BWNDRIES ARE APPROXIMATE. 

SITE 1 - CONSTRUCTION BAT-TALIDN WIT (CBU) DRUM STORAGE AREA 

SITE 2 - A AREA A LANDFILL AND 
I{ B AREA A WETLAND 

SITE 3 - A AREA A DO~EAM WATERCOURSES AND 
t1 B OER BANK DISPOSAL AREA (CBDA) 

SITE 4 - RUBBLE FILL AREA AT BUNKER A-86 

BAIIWIN HILL 
SITE 5 - HAZARDOUS WASTE STORAGE FACILITY AT BUNKER ~-135 

* 
u 

SITE 6 - DEFENSE REUlk.tt~n~+d AND MARKE~NG OFFICE (DRMo) 

SITE 7 - TORPEDO SHOPS 

SITE 8 - GOSS COM LANDFtLL 

SITE 9 - OILY WASTEWATER TANK (OT-5) 

SITE 10 - LOW SUBASE-FUEL STORAGE TANKS AND TANK 54-H 

SITE 11 - LOWER SUBASE-POWER PLANT OIL TANKS 

SITE 12 - BUILDING 428 GAS STATION TANKS 

SITE 13 - LOWER SUBASE-BUILDING 79 WASTE OIL PIT 

SITE 14 - OMReANK DISPOSAL AREA NORTHEAST (OBDANE) 

SITE 15 - SPENT ACID STORAGE AND DISPO!%L AREA (SASDA) 

SITE 16 - HOSPITAL INCINERATOR 

SITE 17 - HAZARDOUS MATERIALS/SOLbfNT STORAGE AREA (BUILDING 31) 

SITE 18 - SPLINT STORAGE AREA (BUILDING 33) 

SITE 20 - AREA A lMAPoNS CENTER 

SITE 21 - BERM 16 

SITE 22 - PIER 33 

SITE 23 - FUEL FARM 

SITE 24 - CENTRAL PAINT ACCUMULATION AREA (BUILDING 174) 

SITE 25 - LOW3 SUBASE-CLASSIFIED MATERIALS INCINERATOR 

3. A GRoUNDWATER CUALITY CLASSIFICATION GOAL OF G0 INDICATES THAT THE 
GRWNDWATER MAY NOT BE SUITABLE FOR DIRECT HUMAN CONSUMPTION WITHOUT 
TREATMENT AS A RESULT CF WASTE DISCHARGES, SPILLS, CHEMICAL LEAKS, OR 
LAND USE IMPACTS. GB WATERS MAY BE USEFUL FCR INDUSTRIAL PROCESS 
WATERS of? CCOUNG WATERS. THE STATE’S GOAL IS TO RESTORE THE WATER 
To DRINKING WATER QUALITY (GA). 

4. A GROUNDWATER QUALITY CLASSIFICATION GOAL OF GA SIGNIFIES GROUNDWATERS 
PRESUMED SUITABLE FOR DIRECT HUMAN CONSUMPTIDN WITHOUT THE NEED 
FoR TREATMENT. 

5. A SURFACE WATER QUALITY CLASSIFICATION GOAL OF SC/SE DESIGNATES ME 
WATER FOR MARINE FISH, SHELLFISH, AND WILDLIFE HABITAT, CERTAIN 
AQUACULTURE OPERATIONS, RECREATIoNAL USES, INDUSTRIAL AND OTHER 
LEGITIMATE USE, AND INDICATES THAT THE WAlERS PRESENTLY DO NOT MEET 
WATER QUALITY CRITERIA OR DO NOT SUPPORT ONE OR MORE DESIGNATED USES 
AS A RESULT OF POLLUTION. 

ENNIS COllR 

GOLF COURSE 

\\ 

SHADED AREA NOT COWERED BY BASEWIDE GROUNDWATER ov RI 

PHASE II RI SITE BOUNDARY 

GOLF COVF’SE 
m-w- STUDY AREA OR SITE THAT DOES NOT 

LIE WITHIN A PHASE II RI SITE BOUNDRY 
GOI F COIJRSF 

I 0 -- APPROXIMATE WATER QUALITY CLASSIFICATION GOAL BOUNDARY 

WATER DUALITY CLASSIFICATION CXIAL FOR CRoUNDWAlER 
fnrr .,nrc r\ 

WATER QUALITY CLASSIFICATtON COAL FOR GRWNDWATER 
(SEE NOTE 4) 

- (SE NOTE 5) 
WATER QUALITY CLASSIFICATtON GOAL FOR SURFACE WATER 

THAWS RIVER 

0 sclse 
APPROXIMATE WATER OUAUTY GOAL GROUNDWATER BOUNDARY FROM 
THE DRAWING ‘ADOPTED WAlER QUALIlY CLASSIFICATIONS FOR THE 
I)IAMES. SOUTHEAST COAST, PAWCATUCK RIER BASINS. CTDEP, 
WATER COMPLIANCE UNIT, DECEMBER 1986, SHEET 1 OF 2’. 

T TO DATE 

)E I.D. ND. 80x 
4LE : 

:C. NO. 84 - 

JSTRN. CONTR. NO. 
562472- -C- 

4FAC DRAWING NO. 



UTILUS MEMORIAL 

u 33 32 v17 

THAMES RIVER 

NUES JFm 

e 558 788 1. TOPOGRAPHIC CONTOURS ARE FROM 
NSB-NLON ENGINEERING DEPARTMENT. 

REGION BOUNDARIES 

SCALE IN FEET 

E I,D. NO. 800 

C. NO. 04 - 

ISlRN. CONTR. NO. 
-62472- -C- 
FAC DRAWlNG NO. 

A- 05/25/gg nrp 



BALDWfN HILL 

THPMES RIVER 
d- 1 B-FOOT CONTOUR INTERVAL 

-15- S-FOOT CONTOUR INTERVAL 

-3- 1-FOOT CONTOUR INTERVAL 

- - - INFERRED CONTOUR 

@ PHASE I MONITORING WELL 

8 PHASE II MONITORING KU 

d DRMO FFS MONITORING VYELL 

@ PHASE II STAFF GAUGE 

0 WUS BY OTHERS 

. DFFSITE RESIDENTIAL ELL 

1. MLLS BY OTHERS ARE PART OF 
COMPREHENSIX ROUNDS Of 
WATER LEbEL MEASUREMENTS. 

2. MI-NELL DESTRO’r’w BH LmMAGED. 
NL-WELL NOT LOCATED. 
NT-VKLL NOT TESTED 

DUE TO ACCESS PROBLEMS, 

3. l GROUNDWATER ELEVATION WAS NOT USED 
FOR CONTOUR GENERATION. 

A FOCUSED FEASIBILITY STUDY PIEZOMETERS 

q AREA A LANDFILL FFS MONITORING NLL 
0 359 780 0 AREA A LANDFILL FFS STAFF GAUc;E 

SCALE IN FEET 0 TANK FARM MONITORING WELL 

DE I.D. NO. 800 
:ALE : 

‘EC. NO. 04 - 

HSTRN. CONTR. NO. 
N62472- -C- 

(MAC DRAWING NO. 

IEET of 



BALDWIN HILL 

15 

33 v 17 

THAMES RIVER 

WD-WU DESTROYED GR DAMAGED. 
NL-WELL NOT LOCATED. 
NT- WLL NOT TESTED 
DUE TO ACCESS PROBLEMS. 

-48- l@-ft CCNTDUR INTERVAL 

-S- 5-ft CONTOUR INTERVAL 

-l- l-ft CONTOUR INTERVAL 

- - - - INFERRED CGNTCUR 

8 PHASE I MONITORING mU 

8 PHASE II MGNITDRING W.I. 

l OFFSITE RESIDENTIAL WU 

0 FDCUSED FEASIBILITY STUDY 
MGNITGRING HlELL 

: TO DATE 

E I.D. NO. 80091 
iLE : 
C. NO. 84 - 

STRN. CONTR. NO. 
62472- -C- 
FAC ORAMNC NO. 



! II 1 I .’ I I! 

Rev. 3 
May 2000 

2.0 SAMPLING AND ANALYSIS PLAN 

This SAP discusses general sampling operations and procedures for the proposed sampling events to be 

‘performed at NSB-NLON. Details of the sampling events, including sample’ locations, sample analytes, 

and rationale are provided in the following sections. 

2.1 FIELD OPERATIONS SUMMARY 

The field operations will be divided into two phases. Phase 1 involves site characterization at Sites 16 

and 18 to identify the possible presence of contamination in soil and groundwater; collection of shallow 

and deep soil samples at Site 7; and the installation and sampling of temporary groundwater monitoring 

wells at Sites 3, 7, 16, and 18. Results for groundwater samples from the temporary wells will be used to 

determine the location of the shallow and deep permanent well clusters at Sites 3 and 7, as necessary, to 

be installed during Phase 2. 

Phase 2 also includes installing permanent monitoring wells at Site 23 and at background locations; 

collecting groundwater samples from new and existing wells at Sites 2, 3, 4, 7, 8, 14, 15, 20, 23, and 

background locations; measuring water levels and free-product thickness in existing and newly installed 

monitoring wells; and performing slug tests in wells at Sites 3, 7, and 23. 
? 

Table 2-l summarizes the sampling activities and includes, for each sample, the sample identification 

number, test boring and monitoring well identifier, sample depth, analytical parameters, and sampling 

rationale. Sample depth is given as feet below ground surface (bgs) for soil samples. For groundwater 

samples, the aquifer in which the well is installed and the screened interval are given. *Although not listed 

in Table 2-1, water quality parameters will be measured during the collection of groundwater samples 

from each monitoring well. Figures 2-1 through 2-10 show proposed soil boring, monitoring well; and 

temporary well locations for each site. 

Soil samples for this RI will be collected from shallow depths (0 to 1 foot bgs) and deep depths (1 to 

12 feet bgs or to the top of the water table). Soil samples will be collected using direct-push or hollow 

‘stem auger drilling techniques. Section 2.4.1 provides more information regarding the soil sampling 

methodology. 

2.2 MOBlLlZATlON AND DEMOBILIZATION 

Following approval of the WP and SAP, TtNUS will begin mobilization activities. These activities will 

include coordinating on-base utility clearances, subcontracted utility search services, mobilization of . . . . : _ 
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subcontractors, and mobilization of TtNUS staff and equipment. The FOL will coordinate the mobilization 

activities for this project. The equipment required for field activities will be mobilized from the TtNUS 

Pittsburgh, Pennsylvania warehouse to the site by the FOL and the field crew. TtNUS personnel will 

submit proposed soil boring and groundwater monitoring well location drawings to NSB-NLON 

engineering personnel for utility clearance purposes. These drawings will be submitted before staff and 
’ 

F--- 

equipment are mobilized. The FOL will then mobilize to the site to mark the proposed drilling locations 

with NSB-NLON personnel. The purpose of this mobilization will be to review each location for equipment 

access or logistic problems with on-going base activities. Subcontracted utility personnel will be 

mobilized to the site at this time to assist in clearing the drilling locations. The FOL, NSB-NLON 

personnel, and project manager will review and agree upon any locations that have to be moved due to 

access, utility, or logistic problems. Additionally, the FOL will arrange the hookup of a field trailer. 

All field team members will review the WP, SAP, HASP, and QAPP after utility clearance activities are 

completed. Prior to mobilization, a field team orientation meeting will be held to familiarize personnel with 

the scope of the fjeld activities. Site-specific health and safety training will be given to the field crew after 

they have mobilized to the site. 

The FOL and crew will demobilize from the site after the field operations have been completed and 

transport all field equipment back to the Pittsburgh warehouse. 

2.3 SAMPLING LOCATIONS 

2.3.1 Northern Reaion 

The following sites in the Northern Region will be investigated during the Basewide Groundwater OU RI: 

l Sites 1, 2A, 2B, and 4 - CBU Drum Storage Area, Area A Landfill, Area A Wetland, and Rubble Fill 

Area at Bunker A-86 

l Site 3 - Area A Downstream Watercourses and OBDA 

l Site 7 - Torpedo Shops 

l Site 14 - OBDANE 

l Site 20 - Area A Weapons Center 

2.3.1 .I Site 1 - CBU Drum Storage Area, Site 2A - Area A Landfill, Site 26 - Area A Wetland, 

and Site 4 - Rubble Fill Area at Bunker A-86 

Groundwater at these four sites in the Northern Region will be monitored under the Groundwater 

Monitoring Plan (GMP) for the Area A Landfill (TtNUS, 1999a). The purpose of the GMP is to evaluate 

059904/P (WP) 2-2 CT0 0312 



I I I III? , 
..,i_ ,;; j .,.. _ 

Rev. 3 
May 2000 

.*+q:T:.~~,.~,“‘v .L a/ n:,,,-p: .: +;.+. .p..“++&i:,:~. ; _ , . A ++“# 4i-h: > --*, .“~.gp@<F$y %Tt:fii ;$kkizI’ jl r’ r 
the effectiveness of the completed interim remedial action (IRA) at the Area A Landfill and to assess 

whether contamination is migrating from the landfill to downgradient locations. The GMP requires 

quarterly groundwater sampling and analysis for TCL organics, TAL metals, TOC, TDS, chemical oxygen 

demand (COD), alkalinity, hardness, chlorides, and sulfates. Water quality parameters, including REDOX 

potential, pH, specific conductance, DO, and turbidity, will be measured in the field. Water levels in the 

monitoring wells will also be measured at the time of sampling. 

The EDSR (TtNUS, 1999b) recommended that the groundwater data collected for these four sites under 

the GMP be used to evaluate groundwater conditions in conjunction with the Basewide Groundwater OU 

RI. As a result, one of the GMP quarterly sampling events and the Groundwater OU RI sampling event 

will be conducted simultaneously. Sampling locations are shown on Figure 2-l. The GMP contains 

. specific information regarding the sample program rationale (TtNUS, 1999a). 

. 

2.3.1.2 Site 3 - Area A Downstream Watercourses and OBDA 

The investigation at Site 3 will include installation of temporary and permanent (if necessary) monitoring 

wells and groundwater sampling for chemical analysis. Subsurface geochemical and hydrogeological 

data will also be collected to support groundwater modeling, natural attenuation evaluation, and a metals 

fate and transport study. 

i 

During Phase 1, a 300-foot by 300-foot sampling area will be established at Site 3 southwest of 

monitoring well 2DMW29S. This area will ‘be oriented northwest to southeast, and initially 4 temporary 

monitoring wells will be installed. A second sampling area, .also initially containing 5 temporary 

monitoring wells, measurjng 100 feet by 500 feet will be established at Site 3 northeast of monitoring well 

cluster 2DMWl5S/D. This area will also be oriented northwest to southeast. The sampling areas are 

shown on Figure 2-2 and were designed to address data gaps identified in the EDSR (TtNUS, 1999b) for 

Site 3 and the adjacent Site 7. The temporary wells that are bolded on Figure 2-2 will be installed and 

sampled first. The additional temporary wells shown on Figure 2-2 will be installed as necessary to 

determine the extent of contamination. 

Temporary monitoring wells will be installed using direct-push methods in an effort to determine the 

source of the VOC contamination and the extent of the VOC plumes. Groundwater samples will be 

collected from each well using a peristaltic pump and analyzed for quick-turn TCL VOCs by a fixed base 

lab. The investigation area will be expanded as necessary by locating additional monitoring wells based 

on the groundwater sample results, until the extent of the VOC contamination plume has been identified. 

The analytical results from the temporary groundwater wells will be used to determine (if necessary) the 

location of permanent well clusters at Site 3. During Phase 2, approximately two to three well clusters, 
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consisting of one overburden and one bedrock well, each (e.g., 3MW14S/D through 3MW18S/D), may be 

installed within each sampling area to verify the migration of the VOC plume. Samples will be analyzed 

for TCL VOCs and natural attenuation parameters. The overburden wells will be installed using hollow- 

stem auger (HSA) methods. The bedrock wells will be installed using air rotary methods. The final 

permanent well cluster locations at Site 3 will be defined and approved by the Navy and regulators before 

Phase 2 fieldwork begins. Submersible pumps, rather than peristaltic pumps, will be used to collect 

groundwater samples from 2-inch and larger diameter monitoring wells. The procedures will follow 

USEPA Region I low-flow techniques. 

,*---? 

One bedrock monitoring well will be installed and sampled at the south end of the OBDA Pond. The 

monitoring well will be designated 3MW13D. The sample will be analyzed for TCL VOCs, TCL SVOCs, 

total and dissolved TAL, metals, TCL pesticides, natural attenuation parameters, TSS, and TDS. 

During Phase 2 of the RI, groundwater samples will also be collected from the existing groundwater 

monitoring wells at Site 3 using a submersible pump. The samples will be analyzed for TCL VOCs, TCL 

SVOCs, total TAL metals, TCL pesticides, natural attenuation parameters, TSS, and TDS. Two samples 

will also be analyzed for dissolved TAL metals. 

Historic data available for Site 3 indicate that groundwater modeling may be necessary. The necessary 

groundwater data, including chemical concentrations and TOC, will be obtained from the groundwater 

sampling effort. Soil samples will be collected from the overburden aquifer during well installation to 

obtain necessary soil data including TOC content, bulk density, pH, and porosity. One Shelby Tube 

sample will be collected from the boring for new permanent well 3MW14S. 

Additional geochemical data will be collected to evaluate whether site-related contaminants are impacting 

the mobility of metals (arsenic, lead, and manganese) in the subsurface. Temperature, DO, REDOX 

potential, pH, salinity, turbidity, and specific conductivity of the groundwater in both the overburden and 

bedrock aquifers will be measured in the field. Groundwater samples will also undergo laboratory 

analysis for TSS and TDS. 

, Based on the available historic data, natural attenuation may be a viable remedial alternative for Site 3. 

Groundwater samples from every monitoring well will be analyzed for various groundwater parameters for 

use in this evaluation. Field parameters include DO, REDOX potential, pH, specific conductivity, 

temperature, divalent iron, nitrate, nitrite, sulfate, soluble manganese, carbon dioxide, hydrogen sulfide, 

and salinity. Laboratory parameters include TOC, chloride, ethane, ethene methane, sulfide, ammonia, 

alkalinity, and hardness. 
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Water levels will be measured in each well at the’beg’6n’fng and end of the field effort. Slug tests will be 

performed in one overburden monitoring well (3MW14S) and one bedrock monitoring well (3MW13D). 

The slug tests are necessary to determine the hydraulic characteristics of the aquifers to support the 

groundwater modeling efforts. 

. 2.3.1.3 Site 7 - Torpedo Shops 

The investigation at Site 7 will include soil boring installation, temporary monitoring well installation, and 

soil and groundwater sampling and analysis. Subsurface geochemical and hydrogeological data will also 

be collected to support groundwater modeling, natural attenuation evaluation, and a metals fate and 

transport study. 

During Phase 1, a sampling area, approximately 100 feet by 500 feet, adjacent to Triton Road, will be 

oriented northwest to southeast. The sampling area is shown on Figure 2-3 and was designed to address 

data gaps identified in the EDSR (TtNUS, 1999b) for Site 7 and the adjacent Site 3. Temporary 

monitoring wells will be installed at seven locations using direct-push methods in an effort to determine 

the source of VOC contamination and the extent of the VOC plumes. Groundwater samples will be 

collected from each well using a peristaltic pump and analyzed for quick-turn TCL VOCs. Temporary 

monitoring wells will not be installed at locations near existing permanent monitoring wells. 

Two soil borings will be installed using direct-push methods along the septic line extending to the south 

leach field. These soil borings are designated 7TB17 and 7TB18 and are shown on Figure 2-3. A 

subsurface soil sample will be collected from each soil boring and analyzed for TCL VOCs, TCL SVOCs, 

and TAL metals. 

Three temporary monitoring wells (7TW8, 7lW9, and 7TWlO) will also be installed along the septic line 

extending from north of Building 325 to the south leach field. A subsurface soil sample will be collected 

from each boring for each temporary well and analyzed for TCL VOCs, TCL SVOCs, and TAL metals. 

Groundwater samples will be. collected from each well using a peristaltic pump and analyzed for TCL 

VOCs, TCL SVOCs, total TAL metals, perchlorate, TSS, TDS, and natural attenuation parameters. 

During Phase 2 of the RI,‘groundwater samples will be collected from the existing groundwater monitoring 

wells at Site 7 using a submersible pump. The monitoring well samples will be analyzed for TCL VOCs, 

TCL SVOCs, total TAL metals, perchlorate, natural attenuation parameters, TSS, and TDS. Two samples 

will also be analyzed for dissolved TAL metals. 

Based on the results of the groundwater sampling during Phase 2, one or two bedrock monitoring wells 

may have to be installed at Site 7. The bedrock wells will be installed using air rotary methods. 
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Additionally, one or two permanent overburden/bedrock monitoring well clusters may be installed during 

Phase II. The well locations at Site 7 will be defined and approved by the regulators prior to installation. 

Analytical parameters for groundwater samples collected from these wells will be determined based on 

the data obtained during Phase 2. 

Historic data available for Site 7 indicate that groundwater modeling may be necessary at the site. The 

necessary groundwater data, including chemical concentrations and TOC will be obtained from the 

groundwater sampling effort. A soil sample will be collected from the overburden aquifer during well 

installation to obtain necessary soil data including TOC, bulk density, pH, and porosity. The Shelby Tube 

sample will be collected from the boring for temporary well 7TWl. 

Additional geochemical data will be collected to evaluate whether site-related contaminants are impacting 

the mobility of metals (arsenic, lead, and manganese) in the subsurface. Temperature, DO, REDOX 

potential, pH, salinity, turbidity, and specific conductivity of the groundwater in both the overburden and 

bedrock aquifers will be measured in the field. Groundwater samples will undergo laboratory analysis for 

TSS and TDS. 

Based on the available historic data, natural attenuation may be a viable remedial alternative for Site 7. 

Groundwater samples from every monitoring well will be analyzed for various groundwater parameters for 
.---“.. 

use in this evaluation. Field parameters include DO, REDOX potential, pH, specific conductivity, 

temperature, divalent iron, nitrate, nitrite, sulfate, soluble manganese, carbon dioxide, hydrogen sulfide, 

and salinity. Laboratory parameters include TOC, chloride, ethane, ethene methane, sulfide, ammonia, 

alkalinity, and hardness. 

Water levels will be measured in each well at the beginning and end of the field effort. Slug tests will be 

performed in one overburden monitoring well (7MW4S) and one bedrock monitoring well (7MW3D). The 

slug tests are necessary to determine the hydraulic characteristics of the aquifers to support the 

groundwater modeling efforts. 

2.3.1.4 Site 14 - OBDANE 

The investigation at Site 14 will require groundwater sampling at one existing well (14MWl S) for chemical 

analysis and measurement of water quality parameters. 

During Phase 2, a groundwater sample will be collected at well 14MWl S using a submersible pump. The 

groundwater sample will be analyzed for TCL VOCs, total TAL metals, TSS, and TDS. The monitoring 

well to be sampled is shown on Figure 2-4. 
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Water levels will be measured in the well at both the beginning and end of the field effort, Water quality 

parameters, including DO, REDOX potential, temperature, specific conductivity, and pH, will also be 

measured. 

2.3.1.5 Site 20 - Area A Weapons Center 

The investigation at Site 20 will include groundwater sampling for chemical analysis and geochemical and 

hydrogeologic data collection. 

During Phase 2, groundwater samples will be collected from the existing monitoring wells using a 

submersible pump following USEPA Region I low-flow purging and sampling protocols. The groundwater 

samples will be analyzed for TCL VOCs, TCL SVOCs, total TAL metals, perchlorate, TSS, and TDS. One 

sample will also be analyzed for dissolved TAL metals. The monitoring wells to be sampled are shown on 

Figure 2-5. 

Water levels will be measured in each well at both the beginning and end of the field effort. Water quality 

parameters, including DO, REDOX potential, temperature, specific conductivity, and pH, will be measured 

in all wells during the groundwater sampling effort. 

2.3.2 Central Reaion 

2.3.2.1 Site 16 - Hospital Incinerator 

The Hospital Incinerator site has not been investigated. Therefore, the field investigation will include a 

data search and limited field sampling to provide a basic understanding of the site conditions. 

The data search will include reviewing historic records of NSB-NLON to’determine the site history: the 

operating parameters of the incinerator that was operated at two separate locations (A and B) at the site, 

and the waste that was incinerated. Base personnel will also be interviewed. TtNUS personnel 

conducted a site visit in April 1999 to determine the areas most likely to have been impacted by 

incinerator operation. The sampling locations shown on Figure 2-6 ‘were selected based on the results of 

the site visit. 

Soil borings 16TBl through 16TB8 will be installed upgradient and downgradient of each of the two 

former incinerator locations during Phase 1 of this RI. A surface and subsurface soil sample will be 

collected from each boring. The samples will be analyzed for TCL VOCs, TCL SVOCs, TAL metals, TCL 

pesticideslPCBs, dioxins/furans, and SPLP extraction followed .by PCB and metals analysis. The shallow 

soil samples will be collected from 0 to 1 foot bgs. An additional surface soil sample (16SSl) will be 
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collected from a drainage path south of Building 453. This sample will be analyzed for the same 

parameters as the other soil samples. 
,/--$ 

Four temporary monitoring wells will be installed upgradient and downgradient of the two locations of the 

incinerator using direct push methods. The groundwater samples will be collected using a peristaltic 

pump and analyzed for TCL VOCs, TCL SVOCs, total TAL metals, TCL pesticides/PCBs, dioxins/furans, 

TSS, and TDS. The temporary wells will be designated 16TWl through 16TW4. 

Water levels will be measured in each well at both the beginning and end of the field effort. Water quality 

parameters, including DO, REDOX potential, temperature, specific conductivity,‘and pH, will be measured 

in all wells during the groundwater sampling effort. 

2.3.3 Southern Reqion 

The following sites in the Southern Region will be investigated during the Basewide Groundwater OU RI: 

l Site 8 - Goss Cove Landfill 

l Site 15 - Spent Acid Storage and Disposal Area 

l Site 18 - Solvent Storage Area (Building 33) 

l Site 23 - Fuel Farm 

2.3.3.1 Site 8 - Goss Cqve Landfill 

The investigation at Site 8 will include groundwater sampling for chemical analysis. Geochemical and 

hydrogeologic data will also be collected during groundwater sampling. 

During Phase 2 of the RI, groundwater samples will be collected from the existing groundwater monitoring 

wells. The groundwater samples will be collected using a submersible pump and analyzed for TCL 

VOCs, TCL SVOCs, TCL pesticides/PCBs, total TAL metals, TSS, and TDS. One sample will also be 

analyzed for dissolved TAL metals. The monitoring wells to be sampled areshown on Figure 2-7. 

Water levels will be measured in each well at both the beginning and end of the field effort. Water quality 

parameters, including DO, REDOX potential, temperature, specific conductivity, and pH, will be measured 

in all wells during the groundwater sampling effort. 
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Site 15 - Spent Acid Storage and bispokai &&i 

:_ 
The investigation at Site 15 will include groundwater elevation measurements in nearby wells, and 

groundwater sampling for chemical analysis and geochemcal and hydtogeological data collection. The 

Navy proposes to collect groundwater elevation data in and around this area at the initial stage of the field 

program. Monitoring well HNUS-6 will be sampled as a downgradient monitoring point in the Site 15 

characterization. HNUS-6 replaces 15MW4S as a downgradient Site 15 monitoring point. 

Groundwater samples will be collected from the four existing groundwater monitoring wells during 

Phase 2 of the RI using a submersible pump. The groundwater samples will be analyzed for TCL VOCs, 

TCL SVOCs, total TAL metals, TSS, and TDS. The monitoring wells to be sampled are shown on Figure 

2-8. 

. 

Water levels will be measured in each well at both the beginning and end of the field effort. Water quality 

parameters, including DO, REDOX potential, temperature, specific conductivity, and pH, will be measured 

in all wells during the groundwater sampling effort. 

2.3.3.3 Site 18 - Solvent Storage Area (Building 33) 

The Solvent Storage Area (Building 33) site has not been investigated. Therefore, the field investigation 
,. ., _ , ‘,L 

will include a data search and limited field sampling to provide a basic understanding of the site 

conditions. 

The data search will include reviewing historic records of NSB-NLON to determine the site history and the 

types of solvents or other chemicals that were stored at this site. Base personnel will also be interviewed. 

TtNUS personnel conducted a site visit in April 1999 to determine the areas most likely to have been 

impacted by the storage area. The sampling locations shown on Figure 2-9 were selected based on the 

results of the site visit. 

Five soil borings will be installed around Building 33 during Phase 1 of the RI. These soil borings are 

designated 18TBl through 18TB5. A surface and subsurface soil sample will be collected from each 

boring. The samples will be analyzed for TCL VOCs, TCL SVOCs, TAL metals, and TCL 

pesticides/PCBs. SPLP extraction followed by analysis for PCBs and metals will also be performed on 

the five soil samples. The shallow soil samples will be collected from 0 to 1 foot bgs. If indurated 

bedrock is encountered that prohibits drilling, the Project Manager will inform the Navy, CT-DEP and 

USEPA about the inability to collect these samples. 
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Temporary monitoring wells will be installed on both the east and west sides of Building 33 for sampling 

purposes. The groundwater samples will be analyzed for TCL VOCs, TCL SVOCs, total TAL metals, and 

TCL pesticides/PCBs. The temporary wells will be designated 18TW1, 18TW2, and 18TW4. A peristaltic 

pump will be used to collect groundwater samples from temporary wells. Purging and sampling 

techniques will follow USEPA Region I Procedures for low-flow purging and sampling. 

Water levels will be measured in each well at both the beginning and end of the field effort. Water quality 

parameters, including DC, REDOX potential, temperature, specific conductivity, and pH, will be measured 

in all wells during the groundwater sampling effort. 

2.3.3.4 Site 23 - Fuel Farm 

The investigation at Site 23 will include permanent monitoring well installation and groundwater sampling 

for chemical analysis. Geochemical and hydrogeologic data will also be collected to support groundwater 

modeling and a natural attenuation evaluation. 

Site 12, the NEX Gas Station (Building 428), is located just north of Site 23. An AS/SVE system is 

currently in operation at Site 12 to remediate a groundwater plume. A portion of the AS/SVE system is 

within the Site 23 boundary because the groundwater at both sites is hydraulically connected, and 

contamination from Site 12 has impacted the groundwater at Site 23. Groundwater data from the 

groundwater monitoring program associated with the operation of the AS/SVE system will be incorporated 

into the Site 23 data and used to evaluate the site. 

Two deep overburden wells will be installed just above the top of bedrock and sampled at Site 23 (Figure 

2-l 0). One monitoring well (23MW02S) will be installed adjacent to well 23MW02D. The other proposed 

monitoring well (23MW04S) will be installed adjacent to well 23MW04D. The samples will be collected 

from each well using a submersible pump and analyzed for TCL VOCs, TCL SVOCs, total TAL metals, 

TCL pesticides/PCBs, natural attenuation parameters, TSS, and TDS. Low-flow purging and sampling 

techniques specified by USEPA Region I will be followed. 

Groundwater samples will also be collected from select existing groundwater monitoring wells at Site 23 

during Phase 2 of the RI. The existing overburden wells to be sampled include HNUS-2, HNUS-5, 

HNUS-7, HNUS-9, HNUS-11, HNUS-13, HNUS-14, HNUS-17, and HNUS-20. The existing bedrock wells 

to be sampled include 23MW02D, 23MW03D, and 23MW04D. The monitoring well samples will be 

analyzed for TCL VOCs, TCL SVOCs, total TAL metals, TLC pesticides/PCBs, natural attenuation 

parameters, TSS, and TDS. One sample will also be analyzed for dissolved TAL metals. 
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Historic data available for Site 23 indicate that groundwater modeiing may be necessary. The necessary 

groundwater data, including chemical concentrations and TOC, will be obtained from the groundwater 

sampling effort. Soil samples will be collected from the overburden aquifer during well installation to 

obtain necessary soil data including TOC content, bulk density, pH, and porosity. Samples will be 

collected from wells 23MW02S and 23MW04S. 

Additional geochemical data will be collected to evaluate whether site-related contaminants are impacting 

the mobility of metals (arsenic, lead, and manganese) in the subsurface. Temperature, DO, REDOX 

potential, pH, salinity, turbidity, and specific conductivity of the groundwater in both the overburden and 

bedrock aquifers will be measured in the field. Groundwater samples will undergo laboratory analysis for 

TSS and TDS. 

Based on the available historic data, natural attenuation may be a viable remedial alternative for Site 23. 

Groundwater samples from every monitoring well will be analyzed for various groundwater parameters for 

use in this evaluation. Field parameters include DO, REDOX potential, pH, specific conductivity, 

temperature, divalent iron, nitrate, nitrite, sulfate, soluble manganese, carbon dioxide, hydrogen sulfide, 

and salinity, Laboratory parameters include TOC, chloride, ethane, ethene methane, sulfide, ammonia, 

alkalinity, and hardness. 

Water levels’will be measured in each well at the beginning and end of the field effort. Slug tests will be 

performed in the two new overburden monitoring wells (23MW02S and 23MW04S) and two existing 

bedrock monitoring wells (23MW02D and 23MW04D). The slug tests are necessary to determine the 

hydraulic characteristics of the aquifers to support groundwater modeling efforts. 

2.3.3 Backaround 

During Phase 2 of the RI, three shallow monitoring wells (2WMW22S, 2LMW35S and 23MWOlS) will be 

installed using HSA methods at areas representative of background conditions as shown on Figure 1-15. 

Groundwater samples will also be collected from 12 existing groundwater monitoring wells representative 

of background conditions. The existing monitoring wells to be sampled include 2LMW20S, 2WMW21S, 

2WMW21D, 2WMW22D, 4MWlS, 2LMW35B, 2LMW36B, 23MWOlD, HNUS-23, 8MW8S, 8MW8D, and 

SMWlOS. 

The samples will be collected using a submersible pump and analyzed for TCL VOCs, TCL SVOCs, TCL 

pesticides/PCBs, dissolved and total TAL metals, TSS, TDS, and chloride. Background levels of chloride 

are necessary to determine if dechlorination is occurring at any of the sites due to natural attenuation. 

Two rounds of sampling and analysis will be performed to provide a sufficiently large data set for 
,_ j 
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determining background concentrations. Background wells will be sampled at the beginning of the 

Phase 2 field effort, and then again at the end. 

Water levels will be measured in each well at both the beginning and end of the field effort. Water quality 

parameters, including DO, REDOX potential, temperature, specific conductivity, and pH will be measured 

in all wells during the groundwater sampling effort. 

2.4 INVESTIGATION METHODOLOGIES AND TECHNIQUES 

2.4.1 Direct-Push Methods .- 

Soil borings and temporary wells will be completed during Phase 1 of the investigation by direct-push 

methods. A GeoprobeTM or other similar direct-push technology (DPT) will be used to collect shallow and 

deep soil samples during Phase 1 and to install temporary groundwater monitoring wells (Section 

2.4.1 .l). The purpose of using a GeoprobeTM or other similar technology is to generate less investigation- 

derived waste (IDW), minimize decontamination time, and minimize access space required relative to 

conventional drilling methods. HSA drilling methods will be used at locations where permanent 

monitoring wells are to be installed. 

A concrete coring device will be concurrently mobilized to the site with the GedprobeTM equipment. The 

coring device will cut concrete to minimize borehole drill time and to extend the life of the drill bit. 

Continuous soil sampling will be performed from below the concrete or asphalt surface to the top of the 

water table using a Macro-Core@ or similar sampler and in accordance with procedures outlined in TtNUS 

SOP SA-1.3 and SA-2.5 (Appendix B). Effort will be made to minimize residual asphalt from being 

included in the sampled material. The purpose of continuous soil sampling is to identify potential zones of 

contamination, collect soil samples for field screening with a photoionization detector (PID) or flame 

ionization detector (FID), collect soil samples for laboratory analysis, and characterize the soil 

stratigraphy. Each sample will be monitored with a PID or FfD meter. Results of the vapor monitoring will 

be recorded on TtNUS boring logs (Appendix A). Soil samples will be collected and logged in accordance 

with procedures outlined in TtNUS SOP SA-1.3 and GH-1.5 (Appendix B). 

Subsurface soil samples will be collected for laboratory analysis at Sites 7, 16, and 18. Surface soil 

samples will be collected at Sites 16 and 18. The surface soil sample will be collected from a depth of 0 

to 1 foot bgs, and the subsurface soil sample will be collected from a depth greater than 1 foot to the 

water table. The purpose of the surface soil sampling is to identify the presence of contaminant sources 

such as spills. The purpose of tne subsurface sample is to delineate the extent of contaminated soils 

associated with past releases or spills. 
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Samples will be selected for laboratory analysis based on the results of field screening with a PID or FID 

meter, A portion of each soil sample will be retained in a resealable bag for the screening. For the 

subsurface soils, the sample with the highest PID/FID readings will be retained for laboratory analysis. In 

the absence of PID/FID readings above background levels, one soil sample will be collected from across 

the water table-unsaturated soil interface. 

Saturated, subsurface soil samples will also be collected at Sites 3 and 7. These samples will be 

analyzed for modeling parameters (TOC, pH, bulk density, and porosity). A Shelby Tube will be collected 

to determine bulk density and porosity. 

All borings will be backfilled with bentonite chips and patched with neat cement, cold-patch asphalt, or soil 

at grade to match the surrounding area. Care will be taken to return each location to its original condition 

after sampling. Each boring location will be revisited 24 hours after backfilling is completed to re-apply 

soil, cement grout, or cold-patch, if necessary. 

All direct-push equipment will be steam cleaned prior to the start of the field investigation, 

decontaminated between each borehole to prevent cross-borehole contamination and steam cleaned 

prior to leaving the site, as discussed in Section 2.8. 

2.4.1 .l Temporary Groundwater Monitoring Wells 

During Phase 1 of the RI, temporary groundwater monitoring wells will be install’ed and sampled to 

determine the extent of contamination. Borings for installation of temporary monitoring wells will be 

advanced using DPT and in accordance with TtNUS Sop SA-2.5 and the following described 

methodology. A GeoProbe* or similar DPT will be used to advance 2-inch outside diameter Macro-Core@ 

or similar sampler of 4-foot length to several feet below the local water table. For proper depth placement 

of the monitoring well screens, the depth to groundwater will be interpolated from water level 

measurements in existing permanent monitoring wells in the immediate vicinity and the depth to saturated 

soil from the Macro-Core@ samples. If cobbles or thick gravel layers are encountered and prohibit 

advancement of the sampler using DPT or if open boreholes can not be maintained that allow installation 

of temporary monitoring wells, small, diameter hollow-stem augers (2-3/4- to 3-l/4-inch inside diameter) 

will be used to advance the boring to the required depth. 

The Macro-Core@ sampler will be removed from the borehole, and a temporary PVC well will be installed. 

Figure 2-11 shows a typical temporary monitoring well. Prior to installing PVC screens and risers into the 

borehole, a wireline bailer will be used to remove suspended solids from the borehole. The PVC well 

screen (Schedule 40) used for the temporary well will have an outside diameter of l-1/4 inches, and a slot 

size of either 0.006 inches or 0.01 inches depending on the particle size of the monitored interval, and a 
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length of 10 feet. The well screen will be capped at the bottom. The screen will be installed across the 

water table (approximately 80 percent of the screen below the water table). PVC riser pipe (Schedule 40) 

will be attached to the screen to extend the welt above grade. The screen and riser pipe will be flush 

jointed. A sand pack (No. 20 to No. 40 U.S. Standard sieve size or 00 Morie) will be installed in the 

annulus from B-inches below the well screen, around the well screen, and up to 1 foot above the top of 

the screen, unless the formation collapses around the well screen. If a sand pack is installed, a bentonite 

seal (minimum 6-inch thickness) will be installed above the sand pack. Only 100 percent, certified pure, 

sodium bentonite will be used for well construction. The remaining annulus above the bentonite seal will 

remain open until the temporary well is removed and filled. 

Each temporary well will be developed by repeatedly pumping the well, creating drawdown, then allowing 

the well to recover thus causing a surging effect. The purpose of well development is to remove 

sediments from inside the casing and within the sand pack which surrounds the well screen. Due to the 

diameter and volume of the proposed temporary wells, a peristaltic pump will be used to develop the 

wells. Each of the wells will be developed for approximately one-half hour. If a sand pack and bentonite 

seal is installed, the wells will be developed after waiting approximately 12 hours after installation is 

complete. Other development techniques (e.g. surging with a surge block) may be required if the 

recommended over pumping technique is not adequate. Use of another development technique will be at 

the discretion of the FOL. 

The water levels and free product thickness in the temporary wells will be allowed to stabilize for 

approximately 12 hours after development, depending on the permeability of the formation, before 

sampling. The temporary wells will be capped when left unattended to minimize the introduction of 

particles or contaminants into the well from the surface. 

. 

To abandon the temporary wells, the riser and screen will be withdrawn from the ground. If the borehole 

does not collapse after removal of the well, it will be grouted from the surface using a tremie pipe. The 

grout will be emplaced from the bottom of the hole to the surface and consist of a cement-bentonite 

slurry. If the borehole does partially collapse after removal of the well, the remaining portion of it will be 

backfilled with granular bentonite from the surface. The surface at each temporary well location will be 

restored to its original condition (vegetated, asphalt or concrete). 

Boring logs will be maintained for each temporary well. The boring logs will record installation methods, 

depths of installation, abandonment details, and other pertinent information. A map of the monitoring well 

locations and appropriate data from the boring logs will also be recorded into the field logbook notes. 
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: ,:.. -“” 1, 7.; + 

Hollow-Stem Auqerinq and Peh%@%~‘hdti~~orinq bell Drillinq and Installation 

Permanent overburden monitoring wells will be installed during Phase 2 of the Ri. The monitoring wells 

will be installed using HSA drilling techniques in accordance with TtNUS SOPS GH-1.3 and GH-2.8 

(Appendix B) with the following exceptions: 

. A secondary sand filter pack will be used during monitoring well installation in place of the normal 

bentonite seal specified in SOP GH-2.8. The use of the filter pack is necessary because the 

monitoring wells will be installed across the groundwater table, and the bentonite seal will be above 

the water table and could become dehydrated, shrink, or crack, rendering it ineffective. Furthermore, 

the effectiveness of bentonite may be reduced in groundwater that contains several classes of 

contaminants (i.e., xylene, acetone, acetic acid, aniline, ethylene glycol, methanol heptane, some 

chlorinated solvents, and some petroleum hydrocarbons). A secondary filter pack is a layer. of . 

material placed in the annulus between the primary filter pack and the cement-bentonite grout. The 

secondary filter pack should be uniformly graded fine sand with 100 percent by weight passing the 

No. 30 U.S. Standard sieve, and less than 2 percent by weight passing the 200 U.S. Standard sieve. 

The secondary filter pack will be unaffected by high total dissolved solids, high chloride content, or 

the class of contaminants. 

l Prior to installing PVC screens and risers into the borehole, a steel, wireline bailer will be used to 

remove solids from the borehole. 

Continuous split-spoon sampling will be performed at each. proposed monitoring well location in 

accordance with methods outlined in TtNUS SOP SA-1.3 (Appendix B). The purpose of performing 

continuous split-spoon sampling is to identify potential zones of contamination, collect soil samples for . 

field screening with a PID/FID, and characterize the soil stratigraphy. Vapors from the split-spoon 

samples will be monitored with a PID/FID meter. Results of the vapor monitoring will be recorded on 

boring logs. 

HSAs will have a minimum 4-l/4-inch inside diameter (ID) to accommodate installation of casing, sand 

pack, and well seal materials. A 2-foot-long, 2-inch-ID split-spoon sampler will be used for sampling. 

Saturated, subsurface soil samples will also be collected at Site 23 from the borings for wells 23MW02S 

and 23MW04S. These samples will be analyzed for modeling parameters (TOG, pH, bulk density and 

porosity). A Shelby Tube will be collected in accordance with SOP SA-1.3, from each location for 

determination of bulk density and porosity. 
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All monitoring wells will be constructed of 2-inch-ID flush-jointed PVC riser pipe and IO-foot-long PVC 

slotted screens (0.010 inch or 0.006 inch). Clean sand (No. 20 to 30 U.S. Standard Sieve size or 00 

Morie) will be filled in the annulus from 6 inches below the well screen, around the well screen, and up to 

3 feet above the top of the screen. The field geologist should choose the 0.006-inch screen with the 00 

morie sand when fine sand and finer formations are encountered. A secondary sand filter pack (total 

thickness of 2 feet) will be installed above the sand as described above. The remaining annular space 

will be backfilled with a cement-bentonite grout. Each monitoring well will be equipped with a slightly 

raised flush-mounted surface steel protective casing with a neat Portland cement pad. A licensed driller 

will install all monitoring wells. 

..--* 

All field-related data will be recorded by a TtNUS geologist on boring log forms and in the field logbook 

dedicated to this project. Examples of field forms are provided in Appendix A. At a minimum, the boring 

logs will note the sample numbers and types, sample depths, standard penetration data, sample recovery 

interval, soil density or cohesiveness, soil color and moisture, Unified Soil Classification System (USCS) 

material description, and organic vapor information. Well completion details will also be recorded on 

TtNUS forms. This information wilt include borehole diameter, type and diameter of casing, total 

installation depth, screen elevation, sand filter pack elevation, seal elevation, and type of protective 

casing. 

, ---^- 
All drilling equipment will be steam cleaned before the field investigation begins, between each borehole 

to prevent cross-borehole contamination, and prior to leaving the site, as described in Section 2.8. 

2.4.3 Air Rotary Bedrock Monitoring Well Drilling and Installation 

Bedrock monitoring wells will be constructed of 6-inch diameter steel casing into bedrock plus PVC 

screen and riser in the monitored interval. Each well,will be ceased through the overburden and sealed at 

the overburden-bedrock surface to prevent vertical contaminant migration into the bedrock from the 

overburden. PVC screen and riser will isolate the monitored interval from the shallower intervals. 

. An 8-inch or a lo-inch diameter borehole will be advanced through the overburden and approximately 5 

feet into competent bedrock using air rotary. drilling methods. If borehole collapse occurs in the 

overburden during casing installation, mud rotary drilling methods may be used after all other methods 

have failed to advance the borehole to the bedrock. The,.dri!f/ng mud should not come into contact with 

the bedrock borehole to prevent impacting the bedrock groundwater quality. 

The steel casing will be grouted in place with neat cement or cement-bentonite slurry using a tremie pipe 

raised from the bottom upward during pumping. The grout will be allowed to cure at least 24 hours ‘before 

the well borehole is drilled. The well borehole will be advanced using a 5-7/8-inch diameter air hammer to 
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the first water bearing fracture with a greafei than 5 galfon’per minute flow rate or 10 feet into bedrock. lf 

groundwater-producing fractures were not shown to occur in the first 10 feet of drilling the borehole will 

set for 15 minutes. If groundwater enters the borehole in that period of time, a PVC monitoring well will 

be installed in the borehole, otherwise an additional ten feet of drilling will occur to explore for a water 

producing fracture. This process will continue until a productive fracture is encountered but no more than 

30 feet into bedrock. A 10 foot or smaller screen will be used to screen the productive fractures. 

Lithology and drilling activities will be recorded on boring log sheets (Appendix A) for each monitoring 

well. Monitoring well construction sheets ( Appendix A) will also be completed for each monitoring well. 

2.4.4 Permanent Monitorina Well Development 

Each newly installed permanent monitoring well will be developed at least 12 hours after the installation is 

completed. The purpose of well development is to remove sediments from inside the casing and within 

the sand filter pack that surrounds the well screen. The goal of development is to achieve a turbidity of 5 

NTUs or less. 

The overburden monitoring wells will be developed using a stainless-steel submersible or polypropylene 

Waterra pump equipped with a surge block gasket. Each monitoring well will be developed by repeatedly 

pumping the well, creating drawdown, then allowing the well to recover, thus causing a surging effect. 

Repeated pumping and recovery surge development will continue for a minimum of l-hour per well 

location. Water-level elevation data will be collected periodically during the well development process to 

ensure that the well is not pumped,dry and to obtain specific capacity data regarding the aquifer. Specific 

capacity data is useful in determining a well’s potential yield and for estimating the hydraulic conductivity 

of an aquifer. 

The bedrock monitoring wells will be developed using surging. Development will proceed until the 

discharged water is visibly clear. 

Well development information for each monitoring well will be recorded on well development sheets 

(Appendix A). The sequence for developing the groundwater monitoring wells at this site will proceed 

from anticipated background and upgradient locations to known or suspected contaminated areas. This 

sequence will be used to minimize the potential for cross-well contamination. 
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2.5 GROUNDWATER MONITORING WELL SAMPLING 
---. 

This section provides guidance for the proper equipment and techniques for groundwater sample 

collection. All groundwater sampling shall be conducted in accordance with USEPA Region I SOP 

GWOOI and TtNUS SOP SA-1 .I (Appendix B). 

2.5.1 Water-Level and Product Thickness Measurements 

Water-level and product,thickness measurements will be obtained at each existing and newly installed 

monitoring well location to be sampled. Water-level and product thickness measurements will be taken 

simultaneously within a 24-hour period of consistent weather conditions. All water-level measurements 

will be taken using an electronic water-level meter. Water-level elevations will be recorded to within a 

.O.Ol -foot accuracy from a marked reference point at each location. Water levels will be recorded on a 

TtNUS water-level form (Appendix A). 

Two methods, an interface probe and a clear bailer, will be used to measure the thickness of free-phase 

product in a well. The measurements will be done under static conditions prior to any purging or removal 

of water or free-phase product from the monitoring well. The depth to the top and bottom of the free- 

phase product will be measured using a hydrocarbon interface probe. The interface probe will be used to 

detect free-phase product at both the surface of the water table and at the bottom of each well because 

some of the chlorinated solvents may have a specific gravity greater than 1. Interface probes (Keck, 

ORS, or Solinst brand meters) emit a single tone when the probe is in the free-phase product and an 

intermittent tone when the probe reaches water. A clear disposable bailer will be used to collect a free- 

phase product sample in order to confirm the interface probe measurement and to visually observe and 

describe the free-phase product. The bailed free-phase product shall be examined for thickness, 

layering, color, color gradation, coagulation, and apparent viscosity. 

The interface probe shall be decontaminated between each well measurement to minimize cross- 

contamination. All measurements will be referenced to the top of the riser pipe. All appropriate 

measurements, observations, and calculations will be recorded in the fie.ld notebook and on the 

groundwater sample log sheets. Any bailed free-phase product will be placed into a temporary container 

in order to transport it, without spillage, to a designated on-site 55-gallon drum. 

The condition of each existing groundwater monitoring well will be evaluated before well purging and 

sampling begins. The wells will be examined for the presence of a silted screen, a damaged surface 

casing, or a damaged concrete surface pad. Water-level measurements and monitoring well evaluations 

will be performed in accordance with procedures outlined in TtNUS SOP GH-1.2 (Appendix B). 
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A PID/FID will be used to monitor the presence of organic vapors in the well annulus. The organic vapor 

monitor will be calibrated daily in accordance with procedures outlined in the manufacturer’s operations 

manual. Calibration records will be recorded daily on TtNUS equipment calibrations sheets as per TtNUS 

SOP SA-6.3 (Appendix B). 

2.5.2 Monitorinq Well Purchy and Groundwater Sampling 

Groundwater monitoring wells will be purged immediately before sampling using low-flow purging 

methods. The methods shall be in accordance with US EPA Region I Low Stress Purging and.Sampling 

Procedure for the Collection of Groundwater Sample from Monitoring Wells (US EPA Region I, 1996e). 

The water-level elevation, free-product thickness and, the depth of the water column will be measured 

before purging begins. 

The wells will be purged using a submersible pump with dedicated HDPE tubing lowered to the middle of 

the screen interval or to the middle of the remaining screen interval below the lowest depth of any free 

product. For temporary wells less than 2-inches in diameter, pharmaceutical-grade silicon tubing will be 

used in the rotaries of the peristaltic pump. All wells will be purged at a flow rate of 0.1 to 0.4 liters per 

minute. 

, Water quality parameters including pH, specific conductivity, temperature, DO, REDOX potential, salinity, 

and turbidity will be measured at 5- to IO-minute intervals. All measurements except turbidity must be 

obtained using a flow-through cell. Transparent flow-through cells are preferred because they allow field 

personnel to watch for particulate build-up within the cell. This build-up may affect indicator field 

parameter values measured within the cell and may also cause an underestimation of turbidity values 

measured after the cell. If the cell needs to be cleaned during purging operations, the well ‘will continue to 

be pumped while the cell is disconnected, cleaned, and then reconnected. The flow-through cell must be 

set up and operated in a way that prevents air bubble entrapment in the cell. Monitoring probes must be 

submerged in water at all times (USEPA, Region I, Appendix B). 

Purging will be completed and sampling will begin when the following parameters have stabilized for three 

consecutive readings to within the following limits: 

l pH to + 0.1 units 

. specific conductivity, 3 percent 

. temperature, 3 percent 

l DO, 10 percent 
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a REDOX, t 10 millivolts 
F--l* 

l turbidity, 10 percent for values greater than 5 NTU 

If the groundwater quality parameters do not stabilize at nontidally influenced wells within 4 hours and the 

water level has not been drawn down more than 0.3 feet, then the sample wilf be collected and the lack of 

stabilization will be noted in the field notes. , 

The water level will not be allowed to draw down to the level of the pump intake. All purged water will be 

containerized. 

Groundwater samples will be collected using the low-flow techniques described above. Samples will be 

transferred directly from the pump tubing to the container. Groundwater samples collected for dissolved 

metals analysis will be filtered in the field prior to preservation with nitric acid (HN03). VOC samples will 

be collected such that zero head space is present in the sample container once filled. Sample 

nomenclature and rationale are presented in Table 2-l. Bottle and sample preservation requirements are 

presented in Table 2-2. 

The groundwater samples will be analyzed for a variety of parameters including TCL VOCs, TCL SVOCs, 

TCL pesticides/PCBs, total and dissolved metals, natural attenuation parameters, TSS, TDS, perchlorate, 

and dioxins/furans. Natural attenuation and water quality parameters such as DO, salinity, turbidity, pH, 

temperature, and REDOX will be measured using a flow-through cell and the appropriate instruments in 

the field. Divalent iron will be measured in the field using a Hach kit Model IR-18C. Laboratory analysis 

will be performed for the following natural attenuation parameters: alkalinity, ethene, chlorides, dissolved 

sulfate, nitrates, TOC, hardness, sulfide, ammonia, soluble manganese [Mn (II)] and dissolved methane. 

s---k 

. 

Sampling chain-of-custody requirements are addressed in Section 2.13. All pertinent field data will be 

recorded on a TtNUS sample log sheet and in the field logbook. An example TtNUS sample log sheet 

and chain-of-custody form are included in Appendix A. 

2.6 SLUG TESTS 

Slug tests will be performed at Sites 3, 7, and 23 to determine the hydraulic characteristics of the 

overburden and bedrock aquifers. General procedures, data acquisition, and data analysis methods are 

described in TtNUS SOP GH-2.4, provided in Appendix B. 

Before the slug test is performed, the static water level and well construction details must be recorded. Both 

rising head and falling head tests can be performed either by inserting a solid slug into the well to raise 

water levels, then measuring the rate of decline in water level, or by removing a slug of water and 

_--.* 
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measuring the rate the water level rises back to equilibrium. fhe change in water level should be induced 

as quickly as possible because the analysis assumes an instantaneous change in head. Falling head tests 

cannot be performed where the water level is within the screened interval. In addition, because slug tests 

are very sensitive to borehole skin effects, the well must be developed properly in order to obtain accurate 

data. 

Slug test data will be collected using an electronic data logger with pressure transducer or an electronic 

water level indicator. To facilitate data graphing, the loggers will be programmed to record measurements 

on a logarithmic time scale. It is ideal to record water level data to at least 90 percent recovery in the well 

before terminating the test. The resulting plot of time versus head ratio (the head at a given time divided by 

the initial head) on semilog paper should approximate a straight line. The test should be rerun if data scatter 

is excessive or if a straight-line approximation is not obtained. A TtNUS form (Appendix A) in-situ hydraulic 

conductivity test will be filled out for each test, recording pertinent field information. . . 

Raw data from the data loggers or field records are used to calculate hydraulic conductivity values in the 

immediate vicinity of the well screen or open borehole. The data will be analyzed using one or more of the 

following three methods: 

l Hvorslev Method - rapid straight-line method for partially penetrating well screens 

l Bouwer and Rice Method - rigorous straight-line method for complex well geometries 

l Cooper et al Method - type-curve method for low permeability aquifers 

The above methods can be analyzed relatively simply by hand. Hotiever, the Bouwer and Rice method and 

the Cooper et al method may also be analyzed using the AQTESOLV Computer Program (Geraghty & 

Miller, Inc., 1994). 

2.7 FIELD MEASUREMENTS 

Measurements recorded during field sampling operations include monitoring ambient air around the work- 

space area, screening soil samples, screening air quality within the well casing, measuring groundwater 

natural attenuation/water quality parameters, and measuring surface water quality parameters. The 

following instruments are anticipated to be used during the field activities: 

l FID or PID 

l YSI@ 6820 with data logger 

l Turbidity meter (LaMotte) 

l Electronic water-level meter 
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l Hach Model IR-18C, Divalent Iron Kit 

l Hach DR-890 Sulfate 

l Chemetrics K-l 910, K-l 029, K-l 925, Carbon Dioxide 

l Hach Kit H5-C, Hydrogen Sulfide 

l Chemetrics K-7501, dissolved oxygen 

l Hach Kit DR-850 manganese 
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Field instruments will be calibrated in accordance with the manufacturer’s recommendations. A field 

check will also be completed at the end of each day. Duplicate measurements of pH, specific 

conductance, temperature, and turbidity will be taken at a frequency of 1 in 10 samples and will be used 

to estimate the precision of the field analytical measurements. 

All instrument calibrations will be recorded on an equipment calibration log sheet (Appendix A). During 

calibration, a maintenance check will be performed on each piece of equipment. If damaged or defective 

parts are identified during the maintenance check and the damage could have an impact on the 

instrument’s performance, the instrument will be removed from service until the defective parts can be 

repaired or the instrument replaced. 

2.8 DECONTAMINATION , -” ‘% 

The drilling and sampling equipment involved in the field sampling activities will be decontaminated upon 

arrival at the site, in between each borehole location, and at the completion of the sampling program as 

per TtNUS SOP SA-7.1. The sampling equipment may include split-spoon and Macro-Core8 samplers, a 

submersible pump or a. Waterra foot-valve pump. A centralized decontamination pad will be constructed 

at a Navy-approved location and will be used throughout the investigation. 

The following sampling equipment decontamination sequence will be used: 

1. Potable water rinse 

, 2. Alconox or liquinox detergent wash 

, 3. Potable water rinse 

4. Pesticide-grade isopropahol rinse 

5. Analyte-free water rinse 

6. Air dry 

7. Aluminum foil wrap if not used immediately 

059904/P (WP) 2-22 ’ CT0 0312 



I ! I iI, 

Rev. 3 
May 2000 

“.. 
The drilling equipment will be steam cleaned before drilling operations begin, between each borehole 

location to minimize the potential for cross-contamination, and at the completion of the project. Steam 

cleaning will be performed with a portable steam cleaner supplied by the driller and municipal water 
supplied by NSB-NLON. 

. 2.9 INVESTIGATION DERIVED WASTE 

It is anticipated that this investigation will generate four types of potentially contaminated residues: 

l personal protective equipment (PPE) 

. soil cuttings 

l development and purge fluids 

. equipment decontamination fluids 

PPJ - All PPE will be placed in Department of Transportation (DOT)-approved 55gallon steel drums. 

The PPE will be disposed of by an IDW disposal subcontractor. The drums will be labeled with the facility 

name, zone. number, and address, the type of contents, the date the container was filled, and the name 

and phone number of the party responsible for disposal. 

Soil Cuttinas - Soil cuttings will be placed in clean Department of Transportation (DOT)-approved 

55-gallon steel drums. The drums will be labeled with the facility name, zone number,‘and address, the 

type of contents, the boring or groundwater monitoring well identifier, the date the container was filled, 

and the name and phone number of the party responsible for disposal. NSB-NLON labels will be used for 

labeling the drums. The IDW disposal contractor will collect and analyze a soil sample from each drum at 

the ‘completion of the field operations to determine the best disposal method. TtNUS will temporarily 

store the drums at a Navy-designated location. 

Development and Purae Fluids - Purge and development fluids will be collected in 55-gallon, steel drums 

or a large portable tank and temporarily stored at a Navy-designated location. If 55-gallon drums are 

used, each drum will be labeled with the facility’s name and address, the type of contents, the 

groundwater monitoring well identifier, the date the drum was filled, and the name and phone number of 
. 

the party responsible for disposal. NSB-NLON labels will be used for labeling the drums. The IDW 

disposal contractor will collect a liquid sample from each drum or the portable tank at the completion of 

the field operations. The results of the analysis will be used to determine the best method for disposal. 

Eauipment Decontamination Fluids - Equipment decontamination fluids will be containerized and handled 

in the same manner as development and purge fluids. 

059904/P.(wP) 2-23 CT0 0312 



Rev. 3 
May 2000 

TtNUS will arrange for disposal of all IDW by a subcontractor. Ail IDW will be removed from the 

temporary storage location after receipt of analytical results. The TtNUS subcontractor will prepare waste 

manifests. The IDW will be considered the property of the Navy. 

.-““4 

2.10 SURVEYING 

The vertical and horizontal locations of soil borings and groundwater monitoring wells will be surveyed by 

a Connecticut-licensed professional surveyor. The third-order survey will be tied into the existing 

NSB-NLON Base Traverse and Monuments. The survey will be based on the Connecticut SPCS NAD 

1983 horizontal control and the NAVD ‘I 988 vertical control. 

The monitoring wells shall be surveyed horizontally to the nearest 0.1 foot and vertically to the nearest 

0.01 foot. At all well locations, the well casing elevation shall be surveyed at the designated reference 

point (e.g., where the uncapped PVC riser pipe is notched or marked). The elevation of the ground 

surface in the vicinity of the monitoring wells will also be measured. 

2.11 SAMPLE HANDLING PROCEDURES 

Sample handling includes the field-related considerations for the sample identification system, sample 

packaging, sample custody, quality control samples, and recordkeeping. The sample containers, 

preservatives, allowable holding times, and analyses are summarized in Table 2-2. 

-7 

2.12 SAMPLE IDENTIFICATION SYSTEM 

Each sample collected will be assigned a unique sample tracking number. The sample tracking number 

generally follows TtNUS SOP CT-04 (Appendix B). The sample tracking number consists of up to 13 

digits that identify the site, the sample media, the sample location, the Macro-Core@ sampler or 

split-spoon number (soils only), and sampling round. All other pertinent information regarding sample 

identification will be recorded in the field logbooks. Examples of the sample numbers to be used for this 

project are provided below and in Table 2-l. 

Soil Sample: S7SBOO10201 

S7 - Site 7 

SB - Soil Boring 

001 - Sampling Location 

02 - Macro-Core@ Sampler Number 

01 - Round 1 for Basewide Groundwater OU RI “-1x” 
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Groundwater Sample: S7GW7MWlOl (permanent well) 

S7 - Site 7 

GW - Groundwater 

7MWl - Existing well identification number * 

01 - Round 1 for#Basewide Groundwater OU RI 

Groundwater Sample: S3GW3TWlOl (temporary well) 

S3 - Site 3 

GW - Groundwater 

3TWl - Temporary well identification number 

01 - Round 1 for Basewide Groundwater OU RI 

2.13 SAMPLE PACKAGING AND SHIPPING 

Samples will be packaged and shipped in accordance with TtNUS SOP SA-6.1 (Appendix B). The FOL 

will be responsible for completing the following forms: 

l Sample Labels 

l Chain-ofCustody Forms 

l Chain-of-Custody Labels 

l Shipping Labels for Coolers 

l Express Mail Air Bills 

Groundwater samples collected during Phase 1 will be analyzed using either a 24-hour quick-turn 

turnaround time (VOCs at Sites 3 and 7 only) or a standard 21-day turnaround time (all other samples). 

Media sampled during Phase 2 will be analyzed using a standard 21 -day laboratory turnaround time. 

2.14 SAMPLE CUSTODY 

Custody of samples must be maintained and documented at all times as per TtNUS SOP SA-6.1 

(Appendix B). Chain-of-custody begins with the collection of samples in the field. A sample chain-of 

custody record is provided in Appendix A. 
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2.15 FIELD QUALITY CONTROL SAMPLES 
.,--k. 

Several types of QC samples will be collected or generated during environmental sampling activities. QC 

samples include ambient blanks, field duplicates, equipment rinsate blanks, source water blanks, and trip 

blanks. One ambient blank will be collected per medium sampled per sampling event. One source water 

blank will be collected per type of source water used for decontaminating sampling equipment. One 

duplicate sample will be collected per 10 units of a medium sampled. One trip blank will be shipped with 

each container of VOC samples, and one equipment rinsate blank will be collected per day of sampling. 

One equipment rinsate blank per dedicated sampling device type will also be collected during the RI. A 

summary of the QA/QC sample requirements is provided in Table 2-3. The fivetypes of field QC samples 

are defined as follows: 

Ambient Blanks. Ambient blanks are collected to check for background contamination during a sampling 

event. A minimum of one ambient blank will be collected per matrix during the RI. If ambient conditions 

change during the sampling event, then additional ambient blanks will be prepared and analyzed for each 

change. The need for additional ambient blanks will be determined by the FOL. Field personnel prepare 

ambient blanks by filling the sample containers with laboratory-grade deionized water while under typical 

sampling conditions. 

Field Duplicates. Field duplicates are obtained during a single act of sampling and are used to assess 

the overall precision of the sampling and analysis program. Field duplicates will be collected at a 

frequency of 10 percent per sampling matrix. Duplicates shall be analyzed by the laboratory for the same 

parameters as their environmental sample counterparts- 

Eauipment Rinsate Blanks. Equipment rinsate blanks are obtained under representative field conditions 

by running analyte-free water through decontaminated sample collection equipment (bailer, split-spoon, 

etc.). Equipment blanks will be used to assess the effectiveness of decontamination procedures. 

Equipment blanks will be collected for each type of non-dedicated sampling equipment used and will be 

submitted at a frequency of one per day per media. One equipment rinsate blank will also be collected 

from each dedicated sampling device for this RI. Equipment rinsate blanks’will be analyzed for the same 

suite of analytical parameters as the associated environmental samples and will be collected in the 

appropriate sample containers. 

Source Water Blank - Source water blanks are collected to assess the presence of contamination in the 

water used to decontaminate the sampling equipment. Field personnel prepare source water blanks. 

One source water blank is to be collected for each type of decontamination water (deionized water, tap 

water, etc.) used during this sampling event. 
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Trip Blanks. Trip blanks are included when analyzing for- VOCs will be prepared and provided by the 

subcontract laboratory. Trip blanks will remain with the sample containers at all times and are thus 

subjected to the same field conditions as the field samples. One trip blank will be included in every 

shipping cooler that contains samples for VOC analyses, regardless of sample matrix. 

2.16 RECORDKEEPING 

In addition to chain-of-custody records, certain standard forms will be completed to describe and 

document the samples. These forms shall include sample log sheets, boring logs, daily activity records, 

and logbooks. Each work team (i.e., sampling crew, well installation supervisor, etc.) shall maintain a 

bound, weatherproof notebook. All information related to sampling or field activities will be recorded in 

the field notebook. This information will include, but is not limited to, sampling time, weather conditions, 

unusual events, field measurements, and descriptions of photographs. 

A bound, weatherproof logbook shall be maintained by the FOL. The requirements are outlined in TtNUS 

SOP SA-6.3 (Appendix B). This book will contain a summary of the day’s activities and will reference the 

field notebooks when applicable. After the field activities are completed, the FOL shall submit all field 

records, data, field notebooks, logbooks, chain-of-custody receipts, sample log sheets, and daily activity 

logs to the project manager. 

Field Task Modification Request (FTMR) forms are specific forms initiated when a change or deviation 

from procedures in the project planning documents occurs. The procedure for requesting and recording 

field changes follows: 

l The FOL notifies the project manager of the need for the change. 

l If necessary, the project manager discusses the change with the appropriate individuals [the Navy 

RPM, TtNUS QAM]. Verbal approval or denial of the proposed change is given at this time. 

l The FOL documents the change on an FTMR form and forwards the form to the project manager at 

the earliest convenient time (e.g., end of the workweek). 

l The project manager signs the form and distributes copies to the Navy RPM, TtNUS QAM, FOL, and 

project file. 

l A copy of the completed FTMR form is attached to the field copy of the affected document. 
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ANALYTICAL METHODS, BOTTLE REQUIREMENTS, PRESERVATIVE REQUIREMENTS, AND HOLDING TIMES 
NSB-NLON, GROTON, CONNECTICUT 

PAGE 1 OF 3 

Parameter 

GROUNDWATER 

TCL VOCs (plus ethane and 
ethene) 

TCL SVOCs (minus PAHs) 

Polyaromatic Hydrocarbons 
(PAHs) 

Sample Container(‘) 

Glass, black phenolic plastic 
screw cap, Teflon-lined septum 

Amber glass, Teflon-lined cap 

Amber glass, Teflon-lined cap 

Container 
Volume 

(2)40 mL 

1000 mL 

1000 mL 

Preservation’*) Maximum Holding Analytical Methodology 
Timet3’ 

Cool to 4 ‘C, dark HCL to 14 days to analYSiS OLCO2.1 t4) 
pH < 2 

Coolto4"C 7 days to extraction; 14 OLCO2.1 t4) 
days to analysis 

Cool to 4 “C 7 days to extraction; 40 SW846 831 O(‘) 
davs to analvsis 

TCL Pesticides/PCB 

TAL Metals 
(total and dissolved) 

TOC 

Amber glass, Teflon-lined cap (2) 1000 mL Cool to 4 “C 7 days to extraction; 14 oLco2.1r4’ 
days to analysis 

Polyethylene bottle, plastic cap, 250 mL HN03 to pH < 2 180 days to analysis; ILM04.0r5’ 
plastic liner mercury 28 days to 

analysis 

Polyethylene bottle, plastic cap, 250 mL Cool to 4 “C, HCL or 28 days to analysis EPA Method 415.1@) 
plastic liner H2S04tOpH <2 

Alkalinity (as CaC03) 1 Polyethylene bottle, plastic cap, 1 250 mL / Cool to 4 “C 1 14 days to analysis I EPA Method 310.1@’ 

Hardness (as CaC03) 

plastic liner 

Polyethylene bottle, plastic cap, 250 mL HN03 to pH < 2 180 days to analysis EPA Method 130.16’ 
plastic liner 

Sulfate 

Nitrate 
Chloride 

Methane 

Sulfide 

Polyethylene bottle, plastic cap, 250 mL Cool to 4 “C 48 hours to analysis EPA Method 375.4@) 
plastic liner EPA Method 353.2@’ 

EPA Method 325.3@) 

Septated serum vial (2)30 mL HCLtopH<2 14 days to analysis EPA FISK SOP-l 75r7’ 

Polyethylene bottle, plastic cap, 1000 mL Cool to 4 “C, NaOH to 7 days to analysis EPA Method 376.2@) 
plastic liner pH > 12 

Ammonia 
I 

Polyethylene bottle, plastic cap, 1000 mL Codto4"C,H2S04to 28 days to analysis EPA Method 350. I@) 
plastic liner pHi2 I I 

Perchlorate 

Dioxins/Furans 

Lab will specify 

Amber glass, Teflon-lined lid 

Lab will specify Cool to4 “C 28 days to analysis California Method”’ 

(4) 1000 mL Cool to 4 “C 30 days to extraction; 45 SW846 8290”’ 
davs to analysis 

TSS 

TDS 

COD 

Polyethylene bottle, plastic cap, 250 mL Cool to 4 “C 7 days to analysis 
plastic liner 

Polyethylene bottle, plastic cap, 250 mL Cool to 4 “C 7 days to analysis 
plastic liner 

Amber glass, Teflon-lined lid 1000 mL Cool ta 4 “C, 28 days to analysis 
HCI to pH < 2 

I EPA Method 160.2@’ 
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Parameter Sample Container(‘) Container 
Volume 

Preservation(*) Maximum Holding 
Timet3’ 

Analytical Methodology 

SOIL 

TCL VOCs Encore Sampler (3) 5 g Cool to 4 “C 
Lab to preserve via low 
level method 

TCL SVOCs (minus PAHs) ,Glass, Teflon-lined cap Cool to 4 “C, dark 

Lab to preserve within 48 
hours of collection; 
Analysis must occur within 
14 days of preservation. 

14 days to extraction; 40 
days to analysis 

14 days to extraction; 40 
days to analysis 

14 days to extraction; 40 
days to analysis 

14 days to extraction; 40 
days to analysis 

180 days to analysis; 
except mercury 28 days to 
analysis 

SW846 827Or.? 

SW846 831 O(‘) 

SW846 8081 A(‘) 

PAHs Glass, Teflon-lined cap 8 oz. Cool to 4 “C 

TCL Pesticides 

TCL PCBs 

Glass, Teflon-lined cap 

Glass, Teflon-lined cap 

8 oz(“) Cool to 4 “C 

8 oz(“’ Cool to 4 “C SW846 8082(” 

Glass, Teflon-lined cap 8 oz(“) Cool to 4 “C 

Glass, Teflon-lined cap 8 oz. Cool to 4 “C 

TAL Metals 

Synthetic Precipitation 
Leaching Procedure (SPLP) 
PCBs 

14 days to extraction, 
14 days to method 8082 
extraction; 
40 days to analysis 

180 days to extraction; 
180 davs to analvsis 

30 days to extraction; 45 
davs to analysis 

None required 

SPLP Metals Glass, Teflon-lined cap 8 oz. 
I 

Cool to 4 “C 

Dioxins/Furans Glass, Teflon-lined cap 
I 

4 oz. coot to 4 “C 

Bulk Density ASTM D2937-94’12’ Shelby Tube 3 in diameter by 
36 in length”” 

None required 

Wide-mouthed jar, Teflon-lined 8 OZ(‘~’ Cool to 4 “C, dark 
cap 
Shelby Tube 3 in diameter by 

36 in length(“) 
None required 

Glass, Teflon-lined cap 4 oz. Cool to 4 “C 

SW846 9045C(‘) PH 

Porosity 

Analyze as soon as 
possible 

None required 

TOC 28 days to analysis 
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Container volume may vary based on laboratory. 
HCL = Hydrochloric acid, NaOH = Sodium hydroxide, HN03 = Nitric acid, H&04 = Sulfuric acid. 
All holding times are from date of collection. 
USEPA (U.S. Environmental Protection Agency) CLP, 1994. Statement of Work for Organic Analysis, Low-Concentration, OLC02.1. 
USEPA CLP, Statement of Work for Inorganic Analysis, Multi-Media, Multi-Concentration, ILM04.0. 
USEPA, 1983. Methods for Chemical Analvsis of Water and Wastes. 
USEPA, R.S. Kerr Environmental Laboratory, B.S. Newell, Sample Preparation and Calculations for Dissolved Gas Analysis in Water Samples Using a 
GC Headspace Equilibration Technique, Revision No. 0, August 1994. 
State of California, California Department of Health Services, June 3, 1997. Determination of Perchlorate by Ion Chromatography, Rev. 0. 
USEPA, June 14, 1997. Test Methods for Evaluating Solid Waste Physical/Chemical Methods (SW846) Third Edition, up to and including Update III. 
For soil samples, a single 8-ounce jar will provide sufficient sample volume for semivolatile organic% pesticides, PCBs, metals, and pH analyses. 
A single Shelby tube will provide sufficient sample volume for both bulk density and porosity analyses. 
American Society for Testing and Materials, Volume 4.08, Soil and Rock. 
The TCL and TAL constituents are defined in Tables l-l through l-3 of the QAPP (Appendix C). 
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SUMMARY OF SAMPLING ACTIVITIES 
NSB-NLON, GROTON, CONNECTICUT 

PAGE 1 OF 23 

Sample I.D. Sample Sample Depth Analytical Parameters Sample Rationale 
Location (fi) 

GROUNDWATER MONITORING PLAN FOR THE AREA A LANDFILL - SITE 1, SITE ZA, SITE 28, and SITE 4 
Groundwater Samples 

2LGW3MW37S”’ 3MW37S OVERBURDEN VOCs, SVOCs, metals, Monitor groundwater downgradient of the western 
TOC, TSS, TDS, COD, portion of the landfill. 
alkalinity, hardness, 
chlorides, sulfates 

2LGW2WMW38DS”’ 2WMW38DS OVERBURDEN VOCs, SVOCs, metals, Monitor groundwater downgradient of the western 
TOC, TSS, TDS, COD, portion of the landfill. 
alkalinity, hardness, 
chlorides, sulfates 

2LGW2WMW39DS”’ 2WMW39DS OVERBURDEN VOCs, SVOCs, metals, Monitor groundwater along wetland boundary. 
TOC, TSS, TDS, COD, 
alkalinity, hardness, 
chlorides, sulfates 

2LGW2WMW40DS”’ 2WlMW40DS OVERBURDEN VOCs, SVOCs, metals, Monitor groundwater along wetland boundary. 
TOC, TSS, TDS, COD, 
alkalinity, hardness, 
chlorides, sulfates 

2LGW2WMW41 DS”’ 2WMW41DS OVERBURDEN VOCs, SVOCs, metals, Monitor groundwater along wetland boundary. 
TOC, TSS, TDS, COD, 
alkalinity, hardness, 
chlorides, sulfates 

2LGW2WMW42DS”’ 2~~~42~s OVERBURDEN VOCs, SVOCs, metals, Monitor groundwater along wetland boundary. 
TOC, TSS, TDS, COD, 
alkalinity, hardness, 
chlorides, sulfates 
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Sample I.D. 

2LGW2WMW43DS”’ 

2LGW2WMW44DS”’ 

2LGW2WMW45DS”’ 

2LGW2WMW46DS”’ 

2LGW2WMW47DS”’ 

Sample Sample Depth Analytical Parameters 
Location wt) 

2WMW43DS OVERBURDEN VOCs, SVOCs, metals, 
TOC, TSS, TDS, COD, 
alkalinity, hardness, 
chlorides, sulfates 

2WMW44DS OVERBURDEN VOCs, SVOCs, metals, 
TOC, TSS, TDS, COD, 
alkalinity, hardness, 
chlorides, sulfates 

2WMW45DS OVERBURDEN VOCs, SVOCs, metals, 
TOC, TSS, TDS, COD, 
alkalinity, hardness, 
chlorides, sulfates 

2WMW46DS OVERBURDEN VOCs, SVOCs, metals, 
TOC, TSS, TDS, COD, 
alkalinity, hardness, 
chlorides, sulfates 

2WMW47DS OVERBURDEN VOCs, SVOCs, metals, 
TOC, TSS, TDS, COD, 
alkalinity, hardness, 
chlorides, sulfates 

Sample Rationale 

Monitor groundwater along wetland boundary. 

Monitor groundwater along wetland boundary. 

Monitor groundwater along wetland boundary. 

Monitor groundwater along wetland boundary. 

Monitor groundwater along wetland boundary. 

SITE 3 -AREA A DOWNSTREAM WATERCOURSES AND OBDA 

Soil Samples 

S3SB3MW14501 3MW14S TBD TOC, Bulk Density, pH, Determine TOC, Bulk Density, pH, and porosity in 
Porosity overburden aquifer for use in groundwater modeling. 

Groundwater Samples 

1 S3GW3TWlOl I 3TWl 1 OVERBURDEN 1 VOCs - quick turn 1 Determine lateral extent and source of VOC 1 

S3GW3TV’.‘201 
(Tentative) 

3TW2 

contamination. 

OVERBURDEN VOCs - quick turn Determine lateral extent and source of VOC 
contamination. 



TABLE 2-1 

SUMMARY OF SAMPLING ACTIVITIES 
NSB-NLON, GROTON, CONNECTICUT 

PAGE 3 OF 23 

S3GW3TW401 

S3GW3TW501 
(Tentative) 

S3GW3TW601 
(Tentative) 

3TW4 

3TW5 

3TW6 

S3GW3TW901 
(Tentative) 

s3G~w3TW1001 r 
I 

3Tw9 

3TWlO 

S3GW3TWllOl 
(Tentative) 

S3GW3TW1201 
(Tentative) 

S3GW3TW1301 
(Tentative) 

S3GW3TW1401 
(Tentative) 

S3GW3TW1501 

3TWll 

3TW12 

3TWl3 

3TW14 

3TW15 

S3GW3TW1601 
(Tentative) 

3TW16 

Sample Depth Analytical Parameters Sample Rationale 

(fi) 

OVERBURDEN VOCs - quick turn Determine lateral extent and source of VOC 
contamination. 

OVERBURDEN VOCs - quick turn Determine lateral extent and source of VOC 
contamination. 

OVERBURDEN VOCs - quick turn Determine lateral extent and source of VOC 
contamination. 

OVERBURDEN VOCs - quick turn Determine lateral extent and source of VOC 
contamination. 

OVERBURDEN VOCs - quick turn 

I 

Determine lateral extent and source of VOC 
contamination. 

OVERBURDEN VOCs - quick turn Determine lateral extent and source of VOC 
contamination. 

OVERBURDEN VOCs - quick turn Determine lateral extent and source of VOC 
contamination. 

OVERBURDEN VOCs - quick turn 

I 

Determine lateral extent and source of VOC 
contamination. 

OVERBURDEN VOCs - quick turn Determine lateral extent and source of VOC 
contamination. 

OVERBURDEN VOCs - quick turn Determine lateral extent and source of VOC 
contamination. 

OVERBURDEN VOCs - quick turn Determine lateral extent and source of VOC 
contamination. 

OVERBURDEN VOCs - quick turn Determine lateral extent and source of VOC 
contamination. 

OVERBURDEN VOCs - quick turn Determine lateral extent and source of VOC 
contamination. 

OVERBURDEN VOCs - quick turn Determine lateral extent and source of VOC 
contamination. 
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Sample I.D. 

S3GW3TWl701 

Sample Sample Depth 
Location (fit) 

3TW17 OVERBURDEN 

S3GW3TW2001 
(Tentative) 

3TW20 OVERBURDEN 

S3GW3lW2301 
(Tentative) 

S3GW3TW2401 
(Tentative) 

S3GW3TW2501 

3TW23 OVERBURDEN 

3TW24 OVERBURDEN 

3TW25 OVERBURDEN 

S3GW3lW2801 
(Tentative) 

3TW28 OVERBURDEN VOCs - quick turn 

Analytical Parameters Sample Rationale 

VOCs - quick turn Determine lateral extent and source of VOC 
contamination. 

VOCs - quick turn 

VOCs - quick turn 

Determine lateral extent and source of VOC 
contamination. 

Determine lateral extent and source of VOC 
contamination. , 

VOCs - quick turn 

VOCs - quick turn 

VOCs - quick turn 

I 

Determine lateral extent and source of VOC 
contamination. 

I 

1 Determine lateral extent and source of VOC 
contamination. 

Determine lateral extent and source of VOC 
contamination. 

VOCs - quick turn 

VOCs - quick turn 

1 Determine lateral extent and source of VOC 
contamination. 

Determine lateral extent and source of VOC 
I contamination. 

VOCs - quick turn Determine lateral extent and source of VOC 
contamination. 

VOCs - quick turn 

VOCs - quick turn 

Determine lateral extent and source of VOC 
contamination. 

Determine lateral extent and source of VOC 
contamination. 

Determine lateral extent and source of VOC 
contamination. 

! 
i 

‘I 
i 
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Sample I.D. 

S3GW3MW13DOl 

S3GW3MW14SOl 

S3GW3MW14001 

S3GW3MW15SOl 

S3GW3MW15DOl 

S3GW3MW16SOl 

S3GW3MW16DOl 

S3GW3MW17SOl 

S3GW3MW17DOl 

S3GW3MW18SOl 

S3GW3MWi8DOl 

Sample 
Location 

3MW13D 

3MW14S 

3MWl4D 

3MW15S 

3MW15D 

3MW16S 

3MW16D 

3MW17S 

3MW17D 

3MW18S 

3MW18D 
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Sample Depth Analytical Parameters Sample Rationale 

m 

BEDROCK VOCs, SVOCs, metals Determine lateral extent of VOC, SVOC, metals, and 
(total and dissolved), pesticide contamination at OBDA pond. 
pesticides, natural 
attenuation parameters, 
TSS, TDS 

OVERBURDEN VOCs, natural attenuation Determine lateral extent of VOC contamination. 
parameters 

BEDROCK VOCs, natural attenuation Determine lateral and vertical extent of VOC 
parameters contamination. 

OVERBURDEN VOCs, natural attenuation Determine lateral extent of VOC contamination. 
parameters 

BEDROCK VOCs, natural attenuation Determine lateral and vertical extent of VOC 
parameters contamination. 

OVERBURDEN VOCs, natural attenuation Determine lateral extent of VOC contamination. 
parameters 

BEDROCK VOCs, natural attenuation Determine lateral and vertical extent of VOC 
parameters contamination. 

OVERBURDEN VOCs, natural attenuation Determine lateral extent of VOC contamination. 
parameters 

BEDROCK VOCs, natural attenuation Determine lateral and vertical extent of VOC 
parameters contamination. 

OVERBURDEN VOCs, natural attenuation Determine lateral extent of VOC contamination. 
parameters 

BEDROCK VOCs, natural attenuation Determine lateral and vertical extent of VOC 
parameters contamination. 



Sample I.D. 

S3GW2DMWlODOl 

S3GW2DMWll SO1 

S3GW2DMWll DO1 2DMWll D 

S3GW3MW12SOl 3MW12S 

S3GW3MW12DOl 

S3GW2DMW15DOl 

S3GW2DMW16SOl 

Sample 
Location 

2DMWl OD 

2DMWll S 

3MW12D 

2DMW15D 

2DMW16S 
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Sample Depth Analytical Parameters 

(W 

BEDROCK VOCs, SVOCs, metals 
(total and dissolved), 
pesticides, natural 
attenuation parameters, 
TSS, TDS 

OVERBURDEN VOCs, SVOCs, metals, 
pesticides, natural 
attenuation parameters, 
TSS, TDS 

BEDROCK VOCs, SVOCs, metals, 
pesticides, natural 
attenuation parameters, 
TSS, TDS 

OVERBURDEN VOCs, SVOCs, metals, 
pesticides, natural 
attenuation parameters, 
TSS, TDS 

Sample Rationale 

Determine lateral and vertical extent of VOC, SVOC, 
metals, and pesticide contamination. 

Determine lateral extent of VOC, SVOC, metals, and 
pesticide contamination. 

Determine lateral and vertical extent of VOC, SVOC, 
metals, and pesticide contamination. 

BEDROCK VOCs, SVOCs, metals, 
pesticides, natural 
attenuation parameters, 
TSS, TDS 

BEDROCK VOCs, SVOCs, metals, 
pesticides, natural 
attenuation parameters, 
TSS, TDS 

OVERBURDEN VOCs, SVOCs, metals 
(total and dissolved), 
pesticides, natural 
attenuation parameters, 
TSS, TDS 

Determine lateral and vertical extent of VOC, SVOC, 
metals, and pesticide contamination. 

Note: analyticaldata from this sample will also be 
used to evaluate groundwater at the Area A Landfill. 

Determine lateral extent of VOC, SVOC, -metals, and 
pesticide contamination. 

Note: analytical data from this sample will also be 
used to evaluate groundwater at the Area A Landfill. 

Determine lateral extent of VOC, SVOC, metals, and 
pesticide contamination. 

Determine lateral extent of VOC, SVOC, metals, and 
pesticide contamination. 

i 



TABLE 2-1 

Sample I;D. 

S3GW2DMW16DOl 

S3GW2DMW23DOl 

S3GW2DMW24SOl 

S3GW2DMW24DOl 

1 S3GW2DMW25SOl 

~ 

S3GW2DMW25DOl 

S3GW2DMW26SOl 

Sample 
Location 

2DMW16D 

2DMW23D 

2DMW24S 

2DMW24D 

2DMW25S 

2DMW25D 

2DMW26S 

Sample Depth 

(fit) 

BEDROCK 

BEDROCK 

OVERBURDEN 

BEDROCK 

OVERBURDEN 

BEDROCK 

OVERBURDEN 

SUMMARY OF SAMPLING ACTIVITIES 
NSB-NLON, GROTON, CONNECTICUT 
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Analytical Parameters Sample Rationale 

VOCs, SVOCs, metals, 
pesticides, natural 
attenuation parameters, 
TSS, TDS 

VOCs, SVOCs, metals, 
pesticides, natural 
attenuation parameters, 
TSS, TDS 

VOCs, SVOCs, metals, 
pesticides, natural 
attenuation parameters, 
TSS, TDS 

VOCs, SVOCs, metals, 
pesticides, natural 
attenuation parameters, 
TSS, TDS 

VOCs, SVOCs, metals, 
pesticides, natural 
attenuation parameters, 
TSS, TDS 

VOCs, SVOCs, metals, 
pesticides, natural 
attenuation parameters, 
TSS, TDS 

VOCs, SVOCs, metals, 
pesticides, natural 
attenuation parameters, 
TSS, TDS 

Determine lateral and vertical extent of VOC, SVOC, 
metals, and pesticide contamination. 

Determine lateral and vertical extent of VOC, SVOC, 
metals, and pesticide contamination. 

Determine lateral extent of VOC, SVOC, metals, and 
pesticide contamination. 

Determine lateral and vertical extent of VOC, SVOC, 
metals, and pesticide contamination. 

Determine lateral extent of VOC, SVOC, metals, and 
pesticide contamination. 

Determine lateral and vertical extent of VOC, SVOC, 
metals, and pesticide contamination. 

Determine lateral extent of VOC, SVOC, metals, and 
pesticide contamination. 
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pesticide contamination. 

pesticide contamination. 

attenuatton parameters, 

S3GW2DMW30SOl 
pesticides, natural pesticide contamination. 
attenuation parameters, 
TSS, TDS 
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Sample I.D. Sample Sample Depth Analytical Parameters 
Location (fit) 

SITE 7 - TORPEDO SHOPS 

Soil Samples 

S7SBO170201 7TB17 TBD VOCs, SVOCs, metals 

S7SBO180201 7TBl8 TBD VOCs, SVOCs, metals 

S7SBT7W801 7TW8 TBD VOCs, SVOCs, metals 

S7SB7TW901 7Tw9 TBD VOCs, SVOCs, metals 

S7SB7TWlOOl 7TWlO -. TBD VOCs, SVOCs, metals 

S7SB7TWlOl 7TWl TBD TOC, Bulk Density, pH, 
porosity 

Groundwater Samples 

S7GW7TWlOl 7TWl. OVERBURDEN VOCs-quick turn 

S7GW7TW201 7lw2 OVERBURDEN VOCs-quick turn 

S7GW7TW301 7TW3 OVERBURDEN VOC-quick turn 

S7GW7TW401 7TW4 OVERBURDEN VOCs-quick turn 

S7GW7lVV501 7TW5 OVERBURDEN VOCs-quick turn 

S7GW7TIV60 1 7TW6 OVERBURDEN VOCs-quick turn 

Sample Rationale 

Determine the absence or presence of subsurface soil 
contamination. 

Determine the absence or presence of subsurface soil 
contamination. 

Determine the absence or presence of subsurface soil 
contamination. 

Determine the absence or presence of subsurface soil 
contamination. 

Determine the absence or presence of subsurface soil 
contamination. 

Determine TOC, Bulk Density, pH, and porosity in 
overburden aquifer for use in groundwater modeling. 

Determine lateral extent and source of VOC 
contamination. 

Determine lateral extent and source of VOC 
contamination. 

Determine lateral extent and source of VOC 
contamination. 

Determine lateral extent and source of VOC 
contamination. 

Determine lateral extent and source of VOC 
contamination. 

Determine lateral extent and source of VOC 
contamination. 
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Sample I.D. 

S7GW7TW701 

S7GW7TW801 

S7GW7TWO9 

S7GW7TWlO 

S7GW7MWl DO1 

S7GW7MW2SOl 

S7GW7MW2DOl 

S7GW7MW3SOl 

Sample 
Location 

7TW7 

7TW8 

7Tw9 

7TWlO 

7MWl D 

7MW2S 

7MW2D 

7MW3S 

Sample Depth Analytical Parameters Sample Rationale 

(fit) 

OVERBURDEN VOCs-quick turn Determine lateral extent and source of VOC 
contamination. 

OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
natural attenuation contamination. 
parameters, perchlorate, 
TSS, TDS 

OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
natural attenuation contamination. 
parameters, perchlorate, 
TSS, TDS 

OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
natural attenuation contamination. 
parameters, perchlorate, 
TSS, TDS 

BEDROCK VOCs, SVOCs, metals Determine the lateral and vertical extent of 
(total and dissolved), groundwater contamination. 
natural attenuation 
parameters, perchlorate, 
TSS, TDS 

OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
natural attenuation contamination. 
parameters, perchlorate, 
TSS, TDS 

BEDROCK VOCs, SVOCs, metals, Determine the lateral and vertical extent of 
natural attenuation groundwater contamination. 
parameters, perchlorate, 
TSS, TDS 

OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
natural attenuation contamination. 
parameters, perchlorate, 
TSS, TDS 

1 > i 
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Sample I.D. 

S7GW7MW3DOl 

S7GW7MW4SOl 

S7GW7MW5SOl 

S7GW7MW5DOl 

S7GW7MWGSOl 

S7GW7MW7SOl 

S7GWIMW8SOl 

Sample 
Location 

7MW3D 

7MW4S 

7MW5S 

7MW5D 

7MW6S 

7MW7S 

7MW8S 

Sample Depth 

(fit) 

OVERBURDEN 

BEDROCK 

OVERBURDEN/ 
BEDROCK 

BEDROCK 

OVERBURDEN 

BEDROCK 

OVERBURDEN 

Analytical Parameters 

VOCs, SVOCs, metals, 
natural attenuation 
parameters, perchlorate, 
TSS, TDS 

VOCs, SVOCs, metals, 
natural attenuation 
parameters, perchlorate, 
TSS, TDS 

VOCs, SVOCs, metals, 
natural attenuation 
parameters, perchlorate, 
TSS, TDS 

VOCs, SVOCs, metals, 
natural attenuation 
parameters, perchlorate, 
TSS, TDS 

VOCs, SVOCs, metals, 
natural attenuation 
parameters, perchlorate, 
TSS, TDS 

VOCs, SVOCs, metals, 
natural attenuation 
parameters, perchlorate, 
TSS, TDS 

VOCs, SVOCs, metals, 
natural attenuation 
parameters, perchlorate, 
TSS, TDS 

Sample Rationale 

Determine the lateral extent of groundwater 
contamination. 

Determine the lateral and vertical extent of 
groundwater contamination. 

Determine the lateral and vertical extent of 
groundwater contamination. 

Determine the lateral and vertical extent of 
groundwater contamination. 

Determine the lateral extent of groundwater 
contamination. 

Determine the lateral and vertical extent of 
groundwater contamination. 

Determine the lateral extent of groundwater 
contamination. 



TABLE 2-1 

SUMMARY OF SAMPLING ACTIVITIES 
NSB-NLON, GROTON, CONNECTICUT 

PAGE 12 OF 23 

Sample I.D. 1 Sample 
I Location 

S7GW7MWl OS01 7MWl OS OVERBURDEN 

S7GW7MWll SO1 7MWll S OVERBURDEN 

S7GWB325MWlOl B325-MWI 

S7GWB325MW201 B325-MW2 

S7GWB325MW301 B325-MW3 

ir:rruruu,l 

Sample Depth 

(fit) 

OVERBURDEN 

OVERBURDEN/ 
BEDROCK 

BEDROCK 

OVERBURDEN 

OVERBURDEN 

Analytical Parameters 

VOCs, SVOCs, metals, 
natural attenuation 
parameters, perchlorate, 
TSS, TDS 

VOCs, SVOCs, metals 
(total and dissolved), 
natural attenuation 
parameters, perchlorate, 
TSS, TDS 

VOCs, SVOCs, metals, 
natural attenuation 
parameters,perchlorate, 
TSS, TDS 

VOCs, SVOCs, metals, 
natural attenuation 
parameters, perchlorate, 
TSS, TDS 

VOCs, SVOCs, metals, 
natural attenuation 
parameters, perchlorate, 
TSS, TDS 

VOCs, SVOCs, metals, 
natural attenuation 
parameters, perchlorate, 
TSS, TDS 

VOCs, SVOCs, metals, 
natural attenuation 
parameters, perchlorate, 
TSS, TDS 

Sample Rationale 

Determine the lateral extent of groundwater 
contamination. 

Determine the lateral extent of groundwater 
contamination. 

Determine the lateral extent of groundwater 
contamination. 

Determine the lateral and vertical extent of 
groundwater contamination. 

Determine the lateral and vertical extent of 
groundwater contamination. 

Determine the lateral extent of groundwater 
contamination. 

Determine the lateral extent of groundwater 
contamination. 

\ 
i 
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Sample I.D. Sample Sample Depth Analytical Parameters Sample Rationale 
Location (fi) 

SITE 14 - OBDANE 

Groundwater Samples 

S14GW14MW1S01 1 14MWlS 1 OVERBURDEN 1 VOCs, metals, TSS, TDS 1 Determine the extent of groundwater contamination. 

SITE 20 -AREA A WEAPONS CENTER 

Groundwater Samples 

S2OGW2WCMWl SO1 2WCMWl S OVERBURDEN VOCs, SVOCs, metals, Determine the nature of groundwater contamination. 
perchlorate, TSS, TDS 

S20GW2WCMW2SOl 2WCMW2S OVERBURDEN VOCs, SVOCs, metals, Determine the nature of groundwater contamination. I.’ ,-’ 
perchlorate, TSS, TDS ..,L x:;- 

S20GW2WCMW3SOl 2WCMW3S OVERBURDEN VOCs, SVOCs, metals Determine the nature of groundwater contamination. M 
(total and dissolved), 
perchlorate, TSS, TDS .I 

S20GW2WMW4DOl 2WMW4D BEDROCK VOCs, SVOCs, metals, Determine the nature of groundwater contamination. :$ 
perchlorate, TSS, TDS 

; . 

b 
SITE i6 - HOSPITAL INCINERATORS 

4 

Soil Samples 

sl6sBoololoi 16TBl 0 to 1 VOCs, SVOCs, metals, 
pesticides, PCBs, 
dioxinslfurans, SPLP 
PCBs and metals 

Determine the absence or presence of subsurface soil 
contamination. 

S16SB0010201 16TBl TBD VOCs, SVOCs, metals, 
pesticides, PCBs, 
dioxins/furans, SPLP 
PCBs and metals 

Determine the absence or presence of subsurface soil 
contamination. 

. 

S16SB0020101 16TB2 0 to 1 VOCs, SVOCs, metals, 
pesticides, PCBs, 
dioxinslfurans, SPLP 
PCBs and metals 

Determine the absence or presence of subsurface soil 
contamination. 
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Sample I.D. Sample Sample Depth Analytical Parameters Sample Rationale 
Location (fit) 

S16SB0020201 16TB2 TBD VOCs, SVOCs, metals, Determine the absence or presence of subsurface soil 
pesticides, PCBs, contamination. 
dioxins/furans, SPLP 
PCBs and metals 

S16SB0030101 16TB3 0 to 1 VOCs, SVOCs, metals, Determine the absence or presence of subsurface soil 
pesticides, PCBs, contamination. 
dioxins/furans, SPLP 
PCBs and metals 

S16SBOO30201 16TB3 TBD VOCs, SVOCs, metals, Determine the absence or presence of subsurface soil 
pesticides, PCBs, contamination. 
dioxinslfurans, SPLP 
PCBs and metals 

S16SB0040101 16TB4 0 to 1 VOCs, SVOCs, metals, Determine the absence or presence of subsurface soil 
pesticides, PCBs, contamination. 
dioxins/furans, SPLP 

. ,. : PCBs and metals 

S16SB0040201 16TB4 TBD VOCs, SVOCs, metals, Determine the absence or presence of subsurface soil 
pesticides, PCBs, contamination. 
dioxins/furans, SPLP 
PCBs and metals 

s16sB0050101 16TB5 0 to 1 VOCs, SVOCs, metals, Determine the absence or presence of subsurface soil 
pesticides, PCBs, contamination. 
dioxins/furans, SPLP 
PCBs and metals 

S 16SB00502~0 1 16TB5 TBD VOCs, SVOCs, metals, Determine the absence or presence of subsurface soil 
pesticides, PCBs, contamination. 
dioxins/furans, SPLP 
PCBs and metals 

S16SB0060101 16TB6 0 to 1 VOCs, SVOCs, metals, Determine the absence or presence of subsurface soil 
pesticides, PCBs, contamination. 
dioxins/furans, SPLP 
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Sample I.D. 

S16SBOO60201 

S16SB0070101 

Sample 
Location 

16TB6 

16TB7 

Sample Depth Analytical Parameters Sample Rationale 

(fi) 
PCBs and metals 

TBD VOCs, SVOCs, metals, Determine the absence or presence of subsurface soil 
pesticides, PCBs, contamination. 
dioxins/furans, SPLP 
PCBs and metals 

0 to 1 VOCs, SVOCs, metals, Determine the absence or presence of subsurface soil 
pesticides, PCBs, contamination. 
dioxins/furans, SPLP 
PCBs and metals 

S16SBOO70201 16TB7 

s16sB0080101 16TB8 

TBD 

0 to 1 

VOCs, SVOCs, metals, 
pesticides, PCBs, 
dioxins/furans, SPLP 
PCBs and metals 

VOCs, SVOCs, metals, 
pesticides, PCBs, 
dioxins/furans, SPLP 
PCBs and metals 

Determine the absence or presence of subsurface soil 
contamination. 

Determine the absence or presence of subsurface soil 
contamination. 

S16SB0080201 16TB8 TBD VOCs, SVOCs, metals, 
pesticides, PCBs, 
dioxinslfurans, SPLP 
PCBs and metals 

Determine the absence or presence of subsurface soil 
contamination. 

S16SS0010101 16SSl 0 to 1 VOCs, SVOCs, metals, 
pesticides, PCBs, 
dioxinslfurans, SPLP 
PCBs and metals 

Determine the absence or presence of contamination 
in a storm water drainage path. 

brounawater samples 

1 S16GW16lw101 1 16TWl 1 OVERBURDEN 1 VOCs, SVOCs, metals, 1 Determine the absence or presence of groundwater 1 
pesticides, PCBs, contamination. 
dioxins/furans, TSS, TDS 



TABLE 2-1 

Sample I.D. 

S16GW16TW201 

S16GWl6TW301 

Sample Sample Depth 
Location (fit) 

16TW2 OVERBURDEN 

16TW3 OVERBURDEN 

S16GWT16W401 16TW4 OVERBURDEN 
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Analytical Parameters 1 Sample Rationale 

VOCs, SVOCs, metals, 
pesticides, PCBs, 
dioxins/furans, TSS, TDS 

VOCs, SVOCs, metals, 
pesticides, PCBs, 
dioxins/furans, TSS, TDS 

VOCs, SVOCs, metals, 
pesticides, PCBs, 
dioxins/furans, TSS, TDS 

Determine the absence or presence of groundwater 
contamination. 

Determine the absence or presence of groundwater 
contamination. 

Determine the absence or presence of groundwater 
contamination. 

L I I 

SITE 8 - GOSS COVE LANDFILL 

Groundwater Samples 

S8GW8MWlOl 8MWl OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS 

S8GW8MW2SOl 8MW2S OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS 

S8GW8MW2DOl 8MW2D OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS 

S8GW8MW301 8MW3 OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS 

S8GW8MW401 8MW4 OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS 

S8GW8MW5SOl 8MW5S OVERBURDEN VOCs, SVOCs, metals Determine the lateral extent of groundwater 
(total and dissolved), contamination. 
pesticides, PCBs, TSS, 
TDS 
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Sample I.D. Sample Sample Depth Analytical Parameters Sample Rationale 
Location (fit) 

S8GW8MW6SOl 8MW6S OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS 

S8GW8MW6DOl 8MW6D OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS 

S8GW8MW7SOl 8MW7S OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS 

S8GW8MW9SOl 8MW9S BEDROCK VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS 

SITE 15 - SPENT ACID STORAGE AND DISPOSAL AREA 

Groundwater Samples 

S15GW15MW1SOI 15MWl S OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
TSS, TDS contamination. 

S15GW15MW1D01 15MWl D 

S15GW15MW2SOl 15MW2S 

S15GW15MW3SOl 15MW3S 

OVERBURDEN VOCs, SVOCs, metals, 
TSS, TDS 

OVERBURDEN VOCs, SVOCs, metals, 
TSS, TDS 

OVERBURDEN VOCs, SVOCs, metals, 
TSS, TDS 

Determine the lateral and vertical extent of 
groundwater contamination. 

Determine the lateral extent of groundwater 
contamination. 

Determine the lateral extent of groundwater 
contamination. 

SITE 18 - SOLVENT STORAGE AREA (BUILDING 33) 

Soil Samples 

s18sB0010101 18TBl 0 to 1 VOCs, SVOCs, metals, 
pesticides, PCBs, SPLP 
PCBs and metals 

Determine the absence or presence of subsurface soil 
contamination. 
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-I- 
Sample Rationale Sample I.D. Sample 

Location 

18TBl 

Sample Depth 

(fit) 

TBD 

Analytical Parameters 

Determine the absence or presence of subsurface soil 
contamination. 

Determine the absence or presence of subsurface soil 
contamination. 

S18SB0010201 VOCs, SVOCs, metals, 
pesticides, PCBs, SPLP 
PCBs and metals 

VOCs, SVOCs, metals, 
pesticides, PCBs, SPLP 
PCBs and metals 

18TB2 0 to 1 

S18SB0020201 18TB2 TBD VOCs, SVOCs, metals, 
pesticides, PCBs, SPLP 
PCBs and metals 

Determine the absence or presence of subsurface soil 
contamination. 

Determine the absence or presence of subsurface soil 
contamination. 

Determine the absence or presence of subsurface soil 
contamination. 

18TB3 0 to 1 VOCs, SVOCs, metals, 
pesticides, PCBs, SPLP 
PCBs and metals 

VOCs, SVOCs, metals, 
pesticides, PCBs, SPLP 
PCBs and metals 

VOCs, SVOCs, metals, 
pesticides, PCBs, SPLP 
PCBs and metals 

VOCs, SVOCs, metals, 
pesticides, PCBs, SPLP 
PCBs and metals 

18TB3 TBD 

18TB4 0 to 1 Determine the absence or presence of subsurface soil 
contamination. 

S18SB0040101 

18TB4 TBD Determine the absence or presence of subsurface soil 
contamination. 

Determine the absence or presence of subsurface soil 
contamination. 

VOCs, SVOCs, metals, 
pesticides, PCBs, SPLP 
PCBs and metals 

VOCs, SVOCs, metals, 
pesticides, PCBs, SPLP 
PCBs and metals 

0 to 1 18TB5 

Determine the absence or presence of subsurface soil 
contamination. 

TBD 18TB5 

i 
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Sample I.D. Sample Sample Depth Analytical Parameters Sample Rationale 
Location (fit) 

Groundwater Samples 

S18GW18TWl01 18TWl OVERBURDEN VOCs, SVOCs, metals, Determine the absence or presence of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS 

s18GW18TW201 18TW2 OVERBURDEN VOCs, SVOCs, metals, Determine the absence or presence of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS f 

SITE 23 - FUEL FARM 
.“l, 

Soil Samples 

1 S23SB23MW02SOl 1 23MW2S 1 TBD I TOC, Bulk Density, pH, 
1 porosity 

I Determine TOC, Bulk Density, pH, porosity in 
1 overburden aquifer for use in groundwater modeling. 

S23SB23MW04SOl 

I 

23MW04S 

I 

TBD TOC, Bulk Density, pH, Determine TOC, Bulk Density, pH, porosity in 
porosity overburden aquifer for use in groundwater modeling. 

Groundwater Samples 

S23GW23MW02SO-l 

,I 
S23GW23MW02DOl 

23MW02S 

23MW02D 

23MW03D 

OVERBURDEN 

BEDROCK 

BEDROCK 

VOCs, SVOCs, metals 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS, natural attenuation 
parameters 

VOCs, SVOCs, metals, 
pesticides, PCBs, TSS, 
TDS, natural attenuation 
parameters 

VOCs, SVOCs, metals, 
pesticides, PCBs, TSS, 
TDS, natural attenuation 
parameters 

Determine the lateral extent of groundwater 
contamination. 

Determine the lateral extent of groundwater 
contamination. 

Determine lateral extent of groundwater 
contamination. 
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Sample I.D. 

S23GW23MW04SOl 

S23GW23MW04DOl 

S23GWHNUS201 

S23GWHNUS501 

S23GWHNUS701 

S23GWHNUS901 

S23GWHNUSI 101 

Sample Sample Depth Analytical Parameters Sample Rationale 
Location (fu 

23MW04S OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS, natural attenuation 
parameters 

23MW04D BEDROCK VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS, natural attenuation 
parameters 

HNUS-2 OVERBURDEN VOCs, SVOCs, metals Determine the lateral extent of groundwater 
(total and dissolved), contamination. 
pesticides, PCBs, TSS, 
TDS, natural attenuation 
parameters 

HNUS-5 OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS, natural attenuation 
parameters 

HNUS-7 OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS, natural attenuation 
parameters 

HNUS9 OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS, natural attenuation 
parameters 

HNUS-11 OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS, natural attenuation 
parameters 
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Sample I.D. Sample 
Location 

S23GWHNUS1301 HNUS-13 

S23GWHNUS1401 HNUS-14 

S23GWHNUS1701 HNUS-17 

S23GWHNUS2001 HNUS-20 

-- -_----.._.- -___-_ -- 

Sample Depth Analytical Parameters 

(fit) 

OVERBURDEN VOCs, SVOCs, metals, 
pesticides, PCBs, TSS, 
TDS, natural attenuation 
parameters 

OVERBURDEN VOCs, SVOCs, metals, 
pesticides, PCBs, TSS, 
TDS, natural attenuation 
parameters 

OVERBURDEN VOCs, SVOCs, metals, 
pesticides, PCBs, TSS, 
TDS, natural attenuation 
parameters 

OVERBURDEN VOCs, SVOCs, metals, 
pesticides, PCBs, TSS, 
TDS, natural attenuation 
parameters 

Sample Rationale 

Determine the lateral extent of groundwater 
contamination. 

Determine the lateral extent of groundwater 
contamination. 

Determine the lateral extent of groundwater 
contamination. 

Determine the lateral extent’of groundwater 
contamination. 

BACKGROUND 

Groundwater 

SAMPLES 

1 NORTHERN REGION I 
S2GW2LMW20SOl 2LMW20S OVERBURDEN VOCs, SVOCs, metals 

(total and dissolved), 
pesticides, PCBs, TSS, 
TDS, chlorides 

Determine the background groundwater conditions. 

S2GW2WMW21SOl 2WMw21 s OVERBURDEN VOCs, SVOCs, metals Determine the background groundwater conditions. 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS, chlorides 
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SUMMARY OF SAMPLING ACTIVITIES 
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Sample I.D. 

S2GW2WMW21 DO1 

S2GW2WMW22SOl 

S2GW2WMW22DOl 

S4GW4MWl SO1 

Sample Sample Depth Analytical Parameters Sample Rationale 
Location (fi) 

2WMW21D BEDROCK VOCs, SVOCs, metals Determine the background groundwater conditions. 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS, chlorides 

2WMW22S OVERBURDEN VOCs, SVOCs, metals Determine the background groundwater conditions. 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS, chlorides 

2WMW22D BEDROCK VOCs, SVOCs, metals Determine the background groundwater conditions. 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS, chlorides 

4MWlS BEDROCK VOCs, SVOCs, metals Determine the background groundwater conditions. 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS 

CENTRAL REGION 

S2GW2LMW35SOl 2LMW35S OVERBURDEN VOCs, SVOCs, metals 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS 

Determine the background groundwater conditions. 

S2GW2LMW35BOl 2LMW35B BEDROCK VOCs, SVOCs, metals 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS 

Determine the background groundwater conditions. 

S2GW2LMW36BOl 2LMW36B BEDROCK VOCs, SVOCs, metals 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS 

Determine the background groundwater conditions. 

f j 
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Sample I.D. Sample Sample Depth Analytical Parameters Sample Rationale 
Location (fit) 

SOUTHERN REGION 

S23GW23MWOlSOl 23MWOl S OVERBURDEN VOCs, SVOCs, metals Determine the background groundwater conditions. 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS, chlorides 

S23GW23MWOl DO1 23MWOl D BEDROCK VOCs, SVOCs, metals Determine the background groundwater conditions. 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS, chlorides 

S23GWHNUS2301 HNUS-23 OVERBURDEN VOCs, SVOCs, metals Determine the background groundwater conditions. 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS, chlorides 

S8GW8MW8SOl 8MW8S OVERBURDEN/ VOCs, SVOCs, metals Determine the background groundwater conditions. 
BEDROCK (total and dissolved), 

pesticides, PCBs, TSS, 
TDS, chlorides 

S8GW8MW8DOl 8MW8D BEDROCK VOCs, SVOCs, metals Determine the background groundwater conditions. 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS, chlorides 

S8GW8MWl OS01 8MWl OS BEDROCK VOCs, SVOCs, metals Determine the background groundwater conditions. 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS, chlorides 

1 A two-digit numeric round indicator (01, 02, etc.) will be added to these sample identification numbers in the field, based on which 
round of the GMP is performed concurrently with the sampling for the Basewide Groundwater OU RI. 

TBD - To be determined 
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SUMMARY OF QAlQC SAMPLES AND ANALYSIS 
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Analysis Method Environmental Field Trip Rinsate MSlMSD Source Ambient Totals 
Samples Duplicates Blanks(‘) Blanks Samples Blanks(*) Blankt3) 

GROUNDWATER 

TCL VOC-Low CLP OLCO2.1 35(4) 0 TBDc5’ NA@’ NA TBD TBD 35+ 
Cont. (quick turn) 
TCL VOC-Low CLP OLCO2.1 138 14 TBD TBD 8 TBD TBD 160+ 
Cone. 
TCL SVOC CLP OLCO2.1 125 13 NA TBD 7 TBD TBD 145+ 
(minus PAHs) 
PAHs SW846 8310 125 13 NA TBD 7 TBD TBD 145+ 
TCL Pesticides CLP OLCO2.1 85 9 NA TBD 5 TBD TBD 99+ 
TCL PCBs CLP OLC02.1 63 7 NA TBD 4 TBD TBD 74+ 
DioxinslFurans SW846 8290 4 1 NA TBD 1 TBD TBD 6+ 
TAL Metals (total) CLP ILM04.0 126 13 NA TBD 7 TBD TBD 146+ 
TAL Metals CLP ILM04.0 38 4 NA TBD 3 TBD TBD 45+ 
(dissolved) 
Perchlorate California 25 3 NA TBD 2 TBD TBD 30+ 

Method 
TSS EPA 160.2 126 13 NA TBD NA TBD TBD 139+ 
TDS EPA 160.1 126 13 NA TBD NA TBD TBD 139+ 
Natural Attenuation See footnote’7) 70 7 NA TBD NA TBD TBD 77+ 

Chloride EPA 325.3 11 2 NA TBD NA TBD TBD 13+ 
TOC EPA 415.1 14 2 NA TBD NA TBD TBD 16+ 
COD EPA 410.1 14 2 NA TBD NA TBD TBD 16+ 
Alkalinity EPA 310.1 14 2 NA TBD NA TBD TBD 14+ 
Hardness EPA 130.1 14 2 NA TBD NA TBD TBD 16+ 
Sulfate EPA 375.4 14 2 NA TBD NA TBD TBD 16+ 

Field Parameters @) TtNUS SOP 134 NA NA NA NA NA NA 134 
SA. l-l 

SOIL 
TCL VOC 
TCL SVOC 
(minus PAHs) 
DALI.3 

TCL Pesticides 
TCL PCBs 

SW846 8260B 29 3 TBD TBD 2 TBD TBD 34+ 
SW846 9270C 29 3 NA TBD 2 TBD TBD 34+ 

SW846 8310 29 3 NA TBD 2 TBD TBD 34+ 
SW846 8081A 27 3 NA NA 2 TBD TBD 32+ 
SW846 8082 27 3 NA NA 2 TBD TBD 32+ , 
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SUMMARY OF QAlQC SAMPLES AND ANALYSIS 
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Analysis 

DioxinslFurans 
TAL Metals 
SPLP PCBs 

SPLP Metals 

TOC 

Method Environmental Field Trip Rinsate MSIMSD Source Ambient Totals 
Samples Duplicates Blanks(‘) Blanks Samples Blanks(*) Blankc3) 

SW846 8290 17 2 NA TBD 2 TBD TBD 21+ 
CLP ILM04.0 29 3 NA TBD 2 TBD TBD 32+ 

SW846 27 3 NA NA NA TBD TBD 30+ 
131218082 

SW846 27 3 NA NA NA TBD TBD 30+ 
1312/6OlOB 
SW846 9060 6 1 NA NA NA TBD TBD 7+ 

1 Trip blanks will be generated at a frequency of one per cooler containing samples for VOC analysis. All trip blanks will be analyzed for low-concentration 
vocs (OLCO2.1). 

2 Source water blanks will be generated at a rate of one per decontamination water source (e.g., deionized and potable water). 
3 Number of ambient blanks will be determined on site depending on conditions during sampling (e.g., organic vapors, exhaust, the presence of windy and 

dusty conditions), with a minimum of one ambient blank being collected during the investigation. 
4 No QAIQC samples will be collected for the quick-turn analyses. 
5 TBD-To Be Determined; rinsate blanks will be generated at a minimum rate of one per day of sampling per matrix. If pre-cleaned, dedicated, or 

disposable equipment is used, one rinsate blank per type of equipment used will be collected as a “batch blank.” 
6 NA-Not Applicable. 
7 Samples that require analysis for natural attenuation parameters will be analyzed for the following: TOC (EPA 415.1) alkalinity (EPA 310.1) hardness 

(EPA 130.1) chloride (EPA 325.3) nitrate (EPA 353.2), sulfate (EPA 375.4) sulfide (EPA 376.2), ammonia (EPA 350.1) and methane (EPA RSKSOP- 
175). Additional field parameters for natural attenuation include oxidation-reduction (REDQX) potential and divalent iron. 

8 Field parameters include temperature, pH, specific conductivity, turbidity, salinity, and dissolved oxygen. 

t 
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BORING LOG 

IA Tetra Tech NUS, Inc. 
\ / 

PROJECT NAME/No.: BORING NO.: 
GEOLOGIST: nATE CTADT. 

DRILLER/Co.: 
DRILLING RIG: 

yrlIL”I#7,\,. 

GEOLOGIST: 

Page -of- 

Remarks: 
Background (ppm): I] 

Converted fo Well: YSS No tieji i.0. #: 
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Tetra Tech NUS, Inc. 

MONITORING WELL SHEET 

WELL No.: 

PROJECT: 

PROJECT No.: 

SITE: 

DRILLING Co.: BORING No.: 

DRILLER: DATE COMPLETED: 

DRILLING METHOD: GROUND ELEVATION: 

Not to Scale 

Elevation / Height of Top of 
Surface Casing: I 

- Elevation I Height of Top of Riser: I 

- I.D. of Surface Casing: 

Type of Surface Casing: 

- Type of Surface Seal: 

- I.D. of Riser: 

Type of Riser: 

Borehole Diameter: 

n i 

- Type of Backfill:.. 

GEOLOGIST: DEV. METHOD: ELEVATION DATUM: 

- Elevation I Depth of Seal: 

- Type of Backfill: 

I 

- Elevation I Depth of Top of Filter Pack: 

- Elevation I Depth of Top of Screen: 

- Type of Screen: 

Slot Size x Length: 

I.D. of Screen: 

- Type of Filter Pack: 

- Elevation I Depth of Bottom of Screen: I 

........... .......... ........... .......... ........... .......... ........... .......... ........... .......... ........... .......... ........... .......... ........... .......... ........... .......... ........... 

- Elevation / Depth of Bottom of 
Filter Pack: I 

Type of Backfdl Below Well: 

- Elevation / Total Depth of Borehole: I 
I 
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BORING NO.: 

BEDROCK 
MONITORING WELL SHEET 

OPEN HOLE WELL 

DRILLER 
ROJECT LOCATION DRILLING 
ROJECT NO. BORING METHOD 
LEVATION DATE DEVELOPMENT 
IELD GEOLOGIST METHOD 

GROUND 

ELEVATION 
- 

T.O. R. 
- - - - 

n 

, 

“S 

- ELEVATION OF TOP OF CASING: 

- STICK UP OF CASING ABOVE GROUND 
SURFACE: 

- TYPE OF SURFACE SEAL: 

I.D. OF CASING: 
- TYPE OF CASING: 

TEMP. I PERM.: 

- DIAMETER OF HOLE: 

- TYPE OF CASING SEAL: 

- DEPTH TO TOP OF ROCK: 

- DEPTH TO BOTTOM CASING: 

- DIAMETER OF HOLE IN BEDROCK: 

DESCRIBE IF CORE / REAMED WITH BIT: 

DESCRIBE JOINTS IN BEDROCK AND DEPTH: 

ELEVATION I DEPTH OF HOLE: 



‘0 It Tetra Tech NUS, Inc. WELL DEVELOPMENT 
DATA SHEET 

PROJECT: WELL No.: 

PROJECT No.: DATE INSTALLED: 

SITE: DATE DEVELOPED: 

PROJECT GEOLOGIST: DRILLING Co.: 

WELL DATA 

WELL MATERIAL: cl PVC 

TOTAL DEPTH: 

STATIC WATER LEVEL: 

CASING VOLUME 

a STAINLESS STEEL q OTHER: 

feet (TOC / bgs ) CASING ID: inches 

feet ( TOC / bgs ) SCREEN LENGTH: feet 

( gal. / L ) BOREHOLE DIA.: inches 

PURGE DATA 

START TIME: 

STOP TIME: 

( hr.) 

( hr.1 

METHOD: 

PUMP TYPE: 

TOTAL PURGE VOLUME: 

NOTE: All depth msas-nts to nmarest 0.01 foot 

COMMENTS/CALCULATIONS: 

( gal. / L ) TOTAL PURGE TIME: ( min. / hrs. ) 

i i--y :, i 



*I I i-5lb _.., I .I 

Tetra Tech NUS, Inc. ‘GROUNDWATER LEVEL MEAbUREMENT SHEET 

Project: Site: 

Project No.: Personnel: 

Temperature: 

Precipitation: 

Date: 

Level Indicator Type: 

Tide: Serial Number: 

NelllPiezometer Time 
Number 

(4 @I 
Elevation of Water Level =(A)-(B) 

Groundwater 
Total Well Tidally 

Reference Indicator Reading Depth (feet)* Influenced 
Comment 

Point (feet)* (feet)* 
Elevation (feet)* 

Measurements to the nearest 0.01 foot. Page - of _ * 
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Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET 
, Ic-.l”e 

Project I Site: 

Project No.: 

Sample ID No.: 

Sample Location: 

[ ] Monitoring Well 

[ ] Domestic Well 

Sampler: 

[ ] Other: 

See Attached Low Flow Purge Data Sheet 
for Purge Data 

Static Water Level (WL): 

One Casing Volume(gaUL): 

Start Purge (hrs): 

End Purge (hrs): 

Total Purge Time (min): 

Total Vol. Purged (gal/L): 
:, . . . . ..: :y.::..; ;,, .;.y,, ‘j I:. :. .,: ‘..,‘. 

: : S#iMpt;E.~C~ INFQRMA-N ‘. 

TCL PESTIPCBs I I X 

TCL PAH 

TAL METALS (TOTAL) 

TAL METALS (FILTERED) 

X 

HN03 X 

HN03 X 

Check-ifCoilected: ‘. 

I 

;.: .. ,,:., .;. i ,. : :. : .: .: : .,~ .. 

Laboratory 1 Collected 

Ceimic Corn. I 

.:: 
.i. 
,, . . . . .f$$:,NFf!, : : ‘.:’ : :: 

LAB: 

LAB: 



Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET Well No.: 

PROJECT: 

PROJECT NUMBER: 

SITE: 

DATE: 

WEATHER: 

PERSONNEL: 

Well Screen Depth: 

Initial Water Level: 

Total Purge-Volume= . 

ft. Pump Type/Material: Tide Cycle: 0 High @ 

hrs. Pump Intake Depth: cl Low@ 

Total Purge Time= (min) 0 Not Affected 

Time Water Level Volume Flow Rate Pump 

feet below TOC mL mUmin Settings 

Comments 

Water Quality Meter (S/N): 

Control Box Type (S/N): 

‘hrbidimeter (S/N): 

Notes: 

l-a,,.., ,c 



SOIL & SEDIMENT SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

u Surface Soil 
0 Subsurface Soil 
0 Sediment 
0 Other: 
0 QA Sample Type: 

Page- of __ 
. 

Sample ID No.: 
Sample Location: 
Sampled By: 
C.O.C. No.: 

Type of Sample: 
0 Low Concentration 
0 High Concentration 

. . 

Duplicate ID No.: 



Tetra Tech NUS, Inc. MONITORING INSTRUMENT CALIBRATION LOG 

PROJECT NAME: INSTR~MENTlMANlJFACTURER: 

PROJECT NUMBER: MODEL NUMBER: 

SITE NAME: SERIAL/RENTAL ID NUMBER: 

DATE TIME CALIBRATION 
BY 

Span Gas 

CALlSRATION STANDARD 

Concentration Lot Number Exp. Date 

REMARKS/ 
COMMENTS 

Pane nf 



CHAIN OF CUSTODY RECORD 01026 

PROJECT NO.: SITE NAME: 
I 

I 
SAMPLERS (SIGNATURE): NO. 

2% 

TATION LOCATION 

RELlNQuistiEo By (SIGNATURE): DATE /TIME: 1 RECEIVED By(SIGNATURE): 

RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY (SIGNATURE): 

RELINQUISHED BY (SIGNATURE): RECEIVED FOR LABORATORY BY 
(SKiNATURE): 

REMARKS 

RELINQUISHED BY (SIGNATURE): DATE /TIME: 1 RECEIVED BY(SIGNATURE): 

c Y 
I 

RELINQUISHED BY (SIGNATURE): DATE /TIME: RECEIVED BY(SlGNAfURE): 

DATE ,:,,,: 1 REMARKS: 
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PFtOJECT NO.: :. GEoLoGIsT . . ~....~~.................._,.._._.._.... 
MA DtAMEVR - ~c~/aEF’-f+k . ..I.... . . . . . . . . . . . . . . . . . . . . . . TEST NO.: .,.., ,....,.... ,_,. . 

s-mm WATER LEVEL (Depth/ElevatiOn): . . . . . ,. . . ., ,. ,. DATE . . 

TEST JWE (=hg~dlhg/Conatant Head): . _. _._...._.., CHECKED: . . . . . 

WBUD OF INDUCING WAlER LEVEL CHANCE: . . . . . . . . . . .t...._.,..... ..,....._,.......,..,_..,. PACE . w . . . . . . . . . 

,.............,.................. 
I 

REFERENCE PT. FOR WL MES. (Top of Casing, Tmnaducu, ok): . . . . . . . . . . . . . . . . . 

EL#z-ED 
MEASURED 

WAE(R&EVEL OiR$~~;ii) ELiTt2ED 
MEASURED 

(min. or sec.) ee (min. w sac) 
WAT;RkhEEML OR”“H4??:;% 

m 

0. It HYDRAULIC CONDUCTIVITY TESTING DATA SHEET 

PROJECT NAME . . . . . . . . . . . . . . . . . . mLL/BORING NO.: ._,.__,_..__.. 

Depth on &owing 
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1.0 PURPOSE 

This procedure discusses the methods used to collect surface, near surface, and subsurface soil 
sampies. Additionally, it describes the method for sampling of test pits and trenches to determine 
subsurface soil and rock conditions, and recover small-volume or bulk samples. 

2.0 SCOPE 

This procedure is applicable to the collection of surface, near surface and subsurface soils for laboratory 
testing, which are exposed through hand digging, hand augering, drilling, or machine excavating at 
hazardous substance sites. 

3.0 GLOSSARY 

Composite Sample - A composite sample exists as a combination of more than one sample at various 
locations and/or depths and times, which is homogenized and treated as one sample. This type of 
sample is usually collected when determination of an average waste concentration for a specific area is 
required. Composite samples are not to be collected for volatile organics analysis. - 

Grab Sample - One sample collected at one location and at one specific time. 

Non-Volatile Sample - A non-volatile sample includes all other chemical parameters (e.g., semivolatiles, 
pesticides/PCBs, metals, etc.) and those engineering parameters that do not require undisturbed soil for 
their analysis. 

Hand Auger - A sampling device used to extract soil from the ground in a relatively undisturbed form. 

Thin-Walled Tube Sampler - A thin-walled metal tube (also called a Shelby tube) used to recover 
relatively undisturbed soil samples. These tubes are available in various sizes, ranging from 2 to 5 inches 
outside diameter (OD) and from 18 to 54 inches in length. 

Split-Barrel Sampler - A steel tube, split in half lengthwise, with the halves held together by threaded 
collars at either end of the tube. Also called a split-spoon sampler, this device can be driven into resistant 
materials using a drive weight mounted in the drilling string. A standard split-barrel sampler is typically 
available in two common lengths, providing either 20-inch or 26-inch longitudinal clearance for obtaining 
l&inch or 24-inch-long samples, respectively. These split-barrel samplers commonly range in size from 
2-inch OD to 3-l/2 inch OD. The larger sizes are commonly used when a larger volume of sample 
material is required. 

Test Pit and Trench - Open, shallow excavations, typically rectangular (if a test pit) or longitudinal (if a 
trench), excavated to determine the shallow subsurface conditions for engineering, geological, and soil 
chemistry exploration and/or sampling purposes. These pits are excavated manually or by machine (e.g., 
backhoe, clamshell, trencher excavator, or bulldozer). 

Confined Space - As stipulated in 29 CFR 1910.146, a confined space means a space that: 1) is large 
enough and so configured that an employee can bodily enter and perform assigned work; 2) has limited or 
restricted means for entry or exit (for example tanks, vessels, silos, storage bins, hoppers, vaults, and 
pits, and excavations are spaces that may have limited means of entry.); and 3) is not designed for 
continuous employee occupancy. TtNUS considers all confined space as permit-required confined 
spaces. 
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4.0 RESPONSIBILITIES 

Project Manager - The Project Manager is responsible for determining sampling objectives, as well as, the 
field procedures used in the collection of soil sa,mples. Additionally, in consultation with other project 
personnel (geologist, hydrogeologist, etc.), the Project Manager establishes the need for test pits or 
trenches, and determines their approximate locations and dimensions. 

Site Safety Officer (SSO) - The SSO (or a qualified designee) is responsible for providing the technical 
support necessary to implement the project Health and Safety Plan. This will include (but not be limited 
to) performing air quality monitoring during sampling, boring and excavation activities, and to ensure that 
workers and offsite (downwind) individuals are not exposed to hazardous levels of airborne contaminants. 
The SSO/designee may also be required to advise the FOL on other safety-related matters regarding 
boring, excavation and sampling, such as mitigative measures to address potential hazards from unstable 
trench walls, puncturing of drums or other hazardous objects, etc. 

Field Operations Leader (FOL) - The FOL is responsible for finalizing the location of surface, near 
surface, and subsurface (hand and machine borings, test pits/trenches) soil samples. He/she is ultimately 
responsible for the sampling and backfilling of boreholes, test pits and trenches, and for adherence to 
OSHA regulations during these operations. 

Project Geologist/Sampler - The project geologist/sampler is responsible for the proper acquisition of soil 
samples and the completion of all required paperwork (i.e., sample log sheets, field notebook, boring 
logs, test pit logs, container labels, custody seals, and chain-of-custody forms). 

Competent Person - A Competent Person, as defined in 29 CFR 1929.650 of Subpart P - Excavations, 
means one who is capable of identifying existing and predictable hazards in the surroundings, or working 
conditions which are ‘unsanitary, hazardous, or- dangerous to employees, and who has authorization to 
take prompt corrective measures to eliminate them. 

5.0 PROCEDURES 

5.1 Overview 

Soil sampling is an important adjunct to groundwater monitoring. Sampling of the soil horizons above the 
groundwater table can detect contaminants before they have migrated into the water table, and can 
establish the amount of contamination sorbed on aquifer solids that have the potential of contributing to 
groundwater contamination. 

Soil types can vary considerably on a hazardous waste site. These variations, along with vegetation, can 
affect the rate of contaminant migration through the soil. It is important, therefore, that a detailed record 
be maintained during the sampling operations, parbcularly noting the location, depth, and such 
characteristics as grain size, color, and odor. Subsurface conditions are often stable on a daily basis and 
may demonstrate only slight seasonal variation especially with respect to temperature, available oxygen 
and light penetration. Changes in any of these conditions can radically alter the rate of chemical reactions 
or the associated microbiological community, thus further altering specific site conditions. As a result, 
samples must be kept at their at-depth temperature or lower, protected from direct light, sealed tightly in 
approved glass containers, and be analyzed as soon as possible. 

The physical properties of the soil, its grain size, cohesiveness, associated moisture, and such factors as 
depth to bedrock and water table, will limit the depth from which samples can be collected and the method 
required to collect them. Often this information on soil properties can be obtained from published soil 
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surveys available through the U.S. Geological Surveys and other government or farm agencies. It is the 
intent of this procedure to present the most commonly employed soil sampling methods used at 
hazardous waste sites. 

Soil Sample Collection 

Procedure for Collecting Soil Samples for Volatile Organic Compounds 

I sampling techniques, used for the collection of soil s 
y been evaluated by the scientific community and 

results (biased low) due to the loss of volatile organi 
of aromatic volatiles. One of the newly adopt ,-**‘Y. .-_; . u ..,I “., I L. ,i l_^ ̂  j” 

s the field preservation of samples with methan 
radation. These preservation methods may b rmed either in the 
e sampling methodology employed. 

by the laboratory are currently being pe 
5035. Laboratories are current@ p 
level analyses (methanol preservqo 

using method SW-846, 
te preservation) and high 

It should be noted that a major disadvantage of the methanol ation method is that the laboratory 
reporting limits will be higher than wnvagtional testing. Th g levels using the new method for 
most analytes are 0.5 ug/g for GClMS andQ;05 ug/g for GC 

The alternative preservation method for toll s with sodium bisulfate. This method is 
more complex to perform in the field and the d for field crews. It should also be noted 
that currently, not all laboratories h 
method is that the reporting limits ( 0.001 ug 
than those described above. 

The following procedures outline the 
laboratory, and for collecting soil sam 

5.2.1.1 Soil Samples to be Pres+?&ed at the Laboratory 

Soil samples collected organics that are to be preserved 
le vial such as an EnCorem sampl 

provided with the EnCorefM sam 
ler directly into the soil, ensuring that the sa 
ng this type of sampling device eliminates the 

s associated with preservatives. 

boratory will be obtained 
sample will be obtajned 

ample is collected by 

esetvation and 

collected, it should be placed on ice immediately and shipped to the 
Ing the chain-of-custody and documentation procedures outlined in 
preserved by the laboratory within 48 hours of sample collection. 

er detection limits are necessary, an option would be to collect several EnCoreTM sam 
ple location. Send. all samplers to the laboratory and the laboratory can perform the re 

ation and analyses. 
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Soil Samples to be Preserved in the Field 

ples preserved in the field may be prepared for analyses using both ‘the low-level ( 
reservation) method and medium-level (methanol preservation) method. 

rvation (Medium Level): 

presented in the field with methanol will utilize 40-60 mL glass via 
ill be filled with 25 mL of demonstrated analyte-free purge and tr 

Bottles may be pr d with methanol in the laboratory or prepared in the field. 

he use of a decontaminated (or disposable), smalldi coring device such 
as a disposable tube/PI pe syringe with the tip cut off. The outside dia of the coring device 
must be smaller than the i diameter of the sample bottle neck. 

A small electronic balance or m tale will be, necessary for measu the volume of soil to be added 
to the methanol preserved . Calibration of the SC be performed prior to use and 
intermittently throughout th g to the manufacturers 

The sample should be collected by pul serting the syringe into the soil to be 
sampled. The top several inches of soi collecting the sample. Approximately 
10 grams +2g (8-12 grams) of soil shou e should be weighed and adjusted until 
obtaining the required amount of sample. ht should be recorded to the nearest 0.01 
gram in the field logbook and/or sample log should then be extruded into the methanol 
preserved sample bottle taking care not to con 
the bottle and cap must be free of soil particles. 

After capping the bottle, swirl the sample (do n the methanol and break up the soil such that 
all of the soil is covered with methanol. Place ice immediately and prepare for shipment to 
the laboratory as described in SOP SA-6.1. 

Sodium Bisulfate Preservation (Low Lev 

Samples to be preserved using the ium bisulfate method are to b ared as follows: 

Add 1 gram of sodium bisulfa mL of laboratory grade deionized w a 40-60 mL glass vial with 
septum lid. Bottles may be iked in the laboratory or prepared in the fie e soil sample should be 
collected in a manner a above and added to the sample wnta e sample should be 
weighed to nearest 0.01 cribed above and recorded in field logbo 

adding the soil to the sodium bisulfate solution. A c 
tone) may cause the sample to effervesce or the vial 

mples using the sodium bisulfate presentation method, duplicate 

er detection limits are necessary, an option to field preserving with sodium bisulfate would 
TM samplers at a given sample location. Send all samplers to the laboratory and 
r-form the required preservation and analyses. 
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5.2.2 Procedure for Collecting Non-Volatile Soil Samples 

Non-volatile soil samples may be collected as either grab or composite samples. The non-volatile soil 
sample is thoroughly mixed in a stainless steel or disposable, inert plastic tray, using a stainless steel 
trowel or other approved tool, then transferred into the appropriate sample container(s). Head space is 
permitted in a non-volatile soil sample container to allow for sample expansion 

5.2.3 Procedure for Collecting Undisturbed Soil Samples (ASTM D1587-83) 

When it is necessary to acquire undisturbed samples of soil for purposes of engineering parameter 
analysis (e.g., permeability), a thin-wailed, seamless tube sampler (Shelby tube) will be employed. The 
following method will be used: 

1. Remove all surface debris (e.g., vegetation, roots, twigs, etc.) from the specific sampling location and 
drill and clean out the borehole to the sampling depth, being careful to minimize the chance for 
disturbance of the material to be sampled. In saturated material, withdraw the drill bit slowly to 
prevent loosening of the soil around the borehole and to maintain the water level in the hole at or 
above groundwater level. 

2. The use of bottom discharge bits or jetting through an open-tube sampler to clean out the borehole 
shall not be allowed. Use of any side-discharge bits is permitted. 

3. A stationary piston-type sampler may be required to limit sample disturbance and aid in retaining the 
sample. Either the hydraulically operated or control rod activated-type of stationary piston sampler 
may be used. Prior to inserting-the tube sampler into the borehole, check to ensure that the sampler 
head contains a check valve. The check valve is necessary to keep water in the rods from pushing 
the sample out the tube sampler during sample withdrawal and to maintain a suction within the tube to 
help retain the sample. 

4. To minimize chemical reaction between the sample and the sampling tube, brass tubes may be 
required, especially if the tube is stored for an extended time prior to testing. While steel tubes coated 
with shellac are less expensive than brass, they’re more reactive, and shall only be used when the 
sample will be tested within a few days after sampling or if chemical reaction is not anticipated, With 
the sampling tube resting on the bottom of the hole and the water level in the boring at groundwater 
level or above, push the tube into the soil by a continuous and rapid motion, without impacting or 
twisting. In no case shall the tube be pushed farther than the length provided for the soil sample. 
Allow about 3 inches in the tube for cuttings and sludge. 

5. Upon removal of the sampling tube from the hole, measure the length of sample in the tube and also 
the length penetrated. Remove disturbed material in the upper end of the tube and measure the 
length of sample again. After removing at least an inch of soil from the lower end and after inserting 
an impervious disk, seal both ends of the tube with at least a l/2-inch thickness of wax applied in a 
way that will prevent the.wax from entering the sample. Clean filler must be placed in voids at either 
end of the tube prior to sealing with wax. Place plastic caps on the ends of the sample tube, tape the 
caps in place, and dip the ends in wax. 

6. Affix label(s) to the tube as required and record sample number, depth, penetration, and recovery 
length on the label. Mark the “up” direction on the side of the tube with indelible ink, and mark the 
end of the sample. Complete Chain-of-Custody and other required forms (see SOP SA-6.3). Do not 

. allow tubes to freeze, and store the samples vertically with the same orientation they had in the 
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ground, (i.e., top of sample is up) in a cool place out of the sun at all times. Ship samples protected 
with suitable resilient packing material to reduce shock, vibration, and disturbance. 

Thin-walled undisturbed tube samplers are restricted in their usage by the consistency of the soil to be 
sampled. Often, very loose and/or wet samples cannot be retrieved by the samplers, and soils with a 
consistency in excess of very stiff cannot be penetrated by the sampler. Devices such as Dennison or 
Pitcher core samplers can be used to obtain undisturbed samples of stiff soils. Using these devices 
normally increases sampling costs, and therefore their use shall be weighed against the need for 
acquiring an undisturbed sample. 

5.3 Surface Soil Sampling 

The simplest, most direct method of collecting surface soil samples (most commonly collected to a depth 
of 6 inches) for subsequent analysis is by use of a stainless steel trowel. Surface soils are considered 
O-12 inches bgs. 

In general, the following equipment is necessary for obtaining surface soil samples: 

l Stainless steel or precleaned disposable trowel. 
l Real-time air monitoring instrument (e.g., PID, FID, etc.). 
0 Latex gloves. 
l Required Personal Protective Equipment (PPE). 
l Required paperwork. 
rn Required decontamination equipment. 
. Required sample container(s). 
l Wooden stakes or pin flags. 
l Sealable polyethylene bags (i.e., Ziploce baggies). 
. Heavy duty cooler. 
. Ice (if required) double-bagged in sealable polyethylene bags. 
l Chain-of-custody records and custody seals. 

When acquiring surface soil samples, the following procedure shall be used: 

1. Carefully remove vegetation, roots, twigs, litter, etc., to expose an adequate soil surface area to 
accommodate sample volume requirements. 

2. Using a decontaminated stainless steel trowel, follow the procedure cited in Section 5.2.1 for 
collecting a volatile soil sample. Surface soil samples for volatile organic analysis should be collected 
from 6-12 inches bgs only. 

3. Thoroughly mix (in-situ) a sufficient amount of soil to fill the remaining sample containers and transfer 
the sample into those containers utilizing the same stainless steel trowel employed above. Cap and 
securely tighten all sample containers. 

4. Affix a sample label to each container. Be sure to fill out each label carefully and clearly, addressing 
all the categories described in SOP SA-6.3. 

5. Proceed with the handling and processing of each sample container as described in SOP SA-6.2. 
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5.4 Near-Surface Soil Sampling 
~I.* I./,,“_ 

Collection of samples from near the surface (depth of 6-18 inches) can be accomplished with tools such 
as shovels and stainless steel or pre-cleaned disposable trowels. 

The following equipment is necessary to collect near surface soil samples: 

l Clean shovel. 
. The equipment listed under Section 5.3 of this procedure. 
. Hand auger. 

To obtain near-surface soil samples, the following protocol shall be observed: 

1. With a clean shovel, make a series of vertical cuts to the depth required in the soil to form a square 
approximately 1 foot by 1 foot. 

2. Lever out the formed plug and scrape the bottom of the freshly dug hole with a decont+minated 
stainless steel or pre-cleaned disposable trowel to remove any loose soil. 

3. Follow steps 2 through 5 listed under Sectio? 5.3 of this procedure. 

5.5 Subsurface Soil Sampling With a Hand Auger 

A hand augering system generally consists of a variety of all stainless steel bucket bits (i.e., cylinders 
6-l/2” long, and 2-3/4”, 3-l/4”, and 4” in diameter), a series of extension rods (available in 2’, 3’, 4’ and 5 
lengths), and a cross handle. A larger diameter bucket bit is commonly used to bore a hole to the desired 
sampling depth and then withdrawn. In turn, the larger diameter bit is replaced with a smaller diameter 
bit, lowered down the hole, and slowly turned into the soil at the completion depth (approximately 6”). The 
apparatus is then withdrawn and the soil sample collected. 

The hand auger can be used in a wide variety of soil conditions. It can be used to sample soil both from 
the surface, or to depths in excess of 12 feet. However, the presence of rock layers and the collapse of 
the borehole normally contribute to its limiting factors. 

To accomplish soil sampling using a hand augering system, the following equipment is required: 

l Complete hand auger assembly (variety of bucket bit sizes). 
l Stainless steel mixing bowls. 
l The equipment listed under Section 5.3 of this procedure. 

To obtain soil samples using a hand auger, the following procedure shall be followed: 

1. Attach a properly decontaminated bucket bit to a clean extension rod and further attach the cross 
handle to the extension rod. 

2. Clear the area to be sampled of any surface debris (vegetation, twigs, rocks, litter, etc.). 

3. Begin augering (periodically removing accumulated soils from the bucket bit) and add additional. rod 
extensions as necessary. Also, note (in a field notebook or on standardized data sheets) any 
changes in the color, texture or odor of the soil. 
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4. After reaching the desired depth, slowly and carefully withdraw the apparatus from the borehole. 

5. Remove the soiled bucket bit from the rod, extension and. replace it with another properly 
decontaminated bucket bit. The bucket bit used fork sampling is commonly smaller in diameter than 
the bucket bit employed to initiate the borehole. 

6. Carefully lower the apparatus down the borehole. Care must be taken to avoid scraping the borehole 
sides. 

7. Slowly turn the apparatus until the bucket bit is advanced approximately 6 inches. 

8. Discard the top of the core (approximately l”), which represents any loose material collected by the 
bucket bit before penetrating the sample material. 

9. Fill volatile sample container(s), using a properly decontaminated stainless steel trowel, with sample 
material directly from the bucket bit. Refer to Section 52.1 of this procedure. 

10. Utilizing the above trowel, remove the remaining sample material from the bucket bit and place into a 
properly decontaminated stainless steel mixing bowl and thoroughly homogenize the sample material 
prior to filling the remaining sample containers. Refer to Section 5.2.2 of this procedure. 

11. Follow steps 4 and 5 listed under Section 5.3 of this procedure. 

5.6 Subsurface Soil Sampling With a Split-Barrel Sampler (ASTM 01586-84) 

Split-barrel (split-spoon) samplers consist of a heavy carbon steel or stainless steel sampling tube that 
can be split into two equal halves to reveal the soil sample (see Attachment A). A drive head is attached 
to the upper end of the tube and serves as a point of attachment for the drill rod. A removable tapered 
nosepiece/drive shoe attaches to the lower end of the tube and facilitates cutting. A basket-like sample 
retainer can be fitted to the lower end of the split tube to hold loose, dry soil samples in the tube when the 
sampler is removed from the drill hole. This split-barrel sampler is made to be attached to a drill rod and 
forced into the ground by means of a 140-lb. or larger casing driver. 

Split-barrel samplers are used to collect soil samples from a wide variety of soil types and from depths 
greater than those attainable with other soil sampling equipment. 

The following equipment is used for obtaining split-barrel samples: 

l Drilling equipment (provided by subcontractor). 

l Split-barrel samplers (O.D. 2 inches, I.D. l-318 inches, either 20 inches or 26 inches long); Larger 
O.D. samplers are available if a larger volume of sample is needed. 

l Drive weight assembly, 140-lb. weight, driving head and guide permitting free fall of 30 inches. 

l Stainless steel mixing bowls. 

l Equipment listed under Section 5.3 of this procedure. 

The following steps shall be followed to obtain split-barrel samples: 

Tetra Tech NUS, inc. 



Subject Number Page 
SA-I .3 IOof I8 

SOIL SAMPLING Revision Effective Date 
6 06199 

1. Remove the drive head and nosepiece, and open the sampler to reveal the soil sample. Immediately 
scan the sample core with a real-time air monitoring instrument (e.g., FID, PID, etc.). Carefully ^. ,. ..” , (I j.” 
separate the soil core, with a decontaminated stainless steel knife or trowel, at about 6-inch intervals 
while scanning the center of the core for elevated readings. Also scan stained soil, soil lenses, and 
anomalies (if present), and record readings. 

2. Collect the volatile sample from the center of the core where elevated readings occurred. If no 
elevated readings where encountered the sample material should still be collected from the core’s 
center (this area represents the least disturbed area with minimal atmospheric contact). Refer to 
Section 5.2.1 of this procedure. 

3. Using the same trowel, remove remaining sample material from the split-barrel sampler (except for 
the small portion of disturbed soil usually found at the top of the core sample) and place the soil into a 
decontaminated stainless steel,afiElx>ing bowl. Thorough,ly homogenize the sample material prior to > - i; ;. . “3 7i(ll’ . .#dwl.i%2il;:P 
filling the remaining sample containers. Refer to Section 5.2.2 of this procedure. 

4. Follow steps4 and 5 listed under Section 5.3 of this procedure. 

5.7 Subsurface Sol Sampling Using Direct Push Technology __. ..ij”.l I .” __.. aLuy_ ,_ 

Subsurface soil samples can be collected to depths of 40+ feet using direct push technology ( 
equipment, responsibilities, and procedures are described in SOP SA-2.5. 

Excavation and Sampling of Test Pits and Trenches 

specialized techniques that 

s, several health and safety concerns 
II enter any test pit or excavation except 

ompetent Person (as defined in 29 C+FR 
1929.650 of Subpart P - Excavations). le, all required chemical and lithological samples 
should be collected using the excava remote sampling apparatus. If entrance is still 
required, all test pits or excavations m bracing the pit sides using specifically designed 
wooden or steel support structures. the excavation may be exposed to toxic or 
explosive gases and oxygen-de may constitute a Confined Space and 
must be done in conformance wi ese cases, substantial air monitoring is 
required before ent respiratory gear and p 
be at least two the immediate site. before en 

29 CFR 1926, 29 CFR 191 1910.134, AND 29 CFR 
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Test Pit and Trench Excavation 

ocumented as 

Test pits and trench etailed description of 
the nature and contam ill depend primarily on 
the following: 

l The purpose and exten 
l The space required for 
l The chemicals of concern. 
l The economics and efficiency 

Test pits normally have a cross sectio at is4to IOfe re; test trenches are usually 3 to 6 feet 
wide and may be extended for any length itions along a specific line. The following 
table, which is based on equipment efficie guide for design consideration: 

The lateral limits of excava 
base maps. If pre 
nearby utilities, or 
determination of 

e carefully marked on area 

placed in the ground at the margin of the excavation for later surveying. 

ce of underground utilities or drums. 
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steel braces, ladders must be in the hole at all, times, and a temporary gua 
the surface of the hole before entry). It is emphasized that the project data nee 

that required samples can be collected without requiring entrance into th 
mples of leachate, groundwater, or sidewall soils can be taken with telesc 

uired to assure the stability of the side walls, to prevent the b 
the excavation dry. This is an important consider 

elow the groundwater table. Liquids removed as a result 
must be handled ally contaminated materials. Procedures for the on and disposal of 
such materials sh cussed in the site-specific project plans. 

Pits and Trenches 

Test pits and trenches are usually lo 
made as described in SOP SA-6.3. 

ecords of each test pitltrench will be 
file sketches of the test pit/trench 
ch, and sample locations. These 

Entry of test pits by personnel is extremely dang be avoided unless absolutely necessary, and 
can occur only after all applicable Health and Sa HA requirements have been met. 

The final depth and type of samples obtained fr it will be determined at the time the test pit 
is excavated. Sufficient samples are usually alyzed to quantify contaminant distribution 
as a function of depth for each test es of each waste phase and any fluids 
encountered in each test pit may also be 

In some cases, samples of soil ma xtracted from the test reasons other than waste sampling 
and chemical analysis, for ins tain geotechnical info information would include 
soil types, stratigraphy, streng could therefore entai of disturbed (grab or bulk) 

ed or pushed/driven) samples, whi n be tested for geotechnical 
explorations are very similar to allow exploratory or test 

borings, but often test ster, more cost-effective method han installing borings. 

t is needed for obtaining samples for chemical or geotechni 

ther excavating machinery. 

picks and hand augers, stainless steel trowels. 

container - bucket with locking lid for large samples; appropriate bottleware for the 
nical analysis samples. 

Polyethylene bags for enclosing sample containers; buckets. 
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emote sampler consisting of IO-foot sections of steel conduit (l-inch-diameter), hose clamps 
ht angle adapter for conduit (see Attachment B). 

Sampling Methods 

ussed in this section refer to test pit sampling from grade level. If t 

l Excavate t it in several depth increments. After each increment, the r will wait while 
the test pit from grade level to decide if conditions are a 

by the SSO will also be used to evaluate the need 
from 2 to 4 feet. 

l The backhoe operator, ill have the best view of the test pit, will i iately cease digging if: 

l Any fluid phase or groundw seepage is encountered in the test 

l Any drums, other potential was tainers, obstructions or ut es are encountered. 

. Distinct changes of material are enc 

This action is necessary to permit proper est pit and to prevent a breach of safety 
protocol. Depending upon the conditions enco ay be required to excavate more slowly and 
carefully with the backhoe. 

For obtaining test pit samples from grade level, th 

l Remove loose material to the greatest e 

l Secure walls of pit if necessary. (T 
the expense of shoring the walls. 
surface.) 

g procedure shall be followed: 

r a pit or trench which would justify 
should be taken from the ground 

l Samples of the test re to be obtained either directly backhoe bucket or from the 
material once it has osited on the ground. The sampler d Operations Leader directs 

e material from the selected depth or I hin the test pit/trench. 
pler and/or SSO then 

me ionization detector. 
d from the center of the bucket or pile and placed in s le containers using a 

mple is desired, several depths or locations within the pit/trench elected and a 
from each area. It is preferable to send individual sample bottles 
boratory for,compositing under the more controlled laboratory wnditi 

ng in the field is required, each sample container shall be filled from material 
sferred into a mixing bucket and homogenized. Note that homogenization/corn 
able for samples to be subjected to volatile organic analysis. 

ng the remote sampler shown in Attachment B, samples can be taken at the desired depth 
side wall or bottom of the pit. The face of the pit/trench shall first be scraped (using a I 
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documentation as described in SOP SA-6.3. 

Under rare con personnel may be required to enter the test pit/trench. 
when soil condi eclude obtaining suitable samples from the backhoe bucke 
of soils or wastes wi test pit/trench) or when samples from relativ 
the test pit are requ seepage occurring at 
discrete levels or zones I 

In general, personnel shall s 
for by the following criteria: 

nd log pits and trenches from the surface, except as provided 

0 There is no practical alternative s of obtaining such da 

o The Site Safety Officer and Compe s that such action can be accomplished 
without breaching site safety protocol. ill be based on actual monitoring of the 
pit/trench after it is dug (including, at a nts of volatile organics, explosive gases 
and available oxygen). 

nes that the pit/trench is stable or is made stable 
(by grading the sidewalls or using shoring ntrance of any personnel. OSHA requirements 
must be strictly observed. 

If these conditions are satisfied, one per trench. On potentially hazardous waste 
sites, this individual will be dressed in conditions in the pit, usually Level 8. 
He/she will be affixed to a safety rope 

A second individual will be fu in protective clothing includ self-contained breathing device 
and on’ standby during all pit rations. The individual I remain therein for as 
brief a period as practical, co surate with performance of removing the smeared 
zone, samples shall with a decontaminated trowel or spoon an added precaution, it is 
advisable to keep th e bucket in the test pit when personnel are below grade. Such 
personnel can either or near the bucket while performing sample s. In the event of a 
cave-in they can eith 

the equipment described in Section 5.7.3,2, the following equipment is 
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Suitable driving (i.e., a sledge hammer) or pushing (i.e., the backhoe bucket) equipment which 
the sampler into the soil. 

l 

l 

spatulas, and other suitable devices for trimming hand-carved samples. 

(bags, jars, tubes, boxes, etc.), labels, wax, etc. for 
collected soil samples. 

/ 
nd safely 

l (pocket penetrometer, torvane, etc.) for field testing 
nd strength properties. 

Disturbed grab or bulk 

ssification, while larger bulk 

Relatively undisturbed samples ually extracted in cohesi using open tube samplers, and 
such samples are then tested in geotechnical laboratory ir strength, permeability and/or 
compressibility. The techniques for samples are similar to those used in 
performing Shelby tube sampling in er is advanced by hand or backhoe, 
rather than by a drill rig. Also, the s rom the test pit by excavation around the 
sampler when it is difficult to pul excavation requires entry of the test pit, the 
requirements described in Section 5.7.3.4 must be followed. The open tube sampler 
shall be pushed or driven vertically into the avated in the test pit at the desired sampling 
elevations. Extracting tube samples horizontally e walls of the test pit is not appropriate, because 
the sample will not have the correct orientation. 

A sledge hammer or 
Place a piece of wood 
driving/pushing of the sa 
it with repeated blows, t 
rotating it at least two 
soil from around the 
requirements in Sectio 
sample in the required 

ler or tube into the ground. 
to prevent damage during 
always preferable to driving 
ple cannot be extracted by 
d-excavate to remove the 
ntry of the test pit, the 
I, pack and transport the 

5.8.4 renches and Test Pits 
\ 

All test pits and excav tions must be either backfilled, covered, or 
day. No excavation shall remain open during non-working hours unless 
protected. 

P 
the onsite crew shall photograph all significant features exposed by 

in the photograph a scale to show dimensions. Photographs of 
test pit number, depth, description of feature, and date 
of each photograph shall be entered in the site 
as part of the project file for future reference. 

# 
er inspection, backfill material shall be returned to the pit under the direction of the FOL. 
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5.9 Records 

The appropriate sample log sheet (see SOP SA-6.3; Field Documentation) must be completed by the site 
geologist/sampler. All soil sampling locations must be documented by tying in the location of two or more 
nearby permanent landmarks (building, telephone pole, fence, etc.) and shall be noted on the appropriate 
sample log sheet, site map, or field notebook. Surveying may also be necessary, depending on the 
project requirements. 

Test pit logs (see SOP SA-6.3; Field Documentation) shall contain a sketch of pit conditions. In addition, 
at least one photograph with a scale for comparison shall be taken of each pit. Included in the photograph 
shall be a card showing the test pit number. Boreholes, test pits and trenches shall be logged by the field 
geologist in accordance with.SOP GH-1.5. 

Other data to be recorded in the field logbook include the following: 

. Name and location of job. 
l Date of boring and excavation. 
l Approximate surface elevation. 
l Total depth of boring and excavation. 
. Dimensions of pit. 
l Method of sample acquisition. 
l Type and size of samples. 
. Soil and rock descriptions. 
l Photographs. 
l Groundwater levels. 
l Organic gas or methane levels. 
l Other pertinent information, such as waste material encountered. 

6.0 REFERENCES 

American Society for Testing and Materials, 1987. ASTM Standards 01587-83 and D1586-84. ASTM 
Annual Book of Standards. ASTM. Philadelphia, Pennsylvania. Volume 4.08. 

NUS Corporation, 1986. Hazardous Material Handling Training Manual. 

NUS Corporation and CH2M Hill, August, 1987. Compendium of Field Operation Methods. Prepared for 
the U.S. EPA. 

OSHA, Excavation, Trenching and Shoring 29 CFR 1926.650-653. 

OSHA, Confined Space Entry 29 CFR 1910.146. 
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ATTACHMENT B 
REMOTE SAMPLE HOLDER FOR TEST PIT/TRENCH SAMPLING 

. . 

0196ilP Tetra Tech NUS, inc. 



I I ! I l’ I 

0 It 

Number 

STANDARD 
SA-2.5 

Effective Date 

OPERATING /\wlmbir;‘QQ 

Page 
1 of5 

Revision 
1 

TETRA TECH NUS, INC. 

prepared Tern Tech NUSy Inc. PROCEDURES 
Earth Sciences Department 

Subject DIRECT PUSH TECHNOLOGY Appmv~ 
(GEOPROBEYHYDROPUNCHTM) 

TABLE OF CONTENTS 

SECTlON PAGE 

1.0 PURPOSE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~.......................... 2 

2.0 SCOPE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..*........................*....................... 2 

3.0 GLOSSARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .........*..... 2 

4.0 RESPONSlBlLlTlES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..*.......................... 3 

5.0 SOIL SAMPLING PROCEDURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..*..................*...................... 3 

5.1 GENERAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
5.2 SAMPLING EQUIPMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
5.3 OPT SAMPLING METHODOLOGY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._..... 3 

6.0 GROUNDWATER SAMPLING PROCEDURES . . . . . ..*.*..................................................................... 4 

6.1 GENERAL . . . . . . . . . . . . . . . . . . . . . . . . . . . ..i......................................................................................... 4 
6.2 SAMPLlNG EQUIPMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._.......................................................... 4 
6.3 OPT TEMPORARY WELL POINT INSTALLATION AND SAMPLING 

METHODOLOGY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

7.0 RECORDS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..*........................*...*.*..........*.....*..................... 5 

01961 l/P Tetra Tech NUS, Inc. 



Subject Number Page 

DIRECT PUSH TECHNOLOGY SA-2.5 2of5 
(GEOPROBEYHYDROPUNCHN) - Revision Effective Date 

1 06199 
,,~ : .i. _ ^;,i I j -~~..~,;.~~~~“# p.+> ” 

1 .o PURPOSE 

The purpose of this procedure is to provide general reference information on Direct Push Techn.ology 
(DPT). DPT is designed to collect soil, groundwater, and soil gas samples without using conventional 
drilling techniques. The advantage of using DPT over conventional drilling includes the generation of little 
or no drill cuttings, sampling in locations with difficult accessibility, reduced overhead clearance 
requirements, no fluid introduction .during probing, and typical lower costs per sample than with 
conventional techniques. Disadvantages include a maximum penetration depth of approximately 15 to 40 
feet in dense soils (although it may be as much as 60 to 60 feet in certain types of geological 
environments), reduced capability of obtaining accurate water-level measurements, and the inability to 
install permanent groundwater monitoring wells. The methods and equipment described herein are for 
collection of surface and subsurface soil samples and groundwater samples. Soil gas sampling is 
discussed in SOP SA-2.4. 

2.0 SCOPE 

This procedure provides information on proper sampling equipment and techniques for DPT. Review of 
the information contained herein will facilitate planning of the field sampling effort by describing standard 
sampling techniques. The techniques described shall be followed whenever applicable, noting that site- 
specific conditions or project-specific plans may require adjustments in methodology. 

3.0 GLOSSARY 

Direct Push Technology (DPT) - DPT refers to sampling tools and sensors that are driven directly into the 
ground without the use of conventional drilling equipment. DPT typically utilizes hydraulic pressure and/or 
percussion hammers to advance the sampling tools. A primary advantage of DPT over conventional 
drilling techniques is that DPT results in the generation of little or no investigation derived waste. 

Geoprobe@ - Geoprobee is a manufacturer of a hydraulically-powered, percussion/probing machines 
utilizing DPT to collect subsurface environmental samples. Geoprobe@ relies on a relatively small amount 
of static weight (vehicle) combined with percussion as the energy for advancement of a tool string. The 
Geoprobe@ equipment can be mounted in a multitude of vehicles for access to all types of environmental 
sites. 

HvdroPunch” - HydroPunch” is a manufacturer of stainless steel and Teflone sampling tools that are 
capable of collecting representative groundwater and/or soil samples without requiring the installation of a 
groundwater monitoring well or conventional soil boring. HydroPunchTM is an example of DPT sampling 
equipment. 

Flame Ionization Detector (FID) - A portable instrument for the measurement of many combustible organic 
compounds and a few inorganic compounds in air at parts-per million levels. The basis for the detection 
is the ionization of gaseous species utilizing a flame as the energizing source. 

Photo Ionization Detector (PID) - A portable instrument for the measurement of many combustible organic 
compounds and a few inorganic compounds in air at parts-per million levels. The basis for the detection 
is the ionization of gaseous species utilizing ultraviolet radiation as the energizing source. 
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4.0 RESPONSIBILITIES 

Project Manager - The Project Manager is responsible for selecting and/or reviewing the appropriate DPT 
drilling procedure required to support the project objectives. 

Field Operations Leader (FOL)- The FOL is primarily responsible for performing the DPT in accordance 
with the project-specific plan. 

5.0 SOIL SAMPLING PROCEDURES 

5.1 General 

The common methodology for the investigation of the vadose zone is soil boring drilling and soil sampling. 
However, drilling soil borings can be very expensive. Generally the advantage of DPT for subsurface soil 
sampling is the reduced cost of disposal of drilling cuttings and shorter sampling times. 

5.2 Sampling Equipment 

Equipment needed for conducting DPT drilling for subsurface soil sampling includes, but is not limited to, 
the following: 

l 4-foot x 1 .Binch diameter macrocore sampler 
l Probe sampling adapters 
. Roto-hammer with 1 .&inch bit 
l Disposable acetate liners for soil macrocore sampler 
l Cast aluminum or steel drive points 
l Geoprobee AT-660 Series Large Bore Soil Sampler, or equivalent 
l Standard decontamination equipment and solutions 

5.3 DPT Sampling Methodology 

There are several methods for the collection of soil samples using DPT drilling. The most common 
method is discussed in the following section. Variations of the following method may be conducted upon 
approval of the Project Manager in accordance with the project-specific plan. 

l Macrocore samplers fitted with detachable aluminum or steel drive points are driven into the ground 
using hydraulic pressure. If there is concrete or pavement over a sampling location, a Roto-hammer 
is used to drill a minimum 1.5-inch diameter hole through the surface material. A Roto-hammer may 
also be used if very dense soils are encountered. 

l The sampler is advanced continuously in 4-foot intervals or less if desired. No soil cuttings are 
generated because the soil which is not collected in the sampler is displaced within the formation. 

l The sampler is retracted from the hole, and the 4-foot continuous sample is removed from the outer 
coring tube. The sdmple is contained within an inner acetate liner. 

l The acetate liner is cut lengthwise in order to field screen the sample with an FID or PID, 
observe/examine the sample (according to SOP GH-1.3) and/or transfer the sample to sample 
bottles for laboratory analysis. If additional volume is required, push an additional boring adjacent to 
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the first and composite/mix the same interval. Field cornpositing is usually not acceptable for sample 
requiring volatile organics analysis. 

. Once sampling has been completed, the hole is backfilled with bentonite chips or bentonite cement 
grout, depending upon project requirements. Asphalt or concrete patch is used to cap holes through 
paved or concrete areas. All holes should be finished smooth to existing grade. 

l In the event the direct push van/truck cannot be driven to a remote location or a sampling location 
with difficult accessibility, sampling probes may be advanced and sampled manually or with 
battery/electric operated equipment (e.g., jack hammer). 

. Sampling equipment is decontaminated prior to sampling the next sample. 

6.0 GROUNDWATEF(SAMPL!NG PRQGEYRES . “. ,I ..\ , II” .‘” /. 

6.1 General 

The most common methodology for the investigation of groundwater is the installation and sampling of 
permanent monitoring wells. If only groundwater screening is required, the installation and sampling of 
temporary well points may be performed. The advantage of temporary well point installation using DPT is 
reduced cost due to no or minimal disposal of drilling cuttings and well construction materials, and shorter 
installation/times sampling. 

Two disadvantages of DPT drilling for well point installation are: 

. In aquifers with low yields, well points may have to be sampled without purging or development. 

. If volume requirements are high, this method can be time consuming for low yield aquifers. 

6.2 Sampling Equipment 

Equipment needed for temporary well installation and sampling using DPT includes, but is not limited, to 
the following: 

6.3 

2-foot x l-inch diameter mill-slotted (0.005 to 0.02-inch) well point 
Connecting rods 
Roto-hammer with 1 .Binch bit 
Mechanical jack 
l/4-inch OD polyethylene tubing 
3/8-inch OD polyethylene tubing 
Peristaltic pump 
Standard decontamination equipment and solutions 

DPT Temporary Well Point Installation and Sampllng Methodology 

There are several methods for the installation and sampling of temporary well points using DPT. The 
most common methodology is discussed below. Variations of the following method may be conducted 
upon approval of the Project Manager in accordance with the project specific plan. 

. A 2-foot x l-inch diameter mill-slotted (0.005 to 0.02-inch) well point attached to connecting rods is 
driven into the ground to the desired depth using a rotary electric hammer or other direct push drill rig. 
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If there is concrete or pavement over a sampling location, a Roto-hammer or electric coring machine 
is used to drill a hole through the surface material. 

l The well point will be allowed to equilibrate for at least 15 minutes, after which a measurement of the 
static water level will be taken. The initial measurement of the water level will be used to assess the 
amount of water which is present in the well point and to determine the amount of silt and sand 
infiltration that may have occurred. 

l The well point will be developed using a peristaltic pump and polyethylene tubing to remove silt and 
sand which may have entered the well point. The well point is developed by inserting polyethylene 
tubing to the bottom of the well point and lifting and lowering the tubing slightly while the pump is 
operating. The pump will be operated at a maximum rate of approximately 2 liters per minute. After 
removal of sediment from the bottom of the well point, the well point will be vigorously pumped at 
maximum capacity until discharge water is visibly clear and no further sediments are being generated. 
Measurements of pH, specific conductance, temperature, and turbidity shall be recorded every 5 
minutes during the purging process. After two consistent readings of pH, specific conductance, 
temperature and turbidity (f 10 percent), the well may be sampled. 

l A sample will be collected using the peristaltic pump set at the same or reduced speed as during well 
development. Samples (with the exception of the samples to be analyzed for volatile organic 
compounds, VOCs) will be collected directly from the pump discharge. Sample containers for VOCs 
will be filled by (first shutting off the pump) crimping the discharge end of the sample tubing when 
filled, removing the inlet end of the sample tubing from the well, suspending the inlet tubing above the 
vial, and allowing water to fill each vial by gravity flow. 

l Once the groundwater sample has been collected, the connecting rods and well point will be removed 
from the hole with the direct push rig hydraulics. The hole will be backfilled with bentonite chips or 
bentonite cement grout, depending upon project requirements. Asphalt or concrete patch will be used 
to cap holes through paved or concrete areas. All holes will be finished smooth to existing grade. 

l In the event the direct push van/truck cannot be driven to a remote location or sampling location with 
difficult accessibility, sampling probes may be advanced and sampled manually or with 
battery/electric-operated equipment (e.g., jack hammer). 

l Decontaminate the equipment before moving to the next location. 

7.0 RECORDS 

A record of all fieM procedures, tests, and observations must be recorded in the field logbook, boring logs, 
and sample log sheets, as needed. Entries should include all pertinent data regarding the investigation. 
The use of sketches and field landmarks will help to supplement the investigation and evaluation. 
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1.0 PURPOSE 

The purpose of this document is to establish standard procedures and technical guidance on borehole 
and sample logging. 

2.0 SCOPE 

These procedures provide descriptions of the standard techniques for borehole and sample logging. 
These techniques shall be used for each boring logged to provide consistent descriptions of subsurface 
lithology. Wile experience is the only method to develop confidence and accuracy in the description of 
soil and rock, the field geologistlengineer can do a good job of classification by careful, thoughtful 
observation and by being consistent throughout the classification procedure. 

3.0 GLOSSARY 

.None. 

4.0 RESPONSIBILITIES 

Site Geologist. Responsible for supervising all boring activities and assuring that each borehole is 
completely logged. If more than one rig is being used on site, the Site Geologist must make sure that 
each field geologist is properly trained in logging procedures. A brief review or training session may be 
necessary prior to the start up of the field program and/or upon completion of the first boring. . 

5.0 PROCEDURES 

The classification of soil and rocks is one of the most important jobs of the field geologist/engineer. To 
maintain a consistent flow of information, it is imperative that the field geologist/engineer understand and 
accurately use the field classification system described in this SOP. This identification is based on visual 
examination and manual tests. 

5.1 Materials Needed 

When logging soil and rock samples, the geologist,or engineer may be equipped with the following: 

l Rock hammer 
. Knife 
0 Camera 
l Dilute hydrochloric acid (HCI) 
l Ruler (marked in tenths and hundredths of feet) 
l Hand Lens 

5.2 Classification of Soils 

All data shall be written directly on the boring log (Figure 1) or in a field notebook if more space is needed. 
Details on filling out the boring log are discussed in Section 5.5. 
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FIGURE 1 

BORING LOG (EXAMPLE) 

n 7t Page - of - 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 
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5.2.1 USCS Classification 

Soils are to be classified according to the Unified Soil Classification System (USCS). This method of 
classification is detailed in Figure 1 (Continued). 
This method of classification identifies soil types on the basis of grain size and cohesiveness. 

Fine-grained soils, or fines, are smaller than the No. 200 sieve and are of two types: silt (M) and clay (C). 
Some classification systems define size ranges for these soil particles, but for field classification 
purposes, they are identified by their respective behaviors. Organic material (0) is a common component 
of soil but has no size range; it is recognized by its composition. The careful study of the USCS will aid in 
developing the competence and consistency necessary for the classification of soils. 

Coarse-grained soils shall be divided into rock fragments, sand, or gravel. The terms sand and gravel not 
only refer to the size of the soil particles but also to their depositional history. To insure accuracy in 
description, the term rock fragments shall be used to indicate angular granular materials resulting from the 
breakup of rock. The sharp edges typically observed indicate little or no transport from theii source area, 
and therefore the term provides additional information in reconstructing the depositional environment of 
the soils encountered. When the term “rock fragments” is used it shall be followed by a size designation 
such as “(l/4 inchall inch@)” or “coarse-sand size” either immediately after the entry or in the remarks 
column. The USCS classification would not be affected by this variation in terms. 

5.2.2 Color 

Soil colors shall be described utilizing a single color descriptor preceded, when necessary, by a modifier 
to denote variations in shade or color mixtures. A soi! could therefore be referred to as “gray” or “light 
gray” or “blue-gray.” Since color can be utilized in correlating units between sampling locations, it is 
important for color descriptions to be consistent from one boring to another. 

Colors must be described whilethe sample is still moist. Soil samples shall be broken or split vertically to 
describe colors. Samplers tend to smear the sample surface creating color variations between the .. 
sample interior and exterior. 

The term “mottled” shall be used to indicate soils irregularly marked with spots of different colors. Mottling 
in soils usually indicates poor aeration and lack of good drainage. 

Soil Color Charts shall not be used unless specified by the project manager. 

5.2.3 Relative Density and Consistency 

To classify the relative density and/or consistency of a soil, the geologist is to first identify the soil type. 
Granular soils contain predominantly sands and gravels. They are noncohesive (particles do not adhere 
well when compressed). Finer-grained soils (silts and clays) are cohesive (particles will adhere together 
when compressed). 

The density of noncohesive, granular soils is classified according to standard penetration resistances 
obtained from split-barrel sampling performed according to the methods detailed in Standard Operating 
Procedures GH-1.3 and SA-1.3. Those designations are: 
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Designation Standard Penetration 
Resistance 

(Blows per Foot) 

1 Very loose 

1 Loose I 5to10 I 
I Medium dense I 11 to30 I 

Dense 

Very dense 

31 to50 

Over 50 

Standard penetration resistance is the number of blows required to drive a split-barrel sampler with a 2- 
inch outside diameter 12 inches into the material using a ‘140-pound hammer falling freely through 
30 inches. The sampler is driven through an 18-inch sample interval, and the number of blows is 

recorded for each 6-inch increment. The density designation of granular soils is obtained by adding the 
number of blows required to penetrate the last 12 inches of each sample interval. It is important to note 
that if gravel or rock fragments are broken by the sampler or if rock fragments are lodged in the tip, the 
resulting blow count will be erroneously high, reflecting a higher density than actually exists. This shall be 
noted on the log and referenced to the sample number. Granular soils are given the USCS classifications 
GW, GP, GM, SW, SP, SM, GC, or SC (see Figure 1). 

The consistency of cohesive soils is determined by performing field tests and identifying the consistency 
as shown in Figure 2. 

Cohesive soils are given the USCS classifications ML, MH, CL, CH, OL, or OH (see Figure 1). 

The consistency of cohesive soils is determined either by blow counts, a pocket penetrometer (values 
listed in the table as Unconfined Compressive Strength), or by hand by determining the resistance to 
penetration by the thumb. The pocket penetrometer and thumb determination methods are conducted on 
a selected sample of the soil, preferably the lowest 0.5 foot of the sample in the split-barrel sampler. The 
sample shall be broken in half and the thumb or penetrometer pushed into the end of the sample to 
determine the consistency. Do not determine consistency by attempting to penetrate a rock fragment. If 
the sample is decomposed rock, it is classified as a soft decomposed rock rather than a hard soil. 
Consistency shall not be determined solely by blow counts. One of the other methods shall be used in 
conjunction with it. The designations used to describe the consistency of cohesive soils are shown in 
Figure 2. 

5.2.4 Weight Percentages 

In nature, soils are comprised of particles of varying size and shape, and are combinations of the various 
grain types. The following terms are useful in the description of soil: 

Terms of Identifying Proportion of the 
Component 

Trace 

Some 

Adjective form of the soil type (e.g., “sandy“) 

Defining Range of 
Percentages by Weight 

0 - 10 percent 

11 - 30 percent 

31 - 50 percent 
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CONSISTENCY FOR COljES!VE SC+S 

Consistency 

Very soft 

Medium stiff 

Stiff 

Very stiff 

Hard 

Standard 
Penetration 
Resistance 
(Blows per 

Foot) 

4 to 8 

8to15 

Over 30 

Field Identification Unconfined 
Compressive 

Strength 
(TonslSq. Foot by 

pocket 
penetration) 

Less than 0.25 Easily penetrated several inches by fist 

0.25 to 0.50 Easily penetrated several inches by 
thumb 

0.50 to 1 .o Can be penetrated several inches by 
thumb with moderate effort 

1.oto2.0 ’ Readily indented by thumb but 
penetrated only with great effort 

2.0 to 4.0 Readily indented by thumbnail 

More than 4.0 Indented with difficulty by thumbnail 
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Examples: 

l Silty fine sand: 50 to 69 percent fine sand, 31 to 50 percent silt 
l Medium to coarse sand, some silt: 70 to 80 percent medium to coarse sand, 11 to 30 percent silt. 
l Fine sandy silt, trace clay: 50 to 68 percent silt, 31 to 49 percent fine sand, 1 to 10 percent clay. 
l Clayey silt, some coarse sand: 70 to 89 percent clayey silt, 11 to 30 percent coarse sand, 

5.2.5 Moisture 

Moisture content is estimated in the field according to four categories: dry, moist, wet, and saturated. In 
dry soil, there appears to be little or no water. Saturated samples obviously have all the water they can 
hold. Moist and wet classifications are somewhat subjective and often are determined by the individual’s 
judgment. A suggested parameter for this would be calling a soil wet if rolling it in the hand or on a porous 
surface liberates water, i.e., dirties or muddies the surface. Whatever method is adopted for describing 
moisture, it is important that the method used by an individual remains consistent throughout an entire 
drilling job. 

Laboratory tests for water content shall be performed if the natural water content is important. 

5.2.6 Stratification 

Stratification can only be determined after the sample barrel is opened. The stratification or bedding 
thickness for soil and rock is depending on grain size and composition, The classification to be used for 
stratification description is shown in Figure 3. 

5.2.7 Texture/Fabric/Bedding 

The texture/fabric/bedding of the soil shall be described. Texture is described as the relative angularity of 
the particles: rounded, subrounded, subangular, and angular. Fabric shall be noted as to whether the 
particles are flat or bulky and whether there is a particular relation between particles (i.e., all the flat 
particles are parallel or there is some cementation). The bedding or stiucture shall also be noted (e.g., 
stratified, lensed, nonstratified, heterogeneous varved). . 

5.2.8 Summary of Soil Classification 

In summary, soils shall be classified in a similar manner by each geologist/engineer at a project site. The 
hierarchy of classification is as follows: 

Density and/or consistency 
Color 
Plasticity (Optional) 
Soil types 
Moisture content 
Stratification 
Texture, fabric, bedding 
Other distinguishing features 
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5.3 Classification of Rocks 

Rocks are grouped into three main divisions: sedimentary, igneous and metamorphic. Sedimentary rocks 
are by far the predominant type exposed at the earth’s surface. The following basic names are applied to 
the types of rocks found in sedimentary sequences: 

l Sandstone - Made up predominantly of granular materials ranging between l/l6 to 2 mm in diameter. 

0 Siltstone - Made up of granular materials less than I/16 to l/256 mm in diameter. Fractures 
irregularly. Medium thick to thick bedded. 

l Claystone - Very fine-grained rock made up of clay and silt-size materials. Fractures irregularly. Very 
smooth to touch. Generally has irregularly spaced pitting on surface of drilled cores. 

l Shale - A fissile very fine-grained rock. Fractures along bedding planes. 

0 Limestone - Rock made up predominantly of calcite (CaCO,). Effervesces strongly upon the 
application of dilute hydrochloric acid. 

l Coal - Rock consisting mainly of organic remains. 

l Others - Numerous other sedimentary rock types are present in lesser amounts in the stratigraphic 
record. The local abundance of any of these rock types is dependent upon the depositional history of 
the area. Conglomerate, halite, gypsum, dolomite, anhydrite, lignite, etc. are some of the rock types 
found in lesser amounts. 

In classifying a sedimentary rock the following hierarchy shall be noted: 

l Rock type 
0 Color 
. Bedding thickness 
. Hardness 
. Fracturing 
l Weathering 
l Other characteristics 

5.3.1 Rock Type 

As described above, there are numerous types of sedimentary rocks. In most cases, a rock will be a 
combination of several grain types, therefore, a modifier such as a sandy siltstone, or a silty sandstone 
can be used. The modifier indicates that a significant portion of the rock type is composed of the modifier. 
Other modifiers can include carbonaceous, calcareous, siliceous, etc. 

Grain size is the basis for the classification of elastic sedimentary rocks. Figure 4 is the Udden- 
Wentworth classification that will be assigned to sedimentary rocks. The individual boundaries are slightly 
different than the USCS subdivision for soil classification. For field determination ,of grain sizes, a scale 
can be used for the coarse grained rocks. For example, the division between siltstone and claystone may 
not be measurable in the field. The boundary shall be determined by use of a hand lens. If the grains 
cannot be seen with the naked eye but are distinguishable with a hand lens, the rock is a siltstone. If the 
grains are not distinguishable with a hand lens, the rock is a claystone. 

019611/p Tetra Tech NUS, Inc. 
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GRAIN SIZE CLASSIFICATION FOR ROCKS, 

After Wentworth, 1922 
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5.3.2 Color 

The color of a rock can be determined in a similar manner as for soil samples. Rock core samples shall 
be classified while wet, when possible, and air cored samples shall be scraped clean of cuttings prior to 
color classifications. 

Rock color charts shall not be used unless specified by the Project Manager. 

5.3.3 Bedding Thickness 

The bedding thickness designations applied to soil classification (see Figure 3) will also be used for rock 
classification. 

5.3.4 Hardness 

The hardness of a rock is a function of the compaction, cementation, and mineralogical composition of the 
rock. A relative scale for sedimentary rock hardness is as follows: 

l Soft -Weathered, considerable erosion of core, easily gouged by screwdriver, scratched by fingernail. 
Soft rock crushes or deforms under pressure of a pressed hammer. This term is always used for the 
hardness of the saprolite (decomposed rock which occupies the zone between the lowest soil horizon 
and firm bedrock). 

l Medium soft - Slight erosion of core, slightly gouged by screwdriver, or breaks with crumbly edges 
from single hammer blow. 

. Medium hard - No core erosion, easily scratched by screwdriver, or breaks with sharp edges from 
single hammer blow. 

l Hard - Requires several hammer blows to break and has sharp conchoidal breaks. Cannot be 
scratched with screwdriver. 

Note the difference in usage here of the works “scratch” and “gouge.” A scratch shall be considered a 
slight depression in the rock (do not mistake the scraping off of rock flour from drilling with a scratch in the 
rock itself), while a gouge is much deeper. 

5.3.5 Fracturing’ 

The degree of fracturing or brokenness of a rock is described by measuring the fractures or joint spacing. 
After eliminating drilling breaks, the average spacing is calculated and the fracturing is described by the 
following terms: 

l Very broken (V. BR.) - Less than 2-inch spacing between fractures 
l Broken (BR.) - 2-inch to l-foot spacing between fractures 
l Blocky (BL.) - I- to 3-foot spacing between fractures 
l Massive (M.) - 3 to lo-foot spacing between fractures 

01961 l/F' Tetra Tech NUS, Inc. 
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The structural integrity of the rock can be approximated by calculating the Rock Quality Designation 
(RQD) of cores recovered. The RQD is determined by adding the total lengths of all pieces exceeding 
4 inches and dividing by the total length of the coring run, to obtain a percentage. 

Method of Calculating RQD 
(After Deere, 1964) 

RQD % = r/l x 100 

r= Total length of all pieces of the lithologic unit being measured, which are greater than 
4 inches length, and have resulted from natural breaks. Natural breaks include 
slickensides, joints, compaction slicks, bedding plane partings (not caused by drilling), 
friable zones, etc. 

I = Total length of the coring run. 

5.3.6 Weathering 

The degree of weathering is a significant parameter that is important in determining weathering profiles 
and is also useful in engineering designs. The following terms can be applied to distinguish the degree of 
weathering: 

l Fresh - Rock shows little or no weathering effect. Fractures or joints have little or no staining and reek 
has a bright appearance. 

l Slight - Rock has some staining which may penetrate several centimeters into the rock. Clay filling of 
joints may occur. Feldspar grains may show some alteration. 

l Moderate - Most of the rock, with exception of quartz grains, is stained. Rock is weakened due to 
weathering and can be easily broken with hammer. 

l Severe - All rock including quartz grains is stained. Some of the rock is weathered to,the extent of 
becoming a soil. Rock is very weak. 

5.3.7 Other Characteristics 

The following items shall be included in the rock description: 

l Description of contact between two rock units. These can be sharp or gradational. 
l Stratification (parallel, cross stratified). 
l Description of any filled cavities or vugs. 
l Cementation (calcareous, siliceous, hematitic). 
l Description of any joints or open fractures. 
l Observation of the presence of fossils. 
l Notation of joints with depth, approximate angle to horizontal, any mineral filling or coating, and 

degree of weathering. 

All information shown on the boring logs shall be neat to the point where it can be reproduced on a copy 
machine for report presentation. The data shall be kept current to provide control of the drilling program 
and to indicate various areas requiring special consideration and sampling. 

.“-“‘h 

.e--% 

- 
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5.3.8 Additional Terms Used in the Desciiption of Rock , 

The following terms are used to further identify rocks: 

l Seam - Thin (12 inches or less), probably continuous layer. 

l Some - Indicates significant (15 to 40 percent) amounts of the accessory material. For example, rock 
composed of seams of sandstone (70 percent) and shale (30 percent) would be “sandstone - some 
shale seams.” 

l Few - Indicates insignificant (0 to 15 percent) amounts of the accessory material. For example, rock 
composed of seam of sandstone (90 percent) and shale (10 percent) would be “sandstone - few 
shale seams.” 

. Interbedded - Used to indicate thin or very thin alternating seams of material occurring in 
approximately equal amounts. For example, rock composed of thin alternating seams of sandstone 
(50 percent) and shale (50 percent) would be “interbedded sandstone and shale.” 

. Interlayered - Used to indicate thick alternating seams of material occurring in approximately equal 
amounts. 

The preceding sections describe the classification of sedimentary rocks. The following are some basic 
names that are applied to igneous rocks: 

l Basalt - A fine-grained extrusive rock composed primarily of calcic plagioclase and pyroxene. 

l Rhyolite - A fine-grained volcanic rock containing abundant quartz and orthoclase. The fine-grained 
equivalent of a granite. 

l Granite - A coarse-grained plutonic rock consisting essentially of alkali feldspar and quartz. 

l Diorite - A coarse-grained plutonic rock consisting essentially of sodic plagioclase and hornblende. 

l Gabbro - A coarse-grained plutonic rock consisting of calcic plagioclase and clinopyroxene. Loosely 
used for any coarse-grained dark igneous rock. 

The following are some basic names that are applied to metamorphic rocks: 

l Slate - A very fine-grained foliated rock possessing a well developed slaty cleavage. Contains 
predominantly chlorite, mica, quartz, and sericite. 

l Phyllite - A fine-grained foliated rock that splits into thin flaky sheets with a silky sheen on cleavage 
surface. 

l Schist - A medium to coarse-grained foliated rock with subparallel arrangement of the micaceous 
minerals which dominate its composition. 

l Gneiss - A coarse-grained foliated rock with bands rich in granular and platy minerals. 

l Quartzite - A fine- to coarse-grained nonfoliated rock breaking across grains, consisting essentially of 
quartz sand with silica cement. 
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Abbreviations 

Abbreviations may be used in the description of a rock or soil. However, they shall be kept at a minimum. 
Following are some of the abbreviations that may be used: 

5.5 Boring Logs and,Documentation 

This section describes in more detail the procedures to be used in completing boring logs in the field. 
Information obtained from the preceding sections shall be used to complete the logs. A sample boring log 
has been provided as Figure 5. 

The field geologist/engineer shall use this example as a guide in completing each boring log. Each boring 

5.5.1 Soil Classification 

Identify site name, boring number, job number, etc. Elevations and water level data to be entered 
when surveyed data is available. 

Enter sample number (from SPT) under appropriate column. Enter depth sample was taken from 
(1 block = 1 foot). Fractional footages, i.e., change of lithology at 13.7 feet, shall be lined off at the 
proportional location between the 13- and 1Cfoot marks. Enter blow counts (Standard Penetration 
Resistance) diagonally (as shown). Standard penetration resistanceis covered in Section 5.2.3. ,. “. .^I.e^.j./l /+.hil ~.“.,,*il _,,..__ *,. *_ , 

Determine sample recovery/sample length as shown. Measure the total length of sample recovered 
from the split-spoon sampler, including material in the drive shoe. Do not include cuttings or wash 
material that may be in the upper portion of the sample tube. 

Indicate any change in lithology by drawing a line at the appropriate depth. For example, if clayey silt 
was encountered from 0 to 5.5 feet and shale from 5.5 to 6.0 feet, a line shall be drawn at this 
increment. This information is helpful in the construction of crosssections z,.,. ,” As>.,an aJe[native, 
symbols may be used to identify each change in lithology. 

The density of granular soils is obtained by adding the number of blows for the last ,$#o increments. ,h* _‘.“,” ,_^.l 
Refer to Density of Granular Soils Chart on back of log sheet. For consistency of cohesive soils refer 
also to the back of log sheet - Consistency of Cohesive Soils, Enter this, jnformation under the “AA.* . . . . . ̂ L _I .,_* ,, 
appropriate column. Refer to Section 5.2.3. 

log shall be fully described by the geologist/engineer as the boring is being drilled. Every sheet contains 
space for 25 feet of log. Information regarding classification details his provided”~ther on ‘the back of the 
boring log or on a separate sheet, for field use. 
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FIGURE 5 
COMPLETED BORING LOG (EXAMPLE) 

ING I OG Page 1 of 1_ 

PROJECT NAME: flsa- SITE BORING NUMBER: $B/ MW I 
PROJECT NUMBER: 4594 DATE: 31 %I 5% 
DRILLING COMPANY: SoILTesT co. GEOLOGIST: 5J CDmY\ 
DRILLING RIG: CIAO- 55 DRILLER: R. R&Y 

MATERIAL DESCRIPTION ~--wkg@m 
MChPUl-~-- u 
N0.H (RI CorlEIo s 
ryp- Q (W 
mu mnm. C Remarks 

color YIbrws S 
. 

: 
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l Enter color of the material in the appropriate column. 

. Describe material using the USCS. Limit this column for sample description only. The predominant 
material is described ,Jast. If the primary soil is silt but has fines (clay) - use clayey silt. Limit soil 
descriptors to the following: _I’ =““.” 

- Trace: 0 - 10 percent 
- Some: 11 - 30 percent 
- And/Or: 31 - 50 percent 

l Also indicate under Material Classification if the material is fill or natural soils. Indicate roots, organic 
material, etc. 

l Enter USCS symbol - use chart on back of boring log as a guide. If the soils fall into one of hrv,o.bqsjc 
groups, a borderline symbol may be used with the two symbols separated by a slash. For example 
ML/CL or SM/SP. 

l The following information shall be entered under the “Remarks’; column and shall include, but is not 
limited by, the following: 

- Moisture - estimate moisture content using the following terms - dry, moist, wet and saturated. 
These terms are determined by the individual. Whatever method is used to determine moisture, 
be consistent throughout the log. 

‘- -Angularity - describe angularity of coarse grained particles using the terms angular, subangular, 
subrounded, or rounded. Refer to ASTM D 2488 or Earth Manual for criteria for these terms. 

- Particle shape - flat, elongated, or flat and elongated. 

- Maximum particle size or dimension. 

- Water level observations. 

- Reaction with HCI - none, weak, or strong. 

l Additional comments: 

- Indicate presence of mica, caving of hole, when water was encountered, difficulty in drilling, loss 
or gain of water. 

- Indicate odor and Photoionization Detector (PID) or Flame Ionization Detector (FID) reading if 
applicable. 

. 

- Indicate any change in lithology by drawing a line through the lithology change column and 
indicate the depth; This will help when cross-sections are subsequently constructed. 

- At the bottom of the page indicate type of rig, drilling method, hammer size and drop, and any 
other useful information (i.e., borehole size, casing set, changes in drilling method). 

01961 VP Tetra Tech NUS, Inc. 
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- Vertical lines shall be drawn (as shown in Figure 5) in columns 6 to 8 from the bottom of each 
sample to the top of the next sample to indicate’consistency of material from sample to sample, if 
the material is consistent. Horizontal lines shall be drawn if there is a change in lithology, then 
vertical lines drawn to that point. 

- Indicate screened interval of well, as needed, in the lithology column. Show top and bottom of 
screen. Other details of well construction are provided on the well construction forms. 

5.5.2 Rock Classification 

. Indicate depth at which coring began by drawing a line at the appropriate depth. Indicate core run 
depths by drawing coring run lines (as shown) under the first and fourth columns on the log sheet. 
Indicate RQD, core run number, RQD percent, and core recovery under the appropriate columns. 

. Indicate lithology change by drawing a line at the appropriate depth as explained in Section 5.5.1. 

l Rock hardness is entered under designated column using terms as described on the back of the log 
or as explained earlier in this section. 

l Enter color as determined while the core sample is wet; if the sample is cored by air, the core shall be 
scraped clean prior to describing color. 

. Enter rock type based on sedimentary, igneous or metamorphic. For sedimentary rocks use terms as 
described in Section 5.3. Again, be consistent in classification. Use modifiers and additional terms 
as needed. For igneous and metamorphic rock types use terms as described in Sections 5.3.8. 

l Enter brokenness of rock or degree of fracturing under the appropriate column using symbols VBR, 
BR, BL, or M as explained in Section 5.3.5 and as noted on the back of the Boring Log. 

l The following information shall be entered under the remarks column. Items shall include but are not 
limited to the following: 

- Indicate depths of joints, fractures and breaks and also approximate to horizontal angle (such as 
high, low), i.e., 70” angle from horizontal, high angle. 

- Indicate calcareous zones, description of any cavities or vugs. 
- Indicate any loss or gain of drill water. 
- Indicate drop of drill tools or change in color of drill water. 

l Remarks at the bottom of Boring Log shall include: 

- Type and size of core obtained. 
- Depth casing was set. 
- Type of rig used. 

l As a final check the boring log shall include the following: 

- Vertical lines shall be drawn as explained for soil classification to indicate consistency of bedrock 
material. 

- If applicable, indicate screened interval in the lithology column. Show top and bottom of screen. 
Other details of well construction are provided on the well construction forms. 
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5.53 Classification qf Sgj( and Rock from Drill Cuttings . . .-.,_- .^ __.a_ ,“_-.-a- rXIl .-,*i *___I ,., ,.. . . 

The previous sections describe procedures for classifying soil and rock samples when cores are obtained. 
However, some drilling methods (air/mud rotary) may require classification and- boreho& logging based on 
identifying drill cuttings removed from the, boreho@ Such cuttings provide only general information on x /. ^ ._. ‘IX 
subsurface lithology. Some procedures that shall be followed when logging’cutbngs are: _. 

l Obtain cutting samples at approximately 5-foot intervals, sieve the cuttings (if mud rotary drilling) to 
obtain a cleaner sample, place the sample into a small sample b,ottle or “zip lock” bag for future 
reference, and label the jar or bag (i.e. hole number, depth, date, etc.). Cuttings shall be closely 
examined to determine general lithology. 

l Note any change in color of drilling fluid or cuttings, to estimate changes in lithology. 

l Note drop or chattering of drilling tools or a change in the rate of drilling, to determine fracture 
locations or lithologic changes. 

l Observe loss or gain of drilling fluids or air (if air rotary methods are used), to identify potential 
fracture zones. 

l Record this and any other useful information onto the boring log as provided in Figure 1. 

This logging provides a general description of subsurface lithology and adequate information ca’ e 
obtained through careful observation of the drilling process. It is recommended that split-barrel a%..: 3: 
core sampling methods be used at selected boring locations during the field investigation to provlob 
detailed information to supplement the less detailed data generated through borings drilled using air/mud 
rotary methods. 

5.6 Review 

Upon completion of the borings logs, copies shall be made snd rsvie\rved. Items to be reviewed include: ,,._. .,,. J . .l*“>/l.j.x ^ _*,..\. ,a,.crZ,,; 

l Checking for consistency of all logs. 
l Checking for conformance to the guideline. 
l Checking to see that all information is entered in their respective columns and spaces. 

6.0 REFERENCES 

Unified Soil Classification System (USCS). 

ASTM D2488, 1985. 

Earth Manual, U.S. Department of the Interior, 1974. 

7.0 RECORDS 

Originals of the boring logs shall be retained in the project files. 
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1.0 PURPOSE 

This guideline is intended to describe procedures for performing in-situ hydraulic conductivity testing 
(slug testing) in boreholes and monitoring wells, and provide a short description of commonly used 
evaluation techniques for the data generated. Slug tests are used to provide data regarding the hydraulic 
properties of the formation tested. A variation of the slug test, called a constant-head test, is also briefly 
described. 

2.0 SCOPE 

Slug tests are short-term tests designed to provide approximate hydraulic conductivity values for the 
portion of a formation immediately surrounding the screened/open interval of a well or boring. These 
tests are less accurate than pumping tests, as a much more localized area is involved. Therefore, a 
number of slug tests are performed and averaged to determine a representative hydraulic conductivity 
value for the formation tested. Performance of slug tests may be preferable to pumping tests in 
situations where handling of large volumes of contaminated water is a concern or when time/budget 
constraints preclude the more expensive and time-consuming setup and performance of a pumping test. 

Constant-head tests also are used to determine hydraulic conductivity values and are similar to slug tests 
with regard to the quality of data obtained and time/cost considerations. A disadvantage of constant- 
head tests is that a significant volume of water may be added to the formation, potentially affecting short- 
term water quality. 

3.0 GLOSSARY 

Hydraulic Conductivity (K) - A quantitative measure of the ability of porous material to transmit water. 
Volume of water that will flow through a unit cross-sectional area of porous material per unit time under 
a head gradient. Hydraulic conductivity is dependent upon properties of the medium and fluid: Common 
units of expression include centimeters per second (cm/set), feet per day @/day), and gallons per day 
per foot2 (gpd/f?). 

Transmissivitv Cr\ - A quantitative measure of the ability of an aquifer to transmit water. The product of 
the hydraulic conductivii times the saturated thickness. 

Sluq Test - A rising head or falling head test used to measure hydraulic conductivity. A slug test consists 
of instantaneously changing the water level within a well and measuring the rate of recovery of the water 
level to equilibrium conditions. Slug tests are performed by either withdrawing a slug of water (rising 
head test) or adding a slug of water (falling head test), then measuring recovery over time. A solid slug 
of known volume can be used to displace a volume of water, thereby simulating the addition or removal 
.of water. 

4.0 RESPONSIBILITIES 

Proiect Hvdroueoloqist - The project hydrogeologist, in conjunction with the Project Manager, shall 
evaluate the type(s) and extent of hydraulic testing required for a given project during the planning 
process, and design the field program accordingly. The project hydrogeologist also shall ensure that 
field personnel have the necessary training and guidance to properly perform the tests, and shall oversee 
data reduction activities, including selecting the appropriate evaluation techniques and checking 
calculations for accuracy. 

019611/P Brown & Root Environmental 
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Field Geolouist - The field geologist is responsible for performing the planned field tests as specified in 
the project planning documents, (or approved modifications thereto). The field geologist also generally 
assists in the data evaluation process. The field geologist shall be knowledgea’ble in the testing 
methodologies used and is responsible for obtaining the necessary support equipment required to 
perform the field tests. All applicable data regarding testing procedures, equipment used, well 
construction, and geologic/hydrogeologic conditions shall be recorded by the field geologist. The field 
geologist shall be familiar enough with testing procedures/requirements to be able to recommend 
changes in methodology, should unanticipated field conditions be encountered. 

5.0 PROCEDURES 

5.1 In-situ Hvdraulic Conductivitv Testing in Wells 

Slug tests are commonly performed in completed wells. Prior to testing, the well shall be thoroughly 
developed and allowed to stabilize, in order to obtain accurate results. Once the water level within the 
well has stabilized, it shall be quickly raised or lowered and the rate of recovery measured. 

One of the basic assumptions of slug testing is that the initial change in water level is instantaneous; 
therefore, an effort shall be made to minimize the time involved in raising or lowering the water level 
initially. Various methods can be used to induce instantaneous (or nearly instantaneous) changes in 
water level within the well. A rise in water levels can be induced by pouring water into the well. A solid 
slug of known volume, quickly lowered below the water level within the well, will displace an equivalent 
volume of water and raise the water level within the well. The slug can be left in place until the water 
level restabilizes at the static water level, then suddenly removed to create a drop in water level within 
the well. An advantage of using a solid cylinder of known volume (slug) to change the water level is that 
no water is removed or added to the monitoring well. This eliminates the need to dispose of 
contaminated water and/or add water to the system, which might raise doubts regarding the 
representativeness of future groundwater samples. A bailer or pump can be used to withdraw water from 
the well. If a pump is used, pumping shall not continue for more than several seconds so that a cone 
of depression is not created which would adversely impact testing results. The pump hose shall also be 
removed from the well during the recovery period, as data analysis techniques involve volume of 
recovery versus time. and leaving the hose within the well would distort the calculated testing results by 
altering the apparent volume of recovery. Falling head slug tests should only be performed in wells with 
fully submerged screens, while rising head slug’tests can be performed in wells with either partially or 
fully submerged screens/open intervals. 

Other methods that can be used to change water levels within a well include creating a vacuum or a high 
pressure environment within the well. The vacuum method will raise water levels within the well, while 
the pressure method will depress the water level in the well. These methods are particularly useful in 
highly permeable formations where other methods are ineffective in creating measurable changes in 
water levels. Both of these methods are limited to wells which have completely submerged screens. 

Rate of recovery measurements shall be obtained from time zero (maximum change in water level) until 
water level recovery exceeds 90 percent of the lnitiil change in water level. In low permeability 
formations, the test may be cut-off short of 90 percent recovery due to time constraints. Time intervals 
between water level readings will vary according to the rate of recovery of the well. For a moderately 
fast recovering well, water level readings at 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.75, 1.0, 1.25, 1.5, 2.0, 2.5, 3.0, 
4.0, . . . minutes may be required. Wiih practice, readings at down to 0.05minute (3 seconds) time 
intervals can be obtained with reasonable accuracy, using a pressure transducer and hand held readout. 
For wells which recover very fast, a pressure transducer and data logger may be required to obtain 
representative data. Time intervals between measurements can be extended for slow recovering wells. 
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A typical schedule for measurements for a slow recovering well would be 0, 0.25, 0.5, 0.75, 1 .O, 1.5, 2.0, 
3.0, 4.0, 6.0, 8.0, 10.0, 15.0, 20.0, 30.0, . . . minutes from the beginning the test. Measurements shall be 
taken from the top of the well casing. 

Water level measurements can be obtained using an electric water level indicator, popper, or pressure 
transducer. Steel tape coated with chalk or water sensitive paste although very accurate, is a slower 
method of obtaining water levels and is generally not recommended for use due to the frequency at 
which water level measurements need to be obtained during the performance of a slug test. 

The following data shall be recorded when performing slug tests in wells or borings: 

0 Well/boring ID number 
0 Total depth of well/boring 
0 Screened/open interval depth and length 
0 Gravel pack interval depth and length 
0 Well and boring radii 
0 Well stickup above ground surface 
0 Gravel pack radius 
0 Static water level 
a Aquifer thickness 
0 Depth to confining layer 
0 Time/recovery data 
0 Gravel pack porosity / “a 

A variation of the slug test, called a constant-head test, is a test in which water is added to the well at 
a measured rate sufficient to maintain the water level in the well at a constant height above the static 
water level. Once a stable elevated water level has been achieved, discharge (pumping) rate 
measurements are recorded in place of time/recovery data for approximately 10 to 20 niinutes. The 
hydraulic conductivity is then calculated from this information. The constant-head test is generally not 
recommended for monitoring wells as large volumes of water may be introduced into the screened 
formation, potentially impacting later sampling events. 

5.2 In-situ Hydraulic Conductivity Testing in Borings 

Slug tests can be performed in borings while the boring is being advanced. This permits testing of 
formations at different depths throughout the drilling process. Boreholes to be tested shall be drilled 
using casing, so that discrete depths may be investigated. Various tests and testing methods are 
described below. The most appropriate test and testing method to be used in a situation varies with 
drilling, geologic, and general site conditions and shall be selected after a careful evaluation of the above 
factors. 

Rising head or falling head slug tests can be performed in saturated and unsaturated formations during 
drilling. There are two ways that the tests can’ be performed. One way entails setting the casing flush 
with the bottom of the boring when the desired testing depth has been reached. The hole is then 
cleaned out to remove loose materials, the drill bii and rods are carefully withdrawn from the boring, and 
a few feet of sand (of higher permeability than the surrounding formation) is added to the bottom of the 
boring. After the water level in the boring has stabilized (for saturated formations), the static water level 
is measured and recorded. The water level is then raised (falling head test) or lowered (rising head test) 
and the change in water level is measured at time intervals determined by the field hydrogeologist. Only /+- 
falling head tests can be performed for depth intervals within the unsaturated (vadose) zone1 As 
described for wells, time intervals for water level measurements will vary according to the formation’s 

I 
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hydraulic conductivity. The faster the rate of recovery expected, the shorter the time intervals between 
measurements shall be. A predetermined pattern of time intervals must be used during each test. The 
rate of change of water level will be used to calculate hydraulic conductivity. The test is to be conducted 
until the water level again stabilizes, or for a minimum of 20 minutes. In low permeability formations, it 
is not always practical to run the test until the water level stabilizes, as it may take a long time to do so. 
The top of the casing shall be used as the reference point for all water level measurements. 

The second method for conducting a slug test during drilling consists of placing a temporary well with 
a short screen into the cleaned-out boring, pulling the drilling casing back to expose the screen, allowing 
the formation to collapse around the screen (or placing a sand/gravel pack around the screen), and 
performing the appropriate hydraulic conductivity test in the well, as described for the first method. 
Again, the test shall be conducted until the water level stabilizes or for a minimum of 20 minutes. This 
method allows for testing a larger section of the formation and results in more reliable hydraulic 
conductivity estimates. 

Constant-head tests may also be performed in borings. As described for monitoring wells, once a stable 
elevated level has been achieved, the discharge rate into the boring is measured for a period of time, 
usually 10 to 20 minutes, and the hydraulic conductivity is calculated from this. This method is the most 
accurate method depicted in this section, and shall be given preference over others if the materials are 
available to perform the test and the addition of water to the boring does not adversely impact project 
objectives. Once the test is over, additional information can be gathered by measuring the rate of the 
drop in water level in the boring (for saturated formations). A limitation of the constant-head test is that 
foreign water is introduced into the formation which must be removed from the well area by natural or 
artificial means, before a representative groundwater sample can be obtained. 

Detailed descriptions regarding the performance of borehole hydraulic conductivity tests and subsequent 
data analysis techniques are provided in Ground Water Manual (1981). 

5.3 Data Analysis 

There are a number of data analysis methods available to reduce and evaluate slug testing data. The 
determination of which method is most appropriate shall be made based on the testing conditions 
(including physical setup of the well/boring tested, hydrogeologic conditions, and testing methodology) 
and the limitations of each test analysis method. Well construction details, aquifer type (confined or 
unconfined), and screened/open interval (fully or partially penetrating the aquifer) shall be taken into 
account in selecting an analysis method. Cooper, et al. (1967) and Papadapulos, et al. (1973) have 
developed test interpretation procedures for fully penetrating wells in confined aquifers. Hvorslev (1951) 
developed a relatively simple analytical procedure for point piezometers in an infinite isotropic medium. 
In Cedergren (1967) Hvorslev presents a number of analytical procedures which cover a wide variety 
of hydrogeologic conditions, testing procedures, and well/boring/piezometer configurations. Bouwer 
and Rice (1976) developed an analytical technique applicable to both unconfined and confined 
conditions, which factors in partial/full penetration and discusses well screen gravel pack considerations. 
The Ground Water Manual (1981) presents a number of testing and test analysis procedures for wells 
and borings open above or below the water table, and for both falling head and constant-head tests. 
The methods described above do not represent a complete listing of test analysis methods available, but 
are some of the more commonly used and accepted methods. Other methods can be used, at the 
discretion of the project hydrogeologist and in concurrence with the Project Manager and client. 

One consideration to be noted during data analysis is the determination of the screened/open interval 
of a tested well. If a well with a fully submerged screen is installed in a relatively low permeability 
formation, and a gravel pack which is significantly more‘permeable is installed around the screen, the 
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length of the gravel pack (if longer than the screened interval) may be used as the screened/open length, 
rather than the screen length itself. In situations where the formation permeability is judged to be 
comparable to the gravel pack permeability (within about an order of magnitude) this adjustment is not 
required. 

All data analysis applications and calculations shall be reviewed by technical personnel thoroughly 
familiar with testing and test analysis procedures. Upon approval of the calculations and results, the 
calculation sheets shall be initialed and dated by the reviewer. Distribution copies shall be supplied to 
appropriate project personnel and the original copy stored in the project central file. 

6.0 REFERENCES 

Cedergren, H. R., 1967. Seepage, Drainage, and Flow Nets. John Wiley and Sons Inc., New York, 
pp. 78-76. 

Cooper, H. H., Jr., J. D. Bredehoeft, and I. S. Papadopulos, 1967. Response of a Finite-Diameter Well 
to an Instantaneous Change of Water. Water Resources Research, V. 3, No. 1, pp. 263-269.’ 

Hvorslev, M. J., 1951. Time lag and Soil Permeability in Ground Water Observations. U.S. Army Corps 
of Engineers, Waterways Experiment Station, Washington, D.C., Bull. No. 36. ’ 

,* ).. 

Papadopulos, I. S., J. D. Bredehoeft, and H. H. Cooper, 1973. On the Analysis of Slug Test Data. Water 
Resources Research, V. 9, No. 4, pp. 1087-1089. 

Bouwer, H. and R. C. Rice, 1976. “A Slug Test for Determining Hydraulic Conductiviiv of Unconfined 
Aquifers with Completely or Partially Penetrating Wells.” Water-Resources Research, 12:423128. 

United States Department of the Interior, 1981. Ground Water Manual. U.S. Government Printing Office, 
Denver, Colorado. 

7.0 RECORDS 

Field data shall be recorded on the data sheet included as Attachment A (or equivalent).’ Any notes 
regarding testing procedures, problems encountered, and general observations not included on the data 
sheet shall be noted in the bound site logbook or field notebook. The boring log and well construction 
diagrams for each well/boring tested shall be used as references during testing and data analysis 
activities. Original data sheets shall be placed in the project file, along with the logbook/notebook. 

-i 

I” 

’ If an automated data recorder is used, the data may be displayed using the printer output from the unit. Such 
printouts should be annoted to include the relevant data form, or attached to the form shown as Attachment A. 

c 
I 
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AlTACHMENT A 
EXAMPLE HYDRAULIC CONDUCTIVITY TESTING DATA SHEET 

HYDRAULIC CONDUCTIVITY TESTING DATA SfiEET w 

.............................................................. 
PROJECT NO.: .................................................................................................................................... 

WELL DIAMETER: ....................... SCRW lENGlH/I)EPlW .......................................... TEST NO.: ..................... 

STARC WATER u (Ihpth/nclvu&Ion): .................................................................... DATE: ...... .._. .................. 

lEST TYPE (Rlehg/FdIhg/CuMant Head): ............. ..I....................- ........... CHECKED: .................... ..-........m ....... 

METHOO OF INDUCING WA& PACE ..... OF .......... 
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PURPOSE 

This procedure provides general guidance and information pertaining to proper monitoring well design, 
installation, and development. 

2.0 SCOPE 

This procedure is applicable to the construction of permanent monitoring wells. The methods described 
herein may be modified by project-specific requirements for monitoring well construction. In addition, 
many regulatory agencies have specific regulations pertaining to monitoring well construction and 
permitting. These requirements must be determined during the project planning phases of the 
investigation, and any required permits must be obtained before field work begins. Innovative monitoring 
well installation techniques, which typically are not used, will be discussed only generally in this 
procedure. 

3.0 GLOSSARY 

Monitorinq Well - A well which is properly screened (if screening is necessary, e.g., open borehole), 
cased, and sealed which is capable of providing a groundwater level and groundwater sample 
representative of the zone being monitored. 

Piezometer - A pipe or tube inserted into the water bearing zone, typically open to water flow at the 
bottom and to the atmosphere at the top, and used to measure water level elevations. Piezometers may 
range in size from l/2-inchdiameter plastic tubes to well points or monitoring wells. 

Potentiometric Surface - The surface representative of the level to which water will rise in a well cased 
to the screened aquifer. 

Well Point (Drive Point) - A screened or perforated tube (Typically l-1 /4 or 2 inches in diameter) with a 
solid, conical, hardened point at one end, which is attached to a riser pipe and driven into the ground 
with a sledge hammer, drop weight, or mechanical vibrator. Well points may be used for groundwater 
injection and recovery, as piezometers (i.e., to measure water levels) or to provide groundwater samples 
for water quality data. 

4.0 RESPONSIBILITIES 

Driller - The driller provides adequate and operable equipment, sufficient quantities of materials, and an 
experienced and efficient labor force capable of performing all phases of proper monitoring well 
installation and construction. The driller may also be responsible for obtaining, in advance, any required 
permits for monitoring well installation and construction. 

Ria Geoloctist - The rig geologist supervises and documents well installation and construction performed 
by the driller, and insures that well construction is adequate to provide representative groundwater data 
from the monitored interval. Geotechnical engineers, field technicians, or other suitable trained personnel 
may also serve in this capacity. 
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5.0 PROCEDURES 

5.1 , Ecwipment/ltems Needed 

Below is a list of items that may be needed when installing a monitoring well: 

0 Health and safety equipment as required by the Site Safety Cfficer. 

0 Well drilling and installation equipment with associated materials (typically supplied by the 
driller). 

0 Hydrogeologic equipment (weighted engineer’s tape, water level indicator, retractable 
engineers rule, electronic calculator, clipboard, mirror and flashlight - for observing 
downhole activities, paint and ink marker for marking monitoring wells, sample jars, well 
installation forms, and a field notebook). 

0 Drive point installations tools (sledge hammer, drop hammer, or mechanical vibrator; tripod, 
pipe wrenches, drive points, riser pipe, and end caps). 

5.2 Well Desiqn 

The objectives for each monitoring well and its intended use must be clearly defined before the 
monitoring system is designed. Within the monitoring system, different monitoring wells may serve 
different purposes and, therefore, require different types of construction. During all phases of the well 
design, attention must be given to clearly documenting the basis for design decisions, the details of well 
construction, and the materials to be used. The objectives for installing the monitoring wells may 
include: 

0 Determining groundwater flow directions and velocities. 
0 Sampling or monitoring for trace contaminants. 
0 Determining aquifer characteristics (e.g., hydraulic conductivity). 

Siting of monitoring wells shall be performed after a preliminary estimation of the groundwater flow 
direction. In most cases, groundwater flow and potential well locations can be determined through the 
review of geologic data and the site terrain. In addition, data from production wells or other monitoring 
wells in the area may be used to determine the groundwater flow direction. If these methods cannot be 
used, piezometers, which are relatively inexpensive to install, may have to be installed in a preliminary 
investigative phase to determine groundwater flow direction. 

5.2.1 Well Depth, Diameter, and Monitored Interval 

The well depth, diameter, and monitored interval must be tailored to the specific monitoring needs of 
each investigation. Specification of these items generally depends on the purpose of the monitoring 
system and the.characteristics of the. hydrogeologic system being monitored. Wells of different depth, 
diameter, and monitored interval can be employed in the same groundwater monitoring system. For 
instance, varying the monitored interval in several wells, at the same location (cluster wells) can help to 
determine the vertical gradient and the levels at which contaminants are present. Conversely, a fully 
penetrating well is usually not used to quantify or vertically locate a contaminant plume, since 
groundwater samples collected in wells that are screened over the full thickness of the water-bearing 
zone will be representative of average conditions across the entire monitored interval. However, fully 
penetrating wells can be used to establish the existence of contamination in the water-bearing zone. The 
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well diameter desired depends upon the hydraulic characteristics of the water-bearing zone, sampling 
requirements, drilling method and cost. 

The decision concerning the monitored interval and well depth is based on the following (and possibly 
other) information: 

l The vertical location of the contaminant source in relation to the water-bearing zone. 

0 The depth, thickness and uniformity of the water-bearing zone. 

l The anticipated depth, thickness, and characteristics (e.g., density relative to water) of the 
contaminant plume. 

0 Fluctuation in groundwater levels (due tq pumping, tidal influences, or natural 
recharge/discharge events). 

0 The presence and location of contaminants encountered during drilling. 

0 Whether the purpose of the in$allation is for determining existence or non-existence of 
contamination or if a particular stratigraphic zone is being investigated. 

0 The analysis of borehole geophysical logs. 

In most situations where groundwater flow lines are horizontal, depending on the purpose of the well and -- . . 
the site conditions, monitored intervals are 20 feet or less. Shorter screen lengths (1 to 2 teet) are 
usually required where flow lines are not horizontal, (i.e., if the wells are to be used for accurate 
measurement of the potentiometric head at a specific point). 

Many factors influence the diameter of a monitoring well. The diameter of the monitoring well depends 
on the application. In determining well diameter, the following needs must be considered: 

0 Adequate water volume for sampling. 
a Drilling methodology. 
0 Type of sampling device to be used. 
0 costs. 

Standard monitoring well diameters are 2, 4, 6, or 8 Inches. However, drive points are typically l-1 /4 or 
2 inches in diameter. For monitoring programs which require screened monitoring wells, either a 2-inch 
or llinchdiameter well is preferred. Typically, well diameters greater than 4 inches are used in 
monitoring programs in which open-hole monitoring wells are required. In the sriialler diamete‘i wells, 
the volume of stagnant water in the well is minimized, and well construction costs are reduced, however, 
the type of sampling devices that can be used are limited. In specifying well diameter, sampling 
requirements must be considered (up to a total of 4 gallons of water may be requiied for a single timfile 
to account for full organic and indr@nic anglykes, and split s%ples). The v&m% ‘*of ‘ti$tZ? ih the 
monitoring well available for sampling is dependent on the well diametir as follows: 

“B 
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Casing Inside 
Diameter 

(Inch) 

Standing Water Depth to 
Obtain 1 Gallon Water 

(Feet) 

Total Depth of Standing 
s Water for 4 Gallons 

(Feet) 

I 2 I 6.13 I 25 I 
4 6 I 

I 6 0.68 I 3 I 

However, if a specific well recharges quickly after purging, then well diameter may not be an important 
factor regarding sample volume requirements. 

Pumping tests for determining aquifer characteristics may require larger diameter wells; however, in 
small-diameter wells in-situ permeability tests can be performed during drilling or after well installation 
is completed. 

5.2.2 Riser Pipe and Screen Materials 

Well materials are specified by diameter, type of material, and thickness of pipe. Well screens require 
an additional specification of slot size. Thickness of pipe is referred to as “schedule” for polyvinyl 
chloride (PVC) casing and is usually Schedule 48 (thinner wall) or 80 (thicker wall). Steel pipe thickness 
is often referred to as “Strength’ and Standard Strength is usually adequate for monitoring well purposes. 
With larger diameter pipe, the wall thickness must be greater to maintain adequate strength. The 
required thickness is also dependent on the method of installation; risers for drive points require greater 
strength than wells installed inside drilled borings. 

The selection of well screen and riser materials depends on the method of drilling, the type of subsurface 
materials the well penetrates, the type of contamination expected, and natural water quality and depth. 
Cost and the level of accuracy required are also important. The materials generally available are Teflon, 
stainless steel, PVC galvanized steel, and carbon steel. Each has advantages and limitations (see 
Attachment A of this guideline for an extensive presentation on this topic). The two most commonly used 
materials are PVC and stainless steel for wells in which screens are installed. Properties of these two 
materials are compared in Attachment B. Stainless steel is preferred where trace metals or organic 
sampling is required: however, costs are high. Teflon materials are extremely expensive, but are 
relatively inert and provide the least opportunity for water contamination due to well materials. PVC has 
many advantages, including low cost, excellent availability, light weight, and ease of manipulation; 
however, there are also some questions about organic chemical sorption and leaching that are currently 
being researched (see Barcelona et al., 1983). Concern about the use of PVC can be minimized if PVC 
wells are used strictly for geohydrologic measurements and not for chemical sampling. The crushing 
strength of PVC may limit the depth of installation, but Schedule 80 materials normally used for wells 
greater than 50 feet deep may overcome some of the problems associated with depth. However, the 
smaller inside diameter of Schedule 80 pipe may be an important factor when considering the size of 
bailers or pumps required for sampling or testing. Due to this problem, the minimum well pipe size 
recommended for Schedule 80 wells is 4-inch I.D. 

Screens and risers may have to be decontaminated before use because oil-based preservatives and oil 
used during thread cutting and screen manufacturing may contaminate samples. ,Metal pipe, may 
corrode and release metal ions or chemically react with organic constituents, but this is considered by 
some to be less of a problem than the problem associated with PVC material. Galvanized steel is not 
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recommended where samples may be collected for metal analyses, as zinc and cadmium levels in 
groundwater samples may become elevated from leaching of the zinc coating. 

Threaded, flush-joint casing is most often preferred for monitoring well applications. PVC, Teflon, and 
steel can all be obtained with threaded joints at slightly more costs. Welded-joint steel casing is also 
acceptable. Glued PVC may release organic contaminants into the well, and therefore, should not be 
used if the well is to be sampled for organic constituents. 

When the water-bearing zone is in consolidated bedrock, such as limestone or fractured granite, a well 
screen is often not necessary (the well is simply an open hole in bedrock). Unconsolidated ‘materials, 
such as sands, clay, and silts require a screen. A screen slot size of 0.010 or 0.020 inch is generally 
used when a screen is necessary and the screened interval is artificially packed with a fine sand. The 
slot size controls the quantity of water entering the well and prevents entry of natural materials or sand 
pack. The screen shall pass no more than 10 percent of the pack material, or in-situ aquifer material. 
The rig geologist shall specify the combination of screen slot size and sand pack which will be 
compatible with the water-bearing zone, to maximize groundwater inflow and minimize head losses and 
movement of fines into the wells. ,For example, as a standard procedure, a Morie No. 1 or No. IO to 
No. 20 U.S. Standard Sieve size filter pack is typically appropriate for a O-020-inch slot screen: however, 
a No. 20 to No. 40 U.S. Standard Sieve size filter pack is typically appropriate for a O.OlO-inch slot 
screen. 

5.2.3 Annular Materials 

Materials placed in the annular space between the borehole and riser pipe and screen include a sand 
pack when necessary, a bentonite seal, and cement-bentonite grout. The sand pack is usually a fine- 
to medium-grained poorly graded, silica sand and should relate to the grain size of the aquifer sediments. 
The quantity of sand placed in the annular space is dependent upon the length of the screened interval, 
but should always extend at least 1 foot above the top of the screen. At least 1 to 3 feet of bentonite 
pellets or equivalent shall be placed above the sand pack. Cement-bentonite grout (or equivalent) is then 
placed to extent from the top of the bentonite pellets to the ground surface. 

, 

On occasion, and with the concurrence of the involved regulatory agencies, monitoring wells may be 
packed naturally (i.e., no artificial sand pack installed), and the natural formation material is allowed to 
collapse around the well screen after the well is installed. This method has been used where the 
formation material itself is a relatively uniform grain size, or when artificial sand packing is not possible 
due to borehole collapse. 

Bentonite expands by absorbing water and provides a seal between the screened interval and the 
overlying portion of the annular space and formation. Cement-bentonite grout is placed on top of the 
bentonite pellets extending to the surface. The grout effectively seals the well and eliminates the 
possibility for surface infiltration reaching the screened interval.. Grouting also replaces material removed 
during drilling and prevents hole collapse and subsidence around the well. A tremie pipe should be used 
to introduce grout from the bottom of the hole upward, to prevent bridging, and to provide a better seal. 
However, in shallow boreholes that don’t collapse, it may be more practical to pour the grout from the 
surface without a tremie pipe. 

Grout is a general term which has several different connotations. For all practical purposes within the 
monitoring well installation industry, grout refers to the solidified material which is installed and occupies 
the annular ‘space above the bentonite pellet seal. Grout, most of the time, is made up of two 
assemblages of material, (e.g., cement-bentonite). A cement-bentonite grout normally is a mixture of . ._ . _ 

4 

cement, Dentonne, and water at a ratio of one SO-pound bag of Portland Type I cement, plus 

I 
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3 to 5 pounds of granular or flake-type bentonite, and 6 gallons of water. A neat cement consists.of one 
ninety-pound bag of Portland Type I cement and 6 gallons of water. 

In certain cases, the borehoie may be drilled to a depth greater than the anticipated well installation 
depth. For these cases, the well shall be backfilled to the desired depth with bentonite pellets or 
equivalent. A short (1 - to a-foot) section of capped riser pipe sump is sometimes installed immediately 
below the screen, as a silt reservoir, when significant postdevelopment silting is anticipated. This will 
ensure that the entire screen surface remains unobstructed. 

5.2.4 Protective Casing 

When the well is completed and grouted to the surface, a protective steel casing is often placed over the 
top of the well. This casing generally has a hinged cap and can be locked to prevent vandalism. A vent 
hole shall be provided in the cap to allow venting of gases and maintain atmospheric pressure as water 
levels rise or fall in the well. The protective casing has a larger diameter than the well and is set into the 
wet cement grout over the well upon completion. In addition, one hole is drilled just above the cement 
collar through the protective casing which acts as a weep hole for the flow of water which may enter the 
annulus during well development, purging, or sampling. 

A protective casing which is level with the ground surface is used in roadway or parking lot applications 
where the top of a monitoring well must be below the pavement. The top of the riser pipe is placed 4 to 
5 inches below the pavement, and a locking protective casing is cemented in place to 3 inches below 
the pavement. A large diameter protective sleeve is set into the wet cement around the well with the top 
set level with the pavement. A manhole-type lid placed over the protective sleeve. The cement should 
be slightly mounded to direct pooled water away from the well head. 

5.3 Monitoring Well Installation 

Pertinent data regarding monitoring well installation shall be recorded on log sheets as depicted and 
discussed in SOP SA-6.3. Attachments to this referenced SOP illustrate terms and physical construction 
of various types of monitoring wells. 

5.3.1 Monitoring Wells in Unconsolidated Sediments 

After the borehole is drilled to the desired depth, well installation can begin. The procedure for well 
installation will partially be dictated by the stability of the formation in which the well is being placed. If 
the borehole collapses immediately after the drilling tools are withdrawn, then a temporary casing must 
be installed and well installation will proceed through the center of the temporary casing, and continue 
as the temporary casing is withdrawn from the borehole. In the case of hollow-stem auger drilling, the 
augers will act to stabilize the borehoie during well installation. 

Before the screen and riser pipe are lowered into the borehole, all pipe and screen sections should be 
measured with an engineer’s rule to ensure proper placement. When measuring sections, the threads 
on one end of the pipe or screen must be excluded while measuring, since the pipe and screen sections 
are screwed flush together. 

After the screen and riser pipe are lowered through the temporary casing, the sand pack can be installed. 
A weighted tape measure must be used during the installation procedure to carefully monitor installation 
progress. The sand is poured into the annulus between the riser pipe and temporary casing, as the 
casing is withdrawn. Sand should always be kept within the temporary casing during withdrawal in order 
to ensure an adequate sand pack. However, if too much sand is within the temporary casing (greater 
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than 1 foot above the bottom of the casing) bridging between the temporary casing and riser pipe may 
occur. 

After the sand pack is installed to the desired depth (at least 1 foot above the top of the screen), then 
the bentonite pellet seal (or equivalent), can be installed in the same manner as the sand pack. At least 
1 to 3 feet of bentonite pellets should be installed above the sand pack. 

The cement-bentonite grout is then mixed and either poured or tremied into the annulus as the temporary 
casing or augers are withdrawn. Finally, the protective casing can be installed as detailed in 
Section 5.2.4. 

In stable formations where borehole collapse does not occur, the well can be installed as discussed 
above, and the use of a temporary casing is not needed. However, centralizers may have to be installed, 
one above and one below the screen, to assure enough annular space for sand pack placement. 

5.3.2 Confining Layer Monitoring Wells f 

When drilling and installing a well in a confined aquifer, proper well installation techniques must be 
applied to avoid cross contamination between the unconfined and confined aquifer. Under most 
conditions, this can be accomplished by installing double-cased wells. This is accomplished by drilling 
a large-diameter boring through the upper aquifer, 1 to 3 feet into the underiying confining layer, and 
setting and pressure grouting or tremie grouting the outer casing into the confining layer. The grout 
material must fill the space between the native material and the outer casing. A smaller diameter boring 
is then continued through the’confining layer for installation of the monitoring well as detailed for 
overburden monitoring wells (with the exception of not using a temporary casing during installation). 
Sufficient time (determined by the rig geologist), must be allowed for setting of the grout prior to drilling 
through the confined layer. 

5.3.3 Bedrock Monitoring Wells 

When installing bedrock monitoring wells, a large diameter boring is drilled through the overburden and 
approximately 5 feet into the bedrock. A casing (typically steel) is installed and either pressure grouted 
or tremie grouted in place. After the grout has cured, a smaller diameter boring is continued through 
the bedrock to the desired depth. If the boring does not collapse, the well can be left open, and’ a 
screen is not necessary. If the boring collapses, then a screen is required and can be installed as 
detailed for overburden monitoring wells. However, if a screen is to be used, then the casing which is 
installed through the overburden and into the bedrock does not require grouting and can be installed 
temporary until final well installation is completed. 

5.3.4 Drive Points 

Drive points can be installed with either a sledge hammer, drop hammer, or a mechanical vibrator. The 
screen is threaded and tightened onto the riser pipe with pipe wrenches. The drive point is simply 
pounded into the subsurface to the desired depth. 
pulley setup is required to lift the hammer. 

If a heavy drop hammer is used, then a tripod and 

10 feet. 
Drive points typically cannot be driven to depths exceeding 

borehole with only one or two s 

01961 l/P Brown & Root Environmental 



Subject 1 Number 

GROUNDWATER MONITORING 
POINT INSTALLATION 

,. 

‘. 
Revision’ :, -.i, 

“’ “’ 
__<GH-2.8 

‘.’ 
9 of 13 

Effective Date 

1 03/01/98 

s of samplers claim that four 
ng costs, decreases the 
contamination from sampling equipment 
hin 25 feet of the 
lers are Timco 

materials. 

Two additional types of multilevel 
screened openings through a sma 
Instruments Ltd. of Vancouver 

developed at the University of Waterloo nada, requires field 
ump and force the 

monitoring systems may not be cost-effective. 

5.4 Well Development Methods 

The purpose of well development is to stabilize and increase the permeability of the gravel pack around 
the well screen, and to restore the permeability of the formation which may have been reduced by drilling 
operations. Wells are typically developed until all fine material and drilling water is removed ‘from the 
well. Sequential measurements of pH, conductivity and temperature taken during development may yield 
information (stabilized values) that sufficient development is reached. The selection -of the well 
development method shall be made by the rig geologist and is based on the drilling methods, well 
construction and installation details, and the characteristics of the formation that the well is screened in. 
The primary methods of well development are summarized below. A more detailed discussion’may be 
found in Driscoll (1988). 

5.4.1 Overpumping and Backwashing 

Wells may be developed by alternatively drawing the water level down at a high rate (by pumping or 
bailing) and then reversing the flow direction (backwashing) so that water is passing from the well into 
the formation. This back and forth movement of water through the well screen and gravel pack serves 
to remove fines from the formation immediately adjacent to the well, while preventing bridging (wedging) 
of sand grains. Backwashing can be accomplished by several methods, including pouring water Into the 
well and then bailing, starting and stopping a pump intermittently to change water levels, or forcing water 
into the well under pressure through a water-tight fitting (“rawhiding”). Care should tie -taken when 
backwashing not to apply too much pressure, which could damage or destroy the well screen. 

5.4.2 Surging with a Surge Plunger 

A surge plunger (also called a surge block) is approximately the same diameter as the well casing and 
is used to agitate the water, causing it to move in and out ofthe screens. This movement of water pulls 
fine materials into the well, where they may be removed by any of several methods, and prevents 
bridging of sand particles in the gravel pack. There are two basic types of surge plungers; solid and 
valved surge plungers. In formations with low yields, a valved surge plunger may be preferred, as solid 

01961 l/P Brown & Root Environmental 



GROUNDWATER MONITORING 
POINT INSTALLATION 

plungers tend to force water out of the well at a greater rate than it will flow back in. Valved plungers 
are designed to produce a greater inflow than outffow of water during surging. 

5.4.3 Compressed Air 

Compressed air can be used to develop a well by either of two methods: backwashing or surging. 
Backwashing is done by forcing water out through the screens, using increasing air pressure inside a 
sealed well, then releasing the pressurized air to allow the water to flow back into the well. Care should 
be taken when using this method so that the water level does not drop below the top of the screen, thus 
reducing well yield. Surging, or the “open well” method, consists of alternately releasing large volumes 
of air suddenly into an open well below the water level to produce a strong surge by virtue of the 
resistance of water head, friction, and inertia. Pumping of the well is subsequently done using the air 
lift method. 

5.4.4 High Velocity Jetting 

In the high velocity jetting method, water is forced at high velocities from a plunger-type device and 
through the well screen to loosen fine particles from the sand pack and surrounding formation. The 
jetting tool is slowly rotated and raised and lowered along the length of the well screen to develop the 
entire screened area. Jetting using a hose lowered into the well may also be effective. The fines washed 
into the screen during this process can then be bailed or pumped from the well. 
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7.0 RECORDS 

A crffical part of monitoring well installation is recording of significant details and events in the site 
logbook or field notebook. The geologist must record the exact depths of significant hydrogeological 
features screen placement, gravel pack placement, and bentonite placement. 

A Monitoring Well Sheet (see Attachments to SOP SA-8.3) shall be completed thus ensuring the uniform 
recording of data for each installation and rapid identification of missing information. Well depth, length, 
materials of construction, length and openings of screen, length and type of riser, and depth and type 
of all backfill materials shall be recorded. Additional information~shall Include loc&iori; ki&ff”aioiYdate, 
problems encountered, water levels before and after well installation, cross-reference to the geologic 
boring log, and methods used during the installation and development process. Documentation is very 
important to prevent problems involving questionable sample validity. Somewhat different information 
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will need to be recorded.depending on whether the well is completed in overburden, in a confined layer, 
in bedrock with a cased well, or as an open hole in bedrock. , 

The quantities of sand, bentonite, and.grout placed in the well are also important. The geologist shall 
calculate the annular space volume and have a general idea of the quantity of material needed to fill the 
annular space. Volumes of backfill significantly higher than the calculated volume may indicate a 
problem such as a large cavity, while a smaller backfill volume may indicate a cave-in. Any problems 
with rig operation or down-time shall be recorded and may affect the driller’s final fee. 
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ATTACHMENT A 

RELATIVE COMPATIBILITY OF RIGID WELL CASING MATERIAL (PERCENT) 

I Type of Casing Material 

tially-Deteriorating 

Preliminary Rankinq of Riqid Materials: 

1 Teflon” 5 Lo-Carbon Steel 
2 Stainless Steel 316 6 Galvanized Steel 
3. Stainless Steel 304 7 Carbon Steel 
4 PVC 1 

* Trademark of DuPont 

RElATlVE COMPATIBILITY OF SEMI-RIGID OR ELASTOMERIC MATERIALS (PERCENT) 

Preliminarv Rankina of Semi-Riqid or Elastomeric Materials: 

1 
2 
3. 
4 

Teflon” 
Polypropylene (PP) 
PVC Flexible/PE Linear 
Viton” 

5 
6 
7 

PE Conventional 
Plexiglas/Lucite (PMM) 
Silicone/Neoprene 

* Trademark of DuPont 

Source: Barcelona et al., 1963 
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ATTACHMENT B 

COMPARISON OF STAINLESS STEEL AND PVC FOR MONITORING WELL CONSTRUCTION 

Characteristic Stainless-Steel PVC 

Strength Use in deep wells to prevent Use when shear and compressive 
compression and closing of strength are not critical. 
screen/riser. 

Weight Relatively heavier. Light-weight; floats in water. 

cost Rdatively expensive. Relatively inexpensive. 

Corrosfviiy Deteriorates more rapidly in corrosive Noncorrosive - may deteriorate in 
water. presence of ketones, aromatics, alkyl 

sulfides, or some chlorinated 
hydrocarbons. 

Ease of Use Difficult to adjust size or length in the Easy to handle and work with in the 
field. field. 

Preparation for Should be steam cleaned organics will Never use glue fiiings -- pipes should 
Use be subsequently sampled. be threaded or pressure f&ted. 

Should be steam cleaned when used 
for monitoring wells. 

Interaction with May sorb organic or inorganic May sorb or release organic 
Contaminants* substances when oxidized. substances. 

* See also Attachment A. 
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U.S. ENVIRONMEbTAL PROTECTION AGENCY 
REGION I 

LOW STRESS (low flow) PURGING AND SAMPLING PROCEDURE 
FOR THE COLLECTION OF GROUND WATER SAMPLES 

FROM MONITQRING WELLS 

I. SCOPE C APPLICATION 

_- 

- . 

-. 

.- L. 
: 

This standard operating procedure (SOP) provides a general framework 
for collecting ground water samples that are indicative of mobile 
organic and inorganic loads at ambient flow condit.ions (both the 
dissolved fraction ar&the,fr+ition. aqsociateg with mobi&? 
particulates) . The SOP emphasizes the need'to minimize s&ess‘.'by low 
water-level drawdowns, and low pumping rates (usually less than 1 
liter/min) in order to collect samples with minimal alterati,ons to 
water chemistry. This SOP is aimed primarily at sampling monitoring 
wells that can accept a submersible pump and have a screen; or open 
interval length of 10 feet'or less (this is the most commqn 
situation). However, this procedure is flexible and can,beused in a 
variety of well construction and ground-water yield situatrons. 
Samples thus obtained are suitable for analyses of ground water 
contaminants (volatile and semi-volati.le organic analytes, 
pesticides, PCBs, metals and other .inorganics), or other naturally 
occurring analytes. 

This procedure does not addrepq" the,,,q.ollecti,on of samples from wells . ,., ':' lW.~l ..‘ 
containing light or.dense non-aqueous phase liquids (LNAPLs and 
DNAPLs). For this the reader may wish to check: Cohen, R.M. and J.W. 
Mercer, 1993, DNAPL Site Evaluation; C.K. Smoley (CRC Press), Boca 
Raton, Florida and U.S. Environmental Protectiqn Agency, 1992, RCRA 
Ground-Water Monitoring: Draft Technical Guidance; Washington, DC 
(EPA/S30-R-93-001). 

The screen, or open inteirval.of the monitoring well should be 
optimally located (both latera,lly and vertically) to intercept 
existing contaminant plume(s) or along flowpaths of potential 
contaminant releases. It is presumed that the analytes of interest 
move (or potentially move) primarily through the more permeable zones 
within the screen, or open interval. :. :, -.. , 

t Use of trademark names does not imply endorsement by U.S.EPA 
- but is intended only to assist in identification of a specific . 

type of device. . ,. ,..e/ 2,‘ ,w.dr:*.:i. .,, *:, ,,.. s /". ./ /I." . . . . Ml%,".‘ .-,, ,,.. >, x WV, , , *,,*ws /L. .-zn. /‘ I I " 
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Proper well construction and development cannot be overemphasized, 
since the use of installation-techniques tbat.are appfopriate to the 
hydrogeologic setting often prevents "problem Well" sltuatlons from 
occurring. ft is also recommen,~e.~.,t~.~~~,,as part of development or 
redevelopment the well should be tested to determine the appropriate 
pumping rate to obtain stabilization of field in@ic+F,or parameters 
with minimal drawdown in shortest amount @ t@$& WG!i.. @is 

.information field crews can then conduct purging agd-sampling in a 
more expeditious manner. 

The mid-point of the saturated scree.n.o._- length (which should.not exceed 
10 feet) is used by convention as #q,,..&ocation of the pump intake. - ..L",*sb II.,_vI*._I/ 1 &."a_ riflw-_nri&sewa 
However, significant chemical or permeability contrast(s) wI't‘f;iiti the 
screen may require additional field.,wo,& ,to determine,,~.Z,~e~..~ptimum 
vertical location(s) for the intake, 

I "" “..a.,* .-,(" ,.,_. :" ,..*,a+. 
and appropriate pumpxng rate(s) 

for purging and sampling more localized target zone(s). Primary flow 
zones (high(er) permealability and/or high (er) chemical 
concentrations) should be identified $q,,.~&&,g with screen lengths ",*~~,,~~u'"h~~~-~-~,~,.~,,i:‘ aaM* ata* __, 
longer than 10 feet, or in wells wifh open boreholes ln..&&oc.k.. 
.Tar$eting these zones' for watey.sampling will help insure that the ..+“%A 
.low stress procedure will not unde,resti.!?+&e contam@sqg, The Sampling, and Analysis PjCT-&:';~ provAag.2'zPear _- 
concentrations. 
instructions on how the pump intake depth(s) will be selected, and 
reason(s) for the depth(s) selected. 

Stabilization of indicatqr fie@ parameters i-s, used"t.0, .&&i$$&~, &hat 
conditions are suitable fqr,,sgmpling to begin. Achievement of 
turbidity levels of less than S NTU and ,.sV&le.+~~aw_&wn~ ,&&~,q, ,than 
0.3 feet, while desirable, are not mandatqry. Sample collection may 
still take place provided the remqi~q~ng criteria in this procedure 
are met. If after 4 hpurs of purging indicator field parameters have 
not stabilized, one of 3 optional courses of action may be taken: a) 
continue purging until stabi.li.zation,i,g ac+ved, b) discontinue 
purging, do not collect any samples, and record-in log book khat 
stabilization.cou$d nqt, b+,+,chieved (documenta,tiqn must describe 
attempts to achieve ,stabil",izqt$"G$) 

+4...5.,..>.;. dir 26. :.* ~...'.a..~‘~~~~~~~~~.:~ i,,r e*"‘* , -i -&s<6;~.~.~~e purglqg, 

samples and provide full explanation,of.,,att~~~~~~.tb &hiev.e 

col!ect 

stabilization (note: there is a rigk f&;,,#.the analytical data * ",a,**. .+h,_-sb..,/ 
obtained, especially metals and strongly hydrophobic organic 

- _ analytes,+may not meet the sampling objectives). .. , - 

Changes to this SOP should $e proposed and discussed wheq,&,he site 
_ - . Sampling and Analysis P1q-1 is submitted for approval. Subsequent :, 

requests for modification? of.an approved plan must include adequate 
technical justification for proposed changes. All changes and 
modifications must be approved before implementation in field. 

-e 
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II.EQUIPMENT 

A. Extraction device 

Adjustable rate, submersible pumps are preferred (for example, 
centrifugal or bladder pump constructed of stainless steel or 
Teflon). 

Adjustable rate, peristaltic pumps (suction) may be used with 
caution. Note that EPA guidance states: "Suction pumps are not 
recommended because they may cause degassing, pH modification, and 
loss of volatile compounds" (EPA/540/P-87/001, 1987, page 8.5-11). 

The use of inertial pumps is discouraged. These devices frequently 
cause greater disturbance during purging and sampling and are less _ 
easily controlled than the pumps listed above. ,This can lead, to 
sampling results that are adversely affected by purging and sampling 
operations, and a higher degree of data variability. 

B. Tubing - -- 
Teflon or Teflon lined polyethylene tubing are preferred when 
sampling is to include VOCs, SVOCs, pesticides, PCBs and inorganics. 

PVC, polypropylene or polyethylene tubing may be used when collecting 
samples for inorganics analyses. However, these materials should be 
used with caution when sampling for organics. If these maferials are 
used, the equipment blank (which.includes the tubing) data must show 
that these materials do not~ac;ld:,~~~~:~,~~~inants : 3 ,_ i to the sample. 4':' .*..,i -,I 3. "? ., . (. ,,.. ., L 1 ' 
Stainless steel tubing may be used when sampling for VOCs, SVOCs, 
pesticides, and PCBs. However, it should be used with, cautioqwhen 
sampling for_metals. 4 

.-The use of I/4 inch or 3/8 inch (inner diameter) tubing is preferred. 
This will help. ensure the tubing remains liquid filled when operating 
at very low pumping rates. 

Pharmaceutical grade (Pharmed) tubing should be use.d for-the section 
around the rotor-pead of a peristaltic pump, to minimize gaseous -. 
diffusion.'-- 

- . . -Y-=X.. Y-X- Water level measuring.device(s) ; capable of.measuring to 0.01 .- 
foot,7accuracy (electronic ‘Yapen, pressure transducer). Recording 
pressure transducers, mounted above the pump, are especially helpful 
in tracking water levels during pumping operations, but their use 
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must include check measurements with a water level "tape" at the 
start and end of each record. 

D. Flow measurement supplies (e.g., graduated cylinder and stop 
watch). 

E. Interface probe, if needed. 

F. Power source (generator, nitrogen tank, etc.). If a gasoline 
generator is used, it must be located downwind and at least 36 feet 
from the well so that the exhaust fumes do not contaminate the 
samples. 

G. Indicator field parameter monitoring instruments - pH, Eh, 
dissolved oxygen (Do), turbidity, specific 'conductance, and 
temperature. Use of a flow-through-cell is required when measuring 
all listed parameters, except turbidity. Standards to perform field 
calibration of instruments. Analytical methods are listed in 40 CFR 
136, 40 CFR.141, and SW-846. For Eh measurements, follow 
manufacturer's instructions. "--. 

H. Decontamination supplies (for example, non:phosphate detergent, 
.distilled/deionized water, isopropyl alcohol, etc.). 

I. Logbook(s), and other forms (for example, well purging forms). 

J. Sample Bottles. 

K. Sample preservation supplies (as required by the analytical 
methods). 

L. Sample tags or labels. 

M. Well construction data, location map, field data from last 
sampling event. 

N. Well keys. 

0. Site specific Sample and Analysis Plan/Quality Assurance Project 
-Plan. . . ._ , 

P. PID or FID instrument (if appropriate) to detect VOCs for health 
.-' - --and safety purposes, and provide.qualitative field evaluations.. s- _A- -. 

,---, 
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III.PRELIMINARY SIT& ACTIVITX$S, 

Check well for security damage or evidence of tampering, record 
pertinent observations. 

Lay out sheet of clean polyethylene for monitoring and sampling 
equipment. 

Remove well cap and immediately measure VOCs at the rim of the well 
with a. PID or FID instrument and record the reading in the field 
logbook. 

If the well casing does not have a'reference point (usually a V-cut 
or indelible mark in the well casing), make one. Describe its 
location and record the date of the mark in the logbook. 

A synoptic water level measurement round ,sho.uud be, performed (in the 
shortest possible time) 'before any purging and sampling activities 

:. begin. It is recommended that water level depth (to 0.01 ft.) and 
total well depth (to 0.1 ft.) be measured the, day before, in order to 
allow for re-settlement.. of -any particulates in the water column: If 

. measurement of, total well depth is not made the day before, it ;guld 
not be measuredunti.1 a$!ter sampling of the well is complete. 
measurements must be,+,taken from the established refer*$.nz$&‘point. Care should be taken to- minir;;.i.~e-;~~~~~~~i~~~~~~~.~~~~~ance. j ^ 

i. . 

Check'newly conitructed wells for the presence of LNAPLs or DNAPLs 
before the initial sampling round. If none aye encountered, 
subsequent check measurements.v.ith ,gn i,nterface probe are usually not - 
needed unless analytical data or fiel.dhead::gpace information signal 
a worsening situation. . Note: procedures for collection of LNAPL and 
DNAPL samples are,not addressed in,. this SOP. ,, _, . 

.' . . 8. , 

IV* P~~~~ AM9 s-w39 ?vcM!?F. 

Sampling wells in order of increasing chemical concentrations (known .L ..,./ ., 
or anticipated) is preferred. 

1. Install, Pump 
. . . . 

. ..‘. 

Lower pump, safety cable, tubing' and electrical lines slowly (to 
minimize disturbance) into the well to the midpoint of the zone to be 
sampled. The Sampling and Analysis Plan 'should specify the sampling 
depth, or provide criteria for selection of.,intake depth for, each 
well (see Section I). If possible keep the pump intake at least two 
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feet above the bottom of the well, to minimize mobilizationof 
particulates present in the bottom of the well. Collection of turbid 
free water samples may be especially difficult if there is twofeet 
or less of standing water in the well. 

2. Measure Water Level 

Before starting pump, measure water level. If recording pressure 
transducer is used"-i-~~siai,~~7;e,~,~~~~~~~~g condition. 

3. Purge Well 

3a. Initial Low Stre,s,s"*Sampling Event 

Start the pump at its lowest speed setting and slowly increase the 
speed until discharge occurs. Check water 1evel;"Atljust putip-speed 
until there is little or no water.,.leve.l ..,~r,~wd~~~._(1_~;~s,,F~,~n .0,3 
feet). If the minimal drawdown that can be achieved5,.e,xceeds 0.3 feet ,.+s s,YI s"*'.i,,*T"*w _I= . 
but remains stable, continue purging until 'indicator field parameters 
stabilize. '---X 

Monitor and.record water.level and, pumping rate every three to-five 
minutes (or as appropriate) during purging. Record any pumping rate 
adjustments (both'time and flow rate). Pumping rates should, as 
needed, be reduced to the minimum capabilities of the pump (for 
example, 0 .l - 0.4 l/min) to ensure stabilization of indicator 
parameters. Adjustments are best made in the first fifte,~n.~,,~~~nutes 
of pumping in order to help minimize purging time. During pump 
start-up, drawdown may exceed the 0.3 feet target and then ;:?'re+5verfl 
as pump flow adjustments are made. .Purge volume calculat~ons,‘",~,hould 
utilize stabilized drawdown value, not the initial drawdown. Do not 
allow the water level to fall to the in-take level (if the static 
water level is above the well screen< avoid lowering the water level 
-into the screen). The final purge volume must be greater than the ... 
stabilized drawdown volume pius the extraction. tubing volume. 

Wells with low recharge rates may require the use of special pumps 
capable of attaining very low pumping rates (bladder, peristaltic), - 
and/or the use of dedicated equipment. If the recharge rate of the 
well is lower than extraction rate capabilities of currently 
manufactured pumps and the well is essentially dewatered during. 

, ._ 

purging, then the well should be.sa,mpled as soon as the water level 
- 1 ,has recovered sufficiently to 'collect the appropriate volume ne.eded -7:: 

for all anticipated samples (ideally the intake should not be moved 
during this recovery period). Samples may then be collected even 
though the indicator field parameters have not stabilized. f--T. 



I I I II‘ 
..,. 

I 

they allow field personnel to watch for particulate build-up 
- the cell. This build-up may affect indicator ,fieId parameter values 

measured within the cell and-may also cause an underestimation of 
.turbidity values measured after the cell. If the =e14ta ~~.zk,.~t~, .ke ._,,_,_,,., "____,,.I 
cleaned during purging operations, continue pumping and disconnect 
cell for cleaning, then reconnect after cleaning and continue 

.;. , ( ,( 

/ / . 
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3b. Subsequent Low Stress Sampling Events 

After synoptic water level measurement round, check intake depth and 
drawdown information from previous sampling event(s) for each well. 
Duplicate, to the extent practicable, the intake depth and extraction 
rate (use final pump dial setting information) from previous 
event(s). Perform purging operations as above. I. 

4. Monitor Indicator Field Par,ameters 

During well purging, monitor indicator field parameters (turbidity, 
temperature, specific conductance, pH, Eh, DO) every three to five 
minutes (or less frequently, rf appropriate). Note: during the early 
phase of purging emphasis should be put on minimizing and stabilizing 
pumping stress, and recording those adjustments. Purging is 
considered complete and sampling may begin when all the.above 
indicator field parameters.have stabilized': Stabilization is, 2.. 
considered to be achieved when.,three.consecufiv~.~~~~~~~ngs, taken at 
three (3) to five (s! minute intervals, are withln the following 
limits: 

turbidity (10% for values greater than 1 NTU), 
Do (lo%), 
specific conductance (3%), 
temperature (3061, 
pH (i 0.1 unit), 
ORP/Eh (* 10 millivolts). 

'All measurements, except turbidity, must be obtained using a 
through-cell. Transparent flow-through-cells are preferred, . .-_ 

flow- 
because 
within 

monitoring activities. 

The flow-through-cell must be designed in a way that prevents air 
bubble'entrapment in the cell. When the pump is turned off or l 

-bycling on/off (when using a bladder pump), water in the cell must 
not drain out. Monitoring probes must be submerged in water at all 

- l-times; _ -If two flow-through-cells are used in series, the one -.-. 
- . 

containing the dissolved oxygen probe should come first (this 
parameter is most susceptible to error if air leaks into the system). 
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5. Collect Water Samples 
- 

Water samples for laboratory analyses must be collected before water 
has passed through the flow-through-cell (use a by-pass assembly or 
disconnect cell to obtain saqple) . 

VOC samples should be collected first and directly into pte-preserved 
sample containers. Fill all sample containers by allowing the pump 
discharge to flow'gently down the inside of the container with 
minimal turbulence. 

During purging and sampling, the tubing should remain filled with 
water so as to minimize possible changes in water chemistry'upon 
contact with the atmosphere. It is recommended that l/4 inch or 3/8 
inch (inside diameter) tubing be used to help insure that the sample . 
tubing remains water filled. If the pump tubing is not completely 
filled to the sampling point, use one,of the following procedures to 
collect samples: (1) add clamp, connector (Teflon or stainless 
steel) or valve to constrict sampling end of tubing; (2). insert small,- 

- -diameter Teflon tubing into water filled portion of pump tubing 
allowing the end to protrude beyond the end of the pump tubing, 

. . collect.sample from small diameter tubing; (3) collect non-VOC 
samples -first, then increase .flow rate slightly until the water 

.completely fills the tubing, collect sample and record new drawdown, 
flow rate and new indicator field parameter values. 

Add preservative, as required by'analytical methods, to samples 
-immediately after they are collected if the sample containers are not _ 
pre-preserved. Check analytical methods (e.g. EPA SW-846, water 
supply, etc.) for additional information on preservation. Check pH 
for all samples requiring pH adjustment to assure proper pH value. 

'For VOC samples, this will require that a test sample be collected 
during purging to determine the amount of preservative that needs to 
be added to the sample containers prior to sampling. ' '_ . _.- 
If determination of filtered metal concentrations is a sampling 
obj'ective, collect filtered water samples using the same low flow 

'procedures. The use of an in-line filter is required, and the filter 
. size (0.45 urn is commonly used) should be based on the sampling 

objective. Pre-rinse k'he filtek with apprbximately 25 - 50 ml of . 
-ground water prior to sample collection. Preserve filtered water 

sample'immediately. 
_ 

Note: 'filtered water samples are not 'an -. 
- -acceptable substitute for unfiltered samples when the monitoring 

.objective is to obtain chemical concentrations of total mobile 
contaminants in ground water for human health risk calculations. ,.-", 
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Label each sample as collected. Samples requiring cooling (volatile 
organics, cyanide, etc.) will be placed into a cooler with ice or 
refrigerant for delivery to the laboratory. Metal samples after 
acidification to a pH less than 2 do not need to be cooled. 

6. Post Sampling Activities 

If recording pressure transducqr,is used, remeasure water level with 
tape. 

After collection of the samples, the pump tubing may either be 
dedicated to the well for resampling (by hanging the tubing inside 
the well), decontaminated, or properly discarded. 

Before securing the well, measure and record the well depth (to 0.1 
ft.), if not measured the day before purging began. Note: 
measurement of total well depth is optional after the initial low 
stress sampling event. However, it is recommended if the well has a 
"silting" problem or if confirmation of +w,ell ide$nt,ity is needed. . 
secire \ye w;;lii . .., ,, \. -, ,: : . jr 

V.DECONTAKINATION 

Decontaminate sampling equipment prior to use in ,the first well and 
following sampling of each subsequent well. Pumps will not be 
removed between purging and sampling operations. The pump and tubing _ 
(including support cable and electrical wires which are"in,contact 
with the well) will be decontaminated by one of the procedures listed 
below. . 

Procedure' 1 - . . 

..T 

.,- 

The decont&inating solutions. can be pumped from either buckets or 
short PVC casing sections through the pump or the pump can be 
disassembled and flushed wit@ the decontaminating solutions. It is 
recommended that detergent and isopropyl alcohol be used sparingly 
in the decontamination process and water flushing steps be extended 
to ensure that any sediment trapped in the pump is removed. The l 

pump exterior and eiectrical: wire?, mu% be,” rinss$ w$@. t.@~,~. ,, L 

-decontaminating solutions,,as well. The procedure IS as follows: . .' . . - _.- _. . -. _- _ - :_ - . . _ -;-c* _ _ _ _- . . 
Flush'the e&ipment/pump with potable water. 

-_ 

Flush with non-phosphate dedergent 

. .-. 

-solution. If the solu,tion is 
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recycled, the solution must be changed periodically. 

Flush wit,h potable or distilled/deionized water to remove all of 
the detergent solution. If the water is recycled, the water must 
be changed periodically. 

Flush with isopropyl alcohol (pesticide grade). If equipment 
blank data from the previous sampling event show that the level of 
coxkaminants is insignificant, then this step may be skipped. 

:. Flush with,distilled/deionized water. The final water rinse must x / ,AR,>> 
not be recycled. 

procedure 2 

Steam clean the outsid,e,o.f.t,he submersible pump. .-4 _.b. *_. e*+. _ 1 8, 2 l., 

Pump hot potable water f.rom,.t.he steam c~,~.~ger,-~~~~~ugh the inside of 
the pump. This can be accompl"ish‘edby placing the pump inside a 
three or four inch diameter PVC pipe with end cap. Hot water from d-N 
the steam cleaner jet will be directed inside the PVC pipe and'the 
pump exterior will be cleaned. The hot water from the steam 
cleaner will then be pumped from the PVC pipe through the pump and 
collected into another container. Note: additives or sqlutions 
should not be added ts. the, _steam..s&ne~. _ .i . 

Pump non-phosphate detergent solution through the inside of the 
. pump. If the solution &s*re,cycled, the solution must be changed 

periodically. 

Pump potable water through the inside of the pump to remove all of 
: the detergent solution. _ If the solution is recycled,. the solution 

must be changed periodically. 
ii , 

Pump distilled/deionized water through the pump. The final water 
rinse must-not be recycled. 

. 

: 

. 

VI.PIELD QUALI!rY CONTROL _ __. ,-- 
, 

Quality control samples are required to verify that the sample 
collection-and handling process has not compromised the. quality of 
the ground water samples. --All field quality control samples must be - 
prepared the same as regular investigation samples with regard to 
sample volume, containers, and preservation. The following quality -Y 
control.samples shall be collected for each batch of samples.(a bate. 
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may not exceed 20 samples). Trip blanks are required for the VOC 
samples at a frequency of one set per VOC sample cooler. 

Field duplicate. 

Matrix spike. 

Matrix spike duplicate. 

Equipment blank. 

Trip blank (VOCs). 

Temperature blank (one per sample cooler). 

Equipment blank shall include the".pump and the pump's tubing. If 
tubing is dedicated to the well, the equipment blank will only 
include the pump in subsequent sampling rounds. 

-. Collect' samples in order from wells with lowest contaminant 
concentration to highest concentration,: Col.l,ect".equipment blanks 
after sampling from contaminatqd wells and not after background 
wells. 

Field duplicates are collected.,to determine precision of sampling 
procedure. For this procedure, collect duplicate for each analyte 
group in consecutive order (VOC original, VOC duplicate, SVOC 
original, SVOC duplicate, etc.). 

If split samples are to be collected, collect split for each analyte 
group in consecutive order (VOC original, VOC split, etc.). Split 
sample should be as identical as possible to original sample. 

All monitoring instrumentationshall be operated in accordance with 
EPA analytical methods and manufacturer's operating instructions. .e..\...<~ 1. _* _. ‘,._ 
EPA analytical methods are listed in 40 CFR 136, 40 CFR 141, and SW- 
846 with exception of Eh, for which the manufacturer's instructions 
are to be followed. Instruments shall be calibrated at the beginning 
of each day. 

If a measurement?'-Eiirg" .,<. &ygYdi ~t~e .-.. caiibration range, 

the instrument should be re-ca:ibrated sothat all measurements fall ,-‘ 
within the calibration range. At the end of eaqh~day, check 
calibration to verify that instruments remained in calibration. 

.Temperature measuring equipment, thermometers and thermistors, need 
not be calibrated to the above,.frequency. They should be checked for 

'. accuracy prior to field use according to EPA Methods and the. 
manufacturer's instructions. 
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A field log shall be kept to document all ground water field 
monitoring activities (see attached example matrix), and record all 
of the following: 

Well identification. 

Well depth, and measurement technique. 

Static water level depth, date, time and measurement technique. 

Presence and thickness of immiscible liquid (NAPL) layers and 
detection method. 

Pumping rate, drawdown, indicator parameters values, and clock 
time, at the appropriate time intervals; calculated or measured 
total volume pumped. 

s-c?%. Well sampling sequence and time of each sample collection. 
-- __ 

Types of sample bottles used and sample identification numbers. 

Preservatives used. . . - -:- - : 

Parameters requested for analysis. 

. Field observations during sampling event. 
-\ 

Name of sample collector(s). * 

Weather conditiGns. 
:. 

QA/QC data\for field instruments. .- 
4 . 

Any problem's encountered should be highlighted. 

Description of all sampling'equipment used, including trade names, 
model number, diameters, material composition, etc. . . 

-- - . 

VIII. DATA REPORT 

'Data reports are to include. laboratory analytical results, QA/QC 
information, and whatever field logbook information is needed to 
allow for a full evaluation of data useability. 

- 



' location (Site/Facility Name) 
Well Number Date 
Field Personnel 
sampling Organization . 

clock Water Pump Purge 
Time Depth Dial' Rate \‘. 

below 
MP 

24 RR ft ml/min 

Depth to / of screen 
(below MP) top bottom 
Pump Intake at (ft. below MP) 
Pugging Device; (pump type) 

. . 

EXAMPLE (Minimum Requirements) 

.+ 
_.. 

Page of - - 

1. Pump dial setting (for example: hertz, cycles/min, etc). 
2. @iemens per cm(eame as pmhos/cm)at 25OC. 
J. Oxidation reduction potential (stand in for Eh). 
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f3fective Date 

QUALITY TESTING I 
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1.0 PURPOSE 

The purpose of this procedure is to provide general reference information regarding the sampling of 
groundwater wells. 

2.0 SCOPE 

This procedure provides information on proper sampling equipment, onsite water quality testing, and 
techniques for groundwater sampling. Review of the information contained herein will facilitate planning 
of the field sampling effort by describing standard sampling techniques. The techniques described shall 
be followed whenever applicable, noting that site-specific conditions or project-specific plans may require 
modifications to methodology. 

3.0 GLOSSARY 

Conductance - The conductance of a conductor 1 centimeter long and 1 square centimeter in cross- 
sectional area. For groundwater measurements, a volume of water contained in a 1 cm x 1 cm sample 
container (the water acts as the conductor). Conductivity and specific conductance are used 
synonymously. 

Electrolflic Cell - An electrochemical cell in which electrical energy is supplied from an external source. 
This cell functions in much the same way as a galvanic cell, only the current flows in the opposite 
direction due to the external source of applied voltage. Electrolytic cells are used in dissolved oxygen 
measurement. 

Galvanic Cell - A electrochemical cell in which chemical energy is spontaneously converted to electrical 
energy. The electrical energy produced is supplied to an external circuit. Galvanic cells are used in 
dissolved oxygen measurement. 

Ohm - Standard unit of electrical resistance (R). Used in spedific conductance measurement. A siemen 
(or umho) is the standard unit of electrical conductance, the inverse di the ohrk 

Oxidation-Reduction Potential (ORP) - A measure of the activity ratio of oxidizing and reducing species 
as determined by the electromotive force developed by a noble metal electrode, immersed in water, as 
referenced against a standard hydrogen electrode. 

pH - The negative logarithm (base 10) of the hydrogen ion activii. The hydrogen ion activitjr is related 
to the hydrogen ion concentration, and, in a relatively weak solution, the two are nearly equal, Thus, for 
all practical purposes, pH is a measure of the hydrogen ion concentration. 

pH Paper - Indicator paper that turns different colors depending on the pH of the solution to which it is 
exposed. Comparison with color standards supplied by the manufacturer will then give an indication of 
the solution’s pH. 

Resistance - A measure of the solution’s ability to oppose the passage of electrical current. For metals 
and solutions, resistance is defined by Ohm’s Law, E = IR, where E is the potential difference, I is the 
current, and R is the resistance. Used in measurement of specific conductance. 
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4.0 RESPONSIBILITIES 

Project Hvdroqeoloqist - Responsible for selecting and detailing the specific groundwater sampling 
techniques, onsite water quality testing (type, frequency, and location), and equipment to be used, and 
providing detailed input in this regard to the project plan documents. The project hydrogeologist is also 
responsible for properly briefing and overseeing the performance of the site sampling personnel. 

Proiect Geolooist - is primarily responsible for the proper acquisition of the groundwater samples. 
He/she is also responsible for the actual analyses of onsite water quality samples, as well as instrument 
calibration, care, and maintenance. When appropriate, such responsibilities may be performed by other 
qualified personnel (e.g., field technicians). 

5.0 PROCEDURES 

5.1 General 

To be useful and accurate, a groundwater sample must be representative of the particular zone of the 
water being sampled. The physical, chemical, and bacteriological integrity of the sample must be 
maintained from the time of sampling to the time of analysis in order to keep any changes in water 
quality parameters to a minimum. 

Methods for withdrawing samples from completed wells include the use of pumps, compressed air, 
bailers, and various types of samplers. The primary considerations in obtaining a representative sample 
of the groundwater are to avoid collection of stagnant (standing) water in the well and to avoid physical 
or chemical alteration of the water due to sampling techniques. In a non-pumping well, there will be little 
or no vertical mixing of water in the well pipe or casing, and stratification will occur. The well water in 
the screened section will mix with the groundwater due to normal flow patterns, but the well water above 
the screened section will remain isolated and become stagnant. To safeguard against collecting non- 
representative stagnant water in a sample, the following approach shall be followed prior to sample 
acquisition: 

1. All monitoring wells shall be purged prior to obtaining a sample. Evacuation of three to fiie 
volumes is recommended prior to sampling. In a high-yielding groundwater formation and 
where there is no stagnant water in the well above the screened section, extensive evacuation 
prior to sample withdrawal is not as critical. 

2. For wells that can be purged dry, the well shall be evacuated and allowed to recover prior 
to sample acquisition. If the recovery rate is fairly rapid, evacuation of more than one volume 
of water is required. 

3. For high-yielding monitoring wells which cannot be evacuated to dryness, there is no 
absolute safeguard against contaminating the sample with stagnant water. One of the 
following techniques shall be used to minimize this possibility: 

0 A submersible pump or the intake line of a surface pump or bailer shall be placed just 
below the water surface when removing the stagnant water and lowered as the water 
level drops. Three to fiie volumes of water shall be removed to provide reasonable 
assurance that all stagnant water has been evacuated. Once this is accomplished, a 
bailer or other approved device may be used to collect the sample for analysis. 

r 
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0 The intake line of the sampling pump (or the submersible pump itself) shall be placed 
near the bottom of the screened section, and approximately one casing volume of 
water shall be pumped from the well at a low purge rate, equal to the well’s recovery 
rate (low flow sampling). 

Stratification of contaminants may exist in the aquifer. Concentration gradients as a result of mixing and 
dispersion processes, layers of variable permeability, and the presence of separate-phase product (i.e, 
floating hydrocarbons) may cause stratification. Excessive pumping or improper sampling methods can 
dilute or increase the contaminant concentrations in the recovered sample compared to what is 
representative of the integrated water column as it naturally occurs at that point, thus the result is the 
collection of a non-representative sample. 

5.2 Sampling, Monitoring, and Evacuation Equipment 

Sample containers shall conform with the guidelines expressed in SOP SA-6.1. 

The following equipment shall be on hand when sampling ground,water wells (reference SOPS SA-6.1 
and SA-7.1) : 

0 Sample packaqinq and shippinq equipment - Coolers for sample shipping and cooling, 
chemical preservatives, appropriate sampling containers and filler, ice, labels and chain-of- 
custody documents. 

Field tools and instrumentation - Thermometer, pH paper/meter, camera and film (if 
appropriate), appropriate keys (for locked wells), engineer’s rule, water level indicator, specific 
conductivity meter, and turbidity meter (as applicable). 

0 Pumps 

Shallow-well pumps: Centrifugal,. pitcher, suction, or peristaltic pumps with droplines, 
air-lift apparatus (compressor and tubing) where applicable. 

Deep-well pumps: Submersible pump and electrical power-generating unit, or air-lift 
apparatus where applicable. 

0 Other samplinq equipment - Bailers and inert line with tripod-pulley assembly (ii necessary). 
Bailers or submersible centrifugal pumps shall be’ used to obtain samples for volatile organics 
from shallow and deep groundwater wells. 

0 Pails - Plastic, graduated. 

l Decontamination solutions - Deionized water, laboratory detergents, 10% nitric acid solution 
(as required), and analytical-grade solvents (e.g., methanol, acetone, hexane), as required. 

Ideally, sample withdrawal equipment shall be completely inert, economical, easily cleaned, cleaned prior 
to use, reusable, able to operate at remote sites in the absence of power sources, and capable of 
delivering variable rates for well flushing and sample collection. 
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Calculations of Well Volume 

To insure that the proper volume of water has been removed from the well prior to sampling it is first 
necessary to know the volume of standing water in the well pipe. This volume can be easily calculated 
by the following method. Calculations shall be entered in the site logbook or field notebook or on a 
sample log sheet form (see SOP SA-6.3): 

0 Obtain all available information on well construction (location, casing, screens, etc.). 

0 Determine well or casing diameter. 

l Measure and record static water level (depth below ground level or top of casing reference 
point). 

0 Determine depth of well by sounding using a clean, decontaminated, weighted tape measure. 

0 Calculate number of linear feet of static water (total depth or length of well pipe minus the 
depth to static water level). 

0 Calculate one static well volume in gallons V = (0.163XTXr2) 

where: V = Static volume of well in gallons. 
T = Thickness of water table in the well measured in feet (i.e., linear 

feet of static water). 
r = ‘Inside radius of well casing in inches. 
0.163 = A constant conversion factor which compensates for the 

conversion of the casing radius from inches to feet, the 
conversion of cubic feet to gallons, and pi. 

0 Per evacuation volumes discussed above, determine the minimum amount to be evacuated 
before sampling. 

Evacuation of Static Water (Purgina 

5.4.1 General 

The amount of purging a well shall receive prior to sample collection will depend on the intent of the 
monitoring program and the hydrogeologic conditions. Programs to determine overall quality of water 
resources may require long pumping periods to obtain a sample that is representative of a large volume 
of that aquifer. The pumped volume may be specified prior to sampling so that the sample can be a 
composite of a known volume of the aquifer. Alternately the well can be pumped until the parameters 
such as temperature, electrical conductance, pH, and turbidity (as applicable), have stabilized. Onsite 
measurements of these parameters shall be recorded in the site logbook, field notebook, or on 
standardized data sheets. 
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5.4.2 Evacuation Devices 

The following discussion is limited to those devices commonly used at hazardous waste sites. 
Attachment A provides guidance on the proper evacuation device to use for given sampling situations. 
Note that all of these techniques involve equipment which is portable and readily available. 

Bailers 

Bailers are the simplest evacuation devices used and have many advantages. They generally consist of 
a length of pipe with a sealed bottom (bucket-type bailer) or, as is more useful and favored, with a ball 
check-valve at the bottom. An inert line is used to lower the bailer and retrieve the sample. 

Advantages of bailers include: 

0 Few limitations on size and materials used for bailers. 
0 No external power source needed. 
0 Baiters are inexpensive, and can be dedicated and hung in a well to reduce the chances of 

cross-contamination. 
a There is minimal outgassing of volatile organics while the sample is in the bailer. 
l Bailers are relatively easy to decontaminate. 

Limitations on the use of bailers include the following: 

0 It is time consuming to remove stagnant water using a bailer. 
0 Transfer of sample may cause aeration. 
l Use of bailers is physically demanding, especially in warm temperatures at protection levels 

above Level D. 

Suction Pumps 

There are many different types of inexpensive suction pumps including centriiugal, diaphragm, peristaltic, 
and pitcher pumps. Centrifugal and diaphragm pumps can be used for well evacuation at a fast pumping 
rate and for sampling at a low pumping rate. The peristaltic pump is a low volume pump that uses 
rollers to squeeze a flexible tubing, thereby creating suction. This tubing can be dedicated to a well to 
prevent cross contamination. The pitcher pump is a common farm hand-pump. 

These pumps are all portable, inexpensive and readily available. However, because they are based on 
suction, their use is restricted to areas with water levels within 20 to 25 feet of the ground surface. A 
significant limitation is that the vacuum created by these pumps can cause significant loss of dissolved 
gases and volatile organics. 

Air-Lii Samplers 

This group of pump samplers uses gas pressure either in the annulus of the well or in a venturi to force 
the water up a sampling tube. These pumps are also relatively inexpensive. Air (or gas)-lift samplers 
are more suitable for well development than for sampling because the samples may be aerated, leading 
to pH changes and subsequent trace metal precipitation, or loss of volatile organics. 
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Submersible Pumps 

Submersible pumps take in water and.push the sample up a sample tube to the surface. The power 
sources for these samplers may be compressed gas or electricity. The operation principles vary and the 
displacement of the sample can be by an inflatable bladder, sliding piston, gas bubble, or impeller. 
Pumps are available for 2-inch-diameter wells and larger. These pumps can lift water from considerable 
depths (several hundred feet). 

Limitations of this class of pumps include,: 

l They may have low delivery rates. 
0 Many models of these pumps are expensive. 
0 Compressed gas or electric power is needed. 
0 Sediment in water may cause clogging of the valves or eroding the impellers with some of 

these pumps. 
0 Decontamination of internal components can be difficult and time-consuming. 

5.5 Onsite Water Quality Testing 

This section describes the procedures and equipment required to measure the following parameters of 
an aqueous sample in the field: 

0 PH 
0 Specific Conductance 
0 Temperature 
0 Dissolved Oxygen (DO) Concentration 
0 Oxidation Reduction Potential 
0 Certain Dissolved Constituents Using Specific Ion Elements 
l Turbidity 

This section is applicable for use in an onsite groundwater quality monitoring program to be conducted 
at a hazardous or nonhazardous site. The procedures and equipment described are applicable to 
groundwater samples and are not, in general, subject to solution interferences from color, turbidity, and 
colloidal material or suspended matter. 

This section provides general information for measuring the parameters listed above with instruments and 
techniques in common use. Since instruments from different manufacturers may vary, review of the 
manufacturer’s literature pertaining to the use of.a specific instrument is required before use. 

5.5.1 Measurement of pH 

5.51 .l General 

Measurement of pH is one of the most important and frequently used tests in water chemistry. 
Practically every phase of water supply and wastewater treatment such as acid-base neutralization, water 
softening, and corrosion control is pH dependent. Likewise, the pH of leachate can be correlated with 
other chemical analyses to determine the probable source of contamination. It is therefore important that 
reasonably accurate pH measurements be taken. 

c 
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Two methods are given for pH measurement: the pH meter and pH indicator paper. The indicator paper 
is used when only a rough estimate of the pH is required, and the pH meter when a more accurate 
measurement is needed. The response of a pH meter can be affected to a slight degree by high levels 
of colloidal or suspended solids, but Ihe effect is usually small and generally of little significance. 
Consequently, specific methods to overcome this interference are not described. The response of pH 
paper is unaffected by solution interferences from color, turbidity, colloidal or suspended materials unless 
extremely high levels capable of coating or masking the paper are encountered. in such cases, use of 
a pH meter is recommended. 

5.5.1.2 Principles of Eauipment Operation 

Use of pH papers for pH, measurement relies on a chemical reaction caused by the acidity or b&city 
of the solution created by the addition of the water sample reacting with the indicator compound on the 
paper. Various types of pH papers are available, including litmus (for general acidity or basicity 
determination) and specific pH range hydrion paper. 

Use of a pH meter relies on the same principle as other ion-specific electrodes. Measurement relies on 
establishment of a potential difference across a glass or other type of membrane in response to (in this 
instance, hydrogen) ion concentration across that membrane. The membrane is conductive to ionic 
species and, in combination with a standard or reference electrode. a potential difference proportional 
to the ion concentration is generated and measured. 

5.5.1.3 Equipment 

The following equipment is needed for taking pH measurements: 

0 ‘Stand-alone 150 portable pH meter, or combination meter (e.g., Horiba U-101, or combination 
meter equipped with an in-line sample chamber. 

l Combination electrode with polymer body to fii the above meter (alternately a pH electrode 
and a reference electrode can be used if the pH meter is equipped with suitable electrode 
inputs). 

0 Buffer solutions, as specified by the manufacturer. 

l pH indicator paper, to cover the pH range 2 through 12. 

0 Manufacturer’s operation manual. 

5.5.1.4 Measurement Techniaues for Field Determination of pH 

pH Meter 

The following procedure is used for measuring pH with a pH meter (meter standardization is according 

to manufacturer’s instructions): 

l Inspect the instrument and batteries prior to initiation of the field effort. 

0 Check the integrity of the buffer solutions used for field calibration. Buffer solutions need to 
be changed often as a result of degradation upon exposure to the atmosphere. 

r 
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l Rinse the electrode(s) with deionized water. 

l Store the electrode(s) in an appropriate manner when not in use. 

Immerse the tip of the electrodes in water overnight. If this is not possible due to field 
conditions, immerse the electrode tip in water for at least an hour before use. The electrode 
tip may be immersed in a rubber or plastic sack containing buffer solution for field transport 
or storage. This is not applicable for all electrodes as some must be stored dry. 

If applicable, make sure all electrolyte solutions withinthe electrode(s) are at their proper 
levels and that no air bubbles are present within the electrode(s). 

Calibrate on a daily use basis following manufacturer’s instructions. Record calibration data 
on an equipment calibration log sheet. 

Immerse the electrode(s) in the unknown solution, slowly stirring the probe until the pH 
stabilizes. Stabilization may take several seconds to minutes. If the pH continues to drift, 
the sample temperature may not be stable, a physical reaction (e.g., degassing) may be 
taking place in the sample, or the meter or electrode may be malfunctioning. This must be 
clearly noted in the logbook. 

Read and record the pH of the solution. pH shall be recorded to the nearest 0.1 pH unit. 
Also record the sample temperature. 

Any visual observation of conditions which may interfere with pH measurement, such as oily materials, 
or turbidity, shall be noted. 

pH Paper 

Use of pH paper is very simple and requires no sample preparation, standardization, etc. pH paper is 
available in several ranges, including wide-range (indicating approximately -pH 1 to 12), mid-range 
(approximately pH 0 to 6, 6 to 9, 8 to 14) and narrow-range (many available, with ranges as narrow as 
1.5 pH units). The appropriate range of pH paper shall be. selected. If the pH is unknown the 
investigation shall start with wide-range paper and proceed with successively narrower range paper until 
the sample pH is adequately determined. 

5.5.2 Measurement of Specific Conductance 

552.1 General 

Conductance provides a measure of dissolved ionic species in water and can be used to identify the 
direction and extent of migration of contaminants in groundwater or surface water. It can also be used 
as a measure of subsurface biodegradation or to indicate alternate sources of groundwater 
contamination. 

Conductivity is a numerical expression of the ability of a water sample to carry an electric current. This 
value depends on the total concentration of the ionized substances dissolved in the water and the 
temperature at which the measurement is made. The mobility of each of the various dissolved ions, their 
valences, and their actual and relative concentrations affect conductivity. 
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It is important to obtain a specific conductance measurement soon after taking a sample, since 
temperature changes, precipitation reactions, and absorption of carbon dioxide from the air all affect the 
specific conductance. 

5.5.2.2 Principles of Equipment Operation 

An aqueous system containing ions will conduct an electric current. In a direct-current field, the positive 
ions migrate toward the negative electrode, while the negatively charged ions migrate toward the positive 
electrode. Most inorganic acids, bases and salts (such as hydroctiloric acid, sodium carbonate, or 
sodium chloride, respectively) are relatively good conductors. Conversely, organic compounds such as 
sucrose or benzene, which do not disassociate in aqueous solution, conduct a current very poorly, if at 
all. 

A conductance cell and a Wheatstone Bridge (for the measurement of potential difference) may be used 
for measurement of electrical resistance. The ratio of current applied to voltage across the cell may also 
be used as a measure of conductance. The core element of the apparatus is the conductivity cell 
containing the solution of interest. Depending on ionic strength of the aqueous solution to be tested, 
a potential difference is developed across the cell which can be ‘converted directly or indirectly 
(depending on instrument type) to a measurement of specific conductance. 

5.5.2.3 Equipment 

The following equipment is needed for taking specific conductance (SC) measurements: 

l Stand alone portable conductivity meter, or combination meter (e.g., Horiba U-lo), or 
combination meter equipped with an in-line sample chamber. 

l Calibration solution, as specified by the manufacturer. 
l Manufacturer’s operation manual. 

A variety of conductivity meters are available which may also be used to monitor salinity and 
temperatures. Probe types and cable lengths vary, so equipment must be obtained to meet the specific 
requirement of the sampling program. 

“‘- 

5.5.2.4 Measurement Techniques for Specific Conductance 

The steps involved in taking specific conductance measurements are listed below (standardization is 
according to manufacturer’s instructions): 

l Check batteries and calibrate instrument before going into the field. 

l Calibrate on a daily use basis, according to the manufacturer’s instructions and record all 
pertinent information on an equipment calibration log sheet. Potassium chloride solutions 
wfth a SC closest to the values expected in the field sfiall be used for calibration. Attachment 
B provides guidance in this regard. 

0 Rinse the cell with one or more portions of the sample to be tested or with deionized water. 

M 
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0 Immerse the electrode in the sample and measure the conductivity. Adjust the temperature 
setting to the sample temperature (if applicable). 

l Read and record the results in a .field logbook or sample log sheet. 

l Rinse the electrode with deionized water. 

If the specific conductance measurements become erratic, recalibrate the instrument and see the 
manufacturer’s instructions for details. 

5.5.3 Measurement of Temperature 

5.5.3.1 General 

In combination with other parameters, temperature can be a useful indicator of the likelihood of biological 
action in a water sample. It can also be used to trace the flow direction of contaminated groundwater. 
Temperature measurements shall be taken in-situ, or as quickly as possible in the field. Collected water 
samples may rapidly equilibrate with the temperature of their surroundings. . 

5.5.3.2 Equipment 

Temperature measurements may be taken with al,cohol-toluene, mercury filled or dial-type thermometers. 
In addition, various meters such as specific conductance or dissolved oxygen meters, which have 
temperature measurement capabilities, may also be used. Using such instrumentation along with suitable 
probes and cables, in-situ measurements of temperature at great depths can be performed. 

5.5.3.3 - Measurement Techniques for Water Temperature 

If a thermometer is used to determirie the temperature for a water sample: 

0 Immerse the thermometer in the sample until temperature equilibrium is obtained (l- 
3 minutes). To avoid the possibility of cross-contamination, the thermometer shall not be 
inserted into samples which will undergo subsequent chemical analysis. 

l Record values in a field logbook or sample log sheet. 

If a temperature meter or probe is used, the instrument shall be calibrated according to manufacturer’s 
recommendations. 

5.5.4 Measurement of Dissolved Oxygen Concentration 

5.5.4.1 General 

Dissolved oxygen (DO) levels in natural water and wastewater depend on the physical, chemical and 
biochemical activities in the water body. Conversely, the growth of many aquatic organisms as well as 
the rate of corrosivii, are dependent on the dissolved oxygen concentration. Thus, analysis for 
dissolved oxygen is a key test in water pollution and waste treatment process control. If at all possible, 
DO measurements shall be taken in-situ, since concentration may show a large change in a short time 
if the sample is not adequately preserved. 
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The monitoring method discussed herein is limited to the use of dissolved oxygen meters only. Chemical 
methods of analysis (i.e., Winkler methods) are available, but require more equipment and greater sample 
manipulation. Furthermore, DO meters, using a membrane electrode, are suitable for highly polluted 
waters, because the probe is completely submersible, and is not susceptible to interference caused by 
color, turbidity, colloidal material or suspended matter. 

5.5.4.2 Principles of Equipment Operation 

Dissolved oxygen probes are normally electrochemical cells that have two solid metal electrodes of 
different nobility immersed in an electrolyte. The electrolyte is retained by an oxygen-permeable 
membrane. The metal of highest nobility (the cathode) is positioned at the membrane. When a-suitable 
potential exists between the two metals, reduction of oxygen to hydroxide ion (OH) occurs at the 
cathode surface. An electrical current is developed that is directly proportional to the rate of arrival of 
oxygen molecules at the cathode. 

Since the current produced in the probe is directly proportional to the rate of arrival of oxygen at the .l... _, I j “. I_ 
cathode, it is important that a fresh supply of sample always be in contact with the membrane. 
Otherwise, the oxygen in the aqueous layer a!ong the membrane is quickly depleted and false low 
readings are obtained. It is therefore necessary to stir the sample (or the probe) constantly to maintain 
fresh solution near the membrane interface. Stirring, however, shall not be so vigorous that additional 
oxygen is introduced through the air-water interface at the sample surface. To avoid this possibility, 
some probes are equipped with stirrers to agitate the solution near the probe, while leaving the surface 
of the solution undisturbed. 

Dissolved oxygen probes are relatively unaffected by interferences. Interferences that can occur are 
reactions wfth oxidizing gases (such as chlorine) or with gases such as hydrogen sulfide, which are not 
easily depolarized from the indicating electrode. If a gaseous interference is suspected, it shall be noted 
in the field log book and checked if possible. Temperature variations can also cause interference 
because probes exhibit temperature sensitivity. Automatic temperature compensation is normally 
provided by the manufacturer. 

5.5.4.3 Euuipment 

The following equipment is needed to measure dissolved oxygen concentration: 

0 Stand alone portable dissolved oxygen meter, or combination meter (e.g., Horiba U-lo), or 
combination meter equipped with an in-fine sample chamber. 

l Sufficient cable to allow the probe to contact the sample. 
0 Manufacturers operation manual. 

5.5.4.4 Measurement Techniques for Dissolved Oxvoen Determination 

Probes differ as to specifics of use. Follow the manufacturer’s instructions to obtain an accurate reading. 
The following general steps shall be used to measure the dissolved oxygen concentration: 

0 The equipment shall be calibrated and have its batteries checked In the warehouse before 
going to the field. 
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0 The probe shall be conditioned in a water sample for as long a period as practical before use 
in the field. Long periods of dry storage followed by short periods of use in the field may 
result in inaccurate readings. 

l The instrument shall be calibrated in the field according to manufacturer’s recommendations 
or in a freshly air-saturated water sample of known temperature. Dissolved oxygen values 
for air-saturated water can be determined by consulting a table listing oxygen solubilities as 
a function of temperature and salinity (see Attachment C). 

l Record all pertinent information on an equipment calibration sheet. 

l Rinse the probe with deionized water. 

0 Immerse the probe in the sample. Be sure to provide for sufficient flow past the membrane 
by stirring the sample. Probes without stirrers placed in wells can be moved up and down. 

l Record the dissolved oxygen content and temperature .of the sample in a field logbook or 
sample log sheet. 

l Rinse the probe with deionized water. 

l Recalibrate the probe when the membrane is replaced, or as needed. Follow the 
manufacturer’s instructions. 

Note that in-situ placement of the probe is preferable, since sample handling is not involved. This 
however, may not always be practical. Be sure to record whether the liquid was analyzed in-situ, or if 
a sample was taken. 

Special care shall be taken during sample collection to avoid turbulence which can lead to increased 
oxygen solubilization and positive test interferences. 

5.5.5 Measurement of Oxidation-Reduction Potential 

5.5.5.1 General 

The oxidation-reduction potential (ORP) provides a measure of the tendency of organic or inorganic 
compounds to exist in an oxidized state. The ORP parameter therefore provides evidence of the 
likelihood of anaerobic degradation of biodegradable organics or the ratio of activities of oxidized to 
reduced species in the sample. 

5.5.5.2 Principles of Equipment Operation 

When an inert metal electrode, such as platinum, is immersed in a solution, a potential is developed at 
that electrode depending on the Ions present in the solution. If a reference electrode is placed in the 
same solution, an ORP electrode pair is established. This electrode pair allows the potential difference 
between the two electrodes to be measured and is dependent on the concentration of the ions in 
solution. By this measurement, the ability to oxidize or reduce species in solution may be determined. 
Supplemental measurements, such as dissolved oxygen, may be correlated with ORP to provide a 
knowledge of the quality of the solution, water, or wastewater. 

T 
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5.5.5.3 Equipment 

The following equipment is needed for,measuring the oxidation-reduction potential of a solution: 

l Portable pH meter or equivalent, with a millivolt scale. 
0 Platinum electrode to fii above pH meter. 
l Reference electrode such as a calomel, silver-silver chloride, or equivalent. 
l Reference solution as specified by the manufacturer. 
l Manufacturer’s operation manual. 

5.5.5.4 Measurement Techniques for Oxidation-Reduction Potential 

The following procedure is used for measuring oxidation-reduction potential: 

l The equipment shall be calibrated and have its batteries checked before going to the field. 

e Check that the platinum probe is clean and that the platinum bond or tip is unoxidized. If 
dirty, polish with emery paper or, if necessary, clean the electrode usind’aqua regia, nitric 
acid, or chromic acid, in accordance with manufacturer’s instructions. 

l Thoroughly rinse the electrode with deionized water. 

l Verify the sensitivity of the electrodes by noting the change in millivt.% ieadiiig when the pH 
of the test solution is altered. The ORP will increase when the pH of the test solution 
decreases and the ORP will decrease if the test solution pH is increased. Place the sample 
.in a clean container and agitate the sample. Insert the electrodes and note the ORP drops 
sharply when the caustic is added (i.e., pH is raised) thus indicatK”ft”% &c$2%%$ “are 
sensitive and operating properly. If the ORP increases sharply when the caustic is added, 
the polarity is reversed and must be corrected in accordance with the manufacturer’s 
instructions. If the ORP does not respond as above when the caustic is added, the 
electrodes shall be cleaned and the above procedure repeated. 

l After the assembly has been checked for sensitivity, wash the electrodes with three changes 
of water or by means of a flowing stream of deionized water from a wash bottle. Place the 
sample in a clean container and insert the electrodes. Set temperature compensator 
throughout the measurement period. Read the millivolt potential of the solutibn, allotiing 
sufficient time for the system to stabilize and reach temperature equilibrium. Measure 
successive portions of the sample until readings on two successive portions differ by no more 
than 10 mV. A system that is very slow to stabilize properly will not yield a mtianingful ORP. 
Record all results in a field logbook or sample logsheet, including ORP (to nearest 10 mv), 
sample temperature and pH at the time of measurement. 

5.5.6 Measurement of Turbidity 

5.5.6.1 General 

Turbidity in water is tiused by suspended matter, such as clay, silt, finely divided organic and inorganic 
matter, soluble colored organic compounds, and microscopic organisms, including plankton. Turbidity 
is an expression of the optical property that causes light to be scattered and absorbed rather than 
transmitted in a straight line through the sample. 

A- 

a 
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It is important to obtain a turbidity reading immediately after taking a sample, since irreversible changes 
in turbidity may occur if the sample is stored too long. 

5.5.6.2 Principles of Equipment Oderation 

Turbidity is measured by the Nephelometric Method. This method is based on a corhparison of the 
intensity of light scattered by the sample under defined conditions with the intensity of light scattered by 
a standard reference suspension under the same conditions. The higher the scattered light intensity, the 
higher the turbidity. 

Formazin polymer is used as the reference turbidity standard suspension because of its ease of 
preparation combined with a higher reproducibility of its light-scattering properties than clay or turbid 
natural water. The turbidity of a specified concentration of formazin suspension is defined as 40 
nephelometric units. This same suspension has an approximate turbidity of 40 Jackson units when 
measured on the candle turbidmeter. Therefore, nephelometric turbidity’ units (NTU)’ based on the 
formazin preparation will approximate units derived from the candle turbidimeter but will not be identical 
to them. 

5.5.6.3 Euuipment 

The following equipment is needed for turbidity measurement: 

l Stand alone portable turbidity meter, or combination meter (e.g., Horiba U-lo), or 
combination meter equipped with an in-line‘sample chamber. 

0 Calibration solution, as specified by the manufacturer. 

0 Manufacturer’s operation manual. 

5.5.6.4 Measurements Techniques for Specific Conductance 

The steps involved in taking turbidity measurements are listed below (standardization is according to 
manufacturer’s instructions): 

0 Check batteries and calibrate instrument before going into the field. 

0 Check the expiration date (etc.) of the solutions used for field calibration. 

0 Calibrate on a daily use basis, according to the manufacturer’s instructions and record all 
pertinent information on an equipment calibration log sheet. 

0 Rinse the cell with one or more portions of the sample to be tested or wlth deionized water. 

l Immerse the probe in the sample and measure the turbidity. The reading must be taken 
immediately as suspended solids will settle over time resulting in a lower, inaccurate turbidity 
reading. 
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l Read and record the results in a field logbook or sample log sheet. Include a physical 
description of the sample, including color, qualitative estimate of turbidity, etc. 

l Rinse the electrode with deionized water. 

‘5.6 Sampling 

56.1 Sampling Plan 

The sampling approach consisting of the following, shall be developed as part of the project plan 
documents which are approved prior to beginning work in the field: 

Background and objectives of sampling. 

Brief description of area and waste characterization. 

Identification of sampling locations, with map or sketch, and applicable well construction data 
(well size, depth, screened interval, reference elevation). 

Intended number, sequence volumes, and types of samples. If the relative degrees of 
contamination between wells is unknown or insignificant, a sampling sequence which 
facilitates sampling logistics may be followed. Where some wells are known or strongly 
suspected of being highly contaminated, these shall be sampled last to reduce the risk of 
cross-contamination between wells as a result of the sampling procedures. 

Sample preservation requirements. 

Work schedule. 

List of team members. 

56.2 Sampling Methods 

List of observers and contacts. 

Other information, such as the necessity for a warrant or permission of entry, requirement for 
split samples, access problems, location of keys, etc. 

The collection of a groundwater sample consists of the following steps: 

1. The site Health & Safety Officer (or designee) will first open the well cap and use volatile 
organic detection equipment (PID or FID) on the escaping gases at the well head to 
determine the need for respiratory protection. 

2. When proper respiratory protection has been donned, sound the well for total depth and 
water level (using clean equipment) and record these data on a groundwarer sampling log 
sheet (see SOP SA-6.3); then calculate the fluid volume in the well pipe (as previously 
described in this SOP). 

3. Calculate well volume to be removed as stated in Section 5.3. 
s- 
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4. Select the appropriate purging equipment (see Attachment A). If an electric submersible 
pump with packer is chosen, go to Step 10. 

5. 

6. 

Lower the purging equipment or intake into the well to a short distance below the water level 
and begin water removal. Collect the purged water and dispose of it in an acceptable 
manner (as applicable). Lower the purging device, as required, to maintain submergence. 

Measure the rate of discharge frequently. A graduated bucket and stopwatch are most 
commonly used; other techniques include use of pipe trajectory methods, weir boxes or flow 
meters. 

7. Observe the peristaltic pump intake for degassing “bubbles.” If bubbles are abundant and 
the intake is fully submerged, this pump is not suitable for collecting samples for volatile 
organics. Never collect volatile organics samples using a vacuum pump. 

8. Purge a minimum of three to five casing volumes before sampling. In low-permeability strata 
(i.e., if the well is pumped to dryness), one volume will suffice. Purged water shall be 
collected in a designated container and disposed in an acceptable manner. 

9. If sampling using a pump, lower the pump intake to midscreen (or the middle of the open 
section in uncased wells) and collect the sample. If sampling with a bailer,’ lower the bailer 
to the sampling level before filling. 

10. (For pump and packer assembly only). Lower the assembly into the well so that the packer 
is positioned just above the screen or open section. lnffate the packer. Purge a volume 
.equal to at least twice the screened interval (or unscreened open section volume below the 
packer) before sampling. Packers shall always be tested in a casing section above ground 
to determine proper inflation pressures for good sealing. 

11. In the event that recovery time of the well is very slow (e.g., 24 hours or greater), sample 
collection can be delayed until the following day. If the well has been purged early in the 
morning, sufficient water may be standing in the well by the day’s end to permit sample 
collection. If the well is incapable of producing a sufficient volume of sample at any time, 
take the largest quantity available and record this occurrence in the site logbook. 

12. Fill sample containers (preserve and label as described in SOP SA-6.1). 

13. Replace the well cap and lock as appropriate. Make sure the well is readily identifiable as 
the source of the samples. 

14. Process sample containers as described in SOP SA-6.1. 

15. Decontaminate equipment as described in SOP SA-7.1. 

5.7 Low Flow Purging and Sampling 

57.1 Scope & Application 

Low flow purging and sampling techniques are sometimes required for groundwater sampling activities. 
The pu_rpose of low flow purging and sampling is to collect groundwater samples that contain 
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“representative” amounts of mobile organic and inorganic constituents in the vicinity of the selected open 
well interval, at near natural flow conditions. The minimum stress procedure emphasizes negligible water 
level drawdown and low pumping rates in order to collect samples with minimal alterations in water 
chemistry. This procedure is designed primarily to be used in wells with a casing diameter of 2 inches 
or more and a saturated screen, or open interval, length of ten feet or less. Samples obtained are 
suitable for analyses of common types of groundwater contaminants (volatile and semi-volatile organic 
compounds, pesticides, PCBs, metals and other inorganic ions [cyanide, chloride, sulfate, etc.]). This 
procedure is not designed to collect non-aqueous phase liquids samples from wells containing light or 
dense non-aqueous phase liquids (LNAPLs or DNAPLs), using the low flow pumps. 

The procedure is flexible for various well construction types and groundwater yields. The goal of the 
procedure is to obtain a turbidity level of less than 5 NTU and to achieve a water level drawdown of less 
than 0.3 feet during purging and sampling. If these goals cannot be achieved, sample collection can take 
place provided the remaining criteria in this procedure are met. 

5.7.2 Equipment 

The following equipment is required (as applicable) for low flow purging and sampling: 

Adjustable rate, submersible pump (e.g., centrifugal or bladder pump constructed of stainless steel 
or Teflon). Peristaltic pumps may be used only for inorganic sample collection. 

Disposable clear plastic bottom filling bailers may be used to check for and obtain samples of 
LNAPLs or DNAPLs. 

Tubing - Teflon, Teflon lined polyethylene, polyethylene, PVC, tygonsteel tubing can be used to 
collect samples for analysis, depending on the analyses to be performed and regulatory 
requirements. 

Water level measuring device, 0.01 foot accuracy, (electronic devices are preferred for tracking 
water level drawdown during ail pumping operations). 

Flow measurement supplies. 

interface probe, if needed. 

Power source (generator, nitrogen tank, etc.). If a gasoline generator is used, it must be located 
downwind and at a safe distance from the well so that the exhaust fumes do not contaminate the 
samples. 

Indicator parameter monitoring instruments - pH, turbidity, specific conductance, and temperature. , 
Use of a Row-through cell is recommended. Optional Indicators - eH and dissolved oxygen, flow- 
through ceil is required. Standards to perform field calibration of instruments. 

Decontamination supplies. 

Logbook(s), and other forms (e.g., well purging forms). 

Sample Bottles. 

^,.. .._,,“” - ,.., :’ .,, _.<._” _’ 
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0 Sample preservation supplies (as required by the analytical methods). 

0 Sample tags or labels. 

0 Well construction data, location map, field ‘data from last sampling event. 

0 Field Sampling Plan. 

0 .PID or FID instrument for measuring VOCs (volatile organic compounds). 

5.7.3 Purging and Sampling Procedure 

Use a submersible pump to purge and sample monitoring wells which have a 2.0 inch or greater well 
casing diameter. 

Measure and record the water level immediately prior to placing the pump in the well. 

Lower pump, safety cable, tubing and electrical lines slowly into the well so that the pump intake is 
located at the center of the saturated screen length of the well. If possible keep the pump intake at least 
two feet above the bottom of the well, to minimize mobilization of sediment that may be present in the 
bottom of the well. Collection of turbid free water samples may be difficult if there is three feet or less 
of standing water in the well. 

When starting the pump, slowly increase the pump speed until a discharge occurs. Check water level. 
Adjust pump speed to maintain little or no water level drawdown. The target drawdown should be less 
than 0.3 feet and it should stabilize. If the target of less than 0.3 feet cannot be achieved or maintained, 
the sampling is acceptable if remaining criteria in the procedure are met. Subsequent sampling rounds 
will probably have intake settings and extraction rates that are comparable to those used in the initial 
sampling rounds. 

Monitor water level and pumping rate every three to fiie minutes (or as appropriate) during purging. 
Record pumping rate adjustments and depths to water. Pumping rates should, as needed, be reduced 
to the minimum capabilities of the pump (e.g., 0.1-0.2 l/min) to ensure stabilization of indicator 
parameters. Adjustments are best made in the first fiieen minutes of pumping in order to help minimize 
purging time. During initial pump start-up, drawdown may exceed the 0.3 feet target and then recover 
as pump flow adjustments are made (minimum purge volume calculations should utilize stabilized 
drawdown values, not the initial drawdown). if the recharge rate of the well is less than minimum 
capability of the pump do not allow the water level to fall to the intake level (ii the static water level is 
above the screen, avoid lowering the water level into the screen). Shut off the pump if either of the 
above is about to occur and allow the water level to recover., Repeat the process until field indicator 
parameters stabilize and the minimum purge volume is removed. The minimum purge volume with 
negligible drawdown (0.3 feet or less) is two saturated screen length volumes. In situations where the 
drawdown is greater than 0.3 feet and has stabilized, the minimum purge volume is two times the 
saturated screen volume plus the stabilized drawdown volume. After the minimum purge volume is 
attained (and field parameters have stabilized) begin sampling. For low yields wells, commence sampling 
as soon as the well has recovered sufficiently to collect the appropriate volume for all anticipated 
samples. 

During well purging, monitor field indicator parameters (turbidity, temperature, specific conductance, pH, 
etc.) every three to five minutes (or as appropriate). Purging is complete and sampling may begin when 

s 
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all field indicator parameters have stabilized (variations in values are within ten percent of each other, pH 
+/- 0.2 units, for three consecutive readings taken at three to five minute intervals). If the parameters 
have stabilized, but turbidity remains, above 5 NTU goal, decrease pump flow rate, and continue 
measurement of parameters every three to five minutes. If pumping rate cannot be decreased any 
further and stabilized turbidity values remain above 5 NTU goal record this information. Measurements 
of field parameters should be obtained (as per Section 5.5) and recorded. 

VOC samples are preferably collected first and directly into pre-preserved sample containers. Fill all 
sample containers by allowing the pump discharge to flow gently down the inside of the cohtainer with 
minimal turbulence. 

If the water column in the pump tubing collapses (water does not completely fill the tubing) before exiting 
the tubing, use one of the following procedures to collect VOC samples: (1) Collect the non-VOCs 
samples first, then increase the flow rate incrementally until the water column completely fills the tubing, 
collect the sample and record the new flow rate; (2) reduce the diameter of the existing tubing until the 
water column fills the tubing either by adding a connector (Teflon or stainless steel), or clamp which 
should reduce the flow rate by constricting the end of the tubing; (3) insert a narrow diameter Teflon tube 
into the pump’s tubing so that the end of the tubing is in the water column and the other end of the 
tubing protrudes beyond the pump’s tubing, collect sample from the narrow diameter tubing. 

Prepare samples for shipping as per SOP SA-8.1. 
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Diameter Casing 
1 I 

Bailer 

1.25Inch 

24nch 

4-Inch 

64nch 

a-Inch 

I Diaphragm I Submersible 
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Manufacturer Model 
Name/Number 

Principle of 
Operation 

Maximum 
Outside Construcfion Lin I I 4nw.a 

Diameter/ Materials Delivery Rates ‘? 
(w/Lines and Range 

Length (fi) 
or Volumes (z;zs) 

finches) Tubing) I I 

Comments 

pofCad Systems’ BarCad Sampler I I Dedicated; gas 

I I 

PE, brass, nylon, O-150 1 liter for each Requires compressed gas; custom sizes 
drive (positive 1.5/16 
disolacement) aluminum oxide I I 

with std. IO-15 feet of 
I I 

$220-350 and materials available; acts as 
tubino submeraence oiezometer. I 

I ’ C$e-Parmer Inst. Master flex 7570 Portable; 

I I 

(not submersible) 

I I 

670 mL/min AC/DC; variable speed control available; Portable peristaltic < 1 .O/NA Tygon@, silicone O-30 with 7015 $500-600 other models may have different flow 
Samolina Pumo (suction) Viton@ 20 oumo head I I rates. 

I EC0 Pump Corp. SAMPLifier 
I 

I D..r+al-.la . .,a.-.& ,r: I cl.5or 1 PI=, PE, PVC, SS, 1 nm,,,,, 
O-500 mL/min 

I r “1 .cI”IW, *-a, llbll 1 I <2.O/NA I Teflon@, Teftelm I v’w I depending on $460-700 
lift I I 

AC, DC, or gasoline-driven motors 
available; must be primed. I 

Geltek Corp. Bailer 2194 
Portable; grab 
(positive 
displacement) 

1.66138 Teflon@ No limit 1,075 mL $120-135 Other sizes available. , 

GeoEwineeriw, GEO-MONITo~ 
Dedicated; gas Approximately . 

PE, PP, PVC, Probably 1 liter for each Acts as piezometer; requires compressed 
Inc. 

drive (positive 1.5/16 
displacement) Vitone O-150 10 feet of $la5 gas. 

submeraence 

1 Ezl 1 Aquarius 
Requires compressed gas; other models 

1 ispoive 1 1.75/43 I ~~o~,flone~ I O-250 I :tyzn I $J;E I possib,e; avarlable, AC, DC, manual operation I 

I I Portable; grab 850 mL 
Syringe Sampler (positive I I 1.75/43 SS, Teflon@ I I No limit sample volum I I $, 1,,O Requires vacuum and/or pressure from , 

disolacement) e hand pump. I 
instrument Model 2600 Portable; PC, silicone, 
Specialties Co. Well Sampler 

bladder (positive 1.75/50 Teflone, PP, PE, O-150 97,500 
mL/min $990 

Requires compressed gas (40 psi 

(ISCO) displacement) Detrine, acetal minimum). 

Keck Geophysical ~~~~ersible 
Portable; helical 
rotor (positive SS, Teflon@, PP, 

Instruments, Inc. 1*75/25 EPDM, Vito@ O-160 9-4560 mL/min $3,590 DC operated. 
Sampling Pump displacement) 

Leonard Mold GeoFilter Small Portable; 
and Die Works, Diameter Well bladder (positive SS, Teflone, PC, 

1’75/38 Neoprenee O-400 9-3500 S, 4oo- Requires compressed gas (55 psi 

Inc. Pump (#0590) displacement) mL/min 1,590 
minimum); pneumatic or AC/DC control 
module. 

Oil Recovery 
Systems, Inc. 

Q.E.D. 
Environmental 
Systems, Inc. 

Portable; grab Approximately Other materials and models available: for 
Surface Sampler (positive 1.75/12 acrylic, Detrine No limit 250 mL $125-160 measuring thickness of “floating” 

displacement) contaminants. 

Well Wizard@ Dedicated; 
Monitoring bladder (positive 1.66136 PVC g-230 o-2,9w 9300400 Requires compressed gas; piezometric 

System (P-100) displacement) 
mL/min level indicator; other materials available. 
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Maximum 
Outside 

Diameter/ 
Length 
(Inches) 

Principle of 
Operation 

Construction Materials 
(w/tines and Tubing) 

Lift Range 
ifi) 

Delivery Rates 
or Volumes 

Model 
Name/Number 

Model 500 
Van-flow Pump 

Model 169 

Model 514124 
Pneumatic 
Water Sampler 

5W Water 
Sampler 

Std. Bailer 

fir or Gas Lift 
Sampler 

Sampling 
Pump 

Comments 

o-30 
(Not submersible) 
Rubber, Tygon”, or 
Neoprene@ 

SS, Teflon@, Delrin@ 
PP, Vito@, acrylic, PE 

Randolph Austin 
co. 

Robert Bennett 
co. 

Slope Indicator 
Co. (SINCO) 

Portable; peristaltic 
(suction) 

Portable; piston 
(positive 
displacement) 

Portable; gas drive 
(positive 
displacement) 

Portable; grab 
(positive 
displacement) 
Portable; grab 
[positive 
displacement) 

Portable; gas drive 
[positive 
displacement) 
‘ortable; bladder 
[positive 
lisplacement) 

<0.5/NA See comments 

1 .a/22 O-500 3-l ,800 mL/min 

250 mL/ 
llushing cycle 

500 mL 

250 mL/ft of 
,ailer 

350 mL/ 
‘lushing cycle 

1.9/18 PVC, nylon O-l,190 

Solinst Canada 
Ltd. 1.9127 PVC, brass, nylon, 

Neoprene@ 

PVC, PP 

O-330 

No limit 

O-150 

TIMCO Mfg. Co., 
Inc. 

1.66/Gust 
om 

TIMCO 1.66/30 DVC, Tygons, Teflon@ 

SS, silicone, Delrin@, 
rygons Tale Devices Co. 1.38148 o-125 1-4900 mL/min 

hnstruction Material Abbreviations: 

FE 
PVC 

E 
EPDM 

Polyethylene 
Polypropylene 
Polyvinyl chloride 
Stainless steel 
Polycarbonate 
Ethylene-propylene diene (synthetic rubber) 

Other Abbreviations: 

Not applicable 
Alternating current 

DC Direct current 

JOTE: Other manufacturers market pumping devices which could be used for groundwater sampling, though not expressly designed for this purpose. The list is not 
meant to be all-inclusive and listing does not constitute endorsement for use. Information in the table is from sales literature and/or personal communication. 
No skimmer, scavenger-type, or high-capacity pumps are included. 

iource: Barcelona et al., 1963. 
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AlTACHMENT B 

SPECIFIC CONDUCTANCE OF 1‘MOLAR KCI - 
AT VARIOUS TEMPERATURES’ 

Data derived from the international Critical 
Tables l-3-8. 
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A-ITACHMENT C 

VARIATION OF DISSOLVED OXYGEN CONCENTRATION IN WATER 
AS A FUNCTlON OF TEMPERATURE-AND SALINITY 

7 12.2 1 11.5 10.9 10.2 9.6 0.013 
I I I 

c 
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AlTACHMENT C 
VARIATtON OF DISSOLVED OXYGEN COt@ZENTRATION IN WATER 
As A FUNCTION 0F TEMIX~IAWE AND SALINES 
PAGE TWO 

Dissolved Oxygen (mg/L) 
Temperature 

PC) 
Chloride Concentration in Water Difference/ 

0 5,000 10,000 
100 mg 

15,000 20,000 Chloride 

26 8.2 7.8 7.4 7.0 6.6 0.008 

27 8.1 7.7 7.3 6.9 6.5 0.008 

28 7.9 7.5 7.1 6.8 6.4 0.008 

29 7.8 7.4 7.0 6.6 6.3 0.008 

30 7.6 7.3 6.9 6.5 6.1 0.008 

31 7.5 

32 7.4 

33 7.3 

34 7.2 

35 7.1 

36 7.0 

37 6.9 

38 6.8 

39 6.7 

40 6.6 

41 6.5 

42 6.4 

43 6.3 

44 6.2 

45 6.1 

46 6.0 

47 5.9 

48 5.8 

49 5.7 

50 5.6 

Note: In a chloride solution, conductivity can be roughly related to chloride concentration 
(and therefore, used to correct measured D.O. concentration) using Attachment B. 

019611/P Brown & Root Environmental 



BROWN 8 ROOT ENVIRONMENTAL 

iubject 
SOIL SAMPLING 

STANDARD 
OPERATING 

PROCEDURES 

Number Page 
SA-1.3 1 of19 

Effective Date Revision 
02/l 0198 5 

Applicability 
B&R Environmental, NE 

Prepared 
Earth Sciences Department 

TABLE OF CONTENTS 

SECTION PAGE 

1.0 PURPOSE ........................................................................................................................... 2 

2.0 SCOPE ................................................................................................................................ 2 

3.0 GLOSSARY ........................................................................................................................ 2 

4.0 RESPONSIBILITIES ........................................................................................................... 3 

5.0 PROCEDURES ................................................................................................................... 3 

5.1 Overview.. .... .......................................................................................................... 3 
5.2 Soil Sample Collection .......................................................................................... .4 
5.2.1 Procedure for Collecting Soil Samples for Volatile Organic Compounds ............... 4 
5.2.2 Procedure for Collecting Non-Volatile Soil Samples .............................................. 6 
522 cFrv; 
5:3* Surface Soil Sampling. ........................................................................................... 7 
5.4 Near-Surface Soil Sampling. .................................................................................. 8 
5.5 Subsurface Soil Sampling with a Hand Auger ........................................................ 8 
5.6 Subsurface Soil Sampling with a Split-Barrel Sampler (ASTM D1586-84) ........... .9 
57 I- L (hes:TrPnrheS:Tz;71z,~.- _ ........... -.-6X-10 

.......................................................................... ..--a- .... to 
f; 7 f . . y-&-J.q and Irem ..................................................................... ..- .w 

. . 
*-%*a _ --.__ - -.__-_ ...................................................................... -%?- 

7, .............................................................. 
5.8 Records ................................................................................................................ 16 

6.0 REFERENCES .................................................................................................................. 16 

AlTACHMENTS 

A SPLIT-SPOON SAMPLER ................................................................................... 18 
B REMOTE SAMPLE HOLDER FOR TEST PIT/TRENCH SAMPLING ................. 19 

01961 l/P Brown & Root Environmental 



Subject 

SOIL SAMPLING 

1.0 PURPOSE 

Number Page 
SA-1.3 2ofl9 

Revision Effective Date 
5 02/l O/98 

This procedure discusses the methods used to collect surface, near surface, and subsurface soil 
samples. Additionally, it describes the method for sampling of test pits and trenches to determine 
subsurface soil and rock conditions, and recover small-volume or bulk samples. 

2.0 SCOPE 

This procedure is applicable to the collection of surface, near surface and subsurface soils for 
laboratory testing, which are exposed through hand digging, hand augering, drilling, or machine 
excavating at hazardous substance sites. 

3.0 GLOSSARY 

Composite Sample - A composite sample exists as a combination of more than one sample at 
various locations and/or depths and times, which is homogenized and treated as one sample. 
This type of sample is usually collected when determination of an average waste concentration for 
a specific area is required. Composite samples are not to be collected for volatile organics 
analysis. 

Grab Sample - One sample collected at one location and at one specific time. 

Non-Volatile Sample - A non-volatile sample includes all other chemical parameters (e.g., 
semivolatiles, pesticides/PCBs, metals, etc.) and those engineering parameters that do not 
require undisturbed soil for their analysis. 

Hand Auqer - A sampling device used to extract soil from the ground in a relatively undisturbed 
form. 

Thin-Walled Tube Sampler - A thin-walled metal tube (also called a Shelby tube) used to recover 
relatively undisturbed soil samples. These tubes are available in various sizes, ranging from 2 to 
5 inches outside diameter (OD) and from 18 to 54 inches in length. 

Split-Barrel Sampler - A steel tube, split in half lengthwise, with the halves held together by 
threaded collars at either end of the tube. Also called a split-spoon sampler, this device can be 
driven into resistant materials using a drive weight mounted in the drilling string. A standard split- 
barrel sampler is typically available in two common lengths, providing either 20-inch or 26-inch 
longitudinal clearance for obtaining 18-inch or 24-inch-long samples, respectively. These split- 
barrel samplers commonly range in size from 2-inch OD to 3-112 inch OD. The larger sizes are 
commonly used when a larger volume of sample material is required. 

Test Pit and Trench - Open, shallow excavatio.ns, typically rectangular (if a test pit) or longitudinal 
(if a trench), excavated to determine the shallow subsurface conditions for engineering, 
geological, and soil chemistry exploration and/or sampling purposes. These pits are excavated 
manually or by machine (e.g., backhoe, clamshell, trencher excavator, or bulldozer). 

Confined Space - As stipulated in 29 CFR 1910.146, a confined space means a space that: 1) is 
large enough and so configured that an employee can bodily enter and perform assigned work; 2) 
has limited or restricted means for entry or exit (for example tanks, vessels, silos, storage bins, 
hoppers, vaults, and pits, and excavations are spaces that may have limited means of entry.);sand 
3) is not designed for continuous employee occupancy. Brown & Root Environmental considers 
all confined space as permit-required confined spaces. 
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4.0 RESPONSIBILITIES 

Proiect Manaqer - The Project Manager is responsible for determining sampling objectives, as 
well as, the field procedures used in the collection of soil samples. Additionally, in consultation 
with other project personnel (geologist, hydrogeologist, etc.), the Project Manager establishes the 
need for test pits or trenches, and determines their approximate locations and dimensions. 

Site Safetv Officer (SSO) - The SSO (or a qualified designee) is responsible for providing the 
technical support necessary to implement the project Health and Safety Plan. This will include 
(but not be limited to) performing air quality monitoring during sampling, boring and excavation 
activities, and to ensure that workers and offsite (downwind) individuals are not exposed to 
hazardous levels of airborne contaminants. The SSOldesignee may also be required to advise the 
FOL on other safety-related matters regarding boring, excavation and sampling, such as 
mitigative measures to address potential hazards from unstable trench walls, puncturing of drums 
or other hazardous objects, etc. 

Field Operations Leader (FOL) - The FOL is responsible for finalizing the location of surface, near 
surface, and subsurface (hand and machine borings, test pits/trenches) soil samples. He/she is 
ultimately responsible for the sampling and backfilling of boreholes, test pits and trenches, and for 
adherence to OSHA regulations during these operations. 

Project GeoloqiWSampler - The project geologist/sampler is responsible for the proper acquisition 
of soil samples and the completion of all required papework (i.e., sample log sheets, field 
notebook, boring logs, test pit logs, container labels, custody seals, and chain-of-custody forms). 

Competent Person - A Competent Person, as defined in 29 CFR 1929.650 of Subpart P - 
Excavations, means one who is capable of identifying existing and predictable hazards in the 
surroundings, or working conditions which are unsanitary, hazardous, or dangerous to employees, 
and who has authorization to take prompt corrective measures to eliminate them. 

5.0 PROCEDURES 

5.1 Overview 

Soil sampling is an important adjunct to groundwater monitoring. Sampling of the soil horizons 
above the groundwater table can detect contaminants before they have migrated into the water 
table, and can establish the amount of contamination sorbed on aquifer solids that have the 
potential of contributing to groundwater contamination. 

Soil types can vary considerably on a hazardous waste site. These variations, ‘along with 
vegetation, can effect the rate of contaminant migration through the soil. It is important, therefore, 
that a detailed record be maintained during the sampling operations, particularly noting the 
location, depth, and such characteristics as grain size, color, and odor. Subsurface conditions are 
often stable on a daily basis and may demonstrate only slight seasonal variation especially with 
respect to temperature, available oxygen and light penetration. Changes in any of these 
conditions can radically alter the rate of chemical reactions or the associated microbiological 
community, thus further altering specific site conditions. As a result, samples must be kept at their 
atdepth temperature or lower, protected from direct light, sealed tightly in approved glass 
containers and be analyzed as soon as possible. 
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The physical properties of the soil, its grain size, cohesiveness, associated moisture, and such 
factors as depth to bedrock and water table, will limit the depth from which samples can be 
collected and the method required to collect them. Often this information on soil properties can be 
obtained from published soil surveys available through the U.S. Geological Surveys and other 
government or farm agencies, It is the intent of this procedure to present the most commonly 
employed soil sampling methods used at hazardous waste sites. 

5.2 

5.2.1 

Soil SamrAe Collection 

Procedure for Collecting Soil Samples for Volatile Organic Compounds 

The above described traditional sampling techniques, used for the collection of soil samples for 
volatile organic analysis have recently been evaluated by the scientific community and determined 
to be ineffective in producing accurate results (biased low) due to the loss of volatile organics in 
the sampling stages and microbial degradation of aromatic volatiles. One of the newly adopted 
sampling procedures for collecting soil samples include the field preservation of samples with 
methanol or sodium bisulfate to minimize volatilization and biodegradation. These preservation 
methods may be performed either in the field or laboratory, depending on the sampling 
methodology employed. 

Soil samples to be preserved by the laboratory are currently being performed using method 
SW-846, 5035. Laboratories are currently performing low level analyses (sodium bisulfate 
preservation) and high level analyses (methanol preservation) depending on the end users needs. 

It should be noted that a major disadvantage of the methanol preservation method is that the 
laboratory reporting limits will be higher than conventional testing. The reporting levels using the 
new method for most analytes is 0.5 pg/g for GClMS and 0.05 ug/g for GC methods. 

The alternative preservation method for collecting soil samples is with sodium bisulfate. This 
method is more complex to perform in the field and therefore is not preferred for field crews. It 
should also be noted that currently, not all laboratories have the capabilities to perform this 
analysis. The advantage to this method is that the reporting limits ( 0.001 pg/g for GClPlD or 
GC/ELCD, or 0.010 for GC/MS) are lower than those described above. 

The following procedures outline the necessary steps for collecting soil samples to be preserved 
at the laboratory, and for collecting soil samples to be preserved in the field with methanol or 
sodium bisulfate. 

5.2.1.1 Soil Samples to be Preserved at the Laboratorv 

Soil samples collected for volatile organics that are to be preserved at the laboratory will be 
obtained using a hermetically sealed sample vial such as an Encore” sampler. Each sample will 
be obtained using a reusable sampling handle provided with the Encore” sampler. The sample 
is collected by pushing the Encore” sampler directly into the soil, ensuring that the sampler is 
packed tight with soil, leaving zero headspace. Using this type of sampling device eliminates the 
need for field preservation and the shipping restrictions associated with preservatives. 

Once the sample is collected, it should be placed on ice immediately and shipped to the laboratory 
within 48 hours (following the chain-of-custody and documentation procedures outlined in SOP 
SA-6.1). Samples must be preserved by the laboratory within 48 hours of sample collection. 
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If the lower detection limits are necessary, an option would be to collect 3 EnCoreTM samplers at a 

given sample location. Send all samplers to the laboratory and the laboratory can perform the 
required preservation and analyses. 

Soil Samples to be Preserved in the Field 

preserved in the field may be prepared for analyses using both the 
preservation) method and medium-level (methanol preservation) method. 

Methanol\Rreservation (Medium Level): 

\ 
preserved in the field with methanol will utilize 

bottle will be filled with 25 mL of 
Bottles may be prespiked with methanol in the la 

field. 

Soil will be collecte the use of a decontaminated osable), small-diameter coring 
device such as a cut off. The outside diameter 
of the coring device mu sample bottle neck. 

A small electronic balance 
be added to the methanol 
prior to use and 

for measuring the volume of soil to 
of the scale should be performed 

rding toti the manufacturers requirements. 

The sample should be collected 
to be sampled. The top several 
Approximately 10 grams +2g (8 
weighed and adjusted until obtaini 
be recorded to the nearest 0.01 
should then be extruded into the 
sample container with the syringe. 

er back and inserting the syringe into the soil 
Id be removed before collecting the sample. 
hould be collected. The sample should be 

red amount of sample. The sample weight should 
field logbook and/or sample log sheet. The soil 

served sample bottle taking care not to contact the 
of the bottle and cap must be free of soil particles. 

After capping the bottle, 
such that all of the soil 
prepare for shipment to 

in the methanol and break up the soil 
the sample on ice immediately and 

in SOP SA-8. I. 

Sodium Bisulfate Preservatipfn (Low Level): 

/ 
Samples to be preserve 

P 

using the sodium bisulfate 

bisulfate to 5 mL of laboratory grad 
may be prespiked in the 

collected in a manner as described above a 
to nearest 0.01 

chemical reaction 
rvescent or the vial to 

n preparing samples using the sodium bisulfate preservation method, 
using the methanol preservation method on a one for one 
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for this is because it is necessary for the laboratory to perform both the low level and medium 
level analyses. Place the sample on ice immediately and prepare for shipment to the laboratory as 
described in SOP SA-6.1. 

If the lower detection limits are necessary, an option to field preserving with sodium bisulfate 
would be to collect 3 EnCoreTM samplers at a given sample location. Send all samplers to the 
laboratory and the laboratory can perform the required preservation and analyses. 

5.2.2 Procedure for Collecting Non-Volatile Soil Samples 

Non-volatile soil samples may be collected as either grab or composite samples. The non-volatile 
soil sample is thoroughly mixed in a stainless steel or disposable, inert plastic tray, using a 
stainless steel trowel or other approved tool, then transferred into the appropriate sample 
container(s). Head space is permitted in a non-volatile soil sample container to allow for sample 
expansion. 

Procedure for Collecting Undisturbed Soil Samples (ASTM 01587-8 

essary to acquire undisturbed samples of soil for purpose 
e.g., permeability), a thin-walled, seamless tube sampler 

ing method will be used: 

1. Remove all su 
location and drill 
the chance for di 
drill bit slowly to prevent 
level in the hole at or abo 

the specific sampling 
ing careful to minimize 
material, withdraw the 

le and to maintain the water 

2. The use of bottom discharge bi 
borehole shall not be allowed. Us 

3. A stationary piston-type sampler ma 
retaining the sample. Either the 
stationary piston sampler may be us 
check to ensure that the sampler hea 
to keep water in the rods from 
withdrawal and to maintain a suet 

ed to limit sample disturbance and aid in 
ated or control rod activated-type of 
ing the tube sampler into the borehole, 

ck valve. The check valve is necessary 
e tube sampler during sample 

4. To minimize chemical re tween the sample and tube, brass tubes may 
be required, especially if is stored for an extend to testing. While steel 
tubes coated with shell ess expensive than brass, active, and shall only 
be used when le will be tested within a few days after or if chemical 
reaction is not . With the sampling tube resting on the bo e hole and the 
water level in onng at groundwater level or above, push the 
continuous an d motion, without impacting or twisting. In no case s 

the length provided for the soil sample. Allow about 3 in 

al of the sampling tube from the hole, measure the length of sample in 
length penetrated. Remove disturbed material in the upper end of the 
length of sample again. After removing at least an inch of soil from the lower 

and after inserting an impervious disk, seal both ends of the tube with at least a In-inch 
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be placed in voids at either end of the tube prior to sealing 
e ends of the sample tube, tape the caps in place, and di 

he tube as required and record sample epth, penetration, and 
f the tube with indelible ink, 

and other required forms (see 
mples vertically with the same 

le is up) in a cool place out of the sun at 
all times. Ship samples ilient packing material to reduce shock, 
vibration, and disturbance. 

Thin-walled undisturbe 
to be sampled. Often, 
soils with a consist 
as Dennison or core samplers can be used to 

rmally increases sampling costs, 
r acquiring an undisturbed sample. 

Surface Soil Sampling 

sage by the consistency of the soil 
be retrieved by the samplers, and 

ated by the sampler. Devices such 
rbed samples of stiff soils. 
their use shall be weighed 

The simplest, most direct method of collecting surface soil samples (most commonly collected to a 
depth of 6 inches) for subsequent analysis is by use of a stainless steel trowel. 

In general, the following equipment is necessary for obtaining surface soil samples: 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

0 

. 

Stainless steel trowel. 
Real-time air monitoring instrument (e.g., PID, FID, etc.). 
Latex gloves. 
Required Personal Protective Equipment (PPE). 
Required paperwork. 
Required decontamination equipment. 
Required sample container(s). 
Wooden stakes or pin flags. 
Sealable polyethylene bags (i.e., Ziploc baggies). 
Heavy duty cooler. 
Ice (if required) double-bagged in sealable polyethylene bags. 
Chain-of-custody records and custody seals. 

When acquiring surface soil samples, the following procedure shall be used: 

1. Carefully remove vegetation, roots, twigs, jitter, etc., to expose an adequate soil surface area 
to accommodate sample volume requirements. 

2. Using a decontaminated stainless steel trowel, follow the procedure cited in Section 5.2.1 for 
collecting a volatile soil sample. 

3. Thoroughly mix (in-situ) a sufficient amount of soil to fill the remaining sample containers and 
transfer the sample into those containers utilizing the same stainless steel trowel employed 
above. Cap and securely tighten all sample containers. 
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4. Affix a sample label to each container, Be sure to fill out each label carefully and clearly, 
addressing all the categories described in SOP SA-6.3. 

5. Proceed with the handling and processing of each sample container as described in SOP 
SA-6.2. 

5.4 Near-Surface Soil Sampling 

Collection of samples from near the surface (depth of 6-l 8 inches) can be accomplished with tools 
such as shovels and stainless steel trowels. 

The following equipment is necessary to collect near surface soil samples: 

0 Clean shovel. 
l Plus the equipment listed under Section 5.3 of this procedure. 

To obtain near-surface soil samples, the following protocol shall be observed: 

1. With a clean shovel, make a series of vertical cuts to the depth required in the soil to form a 
square approximately 1 foot by 1 foot. 

2. Lever out the formed plug and scrape the bottom of the freshly dug hole with a 
decontaminated stainless steel trowel to remove any loose soil. 

3. Follow steps 2 through 5 listed under Section 5.3 of this procedure. 

5.5 Subsurface Soil Samplinq With a Hand Auger 

A hand augering system generally consists of a variety of all stainless steel bucket bits (i.e., 
cylinders 6-l/2” long, and 2-3/4”, 3-l/4”, and 4” in diameter), a series of extension rods (available 
in 2’, 3’, 4’ and 5’ lengths), and a cross handle. A larger diameter bucket bit is commonly used to 
bore a hole to the desired sampling depth and then withdrawn. In turn, the larger diameter bit is 
replaced with a smaller diameter bit, lowered down the hole, and slowly turned into the soil at the 
completion depth (approximately 6”). The apparatus is then withdrawn and the soil sample 
collected. 

The hand auger can be used in a wide variety of soil conditions. It can be used to sample soil 
both from the surface, or to depths in excess of 12 feet. However, the presence of rock layers 
and the collapse of the borehole normally contribute to its limiting factors. 

To accomplish soil sampling using a hand augering system, the following equipment is required: 

l Complete hand auger assembly (variety of bucket bit sizes). 
l Stainless steel mixing bowls. 
l Plus the equipment listed under Section 5.3 of this procedure. 

To obtain soil samples using a hand auger, the following procedure shall be followed: 

1. Attach a properly decontaminated bucket bit to a clean extension rod and further attach the 
cross handle to the extension rod. 

2. Clear the area to be sampled of any surface debris (vegetation, twigs, rocks, litter, etc.). 
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3. Begin augering (periodically removing accumulated soils from the bucket bit) and add 
additional rod extensions as necessary. Also, note (in a field notebook or on standardized 
data sheets) any changes in the color, texture or odor of the soil. 

4. After reaching the desired depth, slowly and carefully withdraw the apparatus from the 
borehole. w 

5. Remove the soiled bucket bit from the rod extension and replace it with another properly 
decontaminated bucket bit. The bucket bit used for sampling is commonly smaller in diameter 
than the bucket bit employed to initiate the borehole. 

6. Carefully lower the apparatus down the borehole. Care must be taken to avoid scraping the 
borehole sides. 

7. Slowly turn the apparatus until the bucket bit is advanced approximately 6 inches. 

8. Discard the top of the core (approximately 1”) which represents any loose material collected 
by the bucket bit before penetrating the sample material. 

9. Fill volatile sample container(s), using a properly decontaminated stainless steel trowel, with 
sample material directly from the bucket bit. Refer to Section 5.2.1 of this procedure. 

10. Utilizing the above trowel, remove the remaining sample material from the bucket bit and 
place into a properly decontaminated stainless steel mixing bowl and thoroughly homogenize 
the sample material prior to filling the remaining sample containers. Refer to Section 5.2.2 of 
this procedure. 

11. Follow steps 4 and 5 listed under Section 5.3 of this procedure. 

5.8 Subsurface Soil Samplinn With a Split-Barrel Sampler (ASTM D1586-84) 

Split-barrel (split-spoon) samplers consist of a heavy carbon steel or stainless steel sampling tube 
that can be split into two equal halves to reveal the soil sample (see Attachment A). A drive head 
is attached to the upper end of the tube and serves as a point of attachment for the drill rod. A 
removable tapered nosepiece/drive shoe attaches to the lower end of the tube and facilitates 
cutting. A basket-like sample retainer can be fitted to the lower end of the split tube to hold loose, 
dry soil samples in the tube when the sampler is removed from the drill hole. This split-barrel 
sampler is made to be attached to a drill rod and forced into the ground by means of a 140-lb. or 
larger casing driver. 

Split-barrel samplers are used to collect soil samples from a wide variety of soil types and from 
depths greater than those attainable with other soil sampling equipment. 

The following equipment is used for obtaining split-barrel samples: 

l Drilling equipment (provided by subcontractor). 

l Split-barrel samplers (O.D. 2 inches, I.D. l-318 inches, either 20 inches or 26 inches long); 
Larger O.D. samplers are available if a larger volume of sample is needed. 

l Drive weight assembly, 140-lb. weight, driving head and guide permitting free fall of 30 inches. 
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l Stainless steel mixing bowls. 

l Plus equipment listed under Section 5.3 of this procedure. 

The following steps shall be followed to obtain split-barrel samples: 
- 

1. Remove the drive head and nosepiece, and open the sampler to reveal the soil sample. 
Immediately scan the sample core with a real-time air monitoring instrument (e.g., OVA, HNu, 
etc.). Carefully separate th,e soil core, with a decontaminated stainless steel knife or trow’el, at 
about 6-inch intervals while scanning the center of the core for elevated readings. Also scan 
stained soil, soil lenses, and anomalies (if present), and record readings. 

2. Collect the volatile sample from the center of the core where elevated readings occurred. If 
no elevated readings where encountered the sample material should still be collected from the 
core’s center (this area represents the least disturbed area with minimal atmospheric contact). 
Refer to Section 5.2.1 of this procedure. 

3. Using the same trowel, remove remaining sample material from the split-barrel sampler 
(except for the small, portion of disturbed soil usually found at the top of the core sample) and 
place the soil into a decontaminated stainless steel mixing bowl. Thoroughly homogenize the 
sample material prior to filling the remaining sample containers. Refer to Section 5.2.2 of this 
procedure. 

4. Follow steps 4 and 5 listed under Section 5.3 of this procedure. 

Excavation and SamDlina of Test Pits and Trenches 

This subsection 
techniques that are 

ts routine test pit or trench excavation techni 
able under certain conditions. 

During the excavation s or pits at hazardous wast everal health and safety 
concerns arise which control ethod of excavation. No el shall enter any test pit or 
excavation except as a last r pervision of a Competent Person 
(as defined in 29 CFR 1929 . Whenever possible, all required 
chemical and lithological samples sho ng the excavator bucket or other remote 
sampling apparatus. If entrance is stil its or excavations must be stabilized by 
bracing the pit sides using specifically or steel support structures. Personnel 
entering the excavation may be 
environments. Any en 
with all applicable regul ing is required before entry, 
and appropriate respira There must be at least two 
persons present te site before entry by one of the i ors. The reader shall 
refer to OSHA CFR 1926, 29 CFR 1910.120, 29 0.134, AND 29 CFR 
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dequately stored or disposed. If data on soils at depths greater than 15 feet are required, t 
ata are usually obtained through test borings instead of test pits. 

ion, hazardous wastes may be brought to the surface by excavation equip 
, whether removed from the site or returned to the subsurface, must be prope 

to any and all applicable, federal, state, and local regulations. 

est Pit and Trench Excavation 

describe the methods for excavating and logging t 
mine subsurface soil and rock conditions. Test pit ope 

s and trenches 

and documente described in SOP SA-6.3. 

Test pits and trenc ay be excavated by hand or by power pment to permit detailed 
description of the natur d contamination of the in-situ materials e size of the excavation will 
depend primarily on the 

l The purpose and exten 
l The space required for effi 
l The chemicals of concern. 
l The economics and efficient 

Test pits normally have a cross set 
6 feet wide and may be extended for a 
The following table, which is based 
consideration: 

feet square; test trenches are usually 3 to 
rred to reveal conditions along a specific line. 
efficiencies, gives a rough guide for design 

The lateral limits of avation of trenches and the position of test shall be carefully marked 
on area base m precise positioning is required to indicate th highly hazardous 

cavation shall be 
eded for design or 

ible. However, field conditions may necessitate revisions to the initial plans. The final d 
on method shall be determined by the field geologist. The actual layout of eat 
staging area and spoils pile will be predicated based on site conditions and 
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rection at the time the test pit is made. Prior to excavation, the area can be 

ntioned previously, no personnel shall enter any test pit or exe 
, and then only under direct supervision of a Competent Person. If 
ational Safety and Health Administration (OSHA) requirements mus 

raced with wooden or steel braces, ladders must be in the t all times, and a 
guardrail must be placed along the surface of the hole befo It is emphasized 

reject data needs should be structured such that required can be collected 
iring entrance into the excavation. For example, sampl leachate, groundwater, 

ils can be taken with telescoping poles, etc. 

‘excavations in 
dewatering opera 
collection and dis 

nless material below the groundw 
must be handled as potentially co 
of such materials should be dis 

est Pits and Trenches 

Ils, to prevent the bottom of the 
an important consideration for 

e. Liquids removed as a result of 
inated materials. Procedures for the 
in the site-specific project plans. 

Test pits and trenches are u 
will be made as described in 
test pit/trench showing matena 
sample locations. These records 

Entry of test pits by personnel is 
necessary, and can occur only a 
have been met. 

are excavated. Records of each test pit/trench 
records include plan and profile sketches of the 
eir depth and distribution in the pit/trench, and 

safety and sample screening information. 

mely dangerous, shall be avoided unless absolutely 
plicable Health and Safety and OSHA requirements 

The final depth and type o test pit will be determined at the time the 
test pit is excavated. Ily obtained and analyzed to quantify 
contaminant distribution st pit. Additional samples of each waste 
phase and any fluids e ntered in each test pit m 

In some cases, sa of soil may be extracted from test pit for reasons other than waste 
sampling and ch I analysis, for instance, to 0 otechnical information. Such 
information wo de soil types, stratigraphy, st d could therefore entail the 
collection of di (grab or bulk) or relatively u nd-carved or pushed/driven) 

n be tested for geotechnical properties. The ses of such explorations are 
shallow exploratory or test borings, but st pits offer a faster, more 
f sampling than installing borings. 

5.7.3.2 /Samolina Eauioment 

equipment is needed for obtaining samples for chemical or g 

machinery. 

Shovels, picks and hand augers, stainless steel trowels. 
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The methods discuss n this section refer to test pit sampling fro rade level. If test pit entry is 

l Excavate trench or pit eral depth increments. each increment, the operator will 
wait while the sampler level to decide if conditions are 
appropriate for sampling. 0 will also be used to evaluate the 
need for sampling.) Practica rom 2 to 4 feet. 

l The backhoe operator, who will iew of the test pit, will immediately cease 
digging if: 

l Any fluid phase or groundwater seepa 

l Any drums, other potential waste con 

l Distinct changes of material are en 

This action is necessary to permi 
protocol. Depending upon the 

For obtaining test pit sample 

l Remove loose materi 

0 Secure walls of 

ountered in the test pit. 

tructions or utility lines are encountered. 

t pit and to prevent a breach of safety 
may be required to excavate more 

material are to be obtained either directly from t khoe bucket or 
it has been deposited on the ground. The sampl 

ackhoe operator to remove material from the selecte 
t pit/trench. The bucket is brought to the surface and moved a 

or pile and placed in sample containers using a decontaminated stainless st 

If a composite sample is desired, several depths or locations within the pit/trench are sele 
and a bucket is filled from each area. It is preferable to send individual sample bottles 
from each bucket to the laboratory for compositing under the more controlled labor 
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P 
onditions. However, if compositing in the field is required, each sample container shall be, ’ 
lled from materials that have been transferred into a mixing bucket and homogenized. No 

homogenization/compositing is not applicable for samples to be subjected to vol af@ ile 

ote sampler shown in Attachment B, samples can b 
II or bottom of the pit. The face of the pit/trench sha 

el or hoe) to remove the smeared zone that h 
le shall then be collected directly into the samp 

the need to utilize samplers and minimizi 
contamination. mple jar is then capped, removed from the ass 

o Complete documentatio described in SOP SA-6.3. / 

5.7.3.4 In-Pit Samplinq \ 

Under rare conditions, personnel 
only when soil conditions preclu 
excessive mixing of soils or wastes 
small discrete zones within the test 
sample any seepage occurring at discre 
with remote samplers. 

In general, personnel shall sample and log pits a nches from the ground surface, except as 
provided for by the following criteria: 

o There is no practical alternative means of 

l The Site Safety Officer and C mines that such action can be 
accomplished without breaching s determination will be based on 
actual monitoring of the pifftrenc r it is dug (includin a minimum, measurements of 
volatile organics, explosive gas available oxygen). 

o A Company-designated Corn ent Person determines that the trench is stable or is made 
stable (by grading the or using shoring) prior to entra f any personnel. OSHA 
requirements must be 

If these conditions ar 
waste sites, this indiv 
usually Level B. He/ 

ed, one person will enter the pit/trench. 
I be dressed in safety gear as required b 

ill be affixed to a safety rope and continuously m ored while in the 
pit. 

A second indivi I will be fully dressed in protective clothing including a self-cant 
dby during all pit entry operations. The individual entering the 
a period as practical, commensurate with performance of his/h 

smeared zone, samples shall be obtained with a decontaminated trowe 
precaution, it is advisable to keep the backhoe bucket in the test pit when 
elow grade. Such personnel can either stand in or near the bucket while 

operations. In the event of a cave-in they can either be lifted clear in the bucket, or at 
climb up on the backhoe arm to reach safety. 
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addition to the equipment described in Section 5.7.3.2, the following equipment is ne 

pling equipment, similar to that used in shallow drilled boring (i.e. 
), which can be pushed or driven into the floor of the test pit. 

(i.e., a sledge hammer) or pushing (i.e., the backhoe buck 
nce the sampler into the soil. 

l Knives, spatula nd other suitable devices for trimming hand-carve 

l Suitable containe 
transporting collec 

l Geotechnical equipme ket penetrometer, torvane, for field testing collected soil 
samples for classification strength properties. 

Disturbed grab or bulk geotech llected for most soils in the same 
manner as comparable soil samp These collected samples may be 
stored in jars or plastic-lined sa will preserve their moisture content. 

properties to aid in soil identification 
required to perform compaction tests. 

Relatively undisturbed samples are usual 
and such samples are then tested in a g 
and/or compressibility. The techniques for 
those used in performing Shelby tube 
hand or backhoe, rather than by a drill 
excavation around the sampler when it 
requires entry of the test pit, the req 
be followed. The open tube sampl 
excavated in the test pit at the de 
from the walls of the test pit i 
orientation. 

d in cohesive soils using open tube samplers, 
nrcal laboratory for their strength, permeability 

ull it out of the ground. If this excavation 
d in Section 5.7.3.4 of this procedure must 
or driven vertically into the floor or steps 

s. Extracting tube samples horizontally 
the sample will not have the correct 

oe may be used to drive o the sampler or tube into the 
over the top of the sampler pling tube to prevent damage 

e sample. Pushing the sampler constant thrust is always 
repeated blows, thus minimizing di o the sample. If the 

off the sample at the 
e sampler. If hand- 

s procedure must 
, label, pack and transport the sample in the requi ner, as described 

Backfilling of Trenches and Test Pits 

or otherwise protected. 
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reference. 

er contaminated 
epresent original 

al land contour. 

The appropriate sample log sheet (see SOP SA-6.3; Field Documentation) must be completed by 
the site geologist/sampler. All soil sampling locations must be documented by tying in the location 
of two or more nearby permanent landmarks (building, telephone pole, fence, etc.) and shall be 
noted the appropriate sample log sheet, site map, or field notebook. Surveying may also be 
necessary, depending on the project requirements. 

Test pit logs (see SOP SA-6.3; Field Documentation) shall contain a sketch of pit conditions. In 
addition, at least one photograph with a scale for comparison shall be taken of each pit. Included 
in the photograph shall be a card showing the test pit number. Boreholes, test pits and trenches 
shall be logged by the field geologist in accordance with SOP GH-1.5 

Other data to be recorded in the field logbook include the following: 

. 

. 

. 

. 

. 

. 

. 

0 

. 

. 

. 

. 

Name and location of job. 
Date of boring and excavation. 
Approximate surface elevation. 
Total depth of boring and excavation. 
Dimensions of pit. 
Method of sample acquisition. 
Type and size of samples. 
Soil and rock descriptions. 
Photographs. 
Groundwater levels. 
Organic gas or methane levels. 
Other pertinent information, such as waste material encountered. 

6.0 REFERENCES 

American Society for Testing and Materials, 1987. ASTM Standards D1587-83 and D1586-84. 
ASTM Annual Book of Standards. ASTM. Philadelphia, Pennsylvania. Volume 4.08. 

NUS Corporation, 1986. Hazardous Material’Handling Training Manual. 
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NUS Corporation and CH2M Hill, August, 1987. Compendium of Field Operation Methods. 
Prepared for the U.S. EPA. 

OSHA, Excavation, Trenchina and Shoring 29 CFR 1926.650-653. 

OSHA, Confined SDace Entrv 29 CFR 1910.146, 
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4. 
I SAMPLE HANDLING 

1.0 PURPOSE 

The purpose of this Stanaard Operating Procedure (SOP) is to provide information on sampie 
preservation, packaging, ana shipping procedures to be used in handling environmental samples 
submitted for chemical constrtuent, biological, or geotechnical analysis. Sample chain-of-custody 
procedures and other aspects of field documentation are addressed in SOP SA6.3. Sample identification 
is addressed in SOP CT-64. 

2.0 SCOPE 

This procedure: 

0 Describes the appropriate containers to be used for samples depending on the analyses 
to be performer. and the steps necessary to preserve the samples when shipped off site 
for chemical anaiysis. 

0 Provides instruction for sample packaging and shipping in accordance with current 
U.S. Department of Transportation (DOT! regulations. 

3.0 GLOSSARY 

Hazardous Material - A substance or material which has been determined by the Secretary of 
Transportation to be capable of posing an unreasonable risk to health, safety, and property when 
transported in commerce, and which has been so designated. Under 49 CFR, the term indudes 
hazardous substances, hazardous wastes, marine pollutants, and elevated temperature materials, as well 
as materials designated as hazardous under the provisions of 5 172.101 and 5172.102 and materials that 
meet the defining criteria for hazard classes and divisions in Part 173. 

Hazardous Waste - Any substance listed in 40 CFR. Subpart D (y261.30 et seq.), or otherwise 
characterized as ignitable, corrosive, reactive, or toxic (as defined by Toxicity Characteristic Leaching 
Procedure, TCLP, analysisj as specified under 40 CFR, Subpart C (y261.20 et seq.), that would be 
subject to manifest requirements specified in 40 CFR 262. Such substances are defined and regulated 
by EPA. 

Markinq - A descriptive name, identification number, instructions, cautions, weight, specification or UN 
marks, or combination thereof required on outer packaging of hazardous materials. 

n.o.i - Not othewise indicated (may be used interchangeably with n.o.s.). 

n.o.s. - Not otherwise specifi&. 

ORM - Other regulated material (see DOT 49 CFR 173.144). 

Packaoing - A receptacle and any other components or materials ,necessary for compliance with the 
minimum packaging requirements of 49 CFR 174, including containers (other than freight containers or 
overpacks), portable tifinks, cargo tanks, tank cars, and multi-unit tank-car tanks to perform a 
containment function in conformance 
49 CFR 173.24(a) & (b). 

with the minimum packaging requirements of 

Placard - Color-ooded, pictorial sign which depicts the hazard class symbol and name and which is 
placed on the side of a vehicle transporting certain hazardous materials. 

I 
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Common Preservatives: 

0 Hydrochloric Acid - HCI 
0 Sulfuric Acid - H.$O, 
0 Nitric Acid - HNO, 
0 Sodium Hydroxide - NaOH 

Other Preservatives 

0 Zinc Acetate 
0 Sodium Thiosulfate - Na,S,O, 

Normalitv (N) - Concentration of a solution expressed as equivalent per liter, an equivalent being the 
amount of a substance containing 1 gram-atom of replaceable hydrogen or its equivalent. Thus, a 
one-molar solution of HCI, containing 1 gram-atom of H, is “one normal,” whereas a one-molar solution 
of H.$O,, containing 2 gram-atoms of H. is ‘two normal.” 

Reportable Quantity (RQ) - For the purposes of this SOP, means the quantity specified in column 3 of 
the Appendix to DOT 49 CFR 5172.101 for any material identified in column 1 of the appendix. A spill 
greater than the amount specified must be reported to the National Response Center. 

Samole - A sample is physical evidence collected from a facility or the environment, which is 
representative of conditions at the location and time of collection. 

4.0 RESPONSIBILITIES 

Field Operations Leader - Directly responsible for the bottling, preservation, labeling, packaging, shipping, 
and custody of samples up to and including release to the shipper. 

Field Samplers - Responsible for initiating the Chain-of-Custody Record (per SOP SA-6.3), implementing 
the packaging and shipping requirements, and maintaining custody of samples until they are relinquished 
to another custodian or to the common carrier. 

5.0 PROCEDURES 

Sample identification. labeling, documentation, and chain-of-custody are addressed by SOP SA-6.3. 

5.1 Samole Containers 

Different types of chemicals react differently with sample containers made of various materials. For 
example, trace metals adsorb more strongly to glass than to plastic, whereas many organic chemicals 
may dissolve various types of plastic containers. Attachments A and B show proper containers (as well 
as other information) per 40 CFR 136. In general, the sample container shall allow approximately 5-10 
percent air space (Wage”) to allow for expansion/vaporization if the sample warms during transport. 
However, for collection of volatile organic compounds, head space shall be omitted. The analytical 
laboratory will generally provide certified-clean containers for samples to be analyzed for chemical 
constituents. Shelby tubes or other sample containers are generally provided by the driller for samples 
requiring geotechniml analysis. Sufficient lead time shall be allowed for a delivery of bottle orders. 
Therefore, it is critical to use the correct container to maintain the integrity of the sample prior to analysis. 

019611/P Brown 8 Root Environmental 



SAMPLE HANDLING 

Once opened. the container must be used at once for storage of a particular sample. Unused but 
opened containers are to be considered contaminated and must be discarded: because of the potential 
for introduction of contamination, they cannot be reciosed and saved for later use. Likewise. any unused 
containers which appear contaminated upon receipt, or which are found to have loose caps or a missing 
Teflon liner (if required for the container), shall be discarded. 

5.2 Sample Presewation 

Many water and soil samples are unstable and therefore require preservation to prevent changes in either 
the concentration or the physical condition of the constituent(s) requiring analysis. Although complete 
and irreversible preservation of samples is not possible, preservation does retard the chemical and 
biological changes that inevitably take place after the sample is collected. Preservation techniques are 
usually limited to pH control, chemical addition(s), and refrigeration/ free& (certain biological samples 
only). 

5.2.1 Overview 

The preservation techniques to be used for various analytes are listed in Attachments A and B. Reagents 
required for sample presentation will either be added to the sample containers by the laboratory prior 
to their shipment to the field or be added in the field (in a clean environment). Only high purity r&agents 
shall be used for preservation. In general. aqueous samples of low-concentration organics (or soil 
samples of low- or medium-concentration organics) are cooled to 4%. Medium-concentration aqueous 
samples and high-hazard organics samples are typically not preserved. Low-concentration aqueous 
samples for metals are acidified with HNO,, whereas medium-concentration and high-hazard aqueous 
metal samples are not preserved. Low- or medium-concentration soil samples for metals are cooled to 
4’S, whereas high-hazard samples are not preserved. 

The following subsections describe the procedures for preparing and adding chemical preservatives. 
Attachments A and B indicate the specific anaiytes which require these preservatives. 

5.2.2 Preparation and Addition of Reagents 

Addition of the following acids or bases may be specified for sample preservation: these reagents shall 
be analytical reagent (AR) grade or purer and shall be diluted to the required concentration with 
deionized water before field sampling commences. To avoid uncontrolled reactions, be sure toAdd&id 
to water (not vice versa). A dilutions guide is provided below. 

double-distilled. deionized water 
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The amounts required for preservation shown in the above table assumes proper preparation of the 
preservative and addition of the preservative to one liter of aqueous sample (assuming that the sample 

is initially at pH 7, is pooriy buffered, and does not contain particulate matter: as these conditions vary, 
more preservative may be required). Consequently, the final sample pH must be checked using narrow- 
range pH paper, as described in the generalized procedure detailed below: 

0 Pour off 5-10 mL of sample into a dedicated, clean container. Use some of this sample to 
check the initial sample pH using wide range (O-14) pH paper. Never dip the pH paper into 
the sample; always apply a drop of sample to the pH paper using a clean stirring rod or 
pipette. 

0 Add about one-half of the estimated preservative required to the original sample bottle. Cap 
and invert gently several times to mix. Check pH (as described above) using medium 
range pH paper (pH O-6 or pH 7.514. as applicable). 

0 Cap sample bottle and seal securely. 

Additional considerations are discussed below: 

0 To test if ascorbic acid must be used to remove oxidizing agents present in the sample 
before it can be property preserved, place a drop of sample on KI-starch paper. A blue 

.~ color indicates the need for ascorbic acid addition. 

if required, add a few crystals of ascorbic acid to the sample and retest with the KI-starch 
paper. Repeat until a drop of sample produces no color on the KI-starch paper. Then add 
an additional 0.6 grams of ascorbic acid per each liter of sample volume. 

Continue with proper base preservation of the sample as described, generally, above. 

l Samples for sulfide analysis must be treated by the addition of 4 drops (0.2 ml) of 2N zinc 
acetate solution per 100 ml of sample. 

The 2N zinc acetate solution is made by dissolving 220 grams of zinc acetate in 870 mL of 
doubledistilled, deionized water to make 1 liter of solution. 

The sample pH is then raised to 9 using the NaOH preservative. 

0 To test of sodium thiosuifate must be added to remove residual chlorine from a sample, test 
the sample for residual chlorine using a field test kit especially made for this purpose. 

If residual chlorine is present, add 0.08 grams of sodium thiosuifate per liter of sample to 
remove the residual chlorine. 

Continue with proper acidification of the sample as described, generally, above. 

For biological samples, 10% buffered formaiin or isopropanoi may also be required for preservation. 
Questions regarding preservation requirements should be resolved through communication with the 
laboratory before sampling begins. 
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5.3 Field Fiftration 

At times, field-filtration may be required to provide for the analysis of dissolved chemicai constituents. 
’ Field-filtration must be performed prior to the preservation of samples as described above. General 
procedures for field filtration are described beidti:’ 

* The sample shati be filtered through a non-metallic, O.&-micron membrane filter, 
immediately after collection. The filtration system shall consist of dedicated filter canister, 
dedicated silicon tubing, and a peristaltic pump with pressure or vacuum pumping squeeze 
action (since the sample is filtered by mechanical peristalsis, the sample traveis only 
through the tubing). 

0 To perform filtration. thread the silicon tubing through the peristaltic pump head. Attach the 
filter canister to the discharge end of the silicon tubing “(riote‘flow direction arrow); attach 
the aqueous sampie container to the intake end of the silicon tubing. Turn the peristaltic 
pump on and periorm filtration. 

0 Continue by preserving the filtrate (contained in the filter canister), as applicable and 
generally described above. 

5.4 Sample Packacrinq and Shipping 

materials. A distinction must be made between the two types of samples in order to: 

0 Determine appropriate procedures for transportation of samples (ii there is any doubt, a 
sample shall be considered hazardous and shipped accordingly.) 

0 Protect the health and safety of transport and laboratory personnel receiving the samples 
(special precautions are used by the shipper and at laboratories when hazardous materials 
are received.) 

Detailed procedures for packaging environmental and hazardous material samples are outlined in the 
remainder of this section. 

5.4.1 Environmental Samples 

Environmental sampfes are packaged as follows: 

0 Place sample container, property identified and with lid securely fastened in a plastic bag 
(e.g. Ziploc baggie), and seal the bag. 

0 Place sample in a cooler constructed of sturdy material which has been lined with a large, 
plastic (e.g. “garbage” bag). 

0 Pack with enough noncombustible, absorbent, cushioning materials such as vermiculite r 
(shoulders of botties must be iced if required) to minimize the possibility of the container . . 

*. Samples collected for shipment from a site shall be classified as either environmental or hazardous “i” I ~ 

material samples. Samples from drums containing materials other than investigative Deriied Waste (IDW) 
and samples obtained from waste piles or bulk storage tanks are generally shipped as hazardous 

breaking. 
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0 If cooling is required (see Attachments A and B), double-bag ice in Ziploc baggies and 
place around container shoulders. and on top of absorbent packing material (minimum of 
8 pounds of ice for a medium-size cooler). 

l Seal (i.e., tape or tie top in knot) large liner bag. 

0 The original (top, signed copy) and extra carbonless copies of the COC form shall be 
placed inside a large Zipioc-type bag and taped inside the lid of the shipping cooler. If 
multiple coolers are sent but are included on one COC form, the COC form should be sent 
with the first cooler. The COC form should then state how many coolers are included with 
that shipment. 

0 Close and seal outside of cooler as described in SOP SA-8.3. Signed custody seals must 
be used. 

Coolers must be marked as containing “Environmental Samples.” The appropriate side of the container 
must be marked ‘This End Up” and arrows placed appropriately. No DOT marking or labeling is 
required: there are no DOT restrictions on mode of transportation. 

Determination of Shipping Classification for Hazardous Material Samples 

ot determined to be environmental samples, or samples known or expected to contain 
ateriais, must be considered hazardous material samples and transported according to the 

if the substance i mple is known or can be identified, package, mark and ship according 
to the specific in for that material (if it is listed) in the DOT H us Materials Table, 
49 CFR 172.101. (D e for shippers can be found in Attachme 

To determine the proper sht name. use the following steps ocate the shipping name on the 
Hazardous Materials Table. 9 CFR 172.101. 

1. Look first for the ch of the material, for example, ethyi alcohol. 
Note that many the re than one technical name, for example, 
perchloroethyiene (not I ) is listed as tetrachioroethyiene (listed 172.101). 
It may be useful to cons ail possible technical names a material can have. 

chnical name. then . . . 

or example. pentyi alcohol is not listed but the 
(not otherwise specified). If the chemical family. 

generic name based on end use. 
neric name based on end use is not I 

xampie, Paint, n.o.s or Fireworks, n.o.s. 

Look for a generic family name based on end use, r example, drugs, n.o.s. or cosmetics, 
n.o.s. Finally, if your material is not listed by a name but you suspect or 
know the material is hazardous because it meets the nition of one or more hazardous 
classes, then . . . 

- 
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5. You will have to use the general hazard class for a 
Flammable Liquid, n.o.s, or Oxidizer, n.o.s. 

Unknown Substances 

SOP.) 
\ 

hazardous substances of unknown content, select 
to the DOT hazardous materials classification of a 

outlined in DOT Regulation 49 CFR 173.2a. (This can be found in 

/ 
g classification for an unknow a process of elimination, 
Regulation 49 CFR 172.101( ns in this paragraph, the 

and description will be uide is provided by the 
rtation (DOT) and can b 

and Shipping of Sam 

Applying the word “fiammabl 
prescribes the class of packa 

SAMPLE HANDLING 

Containerize sample a\ required $ee Attachments A and B). To prevent leakage, fill 
container no more than $90, pert ,,,@ t full. Seal lid with tefion tape or wire. 

Complete sample label a 

Seal container and pl 

h securely to sample container. 

(or thicker) polyethylene bag (e.g., Ziploc baggie), 
identification label so that it can be read through 

sealed bag inside 

age and absorb leakage. 
ns to hold can lid securely, 
of Section 5.3.4.2, below. 

able from laboratory or laboratory 
absorbent material (for example, 

om and sides of the can and bag to 
er can. Use clips, tape, or other 
anentiy. Mark can as indicated in 
ottfes do not need to be placed in 

Use abbreviations only where specified. Place the following information, either hand-printed 
or in label form, on the metal can (or l-gallon bottle): 

one or more metal cans (or a single 1 -gallon b 
s a metal picnic cooler or a DOT-approved fiberb 

strong outside container, 
Surround cans (or bottle) 

with noncombustible, absorbent cushioning materiais for 
absorbent material should be able to absorb the entire 
container as indicated in Paragraph 2 below. 

The 
the container. Mark 

MarkinaLabelinq 

0 Laboratory name and address. 
I 

019611/P Brown & Root Environmental 



SAMPLE HANDLING 
,_ 

Revision 

0 
Effeotivs Date 

03/01/96 / , 

\ ? / 
Proper shipping name from the hazardous materials table 
tion CFR 49 172.101). Example: “Flammable Liquid, n.o.s. UN1993 
Solid, n.o.s. UN1325.” This will include packing group (see Sectio 

ot otherwise specified (n.o.s) is not used if the flammable liquid ( 
entified. the name of the specific material is listed before the 

ne, Rammabie Liquid), followed by its appropriate UN n ound in the DOT 
rdous Materials table (49 CFR 172.101). 

acking group. The packing group is part of t 
uded on the shipping papers in the descrip 

e listed in the, hazar materials table, column 5. 

Place all information iner as on can (or bottle), specifically: 

l Proper shipping na 
0 UN or NA number 
l Proper label(s) 
0 Addressee and sender 

Place the following labels on ontainer: “Cargo Aircraft Only” and DOT 
label such as: “Ram le Solid’). “Dangerous When WeV label 

of the container. 

Shippina Papers 

“Umited Quantit)r (or “Ltd. Qty.“). (See No. 3, below.) 

“Cargo Aircraft Only.” 

“l&oratory Samples’ (if applicable). 

;ubject N”“PP!.::,.*, +. * . . Page 
SA-6.1 9 of 23 
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SAMPLE HANDLING 

2. Include Chain-of-Custody Record, property executed in outside container: use 
seals. 

“Limited Quantw means the maximum amount of a hazardous material for 
or packaging exception (DOT CFR 

from labeling requirements. To 
refer to DOT Regulation 

classification and shi 
for that particular class 

le Liquid n.o.s. UN1993 Packi The outer package can 
66 pounds gross weight. The 

no more than 0. llon net capacity for each c 

To determine wheth material can be s as a “Limited Quantity,” you must check 
the specific requireme r that class of 

Transportation 

The majority of un nce samples will be classified as flammable 
liquids. The sampl rented or common carrier truck, railroad, or 
express overnight pa transport samples on any passenger-carrying 

go-only aircraft. DOT regulations permit 
ith most suggest avoiding them. Instead, 

sure of what mode of transportation to 

by government-owned vehicle, inclu 
wever, procedures described above, with t 

with cenification, shall still be followed. 

ft. DOT regulations do not 
ion of execution of the bill 

se the hazardous materials shipping check list (Attachment E) 
that all sample-handling requirements are satisfied. 

idance to ensure 

ln some cases. various materials may react if they break during shipmen 
if you are shipping such materials, refer to the DOT compatibility chart in 

Shbment of Lithium Batteries 

Monitoring well data are analyzed using either the Hermit SE 1000 or the Hermit SE 2000 environmental 
data logger. These instruments are powered by lithium batteries. The Department of Transportation has 

’ determined that lithium batteries are a hazardous material and are to be shipped using the following 
information: 

’ Note: If you are unsure as how to ship the sample (hazardous or environmental sample), 
contact the FOL or Project Manager so that a decision can be made as to the proper 
shipping practices. The DOT penalties for improper shipment of a hazardous material are 
stringent and may include a prison term for intentional violations. 

019611/P Brown & Root Environmental 
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SAMPLE HANDLING 
Revision Effective Date 

0 03/01/96 

0 Product Designation 
- Hermit SE 1000 
- Hermit SE 2000 

l DOT Proper Shipping Name 
- Lithium batteries, contained in equipment, UN3091 

0 Classification or Division 
Class 9 

Shipment of equipment containing lithium batteries must be accompanied by shipping papers completed 
as indicated in Attachment G. The instrument will be shipped by Federal Express as a Hazardous 
Material. Place the instrument in the same container in which it was received. This container or case 
is a DOT-approved shipping container. For Federal Express procedures to ship hazardous materials, 
call l-800-238-5355, extension 922-l 666. In most cases, the return shipping papers and DOT labels will 
be shipped to you from the company warehouse or the vendor. An example of the types of labels used 
for shipment and the wording are shown in Attachment G. These labels will be attached to the outside 
container with the following wording: 

0 Lithium Batteries Contained in Equipment 
UN-3091 
Shipped Under CA-9206009 

6.0 REFERENCES 

American Public Health Association, 1981. Standard Methods for the Examination of Water and 
Wastewater, 15th Edition. APHA, Washington, D.C. 

U.S. Department of Transportation, 1993. Hazardous Materials Regulations, 49 CFR 171-177. 

U.S. EPA, 1984. “Guidelines Establishing Test Procedures for the Anaiysis of Pollutants under Clean 
Water Act.” Federal Register, Volume 49 (209), October 26. 1934, p. 43234. 

U.S. EPA, 1979. Methods for Chemical Analvsis of Water and Wastes. EPA-600/4-79-020, U.S. EPA- 
EM!% Cincinnati, Ohio. 
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SAMPLE HANDLING 

: 

ATTACHMENT A 

GENERAL SAMPLE CONTAINER AND PRESERVA~iON”~~~ijl’~EM~NTS, _ ,” /“_ -.,II 

WATER 

voc Low Boroslllcate glass 2x4OmL 

ktractables 
Organlcs SVOCs and 
(GC&GCIMS) pesticide/PCBs) 

(Low 
Amber glass 

2QLor4xt L 

cool to 4% 
HCI to zr~ 2 

14 day@ 

I 
7 days to extraction: 

cool to 4-c 40 days after 
extraction I 

Wide-mouth glass 
14 days to extraction: 

Wide-mouth glass 

W!de-mouth glass 

Wide-mouth gtass preparation: analysis 

IIt All glass containers should have Teflon cap liners or septa. 
‘21 See Attachment E Preservation and maximum holding time allowances per 40 CFR 136. 



I . “/ .,., 

j SubF Number Page 1 
,, 

SA45.1 13 of 23 
Revtsion Effectwe Date 

“hi \ SAMPLE HANDLING 
; 0 03/01/96 

ATTACHMENT B 

ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNICiUES,’ 
AND HOLDING TIMES , I 

Parameter Number/Name 

INORGANIC TESTS: 

Container(‘) Preskation(2)(3) Maximum Holding 
Timet4) 

019611/P Brown & Root Environmental 



SAMPLE HANDLING 

ATTACHMENT B 
ADDITIONAL RECXJIRED CONTAINERS, PRESERVATION TECHNIQUES, 
AND HOLDING TIMES 
PAGE TWO 

Preservatiot-J2)“) L’ 

_t.- _““W,,_” .,.... _/.-/e”,,.“,~ , ., ._ , / 

Parameter Number/Name Container(‘) Maximum Holding 
Timec4) 

I 1 1 I 

INORGANIC TESTS ‘(%&it’d): 
I 

Phthalate estersi 

I 

G, Teflon-lmed Caa,. 4or 
I 

7 days until extraction: 

019611 /P Brown & Foot Environmental 
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-u- 

SA4.1 15 of 23 

Revision Effective Date 
0 03/01/96 

All’ACHMENT B 
ADDITIONAL REQUIRED CONTAINERS, PRESERVATlON TECHNIQUES, 
AND HOLDING TIMES 
PAGE THREE 

Parameter Number/Name 

RADIOLOGICAL TESTS: 

Container(‘) 
Maximum Holding 

Timei4) 

l-5 Alpha. beta and radium I p, G HNO, to pH 2 6 months 
I 

(1) Polyethylene (P): generally 500 ml or Glass (G): generally 1L. 
(2) Sample preservation should be performed immediately upon sample collection. For composite chemical samples 

each aliquot should be preserved at the time of collection. When use of an automated sampler makes it impossible 
to preserve each aliquot. then chemical samples may be preserved by maintaining at 4*C until compositing and 
sample splitting is completed. 

(3) When any sample is to be shipped by common carrier or sent through the United States Mail, it must comply with 
the Department of Transponation Hazardous Materials Regulations (49 CFR Part 172). 

(4) Samples should be analyzea as soon as possible after collection. The times listed are the maximum times that 
samples may be held before analysis and still be considered valid. Samples may be held for longer periods only if 
the permittee, or monitoring laboratory, has data on file to show that the speoific types of samples under study ara 
stable for the longer periods. and has received a variance from the Regional Administrator. 

(5) Should only be used in the presence of residual chlorine. 
(6) Mwimum holding time is 24 hours when sulfide is present. Optionally, all samples may be tested with lead acatata 

paper before pH adjustments are made to determine if sulfide is present. lf sulfide is present, it can be removed by 
the addition of cadmrum nitrate powder until a negative spot test is obtained. The sample is filtered and then NaOH 
is added to pH 12. 

(7) Samples should be filtered immediately on site before adding preservative for dissolved metals. 
(8) Guidance applies to samples to be analyzed by GC. LC. or GC/MS for specific compounds. 
(9) Sample receiving no pH adjustment must be analyred within 7 days of sampling. 
(10) The pti adjustment is not required if acrolein will not be measured. Samples for acrolein receiving no pH 

adjustment must be analyzed within 3 days of sampling. 
(11) When the extractable analytes of concern fall within a single chemical category, the specified preservative and 

maximum holding times should be observed for optimum safeguard of sample integrity. When the analytes of 
concern fall within two or more chemical categories. the sample may be preserved by cooling to 4-C. reducing 
residual chlorine with 0.008% sodium thlosulfate, storing in the dark. and adjusting the pH to 69: samples preserved 
in this manner may be held for 7 days before extraction and for 40 days after extraction. Excepuons to this optional 
preservation and holding time procedure are noted in footnote 5 (re: the requirement for thiosulfate reduction of 
residual chlorine) and footnotes 12, 13 (re: the analysis of bentidine). 

(12) If 1.2diphenylthydrazine is likely to be present adjust the pH of the sample to 4.OiO.2 to prevent rearrangement to 
benzidine. 

(13) Extracts may be stored up to 7 days before analysis if storage is conducted under an inert (oxidant-free) 
atmosphere. 

(14) For the analysis of diphenylnitrosamine. add 0908% Na&Os and adjust pH to 7-10 with NaOH within 24 hours of 
sampling. 

(15) The pH adjustment may be performed upon receipt at the laboratory and may be omitted if the samples are 
extracted within 72 hours of collection. For the analysis of aldrin. add 0.008% Na+$Os. 

Subiect 1 Paoa 
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SAMPLE HANDUN 

AITACHMENT C 

DOT HAZARDOUS MATERIAL CLASSIFICATION 
(49 CFR 173.28) 

1, Radioactive material (except a limited quantity) 

2. Division 2.3, Poisonous Gases 

3. Division 2.1. Rammable Gas 

4. Division 2.2, Nonflammable gas 

5. Division 6.1, Poisonous Liquids, Packing Group 1 (poison by inhalation only) 

6. Division 4.2, Pyrophoric Material 

7. Division 4.1, Self-Reactive Material 

8. Class 3, Rammable Liquids* 

9. Class 8. Corrosive Material 

10. Division 4.1, Flammable Solid* 

11. Division 4.2, Spontaneously Combustible Materials* 

12. Division 4.3, Dangerous When Wet Materials* 

13. Division 5.1, Oxidizers* 

14. Division 6.1, Poisonous Liquids or Solids (other than Packing Group l)* 

15. Combustible liquid 

16. Class 9. Miscellaneous Hazardous Materials 

* If a material has or meets the criteria for more than one hazard class, use the precedence of hazardous 
table on the following page for Classes 3 and 8 and Divisions 4.1,4.2,4.3,5.1, and 6.1. The following table 
ranks those materials that meet the definition of Classes 3 and 8 and Divisions 4.1, 4.2, 4.3, 5.1. and 6.1. 

. 

019611/P Brown & Root Environmental 



PAECEDENCE OF HAZARD TABLE 

(Hazard Class and Packing Group) 

Packing 5.1 .5.1 5.1 6.1 6.1 
6.1 6.1 

a a a a a a 
Class 

4 
Group ’ 

2 
4.3 

I(” II”’ Ill’” 
I I 

(Dermal) (Oral) ll 
Ill 

I I II 
(Liquid) (Solid) (Liquid) (Si;id) (L&id) (Sillid) 

3 I 3 3 3 3 3 Cl 3 td 3 Id 

3 II 3 3 3 3 a fd 3 0 3 Id 

3 Ill 6.1 6.1 6.1 a Id a Id 3 Id 

4.1 

4.1 

4.2 

4.2 

4.3 

4.3 

4.3 

5.1 

5.1 

15.11 

II’ 4.2 4.3 5.1 4.1 4.1 6.1 6.1 4.1 4.1 Id a Id 4.1 Id 

lllb 4.2 4.3 5.1 4.1 4.1 6.1 6.1 6.1 4.1 Id 8 id a Id 

II 4.3 5.1 4.2 4.2 6.1 6.1 4.2 4.2 Id a Id 4.2 Id 

Ill 4.3 5.1 4.2 4.2 6.1 6.1 6.1 4.2 1d a Id a Id 4.2 

I 5.1 4.3 4.3 6.1 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 

II 5.1 4.3 4.3 6.1 4.3 4.3 4.3 a a .a 4.3 4.3 4.3 

Ill 5.1 4.3 4.3 6.1 6.1 6.1 4.3 a a a a 4.3 4.3 

I’ 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 

II’ 6.1 5.1 5.1 5.1 a a a 5.1 5.1 5.1 

Ill’1 I I I I I 1 6.1 1 6.1 1 6.1 1 5.1 1 a f a I a I a f 5.1 f 5.1 I 

6.1 I, Dermal a 6.1 6.1 6.1 6.1 6.1 

6.1 I, Oral a 6.1 6.1 6.1 6.1 6.1 

6.1 II, 
Inhalation 

a 6.1 6.1 6.1 6.1 6.1 

6.1 II, Dermal a 6.1 8 6.1 6.1 6.1 

6.1 II, Oral a a a 6.1 6.1 6.1 

6.1 Ill a a a a a a 

td There are at present no established criteria for determining Packing Groups for liquids in Division 5.1. At present, the degree of hazard is to be assessed 
by analogy with listed substances, allocating the substances to Packing Group I, Great; Group II, Medium; or Group Ill, Minor Danger. 

et Substances of Division 4.1 other than self-reactive substances. 
to Denotes an impossible combination. 
le For pesticides only, where a material has the hazards of Class 3, Packing Group Ill, and Division 6.1, Packing Group Ill, the primary hazard is Division 6.1, 

Packing Group Ill. 

.r 
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SAMPLE HANDLING 

AlTACHMENT D 

GUIDE FOR HAZARDOUS MATERIAiS SHIPPERS 

USE OF GUIDE - This guide is presented as an aid to shippers of hazardous materials. It does not contain or 
refer to all of the DOT requirements for shipping hazardous materials. For specific details, refer to all of the 
DOT requirements for shipping hazardous materials, as provided in the Code of Federal Regulations (CFR), 
Title 49, Transportation, Parts 100-l 99. 

The following is offered as a step-by-step procedure to aid in compliance with the applicable DOT regulations. 

“STEP .l 1 DiTEl$MlhJE ‘THE PRbPEk $ilPbiNG NAtik. The shipper must’determine the proper shipping 
name of the materials as listed in the Hazardous Materials Table, 49 CFR 172.101, Column (2). 

STEP 2 - DETERMINE THE I-WARD CLASS &I &ASSES. 
a. Refer to the Table, 49 CFR 172.101, Column (3), and locate the hazard class of the material. 
b. If more than one class is shown for the proper shipping name, determine the proper class by 

definition. 
c. if the materials have more than one hazard, classify the material based on the order of hazards in 

49 CFR 173.2. 

STEP 3 - SELECT THE PROPER IDENTIFICATiON’ NUMB-ERS. 
a. Refer to the Table, 49 CFR 172.101, Column (3a), and select the Identification Number (ID) that 

corresponds to the proper shipping name-and hazard class. 
b. Enter the ID number(s) on the shipping papers and display ttiem, as required, on packagings, 

placards and/or orange panels. 

STEP 4 - DETERMINE THE*MoDE(S) 0~ TRANSPORT io ULTIMATE ~XSTINAT/ON. e-a ” 

a. As a shipper, you must assure yourself that the shipment complies with various modal 
requirements. 

b. The modal requirements may affect the following: (1) Packaging; (2) Quantity per Package; 
(3) Marking; (4) Labeling; (5) Shipping Papers: and (6) Certification. 

STEP 5 - SELECT THE PR6;i%R’-ti&L(Sj’AtiD &Xv AS RECilhRED. 
a. Refer to the Table, 49 CFR 172.101, Column (4) for reauired labels. 
b. For details on labeling refer to (1) Additional‘ &bets, 49 CFR 172.402; (2) Placement of Labels, 

49 CFR 172.406; (3) Packagings (Mixed or Consolidated), 49 CFR 172.404(a) and (h); (4) Packages 
Containing Samples, 49 CFR 172.402(h); (5) Radioactive Materials, 49 CFA 172.403; and 
(6) Authorized Label Modifications 49 CFR 172.405. 

STEP 6 - DETERMINE AND SELECT THE PROPER PACKAGES. 
a. Refer to the Table, 49 CFR 172.101, Column (5a) for exceptions and Column (5b) for specification 

packagings. Consider the following when selecting an authorized package: Quantity per Package; 
Cushioning Material, if required; Proper Closure and Reinforcement; Proper Pressure; Outage; etc., 
as required. 

b. If packaged by a prior shipper, make sure the packaging is correct and in proper condition for 
transportation. 

019611/P Brown & Root Environmental 
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Subject Number Page 
SA-6.1 19 of 23 

Revision 
SAMPLE HANDUNG 

Effective Date 
0 03/01/96 

ATTACHMENT D (Continued) 
GUIDE FOR HAZARDOUS MATERIALS SHIPPERS 

STEP 7 - MARK THE PACKAGING (INCLUDING OVERPACKS). 
a. Apply the required markings (49 CFR 172.300); Proper shipping name and ID number, when 

required (49 CFR 172.301); Name and address of Consignee or Consignor (49 CFR 172.306). 
b. For details and other required markings, see 49 CFR 172.300 through 172.338. 

STEP 8 - PREPARE THE SHIPPING PAPERS. 
a. The basic requirements for preparing shipping papers include Proper Shipping Name; Hazard 

Class: ID Number: Total Quantity: Shipper’s Certification; and Emergency Response Telephone 
Number. 

b. Make all entries on the shipping papers using the information required and in proper sequence 
(49 CFR 172.202). 

STEP 9 - CERTIFICATION. 
a. Each shipper must certify by printing (manually or mechanically) on the shipping papers that the 

materials being offered for shipment are property classified, described, packaged, marked and 
labeled, and in proper condition for transportation according to the applicable DOT Regulations 
(49 CFR 172.202). 

STEP 10 - LOADING, BLOCKING, AND BRACING. When hazardous materials are loaded into the transport 
vehicle or freight container, each package must be loaded, blocked, and braced in accordance with the 
requirements for mode of transport. 

a. If the shipper loads the freight container or transport vehicle, the shipper is responsible for the 
proper loading, blocking, and bracing of the materials. 

b. If the carrier does the loading, the carrier is responsible. 

STEP 11 - DETERMINE THE PROPER PLACARD(S). Each person who offers hazardous materials for 
transportation must determine that the placarding requirements have been met. 

a. For Highway, unless the vehicle is already correctly placarded, the shipper must provide the 
required placard(s) and required ID number(s) (49 CFR 172.506). 

b. For Rail, if loaded by the shipper, the shipper must placard the rail car if placards are required 
(49 CFR 172.508). 

c. For Air and Water shipments, the shipper has the responsibility to apply the proper placards. 

STEP 12 - HAZARDOUS WASTE/HAZARDOUS SUBSTANCE. ’ 
a. If the material is classed as a hazardous waste or hazardous substance, most of the above steps 

will be applicable. 
b. Pertinent Environmental Protection Agency regulations are found in the Code of Federal 

Regulations, Title 40, Part 262. 

As a final check and before offering the shipment for transportation, visually inspect your shipment. The 
shipper should ensure that emergency response” information is on the vehicle for transportation of 
hazardous materials. 

NOTE: This material may be reproduced without special permission from this office. 

Revised March 1995. 
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1 Page I 

I SAB.l I 20 of 23 I 

ATTACHMENT E 

HAZARDOUS MATERIALS SHIPPING CHECK LIST 

PACKAGING 

1. Check DOT 173.24 for appropriate type of package for hazardous substance. 

2. Check for container integrity, especially the closure. 

3. Check for sufficient absorbent material in package. 

4. Check for sample tags and log sheets for each sample and for chain-of-custody record. 

SHIPPING PAPERS 

1. Check that entries contain only approved DOT abbreviations. 

2. Check that entries are in English. 

3. Check that hazardous material entries are specially marked to differentiate them from any 
nonhazardous materials being sent using same shipping paper. 

4. Be careful that all hazardous classes are shown for multiclass materials. 

5. Check total amounts by weight, quantity, or other measures used. 

6. Check that any limited-quantity exemptions are so designated on the shipping paper. 

7. Check that certification is signed by shipper. 

8. Make certain driver signs for shipment. 
* 

RCRA MANIFEST 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Check that approved state/federal manifests are prepared. 

Check that transporter has the following: valid EPA identification number, valid driver’s license, 
valid vehicle registration, insurance protection, and proper DOT labels for materials being shipped. 

Check that destination address is correct. 

Check that driver knows where shipment is going. 

Check that the driver is aware of emergency procedures for spills and accidents. 

Make certain driver signs for shipment. 

Make certain one copy of executed manifest and shipping document is retained by shipper. 

01961 l/P Brown & Root Environmental 



Class or Division Notes 

Explosives . . . . . . . . . . . . . . 1.1 and 1.2 A 

Explosives . . . . . . . . . . . . . . 1.3 

Explosives . . . . . . . . , . . . . , . . . . . 1.4 

Very insensitfve explosives . . . . . . . . 1.5 A 

Extremely insensitive explosives . . . . 1.6 

flammable gases . . . . . . . . . . . . . . . 2.1 

Non-toxic, non-flammable gases . . . . 2.2 

Poisonous gas - Zone A** . . . . . . . 2.3 

Poisonous gas - Zone B** . . . . . . 2.3 

flammable liquids . . . . . . . . . . . . . . . 3 

flammable solids , . . . . . . . . . . . . . . 4.1 

Spontaneously combustible materials 4.2 

Dangerous-when-wet materials . . . . . 4.3 

Oxidizers . . . . . . , . . . . . . . . . . . . . . 5.1 A 

Organic peroxides . . . . . . . . . , . , . . 5.2 

Poisonous liquids PG I - Zone A** . . 6.1 

Radioactive materials . . . . . . . . . . . . . 7 

Corrosive liquids . . . . . . . . . . . . . . . . 8 

ATTACHMENT F 

DOT SEGREGATION AND SEPARATION CHART 

2.3 2.3 
gas gas 

l.l- Zone Zone 
1.2 1.3 1.4 1.5 1.6 2.1 2.2 A* B* 3 4.1 4.2 4.3 5.1 

l l l l l 
xxxxxxxxx 

* * * * * 
X x x x x x x 

l l l . l * 0 0 0 0 0 

l l l l l 
xxxxxxxxx 

l l l t * 

x x 0 x x 0 

X X 

x x 0 x X x x x x x 

x x 0 x 0 0 0 0 0 0 

x x 0 x x 0 0 

X X x 0 

x x 0 x x 0 

x x X x 0 

x x X X ,o 0 

x x X x 0 

x x 0 x 0 x x x x x 

X X 0 

x x 0 x X ’ 0 0 x 0 0 

6.1 
liquids 
PG-I 

5.2 Zone A* 

x x 

x x 

0 

x x 

0 

X 

0 

X 

X 

X 

X 

X 

X 

X 

0 x 

, 8 
liquids 

7 only 

x x 

X 

0 

x x 

0 

X 

0 

0 

X 

0 

0 

0 

X 

No entry means that the materfals are compatible (have no restrictions). 

X These materials may not be loaded, transported, or stored together in the same vehicle or facility. 
0 The materials may not be loaded, transported, or stored together in the same vehicle or facility unless they are separated for 4 feet on all sides. 
l Check the explosives compatibility chart in 49 CFR 179848(f). 
A Ammonium nitrate fertilizers may be stored with Division 1.1 materials. 
** Denotes Inhalation hazardous for poisons; consult field team leader or project manager if you encounter a material in this class before shipment. 
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AlTACHMENT G (CONTINUED) 
UTHIUM BAlTERY SHIPPING PAPERS 

LITHIUM BATTERIES CONTAINED 
IN EQUIPMENT. 
UN-3091 m 
SHIPPED UNDER CA-9206009 
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1.0 PURPOSE 

The purpose of this Standard Operating Procedure (SOP) is to identify and designate the field data 
, record forms, logs and reports generally initiated and maintained for documenting Brown & Root 

Environmental field activities. 

2.0 SCOPE 

Documents presented within this procedure (or equivalents) shall be used for all Brown & Root 
Environmental field activities, as applicable. Other or additional documents may be required by specific 
client contracts. 

3.0 

None 

GLOSSARY 

4.0 RESPONSIBILITIES 

Proiect Manaqer - The Project Manager is responsible for obtaining hardbound, controlled-distribution 
logbooks (from the appropriate source), as needed. In addition, the Project Manager is responsible for 
placing all forms used in site activiiies (i.e., records, field reports, and upon the completion of field work, 
the site logbook) in the project’s central file. 

Field Operations Leader (FOL) - The Field Operations Leader is responsible for ensuring that the site 
logbook, notebooks, and all appropriate forms and field reports illustrated in this guideline (and any 
additional forms required by the contract) are correctly used, accurately filled out, and completed in the 
required time-frame. 

5.0 PROCEDURES 

5.1 Site Logbook 

5.1.1 General 

The site logbook is a hard-bound, paginated controlleddistribution record book in which all major onsite 
activities are documented. At a minimum, the following activities/events shall be recorded (daily) in the 
site logbook: 

0 All field personnel present 
a Arrival/departure of site visitors 
0 Arrival/departure of equipment 
0 Start or completion of borehole/trench/monitoring well installation or sampling activities 
0 Daily onsite activities performed each day 
0 Sample pickup information 
l Health and Safety issues (level of protection observed, etc.) 
0 Weather conditions 

A site logbook shall be maintained for each project. The site logbook shall be initiated at the start of the 
first onsite activii (e.g., site visit or initial reconnaissance survey). Entries are to be made for every day 
that onsite activities take place which involve Brown & Root Environmental or subcontractor personnel. 
Upon completion of the fieldwork, the site logbook must become part of the, project’s central file. 
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The following information must be recorded on the cover of each site logbook: 

l Project name 
0 Brown 81 Root Environmental project number 
0 Sequential book number 
l Start date 
0 End date 

Information recorded daily in the site logbook need not be duplicated in other field notebooks (see 
Section 5.2), but must summarize the contents of these other notebooks and refer to specific page 
locations in these notebooks for detailed ‘information (where applicable). An example of a typical site 
logbook entry is shown in Attachment A. 

If measurements are made at any location, the measurements and equipment used must either be 
recorded in the site logbook or reference must be made to the site notebook in which the measurements 
are recorded (see Attachment A). 

All logbook, notebook, and log sheet entries shall be made in indeljble ink (black pen is preferred). No 
erasures are permitted. If an incorrect entry is made, the data shall be crossed out with a single strike 
mark, and initialed and dated. At the completion of entries by any individual, the logbook pages used 
must be signed and dated. The site logbook must also be signed by the Field Operations Leader at the 
end of each day. 

5.1.2 Photographs 

When movies, slides, or photographs are taken of a site or any monitoring location, they must be 
numbered sequentially to correspond to logbook entries. The name of the photographer, date, time, site 
location, site description, and weather conditions must be entered in the logbook as the photographs 
are taken. A series entry may be used for rapid-sequence photographs. The photographer is not 
required to record the aperture settings and shutter speeds for photographs taken within the normal 
automatic exposure range. However, special lenses, films, filters, and other image-enhancement 
techniques must be noted in the logbook. If possible, such techniques shall be avoided, since they can 
adversely affect the admissibility of photographs as evidence. Chain-of-custody procedures depend upon 
the subject matter, type of film, and the processing it requires. Film used for aerial photography, 
confidential information, or criminal investigation require chain-of-custody procedures. Adequate logbook 
notation and receipts must be compiled to account for routine film processing. Once processed, the 
slides of photographic prints shall be consecutively numbered and labeled according to the logbook 
descriptions. The site photographs and associated negatives must be docketed into the project’s central 
file. 

5.2 Site Notebooks 

Key field team personnel may maintain a separate dedicated notebook to document the pertinent field 
activities conducted directly under their supervision. For example, on large projects with multiple 
investigative sites and varying operating conditions, the Health and Safety Officer may elect to maintain 
a separate site notebook. Where several drill rigs are in operation simultaneously, each site geologist 
assigned to oversee a rig must maintain a site notebook. 
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5.3 Sample Forms 

A summary of the forms illustrated in this procedure is shown as the listing of Attachments in the Table 
of Contents for this SOP. Forms may be altered or revised for project-specific needs contingent upon 
client approval. Care must be taken to ensure that all essential information can be documented. 
Guidelines for completing these forms can be found in the related sampling SOP. 

5.3.1 Sample Collection, Labeling, Shipment and Request for Analysis 

5.3.1 .l Sample Loq Sheet 

Sample Log Sheets are used to record specified types of data while sampling. Attachments B-l to B-4 
are examples of Sample Log Sheets. The data recorded on these sheets are useful in describing the 
waste source and sample as well as pointing out any problems encountered during sampling. A log 
sheet must be completed for each sample obtained, including field quality control (QC) samples. 

5.3.1.2 Samole Label 

A typical sample label is illustrated in Attachment B-5. Adhesive labels must be completed and applied 
to every sample container. Sample labels can usually be obtained from the appropriate Program source 
or are supplied from the laboratory subcontractor. 

5.3.1.3 Chain-of-Custodv Record Form 

The Chain-of-Custody (COC) Record is a multi-part form that is initiated as samples are acquired and 
accompanies a sample (or group of samples) as they are transferred from person to person, This form 
must be used for any samples collected for chemical or geotechnical analysis whether the analyses are 
performed on site or off site. One part of the completed COC form is retained by the field crew while 
the other two or three portions are sent to the laboratory. The original (top, signed copy) and extra 
carbonless copies of the COC form shall be placed inside a large Ziploc-type bag and taped inside the 
lid of the shipping cooler. If multiple coolers are sent but are included on one COC form, the COC form 
should be sent with the first cooler. The COC form should then state how many coolers are included 
with that shipment. An example of a Chain-of-Custody Record form is provided as Attachment B-6. A 
supply of these forms are purchased and stocked by the field department of the various Brown & Root 
Environmental offices. Alternately, COC forms supplied by the laboratory may be used. Once the 
samples are received at the laboratory, the sample cooler and contents are checked and any problems 
are noted on the enclosed COC form (any discrepancies between the sample labels and COC form and 
any other problems that are noted are resolved through communication between the laboratory point-of- 
contact and the Brown & Root Environmental Project Manager). The COC form is signed and one of 
the remaining two parts are retained by the laboratory while the last part becomes part of the samples’ 
corresponding analytical data package. Internal laboratory chain-of-custody procedures are documented 
in the Laboratory Quality Assurance Plan (LQAP). 

. 

5.3.1.4 Chain-0fCustodv Seal 

Attachment B-7 is an example of a custody seal. The Custody seal is also an adhesive-backed label. 
It is part of a chain-of-custody process and is used to prevent tampering with samples after they have 
been collected in the field and sealed in coolers for transit to the laboratory. The COC seals are signed 
and dated by the samplers and affiied across the opening edges of each cooler containing 
environmental samples. COC seals may be available from the laboratory; these seals may also be 
purchased from a supplier. 
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5.3.2 Geohydrological and Geotechnical Forms 

5.3.2.1 Groundwater Level Measurement Sheet 

A groundwater level measurement sheet, shown in Attachment C-l must be filled out for each round of 
water level measurements made at a site. 

facilitates this ta wing the time interval for collection 

I”,, , , 

5.3.2.4 Summarv Loo of Boring 

During the progress of each boring, a log of the materials encountered, operation and driving of casing, 
and location of samples must be kept. The Summary Log of Boring (Attachment C-4) is used for this 
purpose and must be completed for each soil boring performed. In addition, if volatile organics are 
monitored on cores, samples or cuttings from the borehole (using HNU or OVA detectors), these results 
must be entered on the boring log (under the “Remarks” column) at the appropriate depth. The 
“Remarks” column can also be used to subsequently enter the laboratory sample number and the 
concentration of a few key analytical results. This feature allows direct comparison of contaminant 
concentrations with soil characteristics. 

.‘” 

5.3.2.5 Monitorinq Well Construction Details Form 

A Monitoring Well Construction Details Form must be completed for every monitoring well piezometer .” ._,.. ‘,,” ,_ II __” “, ,. , ,. . _ ..^.lI.x . . 
or temporary well point installed. This form contains specific lnformatron on length and type.of well riser 
pipe and screen, backfill, filter pack, annular seal and grout characteristics, and surface seal 
characteristics. This information is important in evaluating’th’e performance of the monitoring well, 
particularly in areas where water levels show temporal variation, or where there are multiple (immiscible) 
phases of contaminants. Depending on the type of monitoiing well (in overburden or bedrock); different 
forms are used (see Attachments C-5 through C-9). Similar forms” are used for fliX-mount’ well 
completions. The Monitoring Well Construction Details Form is not a controlled document. 

Pit Log 

Equipment Calibration and Maintenance’ Fki 

The calibration or standardization of monitoring, measuring or test equipment is necessary to assure the 
proper operation and response of the equipment, to document the accuracy, precision or sensitivity of 
the measurement, and determine if correction should be applied to the readings. -‘Some items of 

I 
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equipment require frequent calibration, others infrequent. Some are calibrated by the manufacturer, 
others by the user. 

Each instrument requiring calibration has its own Equipment Calibration Log (Attachment D) which 
documents that the manufacturer’s instructions were followed for calibration of the equipment, including 
frequency and type of standard or calibration device. An Equipment Calibration Log must be maintained 
for each electronic measuring device used in the field; entries must be made for each day the equipment 
is used. 

Field Reports 

The primary means of recording onsite activities is the site logbook. Other field notebooks may also be 
maintained. These logbooks and notebooks (and supporting forms) contain detailed information required 
for data interpretation or documentation, but are not easily useful for tracking and reporting of progress. 
Furthermore, the field logbook/notebooks remain onsite for extended periods of time and are thus not 
accessible for timely review by project management. 

Weekly Status Reports 

project management, Xeroxed copies of 
use. To provide timely oversight of onsite 

as described below. 

addition to the summaries described summary reports may also 

5.4.2 
/ 

Subject 1 Number 
_“. .I ,.). *, 

I Pana 

5.4.2.1 
DescriRtion \ 

The Daily Activities Report 
report must be filled out 
other related activities 
work performed and 
Activities Report). 

and progress for each day’s field work. This 
are drilling, test pitting, well construction, or 

These sheets summarize the 
(Attachment E is an example of a Daily 

5.4.2.2 Responsibilities 
/ \ 

It is the responsibility geologist to complete obtain the driller’s signature 
acknowledging that quantities of material 

5.4.2.3 Submitraf and Aporoval 

shift, the rig’geologist must submit the Daily Activities 
review and filing. The Daily Activities Report is not a 

The DAR reports are retained by the FOL for use 
status reports for submission to the Project Manager. 
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Attachment A TYPICAL SITE LOGBOOK ENTRY 
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Attachment C-5A EXAMPLE OVERBURDEN MONITQRING WELL SHEET (FLUSHMOUNT) 
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Attachment C-8A EXAMPLE BEDROCK MONITORING WELL SHEET - 

WELL INSTALLED IN BEDROCK (FLUSHMOUNT) 
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Attachment F 

*r 
EXAMPLE DAILY ACTIVITIES RECORD 

I-- 

FIELD TRIP SUMMARY REPORT 
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AlTACHMENT A 
TYPICAL SITE LOGBOOK ENTRY 

START TIME: 

SITE LEADER: 
PERSONNEL: 

BROWN & ROOT ENV. 

DATE: 

DRILLER EPA 

WEATHER: Clear, 68OF, 2-5 mph wind from SE 

ACTIVITIES: 

1. 

2. 

3. 

Steam jenney and fire hoses were set up. 

Drilling activities at well resumes. Rig geologist was See 
Geologist’s Notebook, No. -page 29-30, for details of drilling activii. Sample No. ; 23-21- 
S4 collected; see sample logbook, page 42. Drilling activities completed at 1150 and a 
4-inch stainless steel well installed. See Geologist’s Notebook, No. 1, page 31, and well 
construction details for well . 

Drilling rig No. 2 steam-cleaned at decontamination pit. Then set up at location of 
well 

4. 

5. 

6. 

7. 

8. 

9. 

Well drilled. Rig geologist was See Geologist’s Notebook, 
No. 2, page for details of drilling activities. Sample numbers 123-22-Sl, 123-22S2, 
and 123-22-S%llected; see sample logbook, pages 43, 44, and 45. 

Well was developed. Seven 55-gallon drums were filled in the flushing stage. The 
well was then pumped using the pitcher pump for 1 hour. At the end of the hour, water 
pumped from well was “sand free.” 

EPA remedial project manger arrives on site at 14:25 hours. 

Large dump truck arrives at 14:45 and is steam-cleaned. Backhoe and dump truck set up 
over test pit 

Test pit dug wlth cuttings placed in dump truck. Rig geologist was 
. See Geologist’s Notebook, No. 1, page 32, for details of test plt 

activities. Test pit subsequently filled. No samples taken for chemical analysis. Due to 
shallow groundwater table, filling in of test pit 
mound was developed and the area roped off7 

resulted in a very soft and wet area. A 

Express carrier picked up samples (see Sample Logbook, pages 42 through 45) at 
17:50 hours, Site activities terminated at 18:22 hours. All personnel off site, gate locked. 

Field Operations Leader 

,. ;, \ x ,_ .,, *, 
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AlTACHMENT B-l 
EXAMPLE GROUNDWATER SAMPLE LOG SHEET 

,roject Site Name: 

‘reject No.: 

q Domestic Well bats 
Cl Monitoring Well Data 

Cl Other Well Type: 
0 DA Sample Type: 

GROUNDWATER 

SAMPLE LOG SHEET 

Sample ID No .: 

Sernple Locetion: 

Sampled By: 

C.O.C. No.: 

Page - of - 
: ‘1 

TBD: To Be Detarmirred 
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AlTACHMENT B-2 

Project Site Name: 

0 CIA Sample Type: 

01961 l/P Brown & Root Environmental 
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ATTACHMENT B-3 

EXAMPLE SOIL/SEDIMENT SINGLE SAMPLE LOG SHEET 
.)^ _ 

Project Site Name: Sample ID No.: 

Project No.: Sample Location: 

Cl Surface Soil 
0 Subsurface Soil 
a Sediment 
Cl Other 
0 CIA Sampler Type: 

Sampled Bv: 

C.D.C. No.: 

Cl Grab 
0 composite 
0 Grab-Composite 
Cl High Concentration 
0 Low tknwntdon 

SOIL/SEDIMENT 
SINGLE SAMPLE LOG SHEET 

I 

Observations/Notes: 

019611/P Brown & Root Environmental 
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ATTACHMENT B-4 
CONTAINER SAMPLE LOG SHEET FORM 

Brown & Root Environmental 

c7 Container Data 

By: 

Page - of _ 

Case #: 

Project Site Name: Project Site No. 

Brown & Root Env. Source No. Source Location: 

. . . . . [ Ij ~~~:i~~;~~~~,~~~~i:;i:;~~~~~~~:~~~~~~~~~~~~~~~~~~~~ ..: : : .; . . .., : .._.... :.:,:.: :,:..,: ., :.....:..,:.. i....... . . . . . . . ..A....... . . . . . . . . . . ...? . ..A...,/. :“.:.:“:::::y:.:::.:.::: :,:.:: :,._ >>:: :.:,):.~.:,.. ~,,: ..:.:‘.:.:.,, .._,, ,:.,.‘.:.:(. ~ ..,.. . . . . :. . . . . . . . . . . . . . . . . . :.,.)‘.:...:,.‘::::.:.:::..:.:.~,:.~ ,:.:.:.:.:. :.. .~ :.:,:,:.:.:.:,:.:.:..: 
Cl Drum Color: 

Cl Bung Top 
Cl Lever Lock Condition: 
q Bolted Ring 
Cl Other Markings: 

Vol. of Contents: 
0 Bag/Sack 
Cl Tank Other: 
0 Other 

Disposition of Sample 

Cl Container Sampled 
Cl Container opened but not 

sampled. Reason: 

Cl Container not opened. 
Reason: 

Monitor Reading: 

Sample Method: 

Sample Date & Time: 

Sampled by: 

Sample Description 

Layer 1 Layer 2 Layer 3 
Phase q Sol. q Liq. q Sol. q Liq. q SOI. ClLiq. 
Color 
Viscosity q L q M OH GIL q M OH q L CJM OH 
% of Total 

Volume 
Other 

Type of Sample 
0 Grab 

Cl Low Concentration q Composite 
III High Concentration 0 Grab-composite 

Sample Identification Organic Inorganic 

Signature(s): 

Analysis: 

Date Shipped 
Time Shipped 

Lab 

Volume 
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ATTACHMENT B-5 

SAMPLE LABEL 

Brown & Root Environmental PROJECT: 
- 

STATION LOCATION: 

DATE: I ! TIME: hrs. 

MEDIA: WATER Cl SOIL q SEDIMENT q 

CONCENTRATION: LOW 0 MEDIUM •i HIGH Cl 

TYPE: GRAB C COMPOSITE cl 

ANALYSIS PRESERVATION 

VOA 0 E 3NAs Cl : Pa--I *- *on 
PCBs •I PESTICIDES Cl i b”“’ L” 4 c/ cl 

METALS: TOTAL C 
i HNO, to pi- i<2 

CYANIDE Cl 
DISSoLVED q i NaOH to pt 

q 
i > 12 q 

* 

Sampled by: 

Remarks: 
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AlTACHMENT B-7 

CHAIN-OF-CUSTODY SEAL 

CUSTODY SEAL 

Signature 
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ATTACHMENT C-l 
EXAMPLE GROUNDWATER LEVEL MEASUREMENT SHEET 

GROUNDWATER LEVEL 
MEASUREMENT SHEET Page of -- 

PROJECT NAivlE: LOCATION: 
PROJECT NUMBER: MEASURING DEVICE: 
PERSONNEL: . ADJUSTMENT FACTOR: 

REMARKS: 
WEATHER .CONOITIONS: 

019611/P Brown & Root Environmental 
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ATTACHMENT C-2 
EXAMPLE PUMPING TEST DATA SHEET 

PROJECT NAME. 
PROJECT NUMB 
PUMPING TEST: 
TEST NUMBER 

DISTANCE F 
EST PERFORME 

WATER LEVEL REMARKS 

019611/P Brown & Root Environmental 
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AlTACHMENT C-4 
EXAMPLE BORING LOG 

), . ..a2 

BORING LOG 

‘il Ij 

Page- of- 

PROJECT NAME: BORING NUMBER: 

PROJECT NUMBER: DATE : 

DRILLING COMPANY: GEOLOGIST: 

‘When rock co,,ng onto, rock broksness. 

CONVERTED TO WELL : __ Yes-No; 
REMARKS: 

Signature(s): 

019611/P Brown & Root Environmental 
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A-ITACHMENT C-5 
EXAMPLE OVERBURDEN MONlT0RlN.G WELL SHEET 

BdRlh6 Nd.: 

ELEVATION C)F 
ELEVATION OF 

STICK - UP TOP Of SURFACE CASING: 
STICK - UP RISER PIPE 

TYPE OF SURFACE SEAL: ’ 

I.D. OF SURFACE CASING: 
TYPE OF SURFACE CASING. 

RISER PIPE I.D. 
TYPE OF RISER PIPE: 

BOREHOLE DIAMETER: 

TYPE OF BACKFILL: 

ELEVATQN / DEPTH TOP OF SEAL: 

TYPE OF SEAL: 

DEPTH TOP OF SAND PACK: 

ELEVATION / DEPTH TOP OF SCREEN: 

TYPE OF SCREEN: 

SLOT SIZE x LENGTH: 

I.D. OF SCREEN: 

TYPE OF SAND PACK: 

ELEVATION / DEPTH BOTTOM OF SCREEN: / 

019611/P Brown & Root Environmental 
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ATTACHMENT C-5A 
EXAMPLE OVERBURDEN MONITORING WELL SHEET (FLUSHMOUNT) 

-- .-. 
BORING NO.: 

.I* 
MONITORIhJ+J WeELL SHEET _. -- - -. 

PROJECT NO. 
ELEVATION 
FIELD GEOLOGIST 

ELEVATION TOP Of RISER: 

flush mount 

TYPE OF SURFACE SEAL: 

TYPE OF PROTECTlM CASING: 

I.D. OF PROTECTIVE CASING: 

IAMETEFt OF HOLE: 

TYPE OF RISER PIPE: 

RISER PIPE I.D.: 

TYPE OF BACKFILL/SEAL: 

OEPM/ELEVAflON TOP OF SAND: 

OEPlli/‘ELEVAllON TOP OF SCREEN: 

TYPE Of SCREEN: 

SLOT SIZE x LENGTH: 

OIAMETER OF HOLE IN BEDROCK: 

DEPTH/ELEVATION BOY-TOM OF SCREEN: 

VA-i-ION BOlTOM OF HOLE: 

01961 l/P Brown & Root Environmental 
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ATTACHMENT C-6 

EXAMPLE CONFINING IAYER MONITORING WELL SHEET 
/ 

BORING NO.: 
/ 

CONFINING LAYER 

LOCATION 

GROUND 
ELEVATION 

ELD GEOLOGIST 

- ELEVATION OF TOP 
ELEVATION OFTOP 
ELEVATION TQf’OIfJ’E 
TYPE OF SURFACE SE 

- RISER PIPE I. 

YORPLE DIAMETER: 

E OF CASING & BACKFILL: 

- DEPTH TOP OF SAND PA\KK: 

- ELEVATION/DEPTH TOP 
TYPE OF SCREEN: 

\ 

TYPE OF SAND PACK: \, 

\ - ELEVATION I DEPTH BOTTOM OF SCREEN: 

- ELEVATION / DEPTH BOTTOM OF SAND PACK: 
TYPE OF BACKFICL BELOW OBSERVATION 
WBLL: 

\ 

- ELEVATION I DEPTH OF HOLE: 

OlslBll/P Brown & Root Environmental 
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ATTACHMENT C-7 
EXAMPLE BEDROCK MONITORING WELL SHEET - OPEN HOLE WELL 

BEDROCK 

MONITORING WELL SHEET 

PROJECT NO. 
ELEVATION 
FIELD GEOLOGIST 

STICK UP OF CASING AEOViGROUND 

TYPE OF SURFACE SEAL: 

I.D. OF CASING: 
TYPE OF CASING: 

TEMP. I PERM.: 

DIAMETER OF HOLE: 

TYPE OF CASING SEAL: 

* DEPTH TO TOP OF ROCK: 

DEPTH TO BOTTOM CASING: 

DIAMETER OF HOLE IN BEDROCK: 

DESCRIBE IF CORE/ REAMED WITH BIT: 

DESCRIBE JOINTS IN BEDROCK AND DEPTH: 

ELEVATION I DEPTH OF HOLE: 

01961 l/P Brown. & Root Environmental 
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ATTACHMENT C-8 

EXAMPLE BEDROCK MONITORING WELL SHEET - WELL INSTALLED IN BEDROCK 

BORING NO.: 

BEDROCK 

MONITORiNG WELL SHEET 

ELEVATION TOP OF RISER: 
TYPE OF SURFACE SEAL: 

I.D. OFSURFACE CASING: 

DIAMETER OF HOLE: 

RISER PIPE I.D.: 
TYPE OF RISER PIPE: 

TYPE OF BACKFILL: 

ELEVATION I DEPTH TOP OF SEAL: 
+ ELEVATION / DEPTH TOP OF BEDROCK: 

TYPE OF SEAL: 

ELEVATION I DEPTH TOP OF SAND: 
/ 

ELEVATION/ DEPTH TOP OF SCREEN: .- 

TYPE OF SCREEN: 

SLOTSIZE x LENGTH: 

I.D. SCREEN: 

TYPE OFSAND PACK: 

DIAMETER OF HOLE IN BEDROCK: 

CORE I REAM: 

ELEVATION/DEPTH BOTTOM SCREEN:, 

ELEVATION I DEPTH BOTTOM OF HOLE: / 

019611/P Brown & Root Environmental 
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AlTACHMENT C-8A 
EXAMPLE BEDROCK MONITORING WELL SHEET 
WELL INSTALLED IN BEDROCK (FLUSHMOUNT) 

BORING NO.: 

BEDROCK 

MON!TORING WELL SHEET 
WELL INSTALLED IN BEDROCK 

ELEVATION TOP OF RISER: 

flush moht 

TYPE OF SURFACE SEAL: 

TYPE OF PROlECTlM CASING: 

I.D. OF PROTECTWE CASING: 

DIAMETER OF HOLE: 

TYPE Of RISER PIPE: 

RISER PIPE I.D.: 

IYPE OF BACKFILL/SEAL: 

DEPTH/ELEVATION TOP OF BEDROCK: 

DEPM/ELEVAllON TOP OF SAND: 

DEPTH/ELEVATION TOP OF SCREEN: 

TYPE OF SCREEN: 

SLOT SIZE x LENGTH: 

.+TPE OF SAND PACK: 

DIAMETER OF HOLE IN BEDROCK: 

01961 l/P Brown & Root Environmental 
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EXAMPLE TEST PIT LOG 

REMARKS 
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A’ITACHMENT E 
EXAMPLE DAILY ACTIVITIES RECORD 

. ”  
. ,  < ,  

I  

6fPARTURE 7-I ME 

CONTRACTOR 

APPROVED BY: 

HNUS FIELD REPRESENTATIVE 

: : 

DRILLER OR REPRESENTATIVE - 

019611/P 
Brown & Root Environmental 



AllACHMENT F 
FIELD TRIP SUMMARY REPORT 

PAGE 1 OF 2 

SUNDAY 

Date: 

Weather: 
Personnel: 

Onsite: 

Site Activities: 

MONDAY 

Date: 

Weather: 
Personnel: 

Onsite: 

Site Activities: 

.- -̂  l.,..,, . _.l,._ ., ,. _.,l.*.,, ,. ,,.( 

TUESDAY 

Date: 

Weather: 
Personnel: 

Onsite: 

Site Activities: 

WEDNESDAY 

Date: 

Weather: 

Personnel: 

Onsite: 

Site Activities: 

019611/P Browh & Root Environmental 
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ATTACHMENT F 
PAGE 2 OF 2 
FIELD TRIP SUMMARY REPORT 

THURSDAY 

Date: 

Weather: 

Personnel: 

Onsite: 

Site Activities: 

FRIDAY 

Date: 

Weather: 

Personnel: 

Onsite: 

Site Activities: 

SATURDAY 

Date: 

Weather: 

Personnel: 

Onsite: 

Site Activities: 

019611/P Brown & Root Environmental 
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DECONTAMINATION OF WASTE SA-7.1 2 of 9 
EQUIPMENT AND WASTE. HANDLING Revision Effective Date #e--n. 

1.0 PURPOSE 

The purpose of this procedure is to provide guidelines regarding the appropriate procedures to be 
followed when decontaminating drilling equipment, monitoring well materials, chemical sampling 
equipment and field analytical equipment. 

2.0 SCOPE 

This procedure addresses drilling equipment and monitoring well materials decontamination, as well as 
chemical sampling and field analytical equipment decontamination. This procedure also provides general 
reference information on the control of contaminated materials. 

3.0 GLOSSARY 

Acid - For decontamination of equipment when sampling for trace levels of inorganics, a 10% solution 
ofric acid in deionized water should be used. Due to the leaching ability of nitric acid, it should not 
be used on stainless steel. 

Alconox/Liquinox - A brand of phosphate-free laboratory-grade detergent. 

Deionized Water - Deionized (analyte free) water is tap water that has been treated by passing through 
a standard deionizing resin column. Deionized water should contain no detectable heavy metals or other 
inorganic compounds at or above the analytical detection limits for the project. 

Potable Water - Tap water used from any municipal water treatment system. Use of an untreated 
potable water supply is not an acceptable substitute for tap water. 

Solvent - The solvent of choice is pesticide-grade Isopropanol. Use of other solvents (methanol, 
acetone, pesticide-grade hexane, or petroleum ether) may be required for particular projects or for a 
particular purpose (e.g. for the removal of concentrated waste) and must be justified in the project 
planning documents. As an example, it may be necessary to use hexane when analyzing for trace levels 
of pesticides, PCBs, or fuels. In addition, because many of these solvents are not miscible in water, the 
equipment should be air dried prior to use. Solvents should not be used on PVC equipment or well 
construction materials. 

4.0 RESPONSIBILITIES 

Project Manager - Responsible for ensuring that all field activities are conducted in accordance with 
approved project plan(s) requirements. 

Field Operations Leader (FOL) - Responsible for the onsite verification that all field activities are 
performed in compliance with approved Standards Operating Procedures or as otherwise dictated by 
the approved project plan(s). 

5.0 PROCEDURES 

To ensure that analytical chemical results reflect actual contaminant concentrations present at sampling 
locations, the various drilling equipment and chemical sampling and analytical equipment used to acquire 
the environment sample must be properly decontaminated. Decontamination minimizes the potential for 
cross-contamination between sampling locations, and the transfer of contamination off site. 

019611/P Brown 81 Root Environmental 
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5.1 Drilling Equipment 

Prior to the initiation of a drilling program, all drilling equipment involved in field sampling activities shall 
be decontaminated by steam cleaning at a predetermined area. The steam cleaning procedure shall be 
performed using a high-pressure spray of heated potable water producing a pressurized stream of steam. 
This steam shall be sprayed directly onto all surfaces of the various equipment which might contact 
environmental samples. The decontamination procedure shall be performed until all equipment is free 
of all visible potential contamination (dirt, grease, oil, noticeable odors, etc.) In addition, this 
decontamination procedure, shall be performed at the completion of each sampling and/or drilling 
location, including soil borings, installation of monitoring wells, test pits, etc. Such equipment shall 
include drilling rigs, backhoes, downhole tools, augers, well casings, and screens. Where the drilling rig 
is set to perform multiple borings at a single area of concern, the steam-cleaning of the drilling rig itself 
may be waived with proper approval. Downhole equipment, however, must always be steam-cleaned 
between borings. Where PVC well casings are to be installed, decontamination is not required if the 
manufacturer provides these casings in factory-sealed, protective, plastic sleeves (so long as the 
protective packaging is not compromised until immediately before use). 

The steam cleaning area shall be designed to contain decontamination wastes and waste waters and can 
be a lined excavated pit or a bermed concrete or asphalt pad. For the latter, a floor drain must be 
provided which is connected to a holding facility. A shallow above-ground tank may be used or a 
pumping system with discharge to a waste tank may be installed. 

In certain cases such an elaborate decontamination pad is not possible. In such cases, a plastic lined 
gravel bed pad with a collection system may serve as an adequate decontamination area. Alternately, 
a lined sloped pad with a collection pump installed at the lower end may be permissible. The location 
of the steam cleaning area shall be onsite in order to minimize potential impacts at certain sites. 

Guidance to be used when decontaminating drilling equipment shall include: 

0 As a general rule, any part of the drilling rig which extends over the borehole, shall be 
steam cleaned. 

0 All drilling rods, augers, and any other equipment which will be introduced to the hole shall 
be steam cleaned. 

0 The drilling rig, all rods and augers, and any other potentially contaminated equipment shall 
be decontaminated between each well location to prevent cross contamination of potential 
hazardous substances. 

Prior to leaving at the end of each work day and/or at the completion of the drilling program, drilling rigs 
and transport vehicles used onsite for personnel or equipment transfer shall be steam cleaned, as 
practicable. A drilling rig left at the drilling location does not need to be steam cleaned until it is finished 
drilling at that location. 

5.2 Samplinq Equipment 

The potential for c 
its attached Ii 

n individual bailer and its line to ea 

019611/P Brown & Root Environmental 
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point, the bailer must 
organic contaminants. 
’ 

the sample point is 

Air dry 

If sampling for volatile organic compound itric acid isopropanol, and hexane rinses 
may be omitted. Only reagent grad for decontamination. When 
solvents are used, the bailer must be uire the next sample. 

In general, specially pur ned disposable sampling eq decontam,inated (nor 
is an equipment rinsate so long as the supplier has ication of cleanliness. 
If decontamination is on several bailers at once (i.e., in bate t immediately used 

num foil (shiny-side toward eq for future use. 
rmed, one equipment rinsate is rom one of the 

ore it is used for sampling. 

ended that clean, dedicated braided nylon or polypropylene line be employ 

5.2.2 Sampling Pumps 

Most sampling pumps are low volume (less than 2 gpm) pumps. These include peristaltic, diaphragm, 
air-lift, pitcher and bladder pumps, to name a few. If these pumps are used for sampling from more than 
one sampling point, they must be decontaminated prior to initial use and after each use. 

The procedures to be used for decontamination of sampling pumps compare to those used for a bailer 
except that the 10 percent nitric acid solution is omitted., Each of the fiquid factions is to be pumped 
through the system. The amount of pumping is dependent upon the size of the pump and the length 
of the intake and discharge hoses. Certain types of pumps are unacceptable for sampling purposes. 
For peristaltic pumps, the tubing is replaced rather than cleaned. 

* Due to the leaching ability of nitric acid on stainless steel, this step is to be omitted if a stainless .‘. 
steel sampling device is being used and metals analysis is required with detection limits less than 
approximately 50 ppb. 

** If sampling for pesticides, PCBs, or fuels. 

019611/P Brown & Root Environmental 
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An additional problem is introduced when the pump relies on absorption of water via an inlet or outlet 
hose. For organic sampling, this hose should be Teflon. Other types of hoses leach organics (especially 

phthalate esters) into the water being sampled or adsorb organics from the sampled water. For all other 
sampling, the hose should be Viion, polyethylene, or polyvinyl chloride (listed in order of preference). 
Whenever possible, dedicated hoses should-be used. It is preferable that these types of pumps not be 
used for sampling, only for purging. 

5.2.3 Filtering Equipment 

On occasion, the sampling plan may require acquisition of filtered groundwater samples. Field-filtering 
is addressed in SOP SA61 and should be conducted as soon after sample acquisition as possible. To 
this end, three basic filtration systems are most commonly used: the in-line disposable Teflon filter, the 
inert gas over-pressure filtration system, and the vacuum filtration system. 

For the in-line filter, decontamination is not required since the filter cartridge is disposable, however, the 
cartridge must be disposed of in an approved receptacle and the intake and discharge lines must still 
be decontaminated or replaced before each use. 

For the over-pressure and the vacuum filtration systems, the portions of the apparatus which come in 
contact with the sample must be decontaminated as outlined in the paragraphs describing the 
decontamination of bailers. (Note: Varieties of both of these systems come equipped from the 
manufacturer with Teflon-lined surfaces for those that would come into contact with the sample. These 
filtration systems are preferred when decontamination procedures must be employed.) 

5.2.4 Other Sampling Equipment 

Field tools such as trowels and mixing bowls are to be decontaminated in the same manher as described 
above. 

5.3 Field Analytical Equipment 

5.3.1 Water Level Indicators 

Water level indicators that come into contact with groundwater must be decontaminated using the 
following steps: 

0 Rinse with potable water 
0 Rinse with deionized water 

Water level indicators that do not come in contact with the groundwater but may encounter incidental 
contact during installation or retrieval need only undergo the first and last steps stated above. 

5.3.2 Probes 

Probes (e.g., pH or specific-ion electrodes, geophysical probes, or thermometers) which would come 
in direct contact with the sample, will be decontaminated using the procedures specified above unless 
manufacturer’s instructions indicate otherwise (e.g., dissolved oxygen probes). Probes that contact a 
volume of groundwater not used for laboratory analyses can be rinsed with deionized water. For probes 
which make no direct contact, (e.g., OVA equipment) the probe is self-cleaning when exposure to 
uncontaminated air is allowed and the housing can be wiped clean with paper-towels or cloth wetted with 
alcohol. 

019611/P Brown & Root Environmental 
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5.4 Waste Handling 
1 

For the purposes of these procedures, contaminated materials are defined as any byproducts of field 
activities that are suspected or known to be contaminated wjth hazardous substances,~ These byproducts .^I .“.)a. A..*“_* ,. . . 
include such materials as decontamination solutions, disposable equipment, drilftng muds, well- 
development fluids, and spill-contaminated materials and Personal ,Protection Equipment (PPE). 

The procedures for obtaining permits for investigations of sites containing hazardous substances are not 
clearly defined at present. In the absence of a clear directive to the contrary by the EPA’and the states, 
it must be assumed that hazardous wastes generated during field activities will require compliance with 
Federal agency requirements for generation, storage, transportation, or disposal. In addition, there may 
be state regulations that govern the disposal action. This procedure exclusively describes the technical 
methods used to control contaminated materials. 

The plan documents for site activities must include a description of control procedures for contaminated 
materials. This planning strategy must assess the type of contamination, estimate the amounts that 
would be produced, describe containment equipment and procedures, and delineate storage or disposal 
methods. As a general policy, it is wise to select investigation methods that minimize the generation of 
contaminated spoils. Handling and disposing of potentially hazardous materials can be dangerous and 
expensive. Until sample analysis is complete, it is assumed that all produced materials are suspected 
of contamination from hazardous chemicals and require containment. 

5.5 Sources of Contamirkd Materials and Containment Methods 

5.5.1 Decontamination Solutions 

All waste decontamination solutions and rinses must be assumed to contain the hazardous chemicals 
associated with the site unless there are analytical or other data to the contrary. The waste solution 
volumes could vary from a few gallons to several hundred gallons in cases where large equipment 
required cleaning. 

Containerized waste rinse solutions are best stored in 55gallon drums (or equivalent containers) that can 
be sealed until ultimate disposal at an approved facility. Larger equipment such as backhoes and 
tractors must be decontaminated in an area provided with an impermeable liner and a liquid collection 
system. A decontamination area for large equipment could consist of a bermed concrete pad with a 
floor drain leading to a buried holding tank. 

5.5.2 Disposable Equipment 

Disposable equipment that could become contaminated during use typically includes PPE, rubber gloves, 
boots, broken sample containers, and cleaning-wipes. These items are small and can easily be 
contained in 55-gallon drums with lids. These containers should be closed at the end of each work day 
and upon project completion to provide secure containment until disposed. 

5.5.3 Drilling Muds and Well-Development Fluids 

Drilling muds and well-development fluids are materials that may be used in groundwater monitoring well 
installations. Their proper use could result in the surface accumulation of contaminated liquids and muds 
that require containment. The volumes of drilling muds and well-development fluids used depend on well 
diameter and depth, groundwater characteristics, and geologic formations. There are no simple 
mathematical formulas available for accurately predicting these volumes. It is best to rely on the 

I 
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assignment of responsibility for disposal. The responsibility must be determined and agreed upon by 
all involved parties before the field work starts. If the site owner or manager was involved in activities 
that precipitated the investigation, it seems reasonable to encourage his acceptance of the disposal 
obligation. In instances where a responsible party cannot be identified, this responsibility may fall on the 
public agency or private organization investigating the site. 

Another consideration in selecting disposal methods for contaminated materials is whether the disposal 
can be incorporated into subsequent site cleanup activities. For example;if construction of a suitable 
onsite disposal structure is expected, contaminated materials generated during the investigation should 
be stored at the site for disposal with other site materials. In this case, the initial containment structures 
should be evaluated for use as long-term storage structures. Also, other site conditions such as drainage 
control, security, and soiltype must be considered so that proper storage is provided. If onsite storage 
is expected, then the containment structures should be specifically designed for that purpose. 

6.0 REFERENCES 

Brown & Root Environmental: Standard Operating Procedure No. 4.33, Control of Contaminated 
Material. 

019611/P Brown & Root Environmental 
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1.0 PURPOSE 

To establish procedures for the use, maintenance, and calibration of the Photovac 2020 Photoionization 
Air Monitor. 

2.0 SCOPE 

Applies to each usage of the Photovac 2020 Photoionization Air Monitor by Brown & Root Environmental 
personnel. 

3.0 GLOSSARY 

Electron volt (eq - A unit of energy equal to the energy acquired by an electron when it passes through 
a potential difference of 1 volt in a vacuum. It is equal to 1.602192+0.000007 x lo’re volts. 

Intrinsically Safe (IS.1 - Based on wiring. configuration, design, operation, gasketing, construction, this 
instrument may be employed within locations in which flammable gases and/or vapors may exist. 

Ionization Potential (I.P.1 - The energy required to remove an electron from a molecule yidding a 
positively charged ion and a negatively charged free electron. The instrument measures this energy level. 

Photoionization Detector (PID) - Photoionization detector employed as general reference to air monitors 
of this type. PlDs detection method employs ultraviolet (UV) radiation as an energy source. As air and 
contaminant are drawn through the ionization chamber the UV light source causes the contaminant with 
ionization potentials equal to or less than the UV source to break into positive and negatively charge 
ions. The created ions are subjected to an electrostatic field. The voltage difference is measured in 
proportion to the calibration reference and the concentration of the contaminant. 

Ultraviolet Radiation CUV - Ultraviolet radtatron IS the energy source employed by the instrument to ionize 
collected sample gas streams. The UV lamp source is required to be equal to or greater than the 
tonlzation potential of the substance drawn through the instrument in order to create separate ionized 
species. 

4.0 RESPONSIBIUTIES 

Health and Safetv Manaqer (HSMI - The HSM shall ensure that the user has been appropriately trained 
and cenrfied In the,usage of the Photovac 2020 Instrument. 

Eouroment Manaqer - The Equipment Manager shall ensure all air monitoring.instrumentation slated for 
field actrvrtles has been operationally checked out. fully charged, and calibrated prior to issuing any 
instrument for field service. Maintenance defrciencres identified by the Equipment Manager will require 
those instruments to be pulled from senxe until repairs can be facilitated. 

Field Operations Leader (FOL)/Field Team Leader (FTL) - The FOL/FTL shall ensure all field team 
members employing the monitoring instruments as part of their assigned duties are adequately trained 
in the operation and limitations of this instrument. The FOLjFTL shall ensure-that the air monitoring 
instruments are employed as directed by site guidance documents (i.e., Work Plan, Health and Safety 
Plan. etc.). Additionally. the FOL/FTL shall ensure that the appropriate documentation and 
recordkeeping requirements are fulfilled including Documentation of Calibration and Direct Reading 
Instrument Response Data Sheets for air monitoring activities. 
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Heaith and Safetv Officer (HSO\ - The HSO is responsible for determining air monitoring requirements 
for the site activities, and providing direction for air monitoring during specific Site activities. This 
identification of &es of air monitoring sind direcztion for use are indicated within the Sit~S~cific Heatth 
and Safety Plan (HASP). 

Site Safetv Officer (SSO) - The SSO shall ensure the instruments identified are empioyed in the mannei 
directed by the HSO, and that any action levels specified are observed for the application of engineering 
control& personal prdtective equipment (PPE) use, and administrative controls. Additionally, he/she shall 
ensure the instruments are properly maintained and calibrated prior to use in the field. The’SSO, during 
specific air monitoring applications in&ding STEL and TWA mode metisurements. will be responsible 
for the operation and application of this specialty air monitoring device. 

5.0 PROCEDURES 

Principle of Operation ._ .I*l’Y:il- ,I. ,” ._,. 

The Photovac portable photoionizer detects the concentration of many Organic (and a few inorganic). 
The basis for detection of this instrument is the tonizatron of components of Captured gaseous Streams. 
The incoming gas mol&& gr,“ssb~~t~‘~~-;rt;olet (liv) tidiation, which is energetic enough to 
ionize many gaseous compounds. Molecules are transformed into Charged-ion pairs. Creating a current 
between rwo electrode+ Each molecule has a characteristic ionization potential, which is the energy 
required to remove a& electron f&i ~h~++X.&?. y&ding zi posit’&ly&arged ion and the free electron,__ 
The instrument measures this energy level -. 

This instrument measures the concent.rallon of alrbome photoionizable gases and vapors and * - 
automatically displays and records !hi!se &nce~~iia!ibfk. ‘It do& hot distinguish between individual ..) ,.I __; 
substances. Readings displayed represent the total concentration of all~pti6toionizable chemicals 
in the sample. This instrument IS factory set to display concentration in units of ppm or mg/m P 

resent 
. 

The 2020 instrument is easy to operate * ., Ic ,,,.. x ._ jl ALL The meter display updates itself once per second. 
COmXntmtlOnS are directly displayed on the readout 

2020 also performs short-term exposure IlrnR (STELI. time-weighted average (TWA) and PEAK 
calculations You can view any of these results but only one mode may be viewed at a time. 

2020 has 6 keys for alphanumenc ent.rv and tor accessing multiple functions. The keys are used to set 
up and calibrate 2020. They allow you to rnanlpulate the concentration data in various ways. 

All information entered. with tbe,.keys and stored tn 2020’s memory is retained when the instrument is 
swRched off. The clock and calendar centlnue to operate and do not need to be set each time 2020 is “,. ;, . - k?” i‘ c, .;; ;... ! .(. 
turned on. 

5.1.1 Displays 

The 2020.haS a m.qter qii$play for reporting detected concentration. and a display used to display status 
information and guide you through configuration options. All functions of the 2020 will be controlled or 
reported using one of these displays. 

2-w. 
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5.1.1.1 Meter Display 

The meter display is a 4digit display. It will always be used for reporting detected concentration. When 
the detector and pump are off, the meter display will be blank. 

In order to accommodate the range of concentrations 2020 can detect, the meter reading will be 
reported using one of 2 resolutions. A resolution of 0.1 will be used for concentrations below 100 ppm, 
and a resolution of 1 will be used for concentrations above 100 ppm. 

,5.1.1.2 Status Disolay 

The status display is a 2 line by 16 character display. The top line is used to display status information 
and prompts you for information. The bottom line is used for soft key names. Up to 3 names can be 
displayed for the 3 soft keys. If a name does not appear for a soft key, then the soft key has no 
associated function. 

51.2 Keys 

5.1.2.1 Fixed Keys 

The three round keys below the soft keys each have a fixed function. The first key is the ON/OFF key, 
the middle key is the EXIT key, and the last key is the ENTER key. 

The ON/OFF key is used to both turn power on to the 2020 as well as turn the power off. To turn on 
2020. press the ON/OFF key. To turn the power off. press the ON/OFF key and hold it down for 2 
seconds, and then release n. This is done to prevent accidental power off. 

The EXIT key provides a way of returnrng to the default display. In the functional map, the soft keys 
allow you to advance and the EXIT key provides a way to go back. If you are at the initial entry of the 
menu. EXIT will return you to the default dlsptay 

The ENTER key has a contexf sensrtwe tunctron When you are operating or navigating through the 
function map. the ENTER key IS used to exn the functions and return you io the default display. When 
entenng data such as a name. number. date or time. ENTER is used to confirm the entry. 

5.1.2.2 Soft Keys 

The three soft keys on 2020 are located directly bdovu the status display. Each key has varying functions 
for conflgunng 2020, editing the data logger and controlllng the display. Since only three soft keys are 
available. each function is broken down cnto a pan 

5.1.2.3 Entering Text With the Soft Kevs 

For all information that you must enter. the left. center. and right soft keys correspovd to the up, down, 
and right arrow. 

The up and down arrows are used to change the character highlighted by ttie cursor. The right arrow 
is used to advance the cursor to the next character on the right. When the cursor is advanced past the 
right most character, it wraps around to the first character again. To accept the changes, press the 
ENTER key. To ignore the change. press EXIT. 

019!3ll,JP Brown 8 Root Erwin 



PHOTOVAC 2020 PHOTOlONIZAT0N 

AIR MONITOR 

Formatting characters, such as the colon (:) in the time, the decimal (-) in a COnCentMiOn. and the slash 
(/) in the date are skipped when advancing the Cursor. 

All inputs are an 9 character input, which is displayed on the right side of the top line of the status 
display. The prompt, describing the input, occupies the Left half of the top tine. The Soft keys are defined 
on the bottom !ine of the status display. 

5.2 Default Display 

The meter display shows the detected ConCentdOn. The resolution of the display changes with the 
magnitude of the reading. A reading of 0 to 99.9 will be displayed with a resolution of 0.1 ppm or 
mg/m3. A reading greater than 99.9 will be shown with a resolution of 1 ppm or mg/m3. The meter will 
display concentrations up to 2000 ppm or 2000 mg/m3. 

The status display is used to display the instrument status, date, time, units, and active Soft keys. 

The default display provides the following information: instrument status, current detected COWeIWatiOn. 

time, date, and measurement units. The status display toggles between showing time and Units and then 
the date. 

When the display mode is MAX, the date and time correspond to the date and time the MAX 
concentration was recorded. In TWA mode. the time represents the number of hours and minut+s duri$& 
which the TWA has been accumulating. For PEAK and STEL monitoring, the date and time conespa’ 
to the current date and time. 

5.3 Monitoring 

5.3.1 instrument Status 

The instrument status is shown on the left of the first line of the status display and on the Table and 
Graph outputs. Each status has a priority assigned to rt. If more than one status is in effect, then the 
status wrth the highest priority is displayed until the condition is corrected or until the option is turned 
Off. 

5.3.2 Alarms 

While operating the instrument, any one of three alarm conditions can occur. To accurately identify the 
source of the alarm, each type of alarm has been grven a unique status. 

In addition IO the status, 2020 also has an audible alarm and a visual alarm LED. To conserve power, 

the 2020 alternates between these two alarm Indicators. rather than operating both. concurrently. 
Different atarms are identified by the frequency at which the 2020 alternates as follows: PEAK alarm-5 
times per second; STEL alam-2.5 times per second: and TWA alarm-l.25 times per second. 

The left Soft key iS used for acknowledging alarms, and is named “Ack.” If no alarm exists. then the “A&” 
key is not shown. To clear the alarm press the ‘AcK key. Once acknowledged, the alarm indicators 
are cleared. The alarm status will rerqaln until the alarm condition clears. ,... ,. ..~. . Ad--k 

2020 updates the peak concentration once every second. Following every update, the c .x 
Concentration is cornflared to the ueak alarin~level, and if exceeded, an alarm is trigger&. 
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If 15 minute average exceeds the selected STEL a STEL alarm is generated. 

The TWA alarm is generated when the current average of concentration, since the WA was last cleaied. 
has exceeded the WA exposure limit. 

During calibration, all alarms are disabled. Once the calibration is complete the alarms are m-enabled. 

STEL TWA, MAX. and PEAK Opemtion I 

The 2020’s meter display can be configured to show one of four values: STEL TWA, PEAK, and MAX. 

5.4.1 Short-term Exposure Limit (STEL) Mode 

The Short-term Exposure Limit (STEL) mode displays the concentration as a 15 minute moving average. 
2020 maintains 15 samples, each representing a one-minute averaging interval. 

Once every minute, the oldest of the 15 samples is replaced with a new one minute average. This 
moving average provides a 15-minute average of the last 15 minutes with a one-minute update rate. 
Since the average is calculated using 15 one-minute averages, the meter display will only update once 
every minute. 

STEL is set to zero each time the instrument IS turned on. Since STEL is a 15-minute moving average, 
there IS no need to clear or reset the STEL- 

STEL calculations are always being performed by 2020. You can display the results of the calculations 
by selecting STEL as the Display mode. 

5.4.2 Time-weighted Average (TWA) Mode 

The TWA accumulator sums concentrations every second until 8 hours of data have been combined. 
If this value exceeds the TWA alarm setting. a TWA alarm IS generated. The TWA is not calculated using 
a moving average. Once 8 hours of data have been summed. the accumulation stops. In order to reset 
tne TWA accumulator, press the “Cl7 key 

This sum will only be complete after 8 hours. so the meter displays the current sum divided by 8 hours. 
While you are In TWA mode. the time on the status dlspiay will show the number of minutes and hours 
of data that TWA has accumulated When thls reacnes 8 hours 2020 stops accumulating data and the 
TWA IS complete. 

TWA calculations are always being performed by 2020 You can display the results of the calculations 
by selecting TWA as the Display mode. 

5.4.3 MAX Mode 

The MAX mode displays the maximum srgnal. wtth the date and time that it was recorded. 2020 
continues to log data according to the selected averagmg interval, but only the maximum detected 
concentration is displayed on the meter display 

The right soft key is used to clear the meter when displaying MAX. The “Clf key only affects the reading 
that the meter is displaying. For example. if you display the MAX reading, and you press “Clr,” only the 
MAX value is cleared. The TWA is still accumulating in the background. 
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5.4.4 PEAK Mode 

The PEAK mode displays the current detec+$ ConcentratiOn. The-reading is updated once a second. 

ln the background, the 2020 data logger is sampling ttik”coriceritration and measufing minimum. 
maximum, and average concentrations for the select@ averaging interval. At the end Of every inten/al, 
one entry is ptaced in the data logger until the data logger is full. TLpicaJ application Concerning the Use 
of this instrument is operated in this mode. Operation within the other specialized modes are the 
responsibility of the SSO. 

5.5 Set Functions 

Set functions are used to setup 2020. There are three functions which can be set on the 2020: 
Calibration, Pump and Clock. 

55.1 Pump 

The Pump function is used to control the pump. After selecting Set Pump, 2020 responds by displaying 
the new pump status. 

The detector is also turned off when you turn the pump off. This prevents the detector from being 
damaged when there is no sample flowing through the detector. 

When the pump and the detector are off. the-meter displai, will be blank. Turn the pump and dete-. 
off when concentration measurements are not necessary. and 2020 will only be used for reviewing 0-d 
or generating reports. By operaii;;~i~e’;;E~~~-~e~~ -&it6 i& ~@%ij’ $%d dtieetor off when you do not 
need them, you will conserve the lives of the battery and uftraviotet (Uv) tamp. 

1 Press the ENTER key. The top lrne of the srarus display changes to ‘Select?“. The bottom line 
displays 3 soft key names: ‘Set.’ ‘Log.’ and ‘D~sp.” 

2. 

3. 

Press the soft key below ‘Set.’ 

The names of the soft keys change to reflect the Set opttons. The display now shows 3 devices 
which can be set: ‘Clock.’ ‘Pump.’ and ‘Cal * Press the “Pump” key. 

4. 

5. 

The 2020 turns the pump off. If the pump was off. pressing “Pump” will turn the pump on. 

A message will be displayed to show you Ihe status of the pump. 2020 reverts back to the 
prevlous menu after a few seconds 

6. To return to the default display, press the ENTER key. 

55.2 Clock 

The Clock function is used to set both-the curlent date and tjme. .~ I” _, 

1. Press the ENTER key. 
e-1 

2. Press the “Set” key. 

3. When the names of the soft keys change, press the ‘Clock” key. 
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The up and down arrows are used to change the character underlined by the cursor. The right 
arrow is used to advance the cursor to the next character on the right. When the cursor is 
advanced past the right-most character, it wraps around to the first character again. 

Formatting characters, such as the colon (:) in the time and the siash (/) in the date are skipped 
when advancing the cursor. 

4. Use the “arrow keys” to enter the correct time. The time is formatted as Hour:Minute:Second. 

5. Press the ENTER key to confirm the time and move to the date option. 

6. When setting the date, the 2020 prompts you for the current date formatted as Year/Month/Day. 
Use the “arrow keys” to enter the correct date. 

7. Press the ENTER key to confirm the date and return to the Set options. You can wait for the 
drsplay to timeout or press ENTER to return to the default display. 

5.5.3 Calibration (Cal) 

Cal allows you to setup and calibrare 2020. You have three options under the Cal function: “Zero,” 
Span,” and ‘Mem.” 

A calibratron memory consists of a name. a response factor, and PEAK, TWA, and STEL alarm levels. 

The “Zero” and “Span” keys are covered in detail in the manufacturer’s operations manual for the 
instrument. 

To edit the calibration memory, select ‘Mem’ and then ‘Chng.” The 2020 prompts you with two new soft 
keys, “Use7 and “Lib.” 

5.5.4 Libmry (Lib) 

Library selections simplify Cal Memory programmlng. and provide standard response factors for 
approxrmately 70 applicattons. ‘Lib’ allows you to select an entry from a pre-programmed library. The 
name. response factor. and three alarm levels are all set from the library. To select a library entry to 
program the selected Cal Memory. 

1 Select ‘Set.’ ‘Cal.’ ‘Mem.” “Chng.’ and ‘Lib * 

2. Use the ‘Next’ and “Prev” keys to scroll through the list. See the manufacturer’s manual Appendix 
8.7 for a list of the library entries. 

5.6 Preparinta for Field Operation of the Photovac 2020 

Turning 2020 On 

1. Turn 2020 on by pressing the ON/OFF key. 

2. 2020 will display the software version number. Wait for the 2020 to proceed to the default display. 

3. Allow 10 minutes for the instrument to warm UP and stabilize. 
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4.’ Press the Enter Key. The default display will provide 3 soft key SdeCtiOn ‘Set,’ ‘Log,” and ;.,.. 
‘Display.” 

5. Press ‘Set.’ From this option 3 other soft key seiections will be offered: “Pump,” “Ciock,’ and 

‘Cal.’ 

6. 

7. 

Press “Cal.’ This will begin the calibration sequence. The first selection is to Zero the instrument. 

Press Enter, zeroing will begin. (Note: When employing zero gas attach and activate zero gas 
supply at this time.) 

8. The next selection offered wit! TV?. Span. Press Enter at which time the concentration will be 
requested. The isobutylene calibration ‘gas employed under generai service will be marked on the 
side of the container. &e the soft keys to toggle into position and to log the concentration. Once .ilx.l,-l .*..,,.i( ,_” ‘. 
the concentration is logged press “Entq.” The direction or status display will indicate spanning. 
At this time hook up the span gas with a regulator to the Photovac 2020, and open it to supply 
enough flow to elevate the flow rate indicator to the green indicator line (l/8” from the rest 
position). 

9. 

10. 

Once spanning is complete. the alarms which have been disabled during calibration will activate 
indicating that calibration is complete. 

Document this calibration procedure using a Document of Calibration form as illustrated ?_I1 
Figure 5-l. 

This instrument is ready for general purpose application 

Calibration is to be performed daily or pnor to each use in accordance with Section 5.6 of this SOP. 

5.7 Maintenance and Calibration Schedule ..,, 

Sample Inlet Filter 

Battery charging 

I use 

Clean Ionization chamber 

I 

After each use I 
I 

Monthly 
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5.7.1 Cleaning the UV Light Source Window 

1. Turn the FUNCTION switch to the OFF position. Use 2020 multi-tooi and remove lamp housing 

cover. 

2. Tilt the lamp housing with one hand over the opening, slide the lamp out of the housing. 

3. The lamp window may now be clear@ with any of the following compounds using lens paper: 

11.7 eV Lamp - Dry Aluminum Oxide Powder (3.0 micron powder) 
HPLC Grade Methanol - All other lamps 

Following cleaning, reassemble by first sliding the Lamp back into the lamp housing. Replace 
o-ring as necessary, reinstall lamp housing cover, tighten using 2020 multi-tool. (Do not over 

tighten). 

4. 

5. Recalibrate as per Section 5.6. 

5.7.2 

1. 

2. 

Cleaning the Ionization Chamber 

Turn the FUNCTION switch to the OFF position and remove the lamp housing cover and lamp as ,. .;, . , 
per Section 5.7.1. .---.. 

Using a gentle jet of compressed air. gently blow out any dust or dirt. 

3. Following cleaning, reassemble by first sliding the lamp back into the lamp housing. Replace 
o-ring as necessary. reinstall lamp housing cover. tighten using 2020 multi-tool. (Do not over 
tighten). 

4. Recalibrate as per Section 5.6. 

5.8 Instrument Advantases 

The Photovac 2020 is easy to use in comparison to many other types of monitoring instrumentation. Its 
detection IlmR range is in the low parts-per-million range. Response time rapidly reaches 90 percent 
scale of the indicated concentratipn (less than 3 @conds for benzene). This instrument’s automated 
performance covers multiple monrtonng functions srmultaneously, incorporating data togging capabilities. 

5.9 Limitations of the Photovac 2020 Photoionization Monitor I ‘ :.,.s_ _ .i “.” .)_ / 

l Since the 2020 is a nonspecific total gas/vapor detector, it cannot be used to identify unknown 
chemicals; it can only quantitate them in relationship to a calibration standard (relative response 
ratlo). 

l For appropriate application of the 2020. tonlzation potentials of suspected contaminants must be 
known. 

0 Because the types of compounds that the 2020 can potentially detect are only a fraction oi -l--e 
chemicals possibly present at a hazardous waste site or incident, a background or zero rea J 
on this instrument does not necessarily signify the absence of air contaminants. 
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0 The 2020 instrument can monitor only certain vapqrs and gases in air. Many nonvolatile liquids, 
toxic solids, particulates, and other toxic gases and vapors cannot be detected. 

0 PID’s are generally not specific. Their response to different compounds is relative to the 
calibration gas used. This is referred to as relative response ratio. Instrument readings may be 
higher or lower than the true concentration. This can be an especially serious problem when 
monitoring for total contaminant concentrations if several different compounds are being detected 
at once. 

0 The 2020 is a small, portable instrument which cannot be expected to yield results as accurately 
as laboratory instruments. 

5.9.1 Variables Affecting Monitoring Data 

Monitoring hazardous waste site environment can pose a significant challenge in assessing airborne 
concentrations and the potential threats to site personnel. Several variables may influence both 
disperston and the instrument’s ability to detect actual concentrations. Some of the variables which may 
impact these conditions are as follows: 

l Temperature - changes in temperature or pressure will influence volatization. and effect airborne 
concentrations. Additionally. an Increase or decrease in temperature ranges may have an adverse 
effect on the instrument’s ability to detect airborne concentrations. 

l Humidity - excessive levels of humldrty may interfere with the accuracy of monitoring results. 

l Rainfall - through increased barometnc pressure and water may influence dispersion pathways 
effecting airborne emlsstons 

l Electromagnetic interference - high voltage sources. generators, other electrical equipment may 
interfere with the operation and accuracy of direct-reading monitoring instruments. 

6.0 TROUBLESHOOTING 

6.1 Fauft Messaqes 

When the “Fault” status is displayed. 2020 s operation IS comprised. 

Fault 1: Signal from zero gas is too high. 

Cause. If another fault occurred while 2020 was setting its zero point, then this fault is displayed. 

Action: Ensure no faults are occurring and calibrate 2020 again. 

Cause: Contamination of sample line. sample line, sample probe or fittings before the detector. 

Action: Clean or replace the sample line, sample probe or the inlet filter. 

Cause: Span gas and zero air are mixed up. 

Action: Ensure clean air is used to zero 2020. If you are using gas bags, mark the 
calibration and zero gas bags clearly. 
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Cause: Ambient air is contaminated. 

Action: If you are unsure about the quality of ambient air, use a supply of commercial 
zero gra$e air to zero 2020. 

Fautt 2: Signal from span gas is too small. 

Cause: Operator may have confusecj the span gas and zero air. 

Action: Ensure clean air is used to zero 2020. If you are using gas bags, mark the 
calibration and zero gas bags clearly. 

Action: Ensure.the span gas is of a reliable concentration. 

Cause: UV lamp window is dirty. 

Note: Do not remove the detector lamp in a hazardous location. 

Action: Clean the UV lamp wlndow. 

Cause: UV lamp is failing. 

Note: Do not remove or replace fhe derecror lamp in a hazardous location. 
,.---/. 

Action: install a new UV lamp. 

Cause: tncompatible application 

Action : The concentration and sampie gas are incompatible for use with 2020. 

Fautt 3: UV lamp fault. UV lamp has not started. 

Cause UV lamp has not staned lmmedrately 

Action: This fault may be seen momentarily when 2020 is first turned on. Allow 30 to 
60 seconds tar the UV lamp to start and the fault to clear. 

Cause, UV lamp serial number label IS Mocking the photocell. 

Note: Do nor remove or replace Me derecror lamp in a hazardous location 

Action: if you have a UV lamp wnh a white serial number label. it is possible that the 
label is blocklng the photocell. Rotaje the lamp approximately 90 degree and 
.then try to start 2020 agatn. If the fault persists, replace the lamp. 

Cause: UV lamp not installed. 

Note: Do nor remove of replace rhe detector Iamp in a hazardous location. a----r 

Action: install a UV lamp. 
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Cause: UV lamp has failed. 

Note: Do not remove or replace the detector lamp in a hazardous location. 

Action: Install a new UV lamp. 

Cause: Electronic problem. 

Action: If a new UV lamp still generates this fault, then contact the Photovac Service 
Department. 

Fault 4: Pump current too low or too high. 

Cause: If the pump sounds labored. then the pump is operating beyond normal operating 
parameters. 

Action: Check for an obstruction in the sample line. Make sure sample line, sample 
probe or inlet filter are not plugged. 

Note: Do not replace the inlet filter in a hazardous location. 

Action: Replace the inlet filter. 

Action: Ensure the sampie.outlet. located on the underside of 2020. is not obstructed. 

Cause: UV lamp is too wide, causing flow to be restricted. 

Note: Do nor remove or replace the detecror lamp in a hazardous location. 

Action: if you have a UV lamp with a white serial number Label. it is possible that the 
lamp IS too wide for the lampholder. Contact the Equipment Manager. 

Cause. 2020 has been exposed to a solvent that can pass through the inlet filter and liquid has 
been aspirated. 

Actlon: Contact the Equipment Manager 

Cause: The pump has failed. 

Action: Contact the Equipment Manager. 

6.2 Specific Problems 

Problem: Very low or no instrument response detected, yet compounds are known to be present. 

Cause: 2020 has not been calibrated properly. 

Action: Ensure the calibration gas is of a reliable concentration and then calibrate the 
instrument as outlined in Section 3.2 or 3.3 of the User’s Manual. 
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Cause: 

Action: Ensure the o-rtng seal on the lamp cover is positioned correctly. 

UV lamp is too long, causing flow to be restncted. 

Note: Do not remove or replace me uerecfor lamp m a hazardous location. 

Action: If you have a UV lamp wnh a white serial nun-i@! j&$l, it is possible that the 
lamp is too long for the lampholder. Replace the lamp and contact the 
Equipment Manager 

Cause: UV lamp is too wide. causing flow lo be restricted. 

Note: Do nor remove or rep/ace me derecror /amp in a hazardous location. 

After the instrument has been calibrated, sample the bag of calibration gas. 
A reading equivalent to the calibration gas should be displayed. If not, contact 

the Equipment Manager. 

Note: Do not remove or recharge the bettery pack in a hazardous location. 

Action: Disconnect the battery charger before calibrating 2020. 

Cause: Calibration Memories have not been programmed correctly. 

Action: Program all the calibration memories you require for your application. You 
must use the correct calibration ias and‘concentration for each Cal Memory. 

Cause: Response factor has been set to zero. 

Action: Enter the correct response factor. Refer to Appendix 8.6 for a list of response 
factors. If the compound is not listed in Appendix 8.6 or you are measuring 
gas mixtures. then enter a value of 1.0. See User’s Manual. 

Cause: You are not using the correct Cal Memory. 

Action: Select the correct Cal Memory for your application. F.-b. 

Nore: lr does nor matIer which Cal Memory IS selected or which response fecror is enterecx 
2020’s response is nor speclhc fo any one compound. The reading displayed represents 
the total concenrrarlon of all rontzable compounds in tie sample. 

Cause: Detector is leaking. A decrease In sensnivity may be due to a leak in the detector. 

Nore: Do nor remove or rep/ace fhe uerecrron lamp rn a hazardous location 

Actron: Ensure the UV lamp has been installed correctly. 

Action: Ensure the lamp cover has been tightened down. Do not overtighten the 
cover 
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Action: If you have a UV lamp with a white serial number label. it is possible that the 
lamp is too wide for the lampholder. Contact the Equipment Manager. 

Cause: Sampling environment is extremely humid. 

Action: Water vapor is not ionized by the PID, but it does scatter and absorb the light 
and results in a lower reading. 

The 2020 detector has been designed to operate under high humidity 
conditions. Under extreme conditions you may notice decreased response 
due to humidity. 

Cause: UV lamp is failing. 

Note: Do not remove or replace rhe derecror lamp in a hazardous location. 

Cause: High concentration of non-ionrzable compounds. 

Action: Chemical compounds. such as methane, with IPs greater than the 10.6 eV 
scatter and absorb the UV light. Sensitivii may be decreased significantly. 

Application with hgh backgrounds of such materials. may be incompatible 
with 2020 Contact the Photovac Applications Group for more information. 

Problem: Erroneously high readings. 

Cause: Sampling environment IS extremely humfd. 

Action: Water vapor may contarn mtneral salts which carry a charge. The water vapor 
becomes an erectrolytrc solutcon which becomes ionized when it enters the 
detector 

Atmospheric water in areas around the sea or stagnant water may produce a 
response In the abSenCe ot contaminants. The same effect may be seen when 
conducting ground water investrgations in areas where the water is hard 
because R contarns a sqprftcant concentration of minerals. 

Cause: 2020 has not been calibrated properly 

Action: Ensure the callbratlon gas IS of a reliable concentration and then calibrate the 
instrument as outlIned in Section 5.6. 

After the instrument has been calibrated, sample the bag of calibration gas. 
A reading equrvalent to the calibration gas should be displayed. If not contact 
the Equrpmenr Manager 

Cause: Cal Memories have not been programmed correctly. 

Action: Program all the Cal Memories you require for your application. You must use 
the correct calibration gas and concentration for each Cal Memory. See 
-Section 3 4. of the User’s Manual. 
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Cause: You are not using the correct Cal Memory. 

Action: Select the correct Cal Memory for your application. See Section 3.2.2 or 
3.3.2, of the User’s Manual. 

Note: it does not matter which ~a/ Memory is selected or which response factor is entered. 
2020’s response is not specific to any one compound. The reading d&Wm’ represents 
the roral concenrrariqn of a// ionizable compounds in the sample. 

Cause: Detector has been short circuit+ by foreign matter in the detector Cell. 

Note: Do nor service 2020 in a hazardous locatiOn. 

Action: Do not touch the wire grid inside the detector cell. Use a gentle jet of 
compressed air to remove any dust in the detector cell. 

Warning: Do not insert any object, other than the UV iamp, into the lampholder. 

Cause: There is an undetermined problem. 

Action: Contact the Equipment Manager. 

Problem: Date and time settings are not retained. 

Cause: The battery pack has been removed before 2020 was turned off. 

Note: Do nof remove or recharge rhe banefy pack in a hazardous location. 

Action: Replace the battery pack and reset the time and date. Ensure 2020 has been 
turned off before removing the battery pack. 

Cause 2020 has not been used for 3 months or more and the internal battery (not the external 
battery pack) has discharged. 

Note: Do not remove or recharge tne banety pack /n a hazardous location. 

Actlon: Connect 2020 to the AC adapter and turn 2020 on. Turn the pump off. While 
2020 is runnlng the Internal banefy is charging. Leave the instrument running 
for approximately 24 hours 

Problem: Instrument status shows ‘Over.’ 

Cause: High concentrations of gases and vapors will cause a rapid change in signal level. The 
detector and associated electronics may become temporarily saturated. 

Cause: 

Action: Wait a few seconds for the status to return to normal. PlDs are designed to 
detect relatwely low concentrations of gases and vapors. Exposure to very 
high concentrations may result in a very high or maximum response. -. 

The detector has become saturated. 
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Action: Move 2020 to a location where it can sample Clean air. Sample clean air until 
the reading stabilizes around 0. 

Cause: Detector has been short circuited by foreign matter in the detector cell. 

Note: Do nor Service 2020 in a hazardous location. 

Action: Do not touch the wire grid inside the detector cell. Use a gentle jet of 
compressed air to remove any dust or dirt in the detector cell. 

Warning: Do not insert any object, other than the UV lamp, into the lampholder. 

Cause: There is an undetermined problem. 

Action: Contact the Equrpment Manager. 

Problem: Display is blank. 

Cause: Battery pack is critically low. 

Nore: Do nor remove or.recharge the batrery pack in a hazardous locarion. 

Action: Replace the battery pack or connect 2020 to the AC adapter. 

Cause: The battery pack is not connected to the Instrument correctly. 

Action: Ensure the battery pack connector is securely attached to the connector on 
2020. 

Cause. There IS an undetermwwd problem 

Action: Reset 2020 You must leave the instrument on while you disconnect the 
battery pack Thts WIII reset the Instrument. Reconnect the battery pack and 
close the b&tery hatch Turn on 2020. set the time and date and program all 
the calibratron memorces that you are using. 

Action: Contact the Equipment Manager. 

Problem: Sample flow rate is less than 300 ml,/mm. 

Cause- Inlet filter is plugged. 

Note: Do nor replace the inlet filter m a hazardous locarion. 

Action: Replace Inlet filter 

Cause: Inlet filter has not been Installed property. 

Action: Ensure that the Inlet filter has been installed correctly. 

Cause: UV lamp is too long, causing flow to be restricted. 
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Note: Do not remove or replace the detector tamp in a hazardous location. 

Action: If you have a UV lamp with a white serial number label, it is possible that the 
lamp is too long for the lampholder. Replace the lamp and contact the 
Equipment Manager. 

Cause: UV lamp is too wide.“causing flow to be restricted. 

Action: If you have a UV lamp with a white serial number label. it is possible that the 
lamp is too wide for the lampholder. Contact the Equipment Manager. 

Cause: 2020 has been exposed to a solvent that can pass through the inlet filter and liquid has 
been aspirated. 

Action: Contact the Equipment Manager. 

Cause: Sample outlet is obstructed. 

Action: Ensure the sample outlet is? not obstructed in any way. 

Cause: Pump has been damaged. 

Action: Contact the Equrpment Manager. 

Problem: Liquid has been aspirated. 

Cause: 2020 has been exposed to a solvent that can pass through the inlet filter. 

Action: Contact the Equtpment Manager 

Problem: Corrosive gases and vapors have been sampled. 

Cause: 2020 has been exposed to conosrve gases and vapors. 

Action Corrosrve gases and vapors can affect the electrodes within the detector as 
well as the lamrl WIndOW Prolonged exposure t0 .corroslve materiak may 
result tn permanent toggrng or etchrng of the window. If 2020 is exposed to 
corrosrve matenal. contact the Equipment Manager. 

7.0 SHIPPING 

The Photovac may be shipped as cargo or camed on as luggage providing there is no calibration gas 
cylinder accompanying the kit. When shrpplng or transponmg the calibration gas, a Hazardous Airbill 
including the information as strpulatec! In Frgure 7-l will be entered. 

8.0 REFERENCES 

Photovac 2020 Photoionization Monnor Users Manual, 1995. 
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PHOTOVAC MICROFID HANDHELD 
FLAME IONIZATION DETECTOR 

1.0 PURPOSE 

To establish procedures for the use, calibration, maintenance, troubleshooting. and shipment of the 
Photovac MicroFID handheld flame ionization detector. 

2.0 SCOPE 

Applies to all Bmwn & Root Environmental personnel who operate the MicroFlD instrument during the 
performance of their work. 

3.0 

None. 

GLOSSARY 

4.0 RESPONSIBILITIES 

Health and Safety Manaqer (HSMl - The HSM shall ensure that the user has been appropriately trained and 
certified in the usage of the Photov& 2020 instrument. 

Equipment Manaqer - The Equipment Manager shall ensure that all air monitoring instrumentation slated for 

field activities has been operationally checked out, fully charged, and calibrated prior to issuance for field 
service. Maintenance deficiencies identified by the Equipment Manager will require those instruments to b?+ - 
pulled from service until repairs can be facilitated: 

Field Operations Leader (FOL)/Field Team Leader (FTL) - The FOL/FTL shall ensure all field team members 
using monnoring instruments as part of their akgnedb%% are Bd&&t&tely trained in their proper operation 
and iimnations. The FOL/FTL shall ensure that the air monitoring instruments are employed as directed by 
site gutdance documents (i.e., Work Plan. Health and Safety Plan, etc.). Additionally, the FOL/FfL shall 
ensure that the appropriate documentanon and recordkeeping requirements are fulfilled induding 
Documentat!on of Calibration and Direr? Read!ng Instrument Response Data Sheets for air monitoring 
actlvitles. 

Health and Safety Officer (HSOI - The HSO IS responsible for determining air monitoring requirements for 
the sne actrvrttes. and provrding directron for atr monnorrng dunng specific site activities. This identification 
of types of air monitoring and directlon for use are Indicated within the Site-Specific Health and Safety Plan 
(HASP) 

Srte Safety Officer (SSO) - The SSO shall ensure the Instruments identified are empldyed in the manner 
dlrected by the HSO and action levels employed as contlngencles marks for the application of engineering 
controls. personal protective equipment (PPE) use. and adminlstratrve controls are employed as directed. 
Addftlonally. he/she shall ensure the instruments are properly maintained and calibrated prior to use in the 
field. The SSO during specific air monitonng appilcatrons including STEL and TWA mode measurements 
WIII be responsible for operation and application of this specialty air monitoring employment duty. 

5.0 PROCEDURES 

5.1 Principles of Operation 

The MkroFlD is a Rame ionization detector used for the measurement of combustible organic compounc,J 
In air at Pans Per miliion levels. Permanent air gases (argon, carbon dioxide, nitrogen, oxygen, water vapor, 
etc.) are not ionized by the flame. 
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When the MicroFiD is turned on, the display prompts you to turn on the hydrogen. The internal pump draws 

air in through MicroFID’s inlet. This sample air provides the oxygen necessary for combustion in the 
hydrogen-fueled flame. When the proper ratio of hydrogen to air is present in the combustion chamber, the 
flame is automatically starred with a glow plug. A thermocouple is used to monitor the status of the flame. 
When the sample passes through the flame the combustible organic compounds in the sample will be 
ionized. After the compounds have been ionized, they are subjected to a continuous electric field between 
the repeller electrode at the jet and the collector eiectrode. The ions in the electric field generate a current 
which is proportional to the concentration of the ionized moiecules in the ionization chamber. An 
electrometer circuit converts the current to a voltage that is then fed to the microprocessor which interprets 
the current in units of ppm. After the sample passes through the flame and has become ionized, it is vented 
from the detector through a frame arrestor. The flame arrestor prevents the flame from igniting any 
flammable gases present in the working atmosphere. 

MicroFlD is strictly an organic compound detector. It does not respond to inorganic compounds. 
MicroFID’s sensitiiity is highly dependent on chemical structure and bonding characteristics. The 
combustion efficiency of a compound determlnes its sensitivity. Simple saturated hydrocarbons (methane. 
ethane. etc.) posses high combustion efficiencies and are among the compounds that produce the highest 
MicroFiD response. Organic fuels (acetylene. refined petroleum products), bum easily and are also 
extremely well detected. 

The presence of substituted functional groups (amino, hydroxyl, halogens) on a simple hydrocarbon reduces 
its combustion efficiency and the MicroFID’s sensitivity to the compound. For example, methanol and 
chloromethane are detectable with MicroFID. but not at the same sensitivity as methane. The number of 
carbon atoms can also affect the instrument’s sensitivity due to substitution. For example, MicroFlD is more 
sensitive to n-butanol than it is to methanol. For additional information regarding response factors of the 
MicroFlD, consult Appendix 8.5 of the User’s Manual. 

Beginning Operation 

You can operate MicroFlD without the flame to prtnt or review logged data. In this way you can conserve 
the hydrogen fuel. 

If you choose to start the frame, MicroFlD will attempt to Ignite the flame once you have turned on the flow 
of hydrogen gas. If the MicroFlD has not been used for a while, it is possible that the gas supply lines are 
filled wrth arr. If the flame cannot be staned MrcroFlD will begin a 30 second purge cycle. During the purge 
cycle it will flush the gas supply lines wrth hydrogen. After the purge cycle, it will attempt to light the flame 
agaln. If it fails again, another purge cycie WIII be performed and MicroFlD will try a third time to ignite the 
flame. The following steps summarize proper start-up procedures. 

1. Turn the instrument on by pressrng the front of the On/Off switch. When the instrument is powered 
up, the version number and creatfon date of the instrument software are displayed. Press ENTER. 

> 2. You will be prompted to start the flame. If you do not want to start the flame, use the ARROW keys 
to select ‘No Flame Needed” and press ENTER. To stan the flame. use the ARROW keys to select 
Start Flame and press ENTER. 

3. If you selected “Start Flame,” MicroFlD will prompt you to turn on the hydrogen., Turn the shut-off 
valve counterclockwise to start the flow of hydrogen and press ENTER. 
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4. The pump will start and MicroFlP will then ignite the flame. You will hear a sr@l pop when the flame 
has been-ignited. Once the flame has be~~,,statted the message ‘Detector flame has been started . . .” 
OK’ will be displayed followed by the default d&$y~ .. 

The default display provides the following information: instrument s@tus, current detected concentration, 
event name (ii the datalogger is on), time, and date. If an event name is longer than three characters, the 
bottom line of the display will scroll through the information. 

The instrument status appears at the left of the upper line of the display and on the Print and Graph outputs. 
Each status has a priority assigned to it. If more ihan one. status &,, in effect, t&p the status with the highest 
priority is displayed until the condition is corrected or until the option is turned off. 

Calibration 

The calibration (CAL) key is used to calibrate MicroFlD. Before beginning calibration. ensure that you have 
a reliable source of both zero air; and @ibration gas. To dQCUtTWnt calibration efforts, field personnel will 
record information on Figure l-1. A briei ‘d&ription of the funi=tilons ‘unclei the CAL key are as follows: 

1. 

2. 

3. 

4 

5. 

6. 

7. 

When you press the CAL key you will first be prompted to select a Cal Memory. Each Cal Memory 
stores a unique zero point, sensitivity setting, response factor and alarm level. 

You will then be prompted to enter a response factor. Refer to Appendix 8.5 of the User’s Mat?!9 
for a list of response factors. If the compound is not in that reference, or if you are measuring 
mixtures, enter a value of 1.00. The concentration detected by MicroFlD will be multiplied by the 
response factor before it is displayed and logged. 

Next select Low Range or High Range operation. Use Low Range if you are sampling concentrations 
between 0.5 and 2000 ppm (methane equrvalents). Use High Range if you are sampling 
concentrations between 10 and 50.000 ppm (methane equrvaients). 

You will now be prompted to connect a supply of zero air. You can use ambient air or, for best 
results. use a clean sampling bag filled wRh zero grade air. In most cases. ambient air will be used 
provtded calibration IS performed In an area in which alrbome concentrations of contaminants are not 
present. If using ambient air. press c ENTER B to being zeroing. 

If you are using a charcoal filter to clean ambient air. connec! tee filfer,by loading the Teflon ferrules 
Into the nut (the ferrules and the nut are suppl~ed &Rh the filter). Connect the nut to MicroFID’s inlet. 
Do not tighten the nut. Remove the charcoal fitter from its plastic bag and insert it into the nut. 
Finger tighten the nut onto the Inlet If Jhe.!il!er 15 not secure, ensure you have inserted the tube far -/_ . . . . ..I. _.,., 
enough into the nut. Do not over-tlghten the fitfmg. Press CENTER:, and the MicroFlD will set its 
zero point. NOTE: The charcoal filte; does not filter m&iahe or ‘ethane. If these compounds are 
present, use a gas bag with a supply of commercial zero air. 

If you are using a gas bag with zero air. connect the gas bag to the inlet. 
<ENTER > MicroFlD will set its zero port% 

Open the bag and press 

After MicroFlD has set its zero port%, you can then enter the concentration of the calibration gas (span 
gas), and then connect the gas bag adapter to the inlet. Open the bag and press CENT-‘- I a. 
MicroFlD sets its sensitivity. Note: You must have a supply of calibr$ion gas ready bt,dre 
calibrating MicroFID. When calibrating MicroFID, ensure the instrument is level. If MicroFlD is tilted 
from side to side, gravity will affect the flame height and cause erroneous readings. 
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8. When MicroFlD’s display reverts to normal, it is calibrated and ready to use. Remove the span gas 

bag from the inlet. 

9. Press the ALARM key and enter the alarm level for the selected CAL memory. 

5.3 Routine Maintenance 

5.3.1 Battery Charging 

A fully charged battery will power the MicroFID for approximately 15 hour& If the instrument is to be used 
for more than 15 hours, cany a spare battery pack. Battery life is reduced if the instrument is turned off and 
then on again repeatedly. 

When the instrument status displays “LoBat.’ the battery pack requires changing. When the “LoBat” status 
is displayed, you have a few minutes of operation left. MicroFlD will turn itself off before the battery pack 
becomes critically low. 

To remove the battery pack: 

Stop the flow of hydrogen gas by turning the hydrogen shut-off valve fully clockwise. Turn the 
instrument off by pressing the On/Off switch twice. r--N 

Use the MicroFlD multi-tool* to loqsen the “0 captive screws in the bottom of the battery pack. 

A retainer at the rear of the instrument helps secure the battery pack to the instrument. Free the 
battery pack from the instrument 

4 Connect the charged battery pack to the retainer at the rear of the instrument. 

5. Retlghten the two captive screws and the bonom.pf the battery pack. 

To charge the battery pack: 

1. Ensure the correct plug IS installed on the lrne cord of the battery charger. 

2. 

3. 

Plug the charger into the jack located on tne tront of the battery pack. 

Plug the charger into an AC outlet The LED on the battery pack indicates the charge state. Red 
Indicates the battery is being charged Green rndkzatesthe battery is fully charged and ready for use. 
It is normal for a fully charged battery to indzate R is charging (red light) when first plugged’in. The 
LED will turn green as the battery charges 

4. When the battery pack is charged remove the charger, first from the wall outlet then from the battery 
pack. 

Chargmg a fully discharged battery pack will take approximately 8 hours. Leaving the charger connected 
to a charged battery pack will not harm the battery or the charger in any way. If a battery pack is to b+ 3 
indefinitely, leave it connected to the charger so that it will be fully charged and ready for operation. 
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5.3.2 Emptying the Hydrogen Cylinder 

When you transport the MicroFlD. you should empty the internal hydrogen cylinder and then refill it when 
you arrive at your destination. w 

To empty the cylinder: 

1. Turn the MicroFlD off and open the hydrogen shut-off valve. 

2. Remove the battery pack as described above. 

3. Locate the’purge outlet. It is located on the underside of the instrument. 

4. Use the MicroFlD multi-tool to turn the screws counterclockwise. Loosen the screw but do not 
remove it. 

5. Leave the instrument so that the purge outlet is facing up. If the purge outlet is facing down, 
hydrogen will vent into MicroFID’s case. 

6. If the cylinder is full. it will take approximately 15 minutes to empty. 

7. Watch the Contents gauge. When the cyilnder is empty, close the purge outlet. Use the MicroFlD 
multi-tool to turn the screw clockwlse - 

8. Replace the battery pack as dlscussed above 

5.3.3 Replacing the Sample Inlet Filter 

MicroFlD is equipped with a combined dust and water filter to reduce detector contamination. As the filter 
collects dust. MicroFlD’s inlet flow rate and sensnrvny decrease. The filter will not allow water to pass 
through, buI the filter will not stop all solvents 

Replace the filter on a weekly basis. or more treauently il MlcroFlD is used in a dusty or wet environment. 
You must replace the filter if MicroFlD has been exposed 10 liquid water. The pump will sound labored when 
the filter requires replacement. 

1 Turn off the Instrument and unscrew Ihe tiller hOuSing from the detector housing. Be careful not to 
lose the o-nng seal. 

2. Remove the Teflon/Polypropylene filter and Install the new filter. Place the filter in the filter housing 
with the Teflon side facing down Into the titter housing and the mesh side facing the MicroFID. 
Handle the filter disk only by the edges The mesh may be damaged or contaminated by excessive 
handling. Use forceps if possible 

3. Replace the filter housing. 

4. Calibrate the CAL Memories that you are usmg before continui!g operation. 
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5.4 Troubleshooting 

This section provides guidance for troubleshooting .the MicroFID. If problems are not corrected through 
these troubleshooting methods, contact the Photovac Se&e Depanment. 

5.4.1 Microf ID Fauff Messages 

When the “Check” status is displayed. MicroFlD’s operation is compromised. Press the <TUTOR> key for 
a two-line description of the fault. One exception is the flame out fault. When a flame Out fault OCCUfS. the 
instrument status changes to ‘Noflm.” 

Fault: Detector flame has gone out. 

Cause: The hydrogen gas has run out. 

Action: Ensure the shut-off valve is open. Check the hydrogen contents gauge on the side of 
the instrument and refill the hydrogen cyiinder if necessary. Ensure the cylinder purge outlet has 
been closed. 

Cause: Oxygen supply is deficient. 

Action: Ensure there is an adequate supply of oxygen. If you are sampling very high 
concentrations it is possible you are sampling above the Rame out concentration. The flame c 
concentration for methane is approximately 52.000 ppm (5.2 percent methane in air). 

A minimum of 17 percent oxygen IS required to start the hydrogen flame. The oxygen is supplied 
from the sample as it is drawn In by the pump. A minimum of 10 percent oxygen is required to 
maintain the hydrogen flame 

Flame out also may.occur when sampling enclosed or confined spaces where vapors and gases 
cannot escape. Watch for lndlcatlons of increased flame height such as erratic readings or 
sudden high concentrations followed by a flame out fault. 

If you will be using the MicroFlD In a highly contaminated area where it is possible that the oxygen 
content is below 10 percent watch for lndtcatlon of reduced flame height such as lowered 
detection limits or a flame out !ault 

Cause: High concentrations of flammable gases (gases within their flammable range) are present. High 
COnCentratiOnS of flammable gases can act as an additional fuel source. When this happens, the 
flame height may increase beyond the confines of the combustion cQ.amber. The hydrogen supply 
will then be cut-off and the flame will go out 

Action: Move to a location where there IS an adequate supply of air and restart the flame. See 
the information above. Watch for rndrcatrons of increased,flame height such as erratic readings 
or sudden height concentrations followed by a flame out fault. 

- Brown & Root Envrror 
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Cause: 

Cause: 

Cause: 

Fault: Signal form zero gas is too high. 

Cause: Contamination of sample line or fittings before the detector. 

Cause: 

Cause: 

Cause: 

Fauk: 

Cause: 

Exhaust port is blocked. 

Action: At low temperatures, water vapor, a by-product of the hydrogen flame, may condense 
at the exhaust port. At sub-zero temperatures the water will freeze and obstruct the exhaust port. 
If the exhaust port becomes obstructed, pump operation will be inhibited. Flame out may also 
result. Operate the MicroFlD within the operating temperature range 41 to 105 degrees 
Fahrenheit. In the event that the flame arrestor becomes clogged, contact the Photovac Service 
Department. 

Sample line is blocked. 

Action: Ensure the sample line is not obstructed in any way. If you are using the long sample 
probe, ensure flow is maintained through the entire length of tubing. 

Inlet filter is plugged. 

Action: Replace the inlet filter. 

Action: Clean or replace the sample line of the inlet filter. 

Span gas is used instead of zero gas 

Action: Ensure clean gas IS used to zero the MicroFlD. Mark the calibration and zero gas bags 
clearly. 

Ambient air is contaminated 

Action: If you are unsure about the quality of the amblent air, use a charcoal filter or a supply of 
commercial zero grade air. 

Hydrogen supply is contaminated. 

Action: Hydrogen may react wfth the carbon element of the steel tank to produce methane. This 
will only occur if the cyiinder IS in poor condnion and if the hydrogen has a high moisture content. 
Replace the hydrogen tank. Empty and refill the MicroFlD internal cylinder with fresh hydrogen. 

Signal form the span gas is too small 

Span gas and zero air are SwItched 

Action: Ensure calibration is used to calibrate MicroFID. Mark the calibration and zero gas bags 
clearly. Ensure the span gas IS of a reliable concentration. 

Cl9611 .‘P Brown & Root Envt 
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Fault: Detector field voltage is low. 

Cause: lnternaf fault in electronics. 

Action: Contact the Photovac Service Department. 

problem: No instrument response detected, yet compounds are known to be Present. 

Cause: MicroFlD has not been caiibrated properly. 

Action: Ensure calibration gas is of a reliable concentration and then calibrate the instrument. 
After the instrument has been calibrated, sample the bag of calibration gas. A reading eqUivalent 
to the calibration gas should be displayed. lf not, contact the Photovac Service Department. 

Action: When calibrating the MicroFlD. ensure the instrument is level. If the MicroFlD is tilted side 
to side, gravity will affect the ftame height and cause erroneous readings. If the sampiing location 
is difficult to reach without tilting the instrument, use the long sample probe. 

Cause: Background contamination from the hydrogen. 

Action: It is possible that the hydrogen has become contaminated and is contributing a high 
background signal. If the hydrogen supply tank is more than 6 months old it should be replaced- 
with a new cylinder. When ordenng hydrogen. specify ultra-high purity (99.999 percent pun 
Empty the MicroFlD hydrogen cylrnder and then refill with hydrogen from the new cylinder. 

Problem: Date and time settings are not retained. 

Cause: MicroFlD has not been used for 3 months or more and the internal battery (not the external battery 
pack) has been discharged. 

Action: Turn MicroFlD on and allow II to run until a “LoBat” status appears. This will take 
approximately 15 hours. Remove the battery pack and recharge it overnight. Repeat this 
procedure for 3 or 4 days Whtle MtcroFlD IS runnrng the internal battery is charging. 

Problem: Cannot bill the internal hydrogen cylinder to 1800 psig. 

Cause: Suoply tank has less than 1800 osrg of pressure You can only fill the internal cylinder to a 
pressure of less than or equal to the tank pressure. 

Action: Fill the internal cylinder to the pressure of the tank or replace the tank with a full one. 

Cause: The hydrogen purge outlet is open 

Action: Close the outlet and fill the cylinder 

Cause: There IS a problem with the refill adapter 

Action: Contact the, Photovac Service Department 
A---‘.. 
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I Problem: instrument status shows “Over.” 

Cause: Rapid change in signal level. The detector electronics have been momentarily saturated. 

Action: Wait a few seconds for the status to return to “Ready.’ 

I Cause: The detector has become saturated. 

Action: Move the MicrokID to a location where it can sample clean air. Sample zero air until the 
reading stabilizes around “0.” If you were using Low Range, switch to High Range. Calibrate the 
CAL Memory you were using when the “Over’ status appeared. 

Problem: Display contrast barn are on or display is blank. 

Cause: Battery pack is critically low. 

Action: Recharge the battery pack or connect the MicroFlD to the battery charger. 

Cause: The battery pack is not connected to the instrument properiy. 

Action: Ensure the battery pack has been aligned correctly. Ensure the bakery pack is secured 
by the retainer at the rear of the Instrument. 

Problem: Sample flow rate varies from 600 ml/min. +/-lo percent. 

Cause: Inlet filter has not been installed 

Action: Install an inlet filter 

Cause: Inlet filter has not been tightened onto the detector cap. 

I Action: Finger-tighten the filter cab 

Cause: Inlet filter is plugged. 

Action: Replace the inlet filter 

Cause Pump has been damaged 

Action: Contact the Photovac SewIce Department 

I Cause: Exhaust port is blocked. 

Action: At low temperatures, water vapor (a by-product of the hydrogen flame) may condense 
at the exhaust port. At sub.zero temperatures the water will freeze and obstruct the exhaust port. 
If the exhaust port becomes obstructed. pump operation will be inhibited. Flame out may also 
result. Operate the MicroFlD within the operating temperature range 41 to 105 degrees 
Fahrenheit. In the event that the flame arrestor becomes clogged, contact the Photovac Service 
Department. 

Brown & Root Envirl 
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Problem: Flame will not ignite. 

Cause: The hydrogen gas has run out. 

Action: Ensure the shut-off Galve is open. Check the hydrogen contents gauge on the side of 
the instrument and refill the hydrogen cylinder if necessary. Ensure the hydrogen purge outlet is 
closed. 

Cause: Oxygen supply is deficient. 

Action: Ensure there is an adequate supply of oxygen. Do not attempt to ignite the flame in a 
location where there is greater than 10,000 ppm methane or the equivalent concentration of a 
fiammable gas. Move to a location where there are lower concentrations, start the flame and then 
begin sampling higher concentrations. If the flame goes out while you are sampling very high 
concentrations, it is possible you are sampling above the flame out concentration. The flame out 
concentration of methane is ‘approxlmately 52.000 ppm (5.2 percent methane in air). A minimum 
of 17 percent oxygen is required to start the hydrogen flame. Oxygen is supplied from the sample 
as it is drawn in by the pump. A minimum or 10 percent oxygen is required to maintain the 
hydrogen flame. 

Cause: Exhaust port is blocked. 
_/-h 

Action: At low temperatures, water vapor (a by-product of the hydrogen flame) may conden: 
at the exhaust port. At sub-zero temperatures the water will freeze and obstruct the exhaust port. 
If the exhaust port becomes obstructed. pump operation will be inhibited. Flame out may also 
result. Operate the MicroFlD wnhin the operating temperature ratige 41 to 105 degrees 
Fahrenheit. In the event that the flame arrestor becomes clogged,. contact the Photovac Service 
Department. 

Cause: Hydrogen supply lines are full of a!r 

Action: If MicroFlD has not been operated for some time, it is possible that the hydrogen supply 
lines contain air. Fill the hyarogen cyltnder and then open the hydrogen shut-off valve. Allow the 
hydrogen to purge the system for about 5 minutes and then turn MicroFlD on and start the flame. 

Cause: Hydrogen lines are blocked. 

Action: Contact the Photavac Servtce Depanment.. 

Problem: Liquid has been aspirated. 

Cause: MicroFlD has been exposed to a solvent rhat can pass through the Teflon/Polypropylene filter. 

Action: Contact the Photovac Service Department. 

5.5 Trsnsportinq MicroFlD 

When you transport MicroFID. you should empty the internal hydrogen cylinder and then refill it when ‘-~% 
arrive at your destination. If you are travelrng by passenger aircraft, you must empty the hydrogen cylinae:. 
You cannor transpon MicroFlD by passenger aircraft with hydrogen in the cylinder. 

019511'P Brown & Root Envirom 
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The MicroFlD can be shipped to sites. However, if shipment is to be performed while the cylinder still 
contains hydrogen, a hazardous materials airbill must be filled out. Examples of various completed forms 
are provided as Figures 6-1 and 6-2. 

6.0 SHIPPING 

The Photovac may be shipped as cargo or carried on as luggage providing there is no hydrogen fuel source 
or calibration gas cylinder accompanying the kit. If shipping or transporting the hydrogen fuel source, a 
Hazardous Airbill (such as the example in Figure 6-l) must be completed. When shipping or transporting 
the calibration gas, a separate Hazardous Airbill such as the one illustrated in Figure 6-2 must be prepared. 

7.0 REFERENCES 

MicroFfD Handheld Flame Ionization Detector User’s Manual, 1995. 
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The analytical data shall be delivered electronically in a Dbase III file format (filename.dbf). The exact 
structure of the database is described in the table below. It shall be the responsibility of the laboratory to ’ 
ensure that all electronic entries are in strict accordance with the information provided on the Form I. 

An example database shall be sent for review prior to the first electronic deliverable in Dbase III format. The 
example file will be examined for completeness and comments will be sent to the laboratory. Any questions 
regarding the electronic deliverable shall be directed to Patrick Hooper at Tetra Tech NUS (412)921-8250. 

DATA FIELD j DATA 

TRUNCATE C 

LAB-ID C 

LABORATORY C 

BATCH-NO C 

ASSOC-BLNK C 

QC-TYPE C 

/ 
SAMP-DATE D 

REC_DAlt 
EXTR-DATE D 

ANAL-DATE D 

RUN-NUMBER N 

SDG C 

- 
FIELD 
WIDTH 

25 

15 

15 

25 

10 

15 

15 

a 

8 

8 

8 

2 (0) 

15 

DATA FIELD DESCRIPTION 

Field sample ID as listed on the chain-of-custody. The sample 
number’indicated in this field should never be truncated. The only 
exception for this field not matching the chain-of-custody is for reanalyses 
and matrix spike results in which a RE or MS suffix will be added to the 
sample number respectively. 
If the field sample ID listed on the Chain of Custody is truncated 
by the laboratory for use with the laboratory software. the 
truncated sample ID should appear in this field. 
Laboratory number for the given sample. 

Laboratory name. 

Laboratory code for batch of samples included in a given run. 

Laboratory name of the method blank associated with that particular 
batch of samples. 
Normal Environmental Sample = “NORMAL”, Laboratory Duplicate = 
“DUPLICATE”, Matrix Spike = “MS”. Matrix Spike Duplidate = “MSD”. 
Laboratory Control Sample = “LCS”. Laboratory Control Sample Duplicate 
= “LCSD”. Method Blank = “M-BLANK”. Preparation Blank = “P-BLANK”. 
Date of sample collection as indicated on the Chain of Custody. 
Example: 11/07/93. 
Date sample was received by the laboratory. 

Date sample was extracted or prepared by the laboratory. 

Date sample was analyzed by the laboratory. 

The number of the analytical run for a given sample in sequence. For 
example, if a sample is diluted and reanalyzed. the original run number 
would be 1 and the reanalysis would be 2. 
Sample delivery group Identifier asstgned by the laboratory. This number 
should exactly match the SDd designated on the hardcopy data package. 



DATA FIELD 

PROJECT-NO 

PROJ-MNGR 

PARAMETER 

ZAS-NO 

FRACTION 

METHOD 

LAB-RESULT 

UNITS 

LAB-QUAL 

IDL 

MDL 

CRDL-CRQL 

DIL-FACTOR 

PCT-MOIST 

COMMENTS 

I 

C I 25 

-T-j--r 
C 10 

7 C 5 

C 20 

=I= N 20 (6) 

N 15 (6) 

N 15 (6) 

N 15 (6) 

N 6 (1) 

N 5 (1) 

C 20 

,“, _“_” i..,_ ..,l.- :->. j_ I *., r.,;:,*.:: ,-_ X‘ <i . 

DATA FIELD- DESCRIPTION 
I 

Identification of Project Number or CLEAN Task Order (CTO) number 

_.. .,l-I.L_ i ,_ ,/, “. a,,-( 3:. i.~~‘~;x.~:“* .i..’  ̂
j,. ,,_ ,,. ‘.-.~‘-. .11--1 

The Brown & Root Project Managers last name. followed by a comma, 
followed by the first initial of the Project Manager (e.g. Hutson. D) 
Chemical or analyte name exactly as reported on Form I. 

,,,..< “T, 
._I”_, ,;,-- 

Chemical Abstract Service number for the parameter listed. The CAS 
number should be reported exactly as it is listed in publications such as 
the Merck Index. This field should be left blank for those oarameters not - 
having CAS numbers (e.g. Total Organic Carbon). 
Metals = ‘M’, Volatiles = ‘OV’. Semivolatiles/BNAs = ‘OS’. Pestrcides = 
‘PEST’, Herbicides = ‘HERB’, Polychlorinated Biohenvls = ‘PCB’. 
Explosives = ‘EXP’, Any petroleum hvdrocarbon or fuel = ‘TPH’: Wet 
Chemistry = ‘WET’, Rabionuclide 7 ‘RAD’, Miscellaneous = ‘MISC’ 
Analytical method used to quantitate parameter concentrations as listed in 
the laboratory technical specification (e.g. ‘8270A’ for SW-845 Method - 
8270A. s^,_c”, ,.dl 
Reported value in units specified in the UNITS field containing the proper- 
number of significant digits. The % Recovery shall be placed in this fiel 

.I 

for matrix spike and laboratory control sample results. 
The units of measure as reported on the Form I. 

The laboratory qualifier as reported on the Form I. For example, a ‘U’ 
qualifier should be used for a!? nondetected results. ” ,, v&*~” ,“.) ̂ _E ,. s*n j 
Instrument detection limit in units specified in the UNITS field. 

Method detection iimit ;n units suecified in the UNITS field and 
method specified in the METHQD field. 
( >ontract Required Detection/Quant$ation Gmit in the un 
UNITS fielc I. RDL for,npn-CLP parameters. ‘l_,j. 
Dilution factor. 

- 

Percent moisture for-soil samples; blank for water samples. 

ii. “., .” l/_ ; -* I. w 
_.,*,* : I_ L;_.“. :,e I I 1 

,. I.. /,_ ” 1. 

Analytical result qualifier or comment other than that listed In the 

-L LAB-QUAL field., Example: ‘Reanalysis’. 

C = Character string (everything shall be reported in capital letters) 
N = Numeric string (decimal places are in parentheses in field width column) 
D = Date (Ex: 05/25/97) 
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1 .O PROJECT DESCRIPTION 

1.1 INTRODUCTION 

This Quality Assurance Project Plan (QAPP) has been prepared by Tetra Tech NUS (TtNUS) on behalf of 

the United States Navy Northern Division Naval Facilities Engineering Command and the Naval 

Submarine Base New London (NSB-NLON), Groton, Connecticut, under the Comprehensive Long-Term 

Environmental Action Navy (CLEAN) Contract Number N62472-90-D-1298, Contract Task Order (CTO) 

312. The QAPP and other associated documents, including the Work Plan and Sampling and Analysis 

Plan (WP/SAP) and the Health and Safety Plan (HASP), constitute the project planning documents for the 

Basewide Groundwater Operable Unit (OU) Remedial Investigation (RI) to be performed at NSB-NLON. 

This QAPP presents the organization, objectives, planned activities, and specific Quality 

Assurance/Quality Control (QA/QC) procedures associated with the WP/SAP for-the site investigation. 

Specific protocols for sampling, sample handling and storage, chain-of-custody, and taboratory and field 

analyses are described within this document. All QA/QC procedures are structured in accordance with 

applicable technical standards, the Naval Facilities Engineering Service Center (NFESC) guidance 

document “Navy Installation Restoration Laboratory Quality Assurance Guide (February 1996), and 

United States Environmental Protection Agency (USEPA) Region I and Cohnecticut Department of 

Environmental Protection (CTDEP) requirements, regulations, guidance, and technical standards. 

1.2 FACILITY DESCRIPTION 

A description of NSB-NLON, including its location, size and borders, site conditions, natural and 

manmade features, and zones of investigation, is provided in Sections 1.2 and 1.3 of the WP/SAP. 

1.3 PROJECT OBJECTIVES 

This section discusses the overall project objectives, the anticipated target parameters and intended data 

uses for both field and laboratory analyticaj data. 

1.3.1 Overall Proiect Obiectives 

The overall objectives of the work will be to perform further investigation and characterization of the soil and 

groundwater at NSB-NLON. Project objectives are discussed in more detail in Section 1 .l of the WP/SAP. 

059904/P (QAPP) l-l CT0 0312 
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1.3.2 Proiect Tarqet Parameters and intended Data Uses ^ 

This section discusses the field and laboratory analytical information to be generated during the course of 

the investigation. Field parameters and intended data uses are discussed in Section 1.3.2.1. Laboratory 

parameters and intended data uses are discussed in Section 1.3.2.2. 

1.3.2.1 Field Parameters 

Field parameters will include those parameters associated with the completion of soil borings, installation 

and development of monitoring wells, and sampling and analysis of soil and groundwater. All field 

measurements will be completed using simple field instrumentation or field test kits. 

Field measurements of total volatile organic compounds will be completed using a Photoionization 

Detector (PID) or Flame Ionization Detector (FID). These measurements will be used to determine ’ 

appropriate subsurface sample horizons to be submitted for laboratory analysis and for safety monitoring 

to determine breathing zone conditions for site workers. 

Field measurements of dissolved oxygen, oxidation-reduction potential (REDOX), temperature, salinity, 

specific conductance, and turbidity will be completed for all groundwater samples. These measurements 

will be used to support monitoring well development and purging of stagnant water from well casings. 

Specific conductance and pH will also be measured and used as general indicators of water quality. 

Turbidity will be measured using a LaMonte Turbidity meter. The other parameters will be measured 

using a meter with a flow-through cell. 

In addition, as part of a ‘natural attenuation investigation, groundwater samples from Area A Downstream, 

Torpedo Shops, and the Tank Farm, will be analyzed for divalent iron. Divalent iron will be measured 

using a field test kit. Divalent iron, along with dissolved oxygen, REDOX, temperature, salinity, pH, 

specific conductance, and several laboratory parameters, will be used to assess the potential for natural 

attenuation of chlorinated and petroleum hydrocarbons in the groundwater system at NSB-NLON. 

Further details regarding field sampling and analysis methods are provided in Sections 2.4, 2.5, and 2.7 

of the W P/SAP. 

1.3.2.2 Laboratory Parameters 

The analytical methods to be used for analysis of the NSB-NLON samples have been selected based on 

existing analytical data from previous investigations. The suite of analyses for NSB-NLON Basewide 

Groundwater OU RI includes Target Compound List (TCL) volatiles, TCL semivolatiles (minus PAHs), 

059904/P (QAPP) l-2 CT0 0312 
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TCL pesticides, TCL polychlorinated biphenyls (PC&); polycyclic aromatic hydrocarbons (PAHs); Target 

Analyte List (TAL) metals; dioxins/furans; perchlorate; and total organic carbon (TOC). The Contract 

Laboratory Program (CLP) Low-Concentration Statement of Work (SOW) OLC02.1 will be utilized, for 

analysis of TCL volatiles, TCL semivolatiles, and TCL pesticide/PCBs in groundwater samples, whereas 

SW-846 methodology will be used for these same parameters for the analysis of soil samples. 
. 

The aforementioned parameters will be used to evaluate the nature and extent of contamination, to 

evaluate contaminant migration pathways and link source areas to potential receptors, and to support 

decision making via human health risk assessment. The Synthetic Precipitation Leaching Procedure 

(SPLP) followed by ,analysis for TCL PCBs or TAL metals will be performed for’soil samples to determine 

the potential mobility of these constituents in soil at the site. Analyses of groundwater samples for total 

dissolved solids (TDS) and total suspended solids (TSS) will also be performed to verify the effectiveness 

of the low-flow sampling methodology. At the request of USEPA Region I, analysis for chemical oxygen 

demand (COD) will also be performed for groundwater samples collected from the Area A Landfill. 

Additional laboratory parameters, which will be used in conjunction with the field parameters previously 

discussed to evaluate natural attenuation of chlorinated and petroleum hydrocarbons in the groundwater 

system, include alkalinity, hardness, chloride, nitrate, sulfate, sulfide, ammonia, and methane. Finally, 

saturated soils from Sites 3, 7, and 23 will be analyzed for pH, bulk density, TOC, and porosity. The 

resulting data will be used for groundwater modeling for these three sites. Tables l-l through 1-7 provide 

a summary of all target anal,ytes and associated Contract Required Detection Limits (CRDLs)/Contract 

Required Quantitation Limits (CRQLs)/Practical Quantitation Limits (PQLs). Analytical methods are 

further discussed in Section 7.0 of this QAPP. 

. 

1.4 SAMPLE NETWORK DESIGN AND RATIONALE 

The sample network design and rationale is discussed in detail in Section 1.4 of the WP/SAP. Figures 

displaying all proposed sampling locations are provided in Section 2.0 of the WP/SAP. 

1.5 PROJECT SCHEDULE 

The project schedule is discussed in Section 1.9 of the project WP/SAP. 

059904/P (QAPP) l-3 CT0 0312 



Rev. 2 
May 2000 

TABLE l-l 

ANALYTICAL DETECTION LIMITS - TCL LOW-CONCENTRATION ORGANICS 
NSB-NLON, GROTON, CONNECTICUT 

PAGE 1 OF 4 
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Parameter 

Volatile Organic Compounds 

Acetone 
.I/ ” ~,,q C.~~r-..rr*.,s~,.ll” 

CRQL (” 
Groundwater Samples 

@s/L) 
5 

Benzene 1 
Bromochloromethane 1 

Bromodichloromethane ” 
/ <_.“. 

1 
. ,,_ ‘. 1..- ,*a *_* Bromoform 1 

Bromomethane 1 
2.Butanone 5 

_,b,, , _ Carbon disulfide 1 * 
\ * ,, . . Carbon tetrachloride 1 

Chlorobenzene 1 
Chloroethane 1 

- .I _,,, Chloroform 1 
, 

Chloromethane 1 
Dibromochlorom,ethane 1 . 
1,2-Dibromo-3-chloropropane 1 
1,2-Dibromoethane 1 
1,2-Dichlorobenzene 1 
1,3-Dichlorobenzene 1 

1 ,CDichlorobenzene ’ ‘. ” 1 
I,1 -Dichloroethane 1 
1,2-Dichloroethane 1 
1 ,l -Dichloroethene 1 

cis-I ,2-Dichloroethene 1 
trans-I ,2-Dichloroethene 1 
1,2-Dichloropropane 1 
cis-1,3-Dichloropropene 1 
trans-1,3-Dichloropropene 1 

.j ..‘. 
Ethane IO 

Ethene IO 
Ethylbenzene 1 
2-Hexanone 5 
4-Methyl-2-pentanone 5 
Methylene chloride 2 

1 
1 ,I ,2,2-Tetrachloroethane 1 
1 ,l ,l -Trichloroethane 1 
1 ,1,2-Trichloroethane 1 
Trichloroethene 1 
Tetrachloroethene 1 
Toluene 1 
Vinyl chloride 1 

_- 
Xylenes (total) 1 

--“; 
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TABLE l-1 

ANALbTlCAL DETECTION LIMITS - TCL LOW-CONCEhJTRATiON ORGAbkS 
NSB-NLON, GROTON, CONNECTlCUi 

PAGE 2 6F 4 

Parameter CR&” 

Groundwater Samples 
Semivolatile Organic Compounds bw) 

Acenaphthene (2) 

Acenaphthylene (2) 

Anthracene (2) 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Bis(2-chloroethoxy)methane 
Bis(2-chloroethyl)ether 
Bis(2-ethylhexyl)phthalate 
4-Bromophenyl-phenylether 
Butylbenzylphthalate 
Carbazole 
4-Chloro-3-methylphenol 
4-Chloroaniline 
2-Chloronaphthalene 
2-Chlorobhenol 

4-Chlorophenyl-phenylether 
Chrysene 
Dibenz(a,h)anthracene 
Dibenzofuran 
3,3’-Dichlorobenzidine 
Diethylphthalate 
Di-n-butylphthalate 
Di-n-octylphthalate 
4,6-Dinitro-2-methylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,4-Dichlorophenol 

(2) 

(2) 

(2) \ 
(2) 

(2) 

5 
5 
5 
5 
5 
(2) 

5 
5 
5 
5 

5 J 
(2) 

(2) 

(2) 

5 
5 
5 
5 

20 
20 
5 
5 
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2,6-Dinitrotoluene 5 1 

Fluoranthene (2) 

Fluorene (2) 

Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocvclooentadiene 

5 
5 
5 

1 Hexachloroethane I 5 I 
Indeno( 1,2,3-cd)pyrene (2) 

lsophorone 5 
2-Methvlnaphthalene (2) 

2-Methylphenol 5 
4-Methylphenol 5 
Naphthalene 63 

2-Nitroaniline 20 
I3-Nitroaniline I 20 I 
4-Nitroaniline 20 
Nitrobenzene 5 ,. 

I2-Nitroohenol I 5 I 
4-Nitrophenol 20 
N-nitroso-di-n-propylamine 5 
N-nitrosodiphenvlamine 5 

I2.2’-Oxvbis(1 -chloropropanel I 5 I 
Pentachlorophenol 20 
Phenanthrene (2) 

I Phenol 5 
Pyrene 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 

(2) 

5 
20 

., 



Rev. 2 
May 2000 

ANALYTICAL DETECTION LIMITS - TCL LOW-CONCENTRATION ORGANICS 
NSB-NLON, GROTON, CONNECTICUT 

PAGE4OF4 

059904/P (QAPP) 

Parameter CRQLf’) 

Groundwater Samples 

PesticideslPCBs km . 
Aldrin 0.01 
alpha-BHC 
alpha-Chlordane 
beta-BHC 

0.01 
0.01 
0.01 

4,4’-DDE 0.02 
4,4’-DDD 0.02 
4,4’-DDT 0.02 
delta-BHC 
Dieldrin 0.02 
Endosulfan I 0.01 
Endosulfan II 0.02 
Endosulfan sulfate I 0.02 I 
Endrin I 0.02 I 
Endrin aldehyde 0.02 
Endrin ketone 0.02 
gamma-BHC (Lindane) 0.01 
gamma-Chlordane 0.01 
Heptachlor 0.01 
Heptachlor epoxide 0.01 
Methoxvchlor I 0.1 I 
Toxaphene 1.0 
Aroclor-1016 0.2 
Aroclor-1221 I 0.4 I 
Aroclor-1232 I 0.2 I 3 
Aroclor-1242 0.2 
Aroclor-1248 0.2 
Aroclor-1254 I 0.2 I 
Aroclor-1260 0.2 

1 CRQL Contract Required Quantitation Limit; as specified in the CLP 
sow OLCO2.1. 

2 Due to low detection limit requirements, these PAH compounds will 
be analyzed using SW-846 8310. See Table l-5. 
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TABLE l-2 

ANALYTICAL DETECTION LIMITS - TCL ORGANICS 
NSB-NLON, GROTON, CONNECTICUT 

PAGE 1 OF 4 

Parameter 

Volatile Organic Compounds 

PQ L(‘) 
Soil Samples 

bs/ks) 
Acetone 5 

Benzene 5 

Bromodichloromethane ‘5 

Bromoform 5 

Bromomethane 5 

2-Butanone 5 

Carbon disulfide 5 

Carbon tetrachloride 5 

Chlorobenzene 5 

Chloroethane 5 
Chloroform 5 

Chloromethane 5 
Dibromochloromethane 5 

1 ,l -Dichloroethane 5 
1,2-Dichloroethane 5 
1 ,l -Dichloroethene 5 
1,2-Dichloroethene (total) 5 
1,2-Dichloropropane 5 
cis-1,3-Dichloropropene 5 

trans-1,3-Dichloropropene 5 

Ethylbenzene 5 
2-Hexanone 5 . 
4-Methyl-2-pentanone 5 
Methylene chloride 5 

Styrene 5 
1,1,2,2-Tetrachloroethane 5 
1 ,l ,I -Trichloroethane 5 

1 ,1,2-Trichloroethane 5 
Trichloroethene 5 
Tetrachloroethene 

.( _a L_ 
5 

Toluene 5 
Vinyl chloride 

Xylenes (total) 
5 
5 
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TABLE l-2 

ANALYTICAL DiTECTlOk LIMITS - ?CL ORGANIC% 
NSB-NLON, GROTON, CONNECTICUT 

PAGE 2 OF 4 

Parameter . PQL”’ 
Soil Samples 

Semivolatile Organic Compounds (w/kg) 
Acenaphthene (2) 
Acenaohthvlene (21 . 

. e ~ 

Anthracene (2) 

Benzo(a)anthracene G-3 

Benzo(a)pyrene (2) 

Benzo(b)fluoranthene (2) 

Benzo(g,h,i)perylene (2) 

’ Benzo(k)fluoranthene (2) , 

~ Bis(2-chloroethoxv)methane 
I 

167 1 
z, 

Bis(2-chloroethyl)ether 
Bis(2-ethylhexyl)phthalate 
4-Bromophenyl-phenylether 
Butylbenzylphthalate 
Carbazole 
4-Chloro-3-methylphenol 

167 
167 
167 
167 
(2) 

167 
4-Chloroaniline 167 
2-Chloronaohthalene 167 

2-Chlorophenol 
4-Chlorophenyl-phenylether 
Chrysene 
Dibenz(a,h)anthracene 
Dibenzofuran 
3,3’-Dichlorobenzidine 

1 Diethvlohthalate 

.-. 

167 
167 

(2) 

(2) 

(2) 

167 I 
167 < . 

Di-n-butylphthalate 
Di-n-octylphthalate 
4,6-Dinitro-2-methvlohenol 

167 
167 
167 

/2,4-Dinitrophenol 
I I 

2,4-Dinitrotoluene 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
2,4-Dichlorophenol 

J 
167 . 
167 
167 
167 
167 
167 

Rev. 2 
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TABLE l-2 

ANALYTICAL DETECTION LIMITS - TCL ORGANICS 
NSB-NLON, GROTON, CONNECTICUT 

PAGE 3 OF 4 

Parameter 

I 

PQ L”’ 
Soil Samples 

Semivolatile Organic Compounds hiWi 
Dimethylphthalate 167 
2.4-Dimethvlphenol 167 
2,6-Dinitrotoluene 
Fluoranthene 
Fluorene 

167 

(2) 

(2) 

I Hexachlorobenzene 

I Hexachloroethane 

Hexachlorobutadiene 
Hexachlorocvclopentadiene 

I 167 I 

I 

167 

167 I 
167 

Indeno(l,2,3-cd)pyrene 
lsophorone 
2-Methylnaphthalene 
2-Methvlohenol 

(2) 

167 

(2) 

167 

I3-Nitroaniline 

4-Methylphenol 
Naphthalene 
2-Nitroaniline 

I 

167 

167 

(2) 

I 
167 

/4-Nitroohenol 

4-Nitroaniline 
Nitrobenzene 
2-Nitrophenol 

I 

167 

167 

167 

I 
167 

N-nitroso-di-n-propylamine 167 
N-nitrosodiphenvlamine 167 
2,2’-Oxybis(1 -chloropropane) 167 
Pentachlorophenol 167 
Phenanthrene (2) 

Phenol 167 
Pyrene c-4 
1,2,4-Trichlorobenzene 167 
2,4.5-Trichloroohenol 167 

167 I2,4,6-Trichlorophenol 

Rev. 2 
May 2000 
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ANALYTICAL DETECTION LIMITS - TCL ORGANICS 
NSB-NLON, GROTON, CONNECTICUT 

PAGE 4 OF 4 

Parameter PQL(‘) 

Soil Samples 

PesticidesIPCBs hiW0 
Aldrin 1.65 
alpha-BHC 1.65 
alpha-Chlordane 16.5 
I beta-BHC I 1.65 1 
4,4’-DDE 1.65 
4,4’-DDD 1.65 
4,4’-DDT 1.65 

IToxaphene 
IAroclor-1016 I 16.5 I 

. 

1 PQL Typical Practical Cuantitation Limit; actual PQL may vary 
based on the laboratory. 

2 Due to low detection limit requirements, these PAH compounds 
will be analyzed using SW-846 8310. See Table l-5. 
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TABLE 1-3 _I’ h- 

ANALYTICAL DETECTION L!MITS - TAL METALS 
NSB-NLON, GROTON, CONNECTICUT 

1 CRDL Contract Required Detection Limit: as specified in the CLP 
SOW ILM04.0. 

059904/P (QAPP) 1-12 CT0 0312 



ANALYTICAL DETECTION LIMITS - DIOXINS/FURANS 
NSB-NLON, GROTON, CONNECTICUT 

Parameter 

PQL (” 
Groundwater Soil 

Samples Samples 

(P@L) (w/kg) 
2,3,7,8-Tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) 10 1 

1,2,3,7,8-Pentachlorodibenzo-p-dioxin (1,2,3,7,8-PeCDD) 50 5 

1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (1,2,3,6,7,8-HxCDD) 59 5 
..- 

1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (1,2,3,4,7,8-HxCDD) 50 5 

1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (1,2,3,7,8,9-HxCDD) 50 5 

_’ 1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (1,2,3,4,6,7,8-HpCDD) 50 5 

1,2,3,4,6,7,8,9-Octachlorodibenzo-p-dioxin (1,2,3,4,6,7,8,9-OCDD) 100 10 

2,3,7,8-Tetrachlorodibenzofuran (2,3,7,8-TCDF) 10 1 

1,2,3,7,8-Pentachlorodibenzofuran (1,2,3,7,8-PeCDF) 50 5 

2,3,4,7,8-Pentachlorodibenzofuran (2,3,4,7,8-PeCDF) 50 5 

1,2,3,6,7,8-Hexachlorodibenzofuran (1,2,3,6,7,8-HxCDF) 50 5 

1,2,3,7,8,9-Hexachlorodibenzofuran (1,2,3,7,8,‘9-HxCDF) . 50 5 

1,2,3,4,7,8-Hexachlorodibenzofuran (1,2,3,4,7,8-HxCDF) 50 5 

2,3,4,6,7,8-Hexachlorodibenzofuran (2,3,4,6,7,8-HxCDF) 50 5 

1,2,3,4,6,7,8-Heptachlorodibenzofuran (1,2,3,4,6,7,8-HpCDF) 50 5 

1,2,3,4,7,8,9-Heptachlorodibenzofuran (1,2,3,4,7,8,9-HpCDF) 50 5 

1,2,3,4,6,7,8,9-Octachlorodibenzofuran (1,2,3,4;6,7;8,9-QCDF) 100 10 

Total Tetrachlorodibenzo-p-dioxin (Total TCDD) 10 1 

Total Pentachlorodibenzo-p-dioxin (Total PeCDD) 50 5 

Total Hexachlorodibenzo-p-dioxin (Total HxCDD) 50 5 

Total Heptachlorodibenzo-p-dioxin (Total HpCDD) 50 5 

Total Tetrachlorodibenzofuran (Total TCDF) 10 1 

Total Pentachlorodibenzofuran (Total PeCDF) 50 5 

Total Hexachlorodibenzofuran (Total HxCDF) 50 5 

Total Heptachlorodibenzofuran (Total HpCDF) 50 5 

1 PQL Typical Practical Quantitation Limit; actual PQL may vary based on-the laboratory. 
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TABLE 1-5 

ANALYTICAL DETECTION LIMITS - POLYCYCLIC &R+lbTlC HYDROCARBONS (PAHs) 
NSB-NLON, GROTON, CONNECTICUT 

.Y-“%, 

PQL (I’ 

Parameter 
, Groundwater Soil 

Samples Samples 

Acenaohthene 

\ I 

Acenaphthylene 

Benzo(a)pyrene 

Anthracene 
Benzolajanthracene 

Benzo(b)fluoranthene 
Benzo(&h,i)perylene 
Benzo(k)fluoranthene 
Carbazole 
Chrvsene 

. 

1 .o 

* 

33 

. 

2.0 5 

0.10 
0.10 

5 
5 

0.10 5 
0.10 5 
0.05 5 
1.0 33 

.L” I 
0.10 5 

1 Dibenz(a.h)anthracene 0.1 5 I 
1 Dibenzofuran 
Fluoranthene 
Fluorene 
Indeno(l.2.3-cd)ovrene 

I 1 .o I 5 I 
0.1 5 .I .,j__ 
1.0 5 
0.1 5 

( Pyrene 0.1 1 5 I 

1 PQL Typical Practical Quantitation Cimit; actual PQL may vary based 
on the laboratory. 

--*a, 
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TABLE l-6 

ANALYTICAL DETECTION LIMITS - NATURAL ATTENUATION PARAMETERS 
NSB-NLON, GROTON, CONNECTICUT 

I 

. PQL”’ 

Parameter ’ Groundwater Samples 

Alkalinity (as CaC03) 

(mgR) 

20’ 

Hardness (as CaCO,) 5.0 . 

Chloride 1 .o 

Nitrate 0.050 

Sulfate . 1 .o 

Sulfide 1.0 

Ammonia 0.10 

Methane 0.001 

1 PQL Typical Practical Quantitation Limit; actual PQL may vary based on the 
laboratory. 
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ANALYTICAL DETECTION LIMITS - MISCELLANEOUS AND GEOTECHNICAL PARAMETERS 
NSB-NLON, GROTON, CONNECTICUT 

Parameter 

PQL(” 

Groundwater Samples Soil Samples 

@w/L) (mg/W 

Bulk Density NR’*’ NAc3’ 

Chemical Oxygen Demand (COD) 50 NRC*’ ’ 

Perchlorate 0.004 NR’*’ 
/ 

PR N R(*) 1 

Porosity N R(*) NA@’ 

Total Dissolved Solids (TDS) 10 N R(*) 

Total Suspended Solids (TSS) 5 NRc2’ 

Total Organic Carbon (TOC) 1 100 

’ 1 . PQL Typical Practical Quantitation Limit; actual PQL may vary based on the laboratory. 
2 Analysis not required. 
3 Not Applicable. 

.-T---r . 

. 
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2.0 PROJECT ORGANIZATION 

The project organization for the NSB-NLON Basewide Groundwater OU RI is discussed in Section 1.6 of 

the WPISAP. 

- 
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3.0 QUALITY ASSURANCE OBJECTIVES FOR MEASUREMENT DATA 
., 

The overall QA objective for this project is to develop and implement procedures for field sampling, chain- 

of-custody, laboratory analysis, and reporting that will provide results which are legally defensible in a 

court of law. Intended data uses are described in Section 1.3.2 of this QAPP. Specific procedures for 

sampling, chain-of-custody, laboratory instrument calibration, laboratory analysis, data reporting, internal 

quality control, audits, preventive maintenance of field and laboratory equipment, and corrective action 

are described in other sections of this QAPP. 

The PARCC parameters (precision, accuracy, representativeness, comparability, and completeness) are 

qualitative and/or quantitative statements regarding the quality characteristics of the data used to support 

project objectives and ultimately, environmental decisions. The’se parameters are discussed in the 

remainder of this section. Specific routine procedures used to assess the quantitative parameters 

(precision, accuracy, and completeness) are provided in Section 12.0. 

3.1 PRECISION 

3.1.1 Definition 

Precision is a measure of the amount of variability and bias inherent in a data set. Precision describes 

the reproducibility of measurements of the same parameter for samples under similar conditions. The 

equation for determining precision is provided in Section 12.2. 

3.1.2 Field Precision Objectives 

Field duplicate precision monitors the’consistency with which environmental samples were obtained and 

analyzed. Field duplicate results for solid matrix samples are considered to be precise if the relative 

percent difference (RPD) is less than or equal to 50 percent. Field duplicate results for aqueous matrix 

samples are considered to be precise if the RPD is less than or equal to 30 percent. Field precision is 

assessed through the collection and measurement of field duplicates at a rate of 1 duplicate per 10 

environmental samples of like matrix. 

3.1.3 Laboratory Precision Objectives 

Laboratory precision QC samples are analyzed at a frequency of 5 percent (i.e., one quality control 

sample per 20 environmental samples). Laboratory precision is measured via comparison of calculated 

RPD values and precision control limits specified in the analytical method or by the laboratory’s QAIQC 

program. 

059904/P (QAPP) 3-l CT0 0312 
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With the exception of dissolved methane, perchlorate, and low-concentration organic .analyses (TCL 

volatiles, semivolatiles, and pesticides/PCBs), precision for organic analyses (TCL volatiles, TCL 

semivolatiles, TCL pesticides, TCL PCBs, dioxinslfurans, and PAHs via SW-846 methods) will be 

measured via the RPDs for matrix spike/matrix spike duplicate (MSIMSD) samples. Although the CLP 

SOW for low-concentration TCL volatile, semivolatile, and pesticide/PCB analysis does not require a 

specific QC sample to monitor precision, the calibration requirements of the method (i.e., specific limits of 

precision for the calibration standards) do ensure that a sufficient level of precision is achieved. 

(Calibration is further discussed in Section 6.0.) Precision for dissolved methane and perchlorate 

analyses will be monitored with field duplicate samples only since laboratory duplicates are not applicable 

for these parameters. Precision for TAL metals analysis will be measured via RPDs for laboratory 

duplicates and the precision control limits are presented in Table 3-1. Precision for the remaining 

parameters (i.e., natural attenuation and miscellaneous parameters) will typically be measured via the 

RPD results for laboratory duplicate samples. Internal laboratory control limits for precision, which are 

typically set at three times the standard deviation of a series of RPDs, will be used for evaluation of 

precision for all non-CLP methodology. Precision analyses will not be performed for the geotechnical 

parameters (i.e., bulk density and porosity). 

3.2 ACCURACY A-1 

3.2.1 Definition 

Accuracy is the degree of agreement between an observed value and an accepted reference value. The 

equation for determining accuracy is provided in Section 12.1. 

3.2.2 Field Accuracy Objectives 

Accuracy in the field is assessed through the use of rinsate and trip blanks and is ensured through the 

adherence to all sampie handling, preservation, and holding time requirements. Accuracy and precision 

requirements for field measurements are ensured through calibration as discussed in Section 6.0. 

3.2.3 Laboratory Accuracy Objectives 

Accuracy in the laboratory is measured through the comparison of a spiked sample result against a 

known or calculated value expressed as a percent recovery (%R). Percent recoveries are derived from 

the analysis of known amounts of compounds spiked into deionized water [i.e., laboratory control sample 

(LCS) analysis], or into actual samples (i.e., surrogate or MS analysis). LCS analyses measure the 

accuracy of laboratory operations. Surrogate and MS analyses measure the accuracy of laboratory 

operations as affected by matrix. LCS and/or MS analyses are performed with a frequency of one per 20 
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TABLE 3-1 

PRECISION CONTROL LIMITS (RPDs)“’ 
LABORATORY DUPLICATE SAMPLES 

METALS ANALYSIS VIA ILM04.0’2’ 
NSB-NLON, GROTON, CONNECTICUT 

I Chemical Aqueous Samples’3’ Solid Samples’4’ I 
TAL METALS 

Aluminum 20 35 

Antimony 20 35 

Arsenic 20 , 35 

Barium 20 35 

Beryllium 20 35 

Cadmium 20 35 

Calcium 20 35 

Chromium (total) 20 35 

Cobalt 20 35 

Copper 20 35 

Iron 20 35 
‘8 

Lead 20 35 

Magnesium 20 35 

Manganese 20 ‘35 

Mercury 20 35 

Nickel 20 35 

Potassium 20 35 

Selenium 20 35 

Silver 20 35 

Sodium 20 35 

Thallium 20 35 

Tin 20 35 

Vanadium 20 35 

Zinc 20 35 

1 RPD - Relative Percent Difference as described in Section 12.0. 
2 USEPA CLP. Statement of Work for lnorganics Analysis, Multi-Media, Multi-Concentration, 

ILM04.0. 
3 For aqueous sample results less than 5X CRDL, a control limit of +CRDL is used. 
4 For solid sample results less than 5X CRDL, a control limit of tiX CRDL is used. 

- 
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associated samples of like matrix. Surrogate spike analysis is performed for all chromatographic organic 

analyses with the exception of dissolved methane and dioxinlfuran analysis. Laboratory accuracy is 

assessed via comparison of calculated %Rs with accuracy control limits specified in the analytical method 

or by the laboratory’s QA/QC program. 

Accuracy for organic analysis will be measured via the %Rs for surrogate spikes, MSIMSDs, and/or 

LCSs. Surrogate spike, MS/MSD, and LCS analyses are not applicable for dissolved methane analysis. 

Accuracy for TAL metals analysis will be measured via %Rs for MSs and LCSs. Table .3-2 presents the 

accuracy control limits for LCS and surrogate spikes for TCL low concentration organics (via CLP SOW 

OLC02.1). Tables 3-3 and 3-4 presents accuracy control limits for MS %Rs and LCS %Rs, respectively, 

for TAL metals (via CLP SOW ILM04.0). Accuracy for the remaining parameters (volatiles, semivolatiles, 

pesticides, PCBs, PAHs and dioxinslfurans via SW-846 methods; natural attenuation parameters; and 

miscellaneous parameters) will typically be measured via %Rs for MSs and/or LCSs. Internal laboratory 

control limits for accuracy, which are typically set at three times the standard deviation of a series of %R ,,^.. 

values, will be used for evaluation of accuracy for all non-CLP methods. Neither surrogate spike, matrix 

spike, nor LCS analyses are applicable to geotechnical parameters (i.e., bulk density and porosity). 

3.3 COMPLETENESS 

Completeness is a measure of the amount of usable, valid analytical data obtained, compared to the 

amount expected to be obtained. Completeness is typically expressed as a percentage. The equation 

for completeness is presented in Section 12.3. 

The ideal objective for completeness is 100 percent (i.e., every sample planned to be collected is 

collected; every sample submitted for analysis yields valid data). However, samples can be rendered 

unusable during shipping or preparation (e.g., bottles broken or extracts accidentally destroyed), errors 

can be introduced’during analysis (e.g., loss of instrument sensitivity, introduction of ambient laboratory 

contamination), or strong matrix effects can become apparent (e.g., extremely low matrix spike recovery). 

These instances result in data that do not meet QC criteria. Based on these considerations, 95 percent is 

considered an acceptable target for the data completeness objective. If critical data points are lost, 

resampling and/or reanalysis may be required. 

As further discussed in Section 9.2, 100 percent of the laboratory data for the NSB-NLON Basewide 

Groundwater OU RI will be validated in accordance with the USEPA Contract Laboratory Program 

National Functional Guidelines for Organic Data Review (February 1994) and Inorganic Data Review 

(February 1994). Data rejected as a result of the validation process will be treated as unusable data. 
-. - 
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TABLE 3-2 

ACCURACY CONTROL LIMITS (%R)(‘) 
LABORATORY CONTROL SAMPLE AND SURROGATE SPIKE 

LOW-CONCENTRATION VOLATILE, SEMIVOLATILE, AND PESTlClDElPCB 
ORGANIC ANALYSIS VIA OLCO2.1”’ 

NSB-NLON, GROTON, CONNECTICUT 
PAGE1 OF2 

I Chemical Aqueous Samples 
LABORATORY CONTROL SAMPLE 

TCL Volatiles 
Vinyl chloride 
1,2-Dichloroethane 
Carbon tetrachloride 
1,2-Dichloropropane 
Trichloroethene 
1 ,I ,2-Trichloroethane 
Benzene 
cis-1,3-Dichloropropene 
Bromoform 
Tetrachloroethene 
1,2-Dibromoethane 
1,6Dichlorobenzene 
TCL Semivolatiles 
Phenol 
2-Chlorophenol 
4-Chloroaniline 
2,4,6-Trichlorophenol 
Bis(2-chloroethyl)ether 
N-nitroso-di-propylamine 
Hexachloroethane 
lsophorone 
2,CDinitrotoluene 
Diethylphthalate 
N-nitrosodiphenylamine 
Hexachlorobenzene 
TCL PesticideslPCBs 

60-140 
60-140 
60-140 
60-140 
60-140 
60-I 40 
60-140 
60-140 
60-140 
60-140 
60-140 
60-140 

40-I 20 
50-110 ’ 
IO-120 
40-I 20 
50-I 10 
30-I 10 
20-I 10 
50-I 10 
30-l 20 
50-120 
30-l 10 
40-120 

Gamma-BHC 
Heptachlor epoxide 
Dieldrin 
4,4;-DDE 
Endrin 
Endosulfan sulfate 
Gamma-chlordane 

50-I 20 
50-I 50 
30-I 30 
50-I 50 
50-I 20 
50-I 20 
30-I 30 

.- 
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TABLE 3-2 
ACCURACY CONTROL LIMITS (%R)(‘) 

LABORATORY CONTROL SAMPLE AND SURROGATE SPIKE 
LOW-CONCENTRATION VOLATILE, SEMIVOLATILE, AND PESTlClDElPCB 

ORGANIC ANALYSIS VIA 04C02.i’2’ 
NSB-NLON, GROTON, CONNECTICUT 

PAGE 2 OF 2 

.f---. 

I Chemical I Aqueous Samples I 
SURROGATE SPIKE ..*,. 

TCL Volatiles 
Bromoflourobenzene I 80-I 20 

I 

TCL Semivolatiies ‘i 

Nitrobenzene-d5 
I 23-120’ ,1, L. 

2-Fluorbiphenyl 30-115 
Terphenyl-d 14 

18-14b (. ..\. 

Phenol-d5 12-115 
2-Fluorophenol 15-121 
2,4,6-Tribromophenol 

15-130 : >i.j 

TCL PesticideslPCBs 4’ .- 

Tetrachloro-m-xylene 30-150 ; ‘.1 
Decachlorobiphenyl 

I_ 
30-150’ 

I.. . j 

.z, . <.“,.. .-.). / ,, “. :.,, _) 

1 %R - Percent Recovery as described in Section 12.0. 
2 USEPA CLP, 1996. Super-fund Analytical Methods for Low Concentration Water for Organics 

Analysis, 2/96, OLC02.1. 
./ /*. ,-c* 
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ACCURACY CONTROL LIMITS (%R)(‘) 
MATRIX SPIKE SAMPLES 

METALS ANALYSIS VIA ILM04.0’2’ 
NSB-NLON, GROTON, CONNECTICUT 

Chemical 

TAL METALS 

Aqueous Samples Solid Samples 

Aluminum 75-l 25 NS@’ 

Antimony 75-l 25 75-125 

Arsenic 75-125 75-125 

Barium 75-125 75-125 

Beryllium 75-125 75-125 

Cadmium 75-l 25 75-125 

Calcium NS NS 

Chromium (total) 75-125 75-125 

Cobalt 75-125 75-125 

Copper 75-125 75-l 25 

Iron 75-125 NS 

Lead 75-l 25 75-125 

1 Magnesium I NS I NS I 

Manganese 

Mercurv 

75-l 25 75-125 

75-l 25 75-125 

Nickel 

Potassium 

Selenium 

Silver I 
1 Sodium 

75-125 75-125 

NS NS 

75-l 25 75-125 

75-l 25 75-125 

I NS I NS I 

1 Thallium I 75-l 25 I 75-125 I 

Tin 

Vanadium 

75-l 25 75-l 25 

75-l 25 75-l 25 

I Zinc I 75-l 25 I 75-l 25 I 

* 1 %R - Percent Recovery as described in Section 12.0. 
2 USEPA CLP. Statement of work for lnorganics Analysis, Multi-Media, Multi-Concentration, 

ILM04.0. 
3 No spike required. 
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TABLE 34 

ACCURACY CONTROL LIMITS (%Rf’ 
LABORATORY CONTROL SAMPLES 

METALS ANALYSIS VIA ILM04.0’2’ 
NSB-NLON, GROTON, CONNECTICUT 

L Chemical Aqueous Samples Solid Samples 

TAL METALS 

1 %R - Percent Recovery as described in Section 12.0. 
2 USEPA CLP, 1996. Statement of Wcqk for.lnorganic Analysis, Multi-Media, Multi-Concentration, 

ILM04.0. 
,. _/ * 

3 TBD - To Be Determined at time of analysis based on USEPA LCS lot number. 
4 Advisory limits only. 
5 NA - Not Applicable. 

,^ ---Y1 
- 
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3.4 REPRESENTATIVENESS 

3.4.1 Definition 

Representativeness is an expression of the degree to which the data accurately and precisely depict the 

actual characteristics of a population or environmental condition existing at an individual sampling point. 

Use of standardized sampling, handling, analytical, and reporting procedures ensures that the final data 

accurately represent actual site conditions. 

3.4.2 Measures to Ensure Representativeness of Field Data 

Representativeness is dependent upon the proper design of the sampling program. It will be satisfied by 

ensuring that the SAP is followed and that proper sampling techniques are used. The sampling network 

for the NSB-NLON Basewide Groundwater OU RI was designed to provide data representative of facility 

conditions. During development of this network, consideration was given to past waste disposal 

practices, existing analytical data, and physical setting and processes. The rationale of the sampling 

network is discussed in detail in Section 1.4 of the WP/SAP. 

3.4.3 Measures to Ensure Representativeness of Laboratory Data 
_. .’ ’ 

Representativeness in the laboratory data is ensured by using the proper analytical procedures, meeting 

sample holding times, and analyzing and assessing duplicate samples. 

3.5 COMPARABVLITY 

3.5.1 Definition 

Comparability is defined as the confidence with which one data set can be compared to another (e.g., 

between sampling points; between sampling events). Comparability is achieved by using standardized 

sampling and analysis methods, and data reporting formats (including use of consistent units of measure 

and reporting of solid matrix sample results on a dry-weight basis). Additionally, consideration is given to 

seasonal conditions and other environmental variations that could influence data results. 

3.5.2 Measures to Ensure Comparability of Field Data 

Comparability is dependent upon the proper design of the sampling program and will be satisfied by 

ensuring that the SAP is followed and that proper sampling techniques are used. It is also dependent on 

recording field measurements using the correct units. Field measurement units are further discussed in 

Section 9.1.1. 
_.- 
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3.5.3 Measures to Ensure Comparability of Laboratory Data 

Planned analytical data will be comparable when similar sampling and analytical methods are used and 

documented. Results will be reported in units that ensure comparability with previous data and with 

current state and Federal standards and guidelines. Laboratory measurement units are further discussed 

in Section 9.1.2. 

3.6 LEVEL OF QUALITY CONTROL EFFORT 

Trip blank, rinsate blank, ambient condition blank, source water blank, method blank, field and laboratory 

duplicate, laboratory control, and matrix spike samples will be analyzed to assess the quality of the data 

resulting from the field sampling and analytical programs. In addition, field duplicate measurements will 

be completed for all field parameters. 

External QC measures (i.e., field quality control samples) consist of field duplicates, ambient condition 

blanks, trip blanks, source water blanks, and equipment rinsate blanks. Information gained from these 

analyses further characterizes the level of data quality obtained to support project goals. Each of these 

types of field quality control samples undergo the same preservation, analysis, and reporting procedures 

as the related environmental samples. Each type of field quality control sample is discussed below. ---N 

Field duplicates are either two samples collected independently at a sampling location (e.g., surface 

water), or a single sample homogenized and split into two portions. when volatile organic compounds 

(VOCs) are to be analyzed, the VOC sample aliquots are containerized first to avoid loss of constituents, 

then the remaining sample matrix is homogenized.] Field duplicates are collected and analyzed for all 

chemical constituents to measure the precision of the sampling and analysis methods employed. The 

level of the QC effort will be one field duplicate for every 10 or fewer investigative samples. 

Trip blanks and ambient condition blanks, consisting of distilled water, will be submitted to the laboratory 

to provide the means to assess the quality of the data resulting from the field sampling program. Ambient 

blanks are not collected using the same sampling equipment as the field samples, but are collected while 

at the field sampling site by placing distilled water directly into the same type of container, preserved and 

stored in the same manner, as the field samples. Ambient blank samples are analyzed to check for 

background contamination at the facility (e.g., vapors, dust, or exhaust fumes that are part of normal 

operations at the site) which may cause sample contamination. The exposure of the ambient blank to 

ambient conditions should be similar,,to.the.,ambient exposure of the field samples. Ambient blanks will be A /_LY.l/I l..% ,*is 

collected based on condifions at the time of sampling at the discretion of the Field Operations Leader 

(FOL), with a minimum of oneambient blank being collected during the investigation. 
.---%, 
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Trip blanks only pertain to samples collected for VOC analysis. Trip blanks are used to assess the 

potential for contamination of samples to be analyzed for VOCs by contaminant migration into sample 

containers during sample shipment and storage. Trip blanks are prepared by the laboratory prior to the 

sampling event, shipped to the site with the sample containers, and kept with the investigative samples 

throughout the sampling event. They are then packaged for shipment with other VOC samples and sent 

for analysis. There should be one trip blank included in each sample shipping container that contains 

samples for VOC analysis. At no time after trip blank preparation are their sample containers opened 

before they reach the laboratory. 

Source water blanks consist of the potable water used for decontamination of sampling equipment. 

These blanks are used to determine if the potable water may be contributing to sample contamination. 

Source water blanks will be collected at a rate of one blank per each potable water source. 

Equipment rinsate blanks are obtained under representative field conditions by collecting the rinse water 

generated by running analyte-free water through sample collection equipment after decontamination and 

prior to use. At least one equipment blank will be collected per day, per matrix. If pre-cleaned, dedicated, 

or disposable sampling equipment is used, one rinsate blank per type of equipment used must be 

collected as a “batch blank.” Rinsate blanks are analyzed for the same chemical constituents as the 

associated environmental samples. 

Method blank samples are generated within the laboratory and used to assess contamination resulting 

from laboratory procedures. Laboratory duplicate samples are analyzed for inorganic parameters to 

check for sampling and analytical reproducibility. MSs provide information about the effect of the sample 

matrix on the digestion and measurement methodology. All MSs for organic analyses are performed in 

duplicate and, as previously defined, are referred to as MSlMSD samples. 

MS/MSD samples are investigative samples. Soil MSlMSD samples require no extra volume for VOCs or 

extractable organics. However, aqueous MS/MSD samples must be collected at triple the volume for 

VOCs and extractable organics. One MS/MSD sample will be collected/designated for every 20 or fewer 

investigative samples per sample matrix (i.e., groundwater, soil, surface water, sediment). 

The level of QC effort provided by the laboratory for the TCL and TAL parameters to be tested will be 

equivalent to the level of QC effort specified under the USEPA Contract Laboratory Program. The level of 

QC effort for testing of TCL organics (volatiles, semivolatiles’rpesticides, PCBs), PAHs, and dioxins/furans 

will conform to the applicable SW-846 test methods or CLP SOW for low-concentration organics 

(OLC02.1). The level of QC effort for testing of metals will conform to the CLP SOW for TAL metals 
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(ILM04.0). The level of QC effort for testing the remaining parameters will conform to the appropriate 

analytical methods, as specified in Tables 7-l ‘and 7-2 of this QAPP. 
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4.0 SAMPLING PROCEDURES 

Field sampling procedures and related field investigation tasks for the NSB-NLON Basewide Groundwater 

OU RI are discussed in detail in the following sections of the W/SAP. 

. 

. 

. 

. 

. 

. 

l 

. 

Mobilization and demobilization - Section 2.2 

Investigation methodologies and techniques - Section 2.4 

Groundwater monitoring well sampling - Section 2.5 

Slug Tests - Section 2.6 

Field measurements - Section 2.7 

Decontamination - Section 2.8 

Investigation derived waste - Section 2.9 

Surveying - Section 2.10 

Sample handling procedures - Section 2.11 

Sample identification system - Section 2.12 

Sample packaging and shipping - Section 2.13 

Sample Custody - Section 2.14 

Field quality control samples - Section 2.15 

Recordkeeping - Section 2.16 

Standard Operating Procedures (SOPS) regarding sampling, recordkeeping, and field investigation tasks 

are included in Appendix B of the WP/SAP. 

.- - 
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5.0 CUSTODY PROCEDURES 

Custody is one of several factors that is necessary for the admissibility of environmental data as evidence 

in a court of law. Custody procedures help to satisfy the’ two major requirements for admissibility: 

relevance and authenticity. Sample custody is addressed in three parts: field sample collection, 

laboratory analysis, and final evidence f@s. Final evidence files, including all originals of laboratory s 
reports and purge files, are maintained under document control in a secure area. A sample or evidence 

file is under custody if: 

. the item is in the actual physical possession of an authorized person, or; 

. the item is in view of the person after being in his or her possession, or; 

. the item was placed in a secure area to prevent tampering; or 

l the item is in a designated and identified secure area with access restricted to authorized personnel 

only. 

The chain-of-custody (COC) report is a multi-part, standardized form used to summarize and document 

pertinent sample information, such as sample identification and type, matrix, date and time of collection, 

preservation, and requested analyses. Furthermore, through the sequential signatures of various sample 

custodians (e.g., sampler, airbill number, laboratory sample custodian), the COC report documents 

sample custody and tracking. A “Cradle-to-Grave” sample tracking system, as further described in 

Section 1.8.1 of the WP/SAP, will be employed. Custody procedures apply tcl all e&ironmental and 

associated field quality control samples obtained as part of the data collection system. w 

5.1 FIELD CUSTODY PROCEDURES 

The FOL (or designee) is responsible for the care and custody of the samples collected until they are 

relinquished to the analyzing laboratory or entrusted to a commercial overnight courier. COC reports are 

completed for each sample shipment. The reports are filled out in a legible manner, using waterproof ink, 

and are signed (and dated) by the sampler. Pertinent notes, such as whether the sample was field 

filtered, or whether the sample is suspected to be high in contaminant concentration, are also indicated on 

the COC report. Information similar to that contained in the COC report is also provided on the sample 

label, which is securely attached to the sample bottle. COC report forms and sample labels will be 

supplied by the IaboratoFy subcontractor. In accordance with NFESC guidelines, samples for chemical 

constituent analysis must be sent (for next-day receipt) to the laboratory within 24-hours of collection. 

. . - 
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Full details regarding sample COCs (including use of custody seals and sample shipment protocols) are 

contained in TtNUS SOP SA-6.1, which is provided in Appendix B of the attendant WP/SAP. TtNUS SOP 

SA-6.3, also provided in Appendix B of the WP/SAP, discusses maintenance of site logbooks, site 

notebooks, and other field records. Additionally, each of the various sampling SOPS incorporated into the 

WP/SAP contains a section that addresses relevant sample documentation (i.e., completion of sample 

logsheets, etc.). All sample records are eventually docketed into the TtNUS project central file. 

5.2 LABORATORY CUSTODY PROCEDURES 

When samples are received by the laboratory subcontractor, the laboratory’s sample custodian examines 

each cooler’s custody seals to verify that they are intact and that the integrity of the environmental 

samples has been maintained. The sample custodian then signs the COC report. The custodian then 

opens the cooler and measures its internal temperature. The temperature reading is noted on the 

accompanying COC report. The sample custodian then examines the contents of the cooler. Sample 

container breakages or discrepancies between the COC report ,and sample label documentation are 

recorded. With the exception of samples for volatile analysis, the pH of chemically preserved samples is 

checked using Hydrion paper and recorded. All problems or discrepancies noted during this process are 

to be promptly reported to the TtNUS Project Manager. Inter-laboratory COC procedures .and specific 

procedures for sample handling, storage, dispersement for analysis, and remnant disposal will be followed 

as specified by the subcontract laboratory’s SOPS and/or QA Plan. 

5.3 FINAL EVIDENCE FILES 

The TtNUS central file will be the repository for all documents that constitute evidence relevant to 

sampling and analysis activities as described in this QAPP. TtNUS is the custod~a.n of the evidence,file 

and maintains the contents of these files, including all relevant records, reports, logs, field notebooks, 

photographs, subcontractor reports and data reviews in a secure, limited access location and under 

custody of the TtNUS facility manager. The control file will include at a minimum: 

. field logbooks 

. field data and data deliverables 

. photographs 

. drawings 

. soil boring logs 

. laboratory data deliverables 

. data validation reports 

. data assessment reports- . 
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. progress reports, CIA reports, interim project reports, etc. 

l all custody documentation (COCs, airbills, etc.) 

Upon completion of the contract, all pertinent files will be relinquished to the custody of the United States 

Navy. 

.- - 
* 
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6.0 CALIBRATION PROCEDURES AND FREQUENCY 
‘: ,’ _,: . _’ 

All instrumentation used to perform chemical measurements must be properly calibrated prior to use in 

order to obtain valid and usable results. The requirement to properly calibrate instruments prior to use 

applies equally to field instruments as it does to fixed laboratory instruments. Field instrument calibration 

is discussed in Section 6.1. Laboratory instrument calibration is discussed in Section 6.2. 

6.1 FIELD INSTRUMENT CALIBRATION 

Field instrument calibration is discussed in Section 2.7 of the attendant WPISAP. 

6.2 LABORATORY INSTRUMENT CALIBRATION 

Calibration procedures for a specific laboratory instrument will consist of initial calibration (generally 3 to 5 

points), initial calibration verification (inorganic methods only), and continuing calibration verification. In 

all cases, the initial calibration will be verified using an independently prepared calibration verification 

solution. The frequency of calibration will be performed according to the requirements of the specific 

methods. 

All standards used to calibrate analytical instruments must be obtained from the National Institute of 1 

Standards and Technology (NIST) or through a reliable commercial supplier with a proven record for 

quality standards. All commercially supplied standards must be traceable to NIST reference standards, 

where possible, and appropriate documentation will be obtained from the supplier. In. cases where 

documentation is not available, the laboratory will analyze the standard and compare the results to an 

USEPA-supplied known or previous NIST-traceable standard. 

The calibration procedures and frequencies used by the subcontract laboratory will comply with the 

applicable CLP SOW or analytical method. Brief descriptions of calibration procedures for major 

instrument types follow. 

6.2.1 GClMS Volatile Organic Compound Analyses 

For VOCs, the gas chromatograph/mass spectrometer (GCIMS) system will be tuned and calibrated in 

accordance with SW-846 82608 (soil samples) or the CLP SOW low-concentration water - OLC02.1 

(aqueous samples). A bromofluorobenzene (BFB) instrument performance check (tuning check) must be 

run prior to the initial and each continuing calibration and must meet all method-specified criteria before 

analysis may continue. Initial calibration is required before any samples are analyzed and must include a 

blank and a minimum of five different concentrations as specified in the method. A BFB tuning check and 
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a continuing calibrationcheck, including the mid-range standard and a blank, must be performed at the 

beginning of each 12-hour shift during which analyses are performed. 

6.2.2 GClMS Semivolatile Organic Compound Analyses 

For semivolatile organic compounds, the GC/MS system will be tuned and calibrated *in accordance with 

SW-846 8270C (soil samples) or the CLP SOW low-concentration water - OLC02.1 (aqueous samples). 

A decafluorotriphenyl phosphine (DFTPP) instrument performance check (tuning check) must be run prior 

to the initial and each continuing calibration and must meet all method-specified criteria before analysis 

may continue. Initial calibration is required before any samples are analyzed and must include a blank 

plus five different concentration levels as specified in the method. A DFTPP tuning check and a 

continuing calibration check, including the mid-range standard and a blank, must be performed at the 

beginning of each 12-hour shift during which analyses are performed. 

6.2.3 Organochlorine Pesticide/PC,.e A.palyses I., I .‘ _ ,.,, . . / 

For organochlorine pesticide and PCB analyses, the GC system will be calibrated in accordance with SW- 

846 8081AI8082 (soil samples) or the CLP SOW low-concentration water - OLC02.1 (aqueous). For both 

methods, the initial calibration is required before any samples are analyzed and a multi-point initial 

calibration sequence is analyzed using dual column injection. 

CLP sow OLC02.1 

Y 

The calibration sequence consists of a resolution check to prove analyte separation, a performance 

evaluation mixture (PEM) to show endrin and 4,4’-DDT degradation, and a three-point calibration of the 

individual pesticides to prove linearity. An instrument blank, to show system cleanliness, and a second 

PEM sample are then analyzed. 

If all initial calibration criteria are met, samples ‘may be analyzed for a period of 12 hours after the 

injection of the instrument blank. At the end of the 12-hour period, a second instrument blank followed by 

continuing calibration standard mixtures must be analyzed. If continuing calibration criteria are met, 

sample analysis may continue for an additional 12 hours. At this point, an instrument blank followed by a 

PEM is analyzed. The la-hour clock continues, alternating between the continuing calibration standard 

mixtures and the PEM, until failure to meet method-specified criteria requires a new initial calibration. 

SW-646 

A minimum of a five point initial calibration with standards bracketing the range of detection (for, PCBs five 

point for Aroclor 1016/1266 mixture and the other aroclors are analyzed and a one point calibration factor 

,r-% , 
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is determined), If all initial caliljration criteria are met, samples may be analyzed for a period of 12 hours. 

The calibration must be verified (continuing calibration every 12 hours). Calibration standards must be 

injected after every 20 samples. If continuing calibration criteria are met continue analyzing samples. If 

continuing calibration criteria are not met it is necessary to recalibrate. 

6.2.4 Metals Analyses 

6.2.4.1 Inductively Coupled Argon Plasma (ICP) Analyses 

Inductively coupled plasma (ICP) spectrometry systems will be calibrated for the analysis of TAL metals in 

accordance with the USEPA CLP protocols outlined in ILM04.0. Initial calibration is required each day 

before any samples are analyzed and consists of a calibration blank and at least one standard. The 

standard must be within the demonstrated linear range of the instrument. The linear range is verified 

quarterly. Following initial calibration, an initial calibration tierification sample (obtained from a different 

source than the solutions used for calibration), an initial calibration blank, and an interference check 

sample are analyzed. A continuing calibration verification sample and a continuing calibration blank are 

run every 2 hours or every IO samples, whichever occurs first. A continuing calibration verification 

sample, a continuing calibration blank, and an interference check sample are also run after analysis of the 

last sample. The initial calibration verification standard, continuing calibration verification standard, and 

interference check sample each contain analytes of interest at different concentrations. In addition, a 

standard prepared at a concentration of two times the quantitation limit is analyzed at the beginning and 

end of each sample analysis run or a minimum of twice per El-hour period. Linearity spanning the range 

of analysis is verified using this combination of standards. All calibration standards contain acids at the 

same concentrations as the sample digestates. c. 

6.2.4.2 Atomic Absorption Analyses 

Graphite furnace and cold vapor atomic absorption (GFAA and CVAA) analyses will be calibrated in 

accordance with the USEPA CLP protocols outlined in ILM04.0. Initial calibration is required each day 

before any samples are analyzed and consists of a calibration blank and at least three calibration 

standards (at least four standards for mercury) covering the range of concentrations of interest. The 

correlation coefficient of the regression of concentration versus response should be 0.995 or greater. 

Immediately following initial calibration, an initial calibration verification sample (obtained from a different, 

source than the solutions used for calibration) and an initial calibration blank are analyzed. A continuing 

calibration verification sample and a continuing calibration blank are run every two hours or every 10 

samples, whichever occurs first. A continuing calibration verification sample and a continuing calibration 

blank are also run after analysis of the last sample. 
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6.2.5 DioxinlFuran Analyses 

For dioxin/furan analysis, the High Resolution (HR) GUMS system will be tuned and calibrated in 

accordance with SW-846 8290. A perfluorokerosene (PFK) instrument performance check (tuning check) 

must be run prior to the initial calibration and must meet all method-specified criteria before analysis may 

continue. Initial calibration is required before any samples are analyzed and must include a GC column 

performance check solution plus six concentration levels as specified in the method. Continuing 

calibrations must be performed at the, beginning of a 12-hour period after successful mass resolution and 

” quality control resolution performance checks. A continuing calibration is also required at the end of a 12- 

hour shift. 

6.2.6 Miscellaneous Parameters 

Calibration and standardization requirements for the analysis of the remaining parameters will be 

performed as specified in the applicable analytical methods. Analytical methods are further discussed in 

Section 7.0 of this QAPP. 

059904/P (QAPP) 64 CT0 0312 
L . 



Rev. 2 
May 2000 

7.0 ANALYTICAL A~ci”r\i~&~Fkhk~T PROCEDURES 

Samples will be subjected to field and laboratory parameter measurement as necessary based on the 

sample location under investigation. The analytical program for environmental samples collected at each 

anticipated location is provided in Table 2-l of the WP/SAP. 

Chemical/physical parameters to be measured using field instrumentation include volatile organics as 

methane equivalents (breathing zone air and soil vapors); temperature, specific’ conductance, pH, 

turbidity dissolved oxygen, and salinity (groundwater samples); and REDOX potential (groundwater 

samples). In addition, divalent iron will be measured for groundwater samples using a field test kit. 

Measurement of field parameters and calibration of field instruments are discussed in Section 2.7 of the 

WP/SAP. 

All groundwater and soil samples collected for fixed-laboratory analysis during the NSB-NLON Basewide 

Groundwater OU RI will be analyzed by a NFESC-approved laboratory. All groundwater samples will be 

analyzed for low-concentration TCL organics analysis in accordance with the Super-fund Analytical 

Methods for Low Concentration Water for Organics Analysis (OLC02.1). All soil samples will be analyzed 

for TCL organics in accordance with the analytical procedures set forth in “Test Methods for Evaluating 

Solid Waste.Physical/Chemical Methods (SW-846)“. All soil and groundwater samples will be analyzed 

for TAL metals in accordance with the CLP analytical procedures set forth in the USEPA SOW for 

lnorganics Analysis (ILM04.0). Non-CLP methods will be used for quantitation of the remaining 

parameters. . Tables 7-l and 7-2 provide a summary of the laboratory analytical methods for the NSB- 

NLON Basewide Groundwater OU RI. 

A complete list of the target compounds/analytes, Contract Required. Quantitation Limits (CRQLs), 

Contract Required Detection Limits (CRDLs), and estimated PQLs is provided in Section 1.3.2.2 of this 

QAPP. Data generated through use of CLP protocols will be reported to the CRQL for organics analysis 

and the CRDL for inorganics analysis. Analytes that are positively identified and that can be quantitated 

at concentrations below the CRQUCRDL will be reported as specified in the appropriate CLP SOW. All 

environmental data generated through use of non-CLP methods will be reported to the analyte’s PQL as 

per the analytical method and these may vary from laboratory to laboratory. An analyte’s PQL is an 

expression of the method detection limit with.consid,eration.given to required adjustments to ensure that 

the precision and accuracy requirements of the method are attainable. The PQLs provided in the tables 

in Section 1.3.2.2 are estimated since these va1ue.s may vary based on the laboratory. 
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TABLE 7-1 

SUMMARY OF ORGANIC AND INORGANIC ANALYTICAL PROCEDURES 
GROUNDWATER SAMPLES 

NSB-NLON, GROTON, CONNECTICUT 

Analytical Parameter 

TCL Volatile Organics - Low Concentration 
(including ethane and ethene) 

OLCO2.1(‘) 

Analytical Method 

TCL Semivolatile Organics (minus PAHs) 1 OLCO2.1(” 

TCL Pesticides/PCBs 

TAL Metals 

TCL PAHs 

Total Organic Carbon (TOC) 

Dioxins/Furans 

Alkalinity (as CaC03) 

OLCO2.1”’ 

ILM04.0”’ 

SW-846 8310 (3) 

SW-846 9060 (3) 

SW-846 8290c3’ 

USEPA 31 0.1c4) 

1 Hardness (as CaC03) j USEPA 130.2c4) 
I 

1 California Method”’ Perchlorate 

Chemical Oxygen Demand 

Chloride 

Nitrate 

USEPA 41 0.1t4) 

USEPA 300.0c4) 

USEPA 300.0c4) 

,---% 

I Sulfate I USEPA 300.0c4) 

I Sulfide I USEPA 376.2c4) 

I Total Dissolved Solids (TDS) I USEPA 160.1 c4) 7 
I Total Suspended Solids (TSS) j USEPA 1’60.2c4) 

Ammonia I USEPA 350.1 t4) -1 
Methane ) USEPA RSKSOP-175@’ . 

1 USEPA CLP, 1996. Super-fund Analytical Methods for Low Concentration Water for Organics 
Analysis, OLCO2.1. 

2 USEPA CLP. Statement of Work for lnoroanics Analysis. Multi-Media. Multi-Concentration, 
ILM04.0. 

3 USEPA, June 1997. Test Methods for Evaluatina Solid Wastes, Physical/Chemical Methods. 
SW-846, 3rd ed., up to and including Update Ill. 

4 USEPA, 1983. Methods for Chemical Analysis of Water and Wastes. 
5 State of California, California Department of Health Services, June 3, 1997. Determination of 

Perchlorate bv Ion Chromatooraphv; Rev. No. 0. Sanitation & Radiation Laboratories Branch. 
6 USEPA, R.S. Kerr Environmental Laboratory, B.S. Newell, Sample Preparation and Calculations 

for Dissolved Gas Analvsis in Water Samples Usina a GC Headspace Eouilibration Technioue,’ 
Revision No. 0, August 1994. 
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SUMMARY OF ORGANIC AND INORGANIC A~ALY’TICAL PROCEDU‘RES’ 
SOIL SAMPLES 

NSB-NLON, GROTON, CONNECTICUT 

Analytical Parameter/Procedure 

TCL Volatile Organics (low level preservation) 

TCL Semivolatile Organics (minus PAHs) 

TCL Pesticides 

TCL PCBs 

TCL PAHs 

Dioxins/Furans 

TAL Metals 

Method 

SW-846”’ 82608 

SW-846 8270C 

SW-846 8081 A 

SW-846 8082 

SW-846 8310 

SW-846 8290 

lLM04.0(*) 

Bulk Density (In-place densitv of soil) 1 ASTMc3’ D2937-94 

PH 
Porosity (calculated using specific gravity and 
moisture content of soils) 

SW-846 904% 

ASTM D854-98 and 

ASTM 02216-98 

Total Organic Carbon (TOC) SW-846 9060 

Synthetic Precipitation Leaching Procedure (SPLP) SW-846 1312 

1 ’ USEPA, June 1997. Test Methods for Evaluatina Solid Wastes, PhvsicalKhemical Methods. 

! SW-846, 3rd ed., up to and including Update III. 
P 

2 USEPA CLP. Statement of Work for lnoraanics Analvsis, Multi-Media, Multi-Concentration, 
ILM04.0. 

3 American Society for Testino and Materials. Volume 4.08, Soil and Rock 

059904/P (QAPP) CT0 0312 



Rev. 2 
May 2000 

All solid sample results will be reported on a dry-weight basis. Percent solids determination will be based 

on CLP or SW-846 protocols, respectively. Quantitation and detection limits will also be adjusted, as 

necessary, based on dilutions and sample volume. 

.- 
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8.0 INTERNAL QUALITY CONTROL CHECKS 

Field-related QC checks were discussed in Section 3.0 of this QAPP and in Section 2.15 of the attendant 

WP/SAP. This section provides additional information regarding internal quality control checks for the 

field and the laboratory. 

8.1 FIELD QUALITY CONTROL CHECKS 

QC procedures for field measurements will include calibrating the instruments as discussed in Section 2.7 

of the WP/SAP. Assessment of field sampling precision and bias will be made by collection of field 

duplicates and rinsate blanks for laboratory analysis as discussed in Section 3.6 of this QAPP. 

8.2 LABORATORY QUALITY CONTROL CHECKS 

The subcontract laboratory will have a QC program that ensures the reliability and validity of the analyses 

performed at the laboratory. Internal quality control procedures for CLP analyses (aqueous volatile, 

semivolatile, pesticide/PCB organics and metals) will comply with the SOWS for low-concentration water 

organics (OLCO2.1) and inorganics (ILM04.0). Internal quality control procedures for non-CLP analyses 

will comply with the applicable analytical method requirements. 

Several internal laboratory QC checks are briefly discussed in the remainder of’this section. 

Laboratory method blanks are prepared and analyzed in accordance with the analytical method 

employed to determine whether contaminants originating from laboratory sources have been introduced 

and have affected environmental sample analyses. A method blank generally consists of an aliquot of 

analyte-free water (or purified sodium sulfate for soil/sediment samples) that is subjected to the same 

preparation and analysis procedures as the environmental samples undergoing analysis. With the 

exception of recognized volatile and semivolatile common laboratory contaminants (i.e., methylene 

chloride, acetone, 2-butanone, and phthalate esters) detected through use of the organic SOW, method 

blanks must not contain levels of target analytes above the reported detection limits (above 2.5X the 

CRQL for methylene chloride and above 5X the CRQL for acetone, 2-butanone, and phthaiate esters). If 

method blank contamination is found to exist above allowable limits, corrective actions indicated in the 

CLP SOWS or laboratory SOPS must be followed. Under no circumstances are laboratory method blank 

contaminant values subtracted from environmental sample analysis results. 

Matrix spike analysis for organic fraction analyses is performed in duplicate as a measure of laboratory 

precision. For inorganic analyses, one matrix spike analysis and one laboratory duplicate analysis are 
- 
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performed for every 20 environmental sample analyses of like matrix. Wtth the exception of VOC MSD 

analyses, laboratory duplicates are prepared by thoroughly mixing and splitting a sample aliquot into two 

portions and analyzing each portion following the same analytical procedures that are used for the 

environmental sample analyses. For VOC MSD analyses, a second sample aliquot is used for analysis in 

order to avoid VOC constituent loss through the homogenization process. The field crew provides extra 

volumes of sample matrices designated for laboratory quality control analyses, as required. As discussed 

in Section 3.0 of this QAPP, control limits for MS and laboratory duplicate analyses are specified in the 

SOWS for CLP analyses and are established by the laboratory for non-CLP analyses. 

--- 

Surrogates are organic compounds (typically brominated, fluorinated, or isotopically labeled) that are 

similar in nature to the compounds of concern, and that are not likely to be present in environmental 

media. Surrogates are spiked into each sample, standard, and method blank prior to analysis, and are 

used only in organic chromatographic analysis procedures as a check of method effectiveness. As 

discussed in Section 3.0, surrogate recoveries are evaluated against control limits specified in the CLP 

SOW, where applicable, or laboratory-derived control limits. 

Laboratory control samples serve to monitor the overall performance of each step during the analysis, 

including the sample preparation. Laboratory control sample analysis will be performed for low- 

concentration TCL volatiles, TAL metals, and as required by the applicable analytical methods for non- 

CLP methods. Aqueous LCS results must fall within the control limits specified in the CLP SOW, where 

applicable, or established by the laboratory. Solid LCS results must fall within the control limits 

established by the supplier of the LCS standard. Aqueous and solid LCSs shall be analyzed utilizing the 

same sample preparations, analytical methods, and QAIQC procedures as employed for the samples. 

/-C”-% 

Internal standard performance criteria ensure that volatile and semivolatile GC/MS analysis sensitivity 

and response are stable during every analytical run. Internal standard area counts for samples and 

blanks must not vary by more than a factor of two (- 50% to + 100%) from the associated 12-hour 

calibration standard (&40% for low-concentration volatile analysis). The retention time of the internal 

standards in samples and blanks must not vary by more than +30 seconds from the retention time of the 

associated 12-hour calibration standard (&?O seconds for low-concentration volatile analysis). 
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9.0 DATA REDUCTION, VALIDATION, AND REPORTING 

This section describes the procedures to be used for data reduction, validation, and reporting for the 

NSB-NLON Groundwater OU RI. All data generated during the course of the investigation will be 

maintained in hardcopy format by TtNUS in the Naval Facilities Engineering Command Northern Division 

designated central files located in the TtNUS Pittsburgh, Pennsylvania office. 

In addition to the central files, photocopies of all hardcopy data (as well as electronic data) will be 

maintained in the Chemistry/Toxicology/Risk Assessment Department database records files located in 

the TtNUS Pittsburgh, Pennsylvania office. Upon completion of the contract, all files will be relinquished 

to the Navy. 

9.1 DATA REDUCTION 

Data reduction will be completed for both field measurements and laboratory-generated analytical data. 

Field data reduction will be relatively limited versus the degree of laboratory data reduction required for 

the project. Reduction of both field data and laboratory data are discussed in the remainder of this 

section. 

‘- 9.1.1 '.* 
; . 

Field Data Reduction 
I 

Field data will be generated as a result of real time measurement of organic vapor concentrations via a 

PID or FID (for health and safety monitoring and to support selection of soil samples for shipment to the 

analytical laboratory), through on-site water quality testing for general indicator parameters including pH, 

specific conductance, turbidity, and temperature, and through the use of field instruments or field test kits 

for measurement of additional parameters including REDOX potential, dissolved oxygen, salinity, and 

divalent iron. 

Field measurements of organic vapor concentrations (parts per million on a volume/volume basis relative 

to methane or benzene) will be recorded in the site logbook and incorporated into the RI Report. The 

remaining field parameters will be recorded in the site logbook and on sample logsheets immediately after 

the measurements are taken and later encoded in the NSB-NLON database for .presentation in the RI 

Report. If an error is made in the logbook, the error will be legibly crossed out (single-line strikeout), 

initialed and dated by the field member, and corrected in a space adjacent to the original (erroneous) 

entry. No calculations will be necessary to reduce these data for inclusion in RI Report. Field data will be 

entered in the electronic database manually, and the entries will be verified by an independent reviewer to 

.-- 
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make sure that no “transcription” errors occurred. Field measurements witl,~be recorded and reported in 
----* 

the following units: 

. Hydronium ion concentration - standard pH units 

. Temperature - degrees Celsius 

. Specific Conductance - millimhos 

. Turbidity - Nephelometric turbidity units 

Dissolved oxygen - milligrams per liter (mg/L) ’ . 

. Divalent iron - mg/L 

. REDOX Potential - millivolts (mV) 

. Salinity - % 

Standard pH units as specified above is the negative, logarithm (base 10) of the hydronium ion 

concentration in moles/liter. 

9.1.2 Laboratory Data Reduction 

Data reduction for laboratory analytical data generated via the USEPA CLP analytical protocol, quality 

assurance requirements, and reporting procedures (TCL volatile, semivolatile, pesticide/PCB organics ,__“x ,% 
and TAL metals) will be completed in accordance with the most current SOWS for Low Concentration 

Organic and Low/Medium Concentration Inorganic Analysis as identified in previous sections of this 

QAPP. Laboratory data reduction of analytical results generated via non-CLP methods will be completed 

in accordance with the applicable analytical methods. 

Laboratory analytical data will be reported using standard concentration units to ensure comparability with 

regulatory standards/guidelines and previous analytical results. Reporting units for solid and aqueous 

matrices for the classes of chemicals under consideration are as follows: 

Groundwater samples: 

. TCL volatile, semivolatile, PAHs, and pesticide/PCB organics - micrograms per liter @g/L) 

. DioxinlFurans - picogramslliter (pg/L) 

. Perchlorate - ug/L 

. TAL metals - ug/L 

. TOC, alkalinity, hardness, chloride, nitrate, sulfate, sulfide, ammonia, and methane - mg/L 

/“x-k 
- 
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Soil samples: 

. TCL volatile, semivolatile, pesticide, and PCB organics - micrograms per kilogram (ug/kg) 

l Dioxin/Furans - nanograms per kilogram (ng/kg) 

. TAL metals - milligrams (mg/kg) 

. Bulk density - grams per cubic centimeter (g/cm3) 

. pH - standard pH units 

. Porosity - nondimensional 

. TOC - mg/kg 

SPLP Leachates: 

. TAL metals and TCL PCBs - pg/L 

Field QC sample results will be included in the database for the NSB-NLON Basewide Groundwater OU 

RI. Specifically, the analytical results for field duplicates, source water blanks, trip blanks, rinsate blanks, 

and ambient condition blanks will be provided. The results for field QC samples will be considered during 

the course of data validation (in concert with laboratory method blanks) to eliminate false positive results 

according to the 5- and lo-times rules specified in the National Functional Guidelines for Organic and 

Inorganic Data Review. The results for laboratory QC samples such as method blanks will not be 

presented in the RI Report database. In addition, only the original (unspiked) sample results for MS/MSD 

samples will be provided in the database. 

9.2 DATA VALIDATION 

Validation of field measurements and laboratory analytical data are discussed in this section. Validation 

of field data will be limited to real time “reality” checks whereas laboratory analytical data will be validated 

in accordance with current USEPA guidance. Validation of field measurements is discussed in Section 

9.2.1. Validation of laboratory analytical data is discussed in Section 9.2.2. 

9.2.1 Field Measurement Data Validation 

Field measurements will not be subjected to a formal data validation process. However, field technicians 

will ensure that the equipment used for field measurement is performing accurately via calibration as 

discussed in Section 2.7 of the W/SAP. As described in Section 9.1 .l , all field data entered into the 

electronic database will be independently reviewed for transcription errors. 

059904/P (QAPP) 9-3 CT0 0312 



Rev. 1 
June 1999 

9.2.2 Laboratory Data Validation 
- 

One hundred percent of the laboratory data will be validated. Validation of analytical data will be 

completed by the TtNUS Chemistry Department located in TtNUS’s Pittsburgh, Pennsylvania office. Final 

review and approval of validation deliverables will be completed by the Department’s Data Validation 

Coordinator. 

All CLP laboratory analytical data will be subjected to validation in accordance with the National 

Functional Guidelines for Organic and Inorganic Data Review. Data validation will be completed to 

ensure that the data are of evidentiary quality. Particular emphasis will be placed on holding time 

compliance, equipment calibration, spike recoveries, and blank results, although all required elements of 

the validation process will be considered. The analytical results for volatile, semivolatile, pesticide, and 

PCB fractions generated using SW-846 methodology will be validated against method-specific 

requirements and the National Functional Guidelines to the e>;tent practicable. The analytical results for 

the remaining non-CLP parameters will be validated versus the applicable analytical methods. Validation 

of these data will conform to the National Functional Guidelines to the greatest extent practicable. 

9.3 DATA REPORTING 

9.3.1 Field Measurement Data Reporting 

Field data will be reported in the units discussed in Section $1.1:. The RI Report will include a 

comprehensive database including all field measurements (specifically organic vapor concentrations, pH, 

specific conductance, temperature, turbidity, dissolved oxygen, REDOX potential, and divalent iron). 

Field measurements will be transferred from the site logbook or sample logsheets to the electronic 

database manually and will be reviewed for accuracy by an independent reviewer. Transcription of field 

measurements to the electronic database will be completed shortly after completion of the field 

investigation and prior to receipt of laboratory analytical data. 

All records regarding field measurements (i.e., field logbooks, sampling logbooks, and sample logsheets) 

will be placed in TtNUS’s Northern Division central files upon completion of the field effort. Entry of these 

results in the database will require removal of these results from the files. Outcards will be used to 

document the removal of any such documentation from the files (date, person, subject matter). Field 

measurement data will be reported in an appendix of the RI Report at a minimum and may also be 

reported in summary fashion if they are indicative of the presence of contamination (e.g., high specific 

conductance readings). 
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9.3.2 Laboratory Data Reporting 

Data reported by the laboratory will be in accordance with CLP reporting format, including all non-CLP 

data (to the extent practicable). All pertinent QC data including raw data and summary forms for blanks, 

standards analysis, calibration information, etc., will be provided for the non-CLP analyses. Case 

narratives will be provided for each Sample Delivery Group. 

All environmental and field QC sample results (trip blanks, field duplicates, rinsate blanks, source water 

blanks, ambient condition .blanks) will be included in the RI Report as an appendix. The database will 

include pertinent sampling information such as sample number, sampling date, general location, depth, 

and survey coordinates (if applicable). Sample-specific detection limits will be reported for nondetected 

analytes. Units will be cl,early summarized in the database and will conform to those identified in 

Section 9.1.2. The analytical data may also be reported in summary fashion within the body of the RI 

Report text in tabular and graphic fashion. 

Data will be handled electronically pursuant to the electronic deliverable requirements specified in 

TtNUS’s Master Services Agreement with analytical laboratories. This agreement requires the analytical 

laboratories to provide data in both hardcopy and electronic form. The original electronic diskettes and 

the original hardcopy analytical data are maintained in TtNUS’s Northern Division central files as 

received. 

Validation will be completed using the hard copy data. Upon completion of validation of a Sample 

Delivery Group and review by the Data Validation Coordinator, the validation qualifiers will be entered in 

the electronic database and will be subjected to independent review for accuracy. During this review 

process, the electronic database printout will also be contrasted with the hard copy data (Form Is) to 

ensure that the hard copy data and electronic data are consistent. 
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10.0 PERFORMANCE AND SYSTEM AUDITS 

Performance and system audits will be performed periodically to ensure that work is being implemented 

in accordance with the approved Project Plans and in an overall satisfactory manner. Such audits will be 

performed by various personnel and will include evaluation of field, laboratory, data validation, and data 

reporting processes. Examples of pertinent audits are as follows: 

. 

. 

. 

. 

The FOL will supervise and check daily that the field measurements are made accurately, 

equipment is thoroughly decontaminated, samples are collected and handled properly, and 

fieldwork is documented accurately and neatly. 

Performance and system audits of the laboratory will be performed regularly, in accordance with the 

requirements of the CLP (external), by a Navy Contractor (internal), and in accordance with the 

Laboratory Quality Assurance Plan (internal). 

Data validators will review (on a timely basis) ‘the chemical analytical data packages submitted by 

the laboratory. The data validators will check that the data were obtained through use of an 

approved methodology, that the appropriate level of QC effort and reporting was conducted, and 

whether or not the results are in conformance with QC criteria. On the basis of these factors, the 

data validator will generate a report describing data limitations, which will be reviewed internally by 

the Data Validation Coordinator prior to submittal to the Project Manager. 

A formal audit of the field sampling procedures may be conducted by the TtNUS Quality Assurance 

Manager (QAM) or designee in addition to the auditing that is an inherent part of the daily project 

activities. The purpose of this audit is to ensure that sample collection, handling, and shipping 

protocols, as well as equipment decontamination and field documentation procedures, are being 

performed in accordance with the approved Project Plans and SOPS. 

A sample tracking system, as further described in Section 1.8.1 of the WP/SAP, will be employed 

for all environmental samples. This system will allow for early detection of errors made in the field 

or by the laboratory so that necessary adjustments can be made while the field crew is mobilized. 

The Project Manager will maintain contact with the FOL and Data Validation Coordinator to ensure that 

management of the acquired data proceeds in an organized and expeditious manner. Similarly, the 

Project Manager will interface with the Risk Assessment and Modeling Coordinators, as applicable. 

.- - 
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11.0 PREVENTIVE MAINTENANCE PROCEDURES 

Measuring equipment used in environmental monitoring or analysis for the NSB-NLON Basewide 

Groundwater OU RI shall be maintained in accordance with the _, ,. manufacturer’s operation and 

maintenance manuals. Equipment and instruments shall be calibrated in accordance with the 

procedures, and at the frequency, discussed in Section 6.0 (Calibration Procedures and Frequency). 

Preventive maintenance for field and laboratory equipment is discussed in the remainder of this section. 

11.1 FIELD EQUIPMENT PREVENTIVE MAINTENANCE 

TtNUS has established a program for the maintenance of field equipment to ensure the availability of 

equipment in good working order when and where it is needed. This program consists of the following 

elements: 

. The TtNUS equipment manager keeps an inventory of the equipment in terms of items (model and 

serial number), quantity, and condition. Each item of equipment is signed out when in use, and its 

operating condition and cleanliness checked upon return. 

b The equipment manager conducts routine checks on the status of equipment and is responsible for 

stocking spare parts and equipment readiness. The equipment manager also maintains the 

equipment manual library. 

. The FOL is responsible for working with the equipment manager to make sure that the equipment is 

tested, cleaned, charged, and calibrated in accordance with the manufacturer’s instructions and 

TtNUS SOPS before being taken to the job site and during field activities. 

. During calibration, an appropriate maintenance check is performed on each piece of equipment. 

Any problems encountered while operating the instrument will be recorded in the field log book 

including a description of the symptoms and corrective actions taken. 

. If problem equipment is detected or should require service, the equipment should be logged, 

tagged, and segregated from equipment in proper working order. Use of the instrument will not be 

resumed until the problem is resolved. 

.- - 
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11.2 LABORATORY INSTRUMENT PREVENTIVE MAINTENANCE 

Proper maintenance of laboratory instruments and equipment is essential to ensuring their readiness 

when needed. Dependent on manufacturers recommendations, maintenance intervals are established 

for each instrument. All instruments must be labeled with a model number and serial number, and a 

maintenance logbook must be maintained .for each instrument. Personnel must be alert to the 

maintenance status of the equipment they are using at all times. 

11.2.1 Major Instruments 

Table 1 l-l provides a summary of preventive maintenance procedures typically performed for key 

analytical instruments. Maintenance of key instruments is sometimes covered under service contracts 

with external firms. These contracts provide for periodic routine maintenance to help guard against 

unexpected instrument downtime. The contracts also provide for quick response for unscheduled service 

calls when malfunctions are observed by the operator. 

The use of manufacturer recommended grades or better of supporting supplies and reagents is also a 

form of preventive maintenance. For example, gases used in the various gas chromatographs and 

metals instruments should be of sufficient grade to minimize fouling of the instrument. The routine use of 

septa, chromatographic columns, ferrules, AA furnace tubes, and other supporting supplies from 

reputable manufacturers will assist in averting unnecessary periods of instrument downtime. 

11.2.2 Refrigerators/Ovens 

The temperatures of refrigerators used for sample storage and drying ovens will be monitored a minimum 

of once daily. The acceptable range for refrigerator, temperatures is 4°C &2”C. Required temperatures of 

ovens will vary based on the analytical methods for which the ovens are used. The temperatures will be 

recorded on temperature logs. The logs will contain the following information at a minimum: 

. Date 

0 Temperature 

. Initials of person performing the check 

Maintenance of the logs is typically the responsibility of the sample custodian. However, assignment of 

responsibilities for temperature monitoring to specific personnel does not preclude the participation of 

other laborato’ry personnel. If unusual temperature fluctuations are noted, it is the responsibility of the 

observer to immediately notify the person in charge of the discrepancy before the condition of the 

samples is compromised. _ 
C--b 
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;-,, .,: _I ,^j.l *. .,, . . TABLE 11-1 

TYPICAL PREVENTIVE MAINTENANCE FOR KEY AN&YTlCAL INSTRlJklENTS 
NSB-NLON, GROTON, CONNECTICUT 

Instrument 

GUMS 

GC 

ICP 

GFAA 

CVAA 

Spectrophotometer 

Preventive Maintenance ‘~ -” Maintenance 
Frequency 

Volatiles: Bake oven, replace septum, check carrier gas. As required. 

Semivolatiles: Replace the septum, clean injection port, As required. 
replace liner, bake oven, check carrier gas, clean the source. 

Replace solvent washes and clean syringe. Daily. 
Replace solvent washes and clean syringe. Daily. 

Cli’p column, clean injection port, replace liner, and bake As required. 
oven. 
Change sample introduction tubing, clean nebulizer, clean 
spray chamber, clean torch, manual profile, and automatic 
profile optics. 

As required. 

Clean contact cylinders, replace/clean tube, check lamp 
alignment. 

As required. 

Change sample introduction tubing, change drying cell, re- 
zero detector. 

As required. 

Check that cuvette has no scratch on its surface. Daily. 

Turn power off at the end of the day and warm up for at least Daily 
one hour before use. 
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Unstable or fluctuating temperatures may be indicative of malfunctions in the cooling or heating system. 

On the other hand, the instability may be due to frequent opening of the door. Regardless of the cause, 

such an observation must be investigated, and modifications must be made to access procedures or 

repairs to equipment must be made to prevent jeopardizing the integrity of the samples. 
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12.0 SPECIFIC ROUTINE PROCEDURES USED TO ASSESS 
DATA PRECISION, ACCURACY, AND COMPLETENESS 

The purpose of this section is to indicate the methods by which it will be ensured that the data collected 

for this investigation coincides with the project objectives as specified in Section 1 .O of the WP/SAP. The 

data assessment will be conducted to evaluate analytical data quality via compliance with the QC 

objectives addressed in Section 3.0 of this QAPP. Additionally, the data will be reviewed for indications of 

interferences to results caused by sample matrices, cross contamination during sampling, cross 

contamination in the laboratory, and sample preservation and storage anomalies. 

The data validation process will be used to flag data with quality indicators that fall outside the QC 

acceptance limits. A summary of the data validation qualifiers for all project samples will be prepared. 

This summary will include a list of chemicals identified as laboratory and/or field QC blank contaminants, 

holding time exceedences, samples exhibiting field duplicate/replicate imprecision as well as affected 

chemicals, rejected results and associated specific causes, and general causes of estimated results. 

This summary will facilitate the preparation of a summary of the data validation results and completeness 

assessment for inclusion in the RI Report. 

Compliance with the completeness objectives for field and laboratory measurements/data will be 

5alculated by hand.‘(field measurements) and electronically via a database subroutine (laboratory data). 

Sections 12.1, 12.2, and 12.3 present equations to be used for computing precision, accuracy, and 

completeness values, respectively. Section 12.4 presents additional data quality considerations that will 

be evaluated after completion of data validation. 

12.1 ACCURACY ASSESSMENT 

As described in Section 8.2, to assure the accuracy of the analytical procedures, a minimum of one of 

every 20 samples is spiked with a known amount of the analyte or analytes to be evaluated. The spiked 

sample is then analyzed. The increase in concentration of the analyte observed in the spiked sample, 

because of the addition of a known quantity of the analyte, compared to the reported value of the same 

analyte in the unspiked sample determines the percent recovery. Control charts are plotted by the 

laboratory for each commonly analyzed compound and kept on matrix-specific and analyte-specific 

, bases. The %R for a spiked sample is calculated according to the following formula: 

%R = Amount in Spiked Sample -Amount in Unspiked Sample 
..~ ,,.._. “, x 100% 

Known Amount Added ” 
.,“..~ x 
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Section 8.2 also describes the use of surrogate spikes and LCSs as measures of accuracy. The %R for a 

surrogate spike or LCS is calculated by using the following formula: 
H--% 

%R = Experimental Concentration 
x 100% 

Known Amount Added 

12.2 PRECISION ASSESSMENT 

As described in Section 8.2, duplicate samples (for inorganic analyses) and MSD samples (for organic 

analyses) are prepared and analyzed at a minimum frequency of one per every 20 environmental 

samples. As addressed in Section 3.6, field duplicate samples will also be collected at a minimum 

frequency of one per 10 environmental samples. The RPD between the sample (or spike) and duplicate 

(or duplicate spike) is calculated by using the following formula: 

RPD = 
Amount in Sample 1 -Amount in Sample 2 x , o. o/ 

0 

0.5 (Amount in Sample I+ Amount in Sample 2) 

12.3 COMPLETENESS ASSESSMENT 

As addressed in Section 3.3, completeness is the ratio of the number of valid sample results to the total 

number of sample results expected to be obtained for the project as a whole. Following the completion of 

the analytical testing and data validation, the percent completeness will be calculated using the following 

equation: 

Completeness = 
(number of valid measurements) X ,oo o/ 

0 

(number of measurements planned) 

12.4 DATA ASSESSMENT 

The field and laboratory data collected during the NSB-NLON Basewide Groundwater OU RI will be used 

to meet the objectives presented in Section 1.1 of the WPISAP. The QC results associated with each 

analytical parameter for each matrix will be compared with the objectives presented in Sections 3.1 

though 3.5 of this QAPP. Only data deemed usable during data validation will be considered usable for 

quantitative purposes. 

In addition, the data obtained will be both qualitatively and quantitatively assessed. The results of this 

assessment will be presented in the NSB-NLON Basewide Groundwater OU RI Report. Examples of 

issues to be considered in the data assessment are as follows: 
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\ *. l Were all samples obtained using the methodologies and SOPS specified in the FSP? 

l Were samples obtained from all sampling locations for all analyses specified in the FSP? 

l Were all field measurements conducted using the methodologies and SOPS specified in the FSP? 

l Were all laboratory analyses performed using the methodologies specified in the QAPP? 

l Were all field and laboratory data validated as specified in the QAPP? 

l Do any analytical results exhibit elevated quantitation limits? If so, what are the causes and what 

overall impact does this have on the data? 

l Were any data points determined to be unusable (qualified as “R”) during the data validation 

process? If so, are these rejected data points critical in meeting the objectives of the project? 

l Have sufficient data of appropriate quality been generated to support the objectives described in 

Section 1.1 of the WPISAP? 

.-- 
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13.0 CORRECTIVE ACTION 
‘ 1 

Under the TtNUS QA/QC program, it is required that any and all personnel noting conditions adverse to 

quality report these conditions immediately to the Project Manager and QAM. These parties, in turn, are 

charged with performing root-cause analyses and implementing appropriate corrective action in a timely 

manner. It is ultimately the responsibility of the QAM to document all findings and corrective actions 

taken and to’monitor the effectiveness of the 6orrective measures performed. 

13.1 FIELD CORRECTIVE ACTION 

Field nonconformances or conditions adverse to quality must be identified and corrected as quickly as 

possible so that work integrity or product quality is not compromised. The need for corrective action may 

arise based on deviations from Project Plans and procedures, adverse field conditions, or other 

unforeseen circumstances. Corrective action needs may become apparent during the performance of 

daily work tasks or as a consequence of internal or external field audits. 

Corrective action may include resampling and may involve amending previously approved field 

procedures. If warranted by the severity of the problem (e.g., if a change in the approved Project Plan 

documents or SOPS is required), the Navy will be notified in writing via a Field Task Modification Request 

(FTMR), and Navy (in conjunction with USEPA Region I and CTDEP) approvals will be obtained. The 

FOL is responsible for initiating FTMRs; an FTMR will be initiated for all deviations from the Project Plan 

documents, as applicable. An example of an FTMR is provided as Figure 13-l. Copies bf all FTMRs will 

be maintained with the onsite project planning documents and will be placed in the final evidence file. 

Minor modifications to field activities such as a slight offset of a boring location will be initiated at the 

discretion of the FOL, subject to onsite approval by NSB-NLON personnel. Approval for major 

modifications (e.g., elimination of a sampling point) must be obtained via an FTMR. 
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FIGURE 13-l 
;‘---. 

TETRA TECH NUS 
FIELD TASK MODIFICATION REQUEST FORM 

Client Identification Project Number FTMR Number 

To Location Date 

Description: 

Recommended Disposition: 

Field Operations Leader (Signature, if applicable) Date 

Disposition: 

Project Manager (Signature, if required) Date 

Distribution: 
Program Manager 
Quality Assurance Officer 
Project Manager 
Field Operations Leader 

Others as required 

.-__ 
- 
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13.2 LABORATORY CORRECTIVE ACTION 

In general, laboratory corrective actions are warranted whenever an out-of-control event or potential out- 

of-control event is noted. The specific corrective action taken depends on the specific analysis and the 

nature of the event. Generally, the following occurrences alert laboratory personnel that corrective action 

may be necessary: 

. QC data are outside established warning or control limits; 

. Method blank analyses yield concentrations of target analytes above acceptable levels; 

. Undesirable trends are detected in spike recoveries or in duplicate RPDs; 

. There is an unexplained change in compound detection capability; 

. Inquiries concerning data quality are received; and 

. Deficiencies are detected by laboratory QA staff audits or from performance evaluation sample test 

results. 

Corrective actions are typically documented for out-of-control situations on a corrective action form. 

Using a corrective action form, any employee may notify the CWQC Officer of a problem. The QA/QC 

Officer generally initiates the corrective action by relating the problem to the appropriate Laboratory 

Manager and/or Internal Coordinator, who then investigates or assigns responsibility for investigating the 

problem and its cause. Once determined, an appropriate corrective action is approved by the QAIQC 

Officer. Its implementation is verified and documented on the corrective action form and is further 

documented through audits. 

13.3 CORRECTIVE ACTION DURING DATA VALIDATION AND DATA ASSESSMENT 

The need for corrective action may become apparent during data validation, interpretation, or 

presentation activities, or problems may be identified as a result of oversight findings. The performance 

of rework, instituting a change in work procedures, or providing additional/refresher training are possible 

corrective actions relevant to data evaluation activities. The Project Manager will be responsible for 

approving the implementation of corrective action. 

.-- 
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14.0 QUALITY ASSURANCE REPORTS TO MANAGEMENT 
, jl_ *A “< : 

QA reports to management will be provided in three primary formats during the course of the NSB-NLON 

Basewide Groundwater OU RI. Data validation letter reports will be prepared on a Sample Delivery 

Group-specific basis and will summarize QA issues for the subcontract laboratory data. In addition, daily 

verbal reports summarizing accomplishments and QA/QC issues during the field investigation will be 

provided by the FOL. Finally, monthly progress reports are provided by the Project Manager. In addition, 

a summary of data validation qualifiers and a completeness assessment for all project samples will be 

included in the RI Report. 

14.1 CONTENTS OF PROJECT QUALITY ASSURANCE REPORTS 

The contents of the specific QA reports are as follows. The data validation reports address all major and 

minor laboratory noncompliances as well as noted sample matrix effects. In the event that major 

problems occur with the analytical laboratory (e.g., holding time exceedances or calibration 

noncompliances, etc.) the Data Validation Coordinator will notify the Project Manager, the Technical 

Program Manager, and the Laboratory Services Coordinator. Such notifications (if necessary) are 

typically provided via internal memoranda and are placed in th’e project file. Such reports contain a 

summary of the noncompliance, a synopsis of the impact on individual projects, and recommendations 

regarding corrective act/on and compensational adjustments. Corrective actions are initiated at the 

program level. 

The FOL will provide the Project Manager with daily reports via telephone regarding accomplishments, 

deviations from the WP/SAP, upcoming activities, and a QA summary during the course of the field 

investigation. In addition, monthly project review meetings are held for all active Navy CLEAN projects. 

Issues discussed at the project review meeting include all aspects of budget and schedule compliance, 

and QA/QC problems. The Project Manager provides a monthly progress report to the Navy which 

addresses the project budget, schedule, accomplishments, planned activities, required revisions of the 

QAPP, and QAlQC issues and intended corrective actions. 

14.2 INDIVIDUALS RECEIVING/REVIEWING QUALITY ASSURANCE REPORTS 

Data validation QA Reports are provided to the Project Manager for inclusion in the project files. In the 

event that major problems are observed for a given laboratory, the Program Manager, Deputy Program 

Manager, QA Manager, Project Manager, and Laboratory Services Coordinator are provided with copies 

.-- 
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of the QA report. Weekly field progress reports are provided to the Project Manager. Monthly progress 

reports are provided to the Navy CLEAN Program Manager and the Navy CLEAN Contracting Officers 

Technical Representative. 

J”“% 

- 
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1 .O INTRODlkTlON, 

This Health and Safety Plan (HASP) has been developed to provide practices and procedures for Tetra 

Tech NUS, Inc. (TtNUS) and subcontractor personnel engaged in activities associated with the Basewide 

Groundwater OU Remedial Investigation at the Naval Submarine Base - New London (NSB-NLON), 

located in Groton, Connecticut. This HASP is being prepared for NSB-NLON as part of an overall effort 

conducted under Comprehensive Long-Term Environmental Action Navy (CLEAN Ill) administered 

through the U.S. Navy Northern Division Naval Facilities Engineering Command (NAVFAC), as defined 

under Contract Number .N62472-90-D-1298. In addition to the HASP, a copy of the TtNUS Health and 

Safety Guidance Manual must be present at the site during the performance of site activities. The 

Guidance Manual provides supporting information pertaining to the HASP, as well as TtNUS Standard 

Operating Procedures (SOP’s). Both documents must be present at the site to comply with the 

requirements stipulated in the Occupational Safety and Health Administration (OSHA) standard 29 CFR 

1910.120 (Hazardous Waste Operations and Emergency Response Standard or HAZWOPER). 

This HASP has been developed using the latest available information regarding known or suspected 

chemical contaminants and potential physical hazards associated with the proposed work at the site. The 

HASP will be modified, if new information becomes available. All changes to the HASP will be made with 

the approval of the TtNUS Project Health and Safety Officer (PHSO) and the TtNUS Health and Safety 

Manager (HSM). Requests for modifications to the HASP will be directed to the PHSO, who will 

determine if the changes are necessary. The PHSO will notify the Project Manager (PM), who will notify 

all affected personnel of changes. 

1.1 KEY PROJECT PERSONNEL AND ORGANIZATION 

This section defines responsibility for site safety and health for TtNUS and subcontractor employees 

engaged in onsite activities. Personnel assigned to these positions will exercise the primary responsibility 

for all onsite health and safety. These persons will be the primary point of contact,for any questions 

regarding the safety and health procedures and the selected control measures that are to be implemented 

for onsite activities. 

l The TtNUS PM is responsible for the overall direction of health and safety for this project. 
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l The PHSO is responsible for developing this HASP in accordance with applicable OSHA regulations. flp 

Specific responsibilities include: 

i. Providing information regarding site contaminants and physical hazards associated with the site. 

ii. Establishing air monitoring and decontamination procedures. 

iii. Assigning personal protective equipment based on task and potential hazards. 

iv. Determining emergency response procedures and emergency contacts. 

v. Stipulating training requirements and reviewing appropriate training and medical surveillance 

certificates. 

vi. Providing standard work practices to minimize potential injuries and exposures associated with 

hazardous waste work. 

vii. Modifing this HASP, as it becomes necessary. 

l The TtNUS Field Operations Leader (FOL) is responsible for implementation of the HASP with the 

assistance of an appointed Site Safety Officer (SSO). The FOL manages field activities, executes the 

work plan, and enforces safety procedures as applicable to the work plan. 

l The SSO supports site activities by advising the FOL on all aspects of health and safety on site. .@--% 

These duties may include: 

ii. 
. . . 
III. 

iv. 

V. 

vi. 

vii. 
.., 

VIII. 

ix. 

X. 

Coordinates all health and safety activities with the FOL. 

Selects, applies, inspects, and maintains personal protective equipment. 

Establishes work zones and control points in areas of operation. 

Implements air monitoring program for onsite activities. 

Verifies training and medical clearance of on&e personnel status in relation to site activities. 

Implements Hazard Communication, Respiratory Protection Programs, and other .associated 

health and safety programs as they may apply to site activities. 

Coordinates emergency services. 

Provides site-specific training for all onsite personnel. 

Investigates all accidents and injuries (see Attachment I - Illness/Injury Reporting Procedure 

and Form) 

Provides input to the PHSO regarding the need to modify, this HASP, or applicable health and 

safety associated documents as per site-specific requirements. 

l Compliance with the requirements stipulated in this HASP is monitored by the SSO and coordinated .‘-x 

through the TtNUS CLEAN HSM. 
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1.2 SITE INFORMATION AND PERSONNEL ASSIGNMENTS 

Site Name: Naval Submarine Base - New London Client Contact: Richard Conant 
Groton, Connecticut Phone Number: l860) 694-5176 

Scheduled Activities: This activitv will be divided into a multi-task operation, includina the tasks of soil 
borinq (drillina), monitorina well installation, and multi-media samolina. Further detail on these and other 
site tasks can be found in Section 4 of this HASP. 

Dates of scheduled activities: Site activities will beqin in November 1999 and continue until project 
comoletion. 

Proiect Team: 

TtNUS Management Personnel: 

Corev A. Rich, P.E. 

TBD 

TBD 

Matthew M. Soltis, CIH. CSP 

Delwvn E. Kubeldis, CIH, CSP 

Other Potential TtNUS Project Personnel: 

TBD Field Geoloaist 

Discipline/Tasks Assigned: 

Proiect Manaaer (PM) 

Field Operations Leader (FOL) 

Site Safetv Officer (SSO) 

CLEAN Health and Safetv Manager 

Proiect Health and Safetv Officer (PHSO) 

Non-TtNUS Personnel Affiliation/Discipline/Tasks Assigned 

TBD 

TBD 

TBD 

Drillina subcontractor 

Survevina subcontractor 

IDW subcontractor 

Prepared by: James K. Laffev 
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4 

This section has been developed as part of a preplanning effort to direct and guide field personnel in the 

event of an emergency. All site activities will be coordinated with the client contact, Richard Conant. In 

the event of an emergency that cannot be mitigated using onsite resources, personnel will evacuate to a 

safe place of refuge and the appropriate emergency response agencies will be notified. It has been 

determined that the majority of potential emergency situations would be better supported by outside 

emergency responders. Based on this determination, TtNUS and subcontractor personnel will not provide 

emergency response support beyond the capabilities of onsite response. Workers who are ill or who have 

suffered a non-serious injury may be transported by site personnel to nearby medical facilities, provided 

that such transport does not aggravate or further endanger the welfare of the injured/ill person. The 

emergency response agencies listed in this plan are capable of providing the most effective response, and 

as such, will be designated as the primary responders. These agencies are located within a reasonable 

distance from the area of site operations, which ensures adequate emergency response time. NSB- 

NLON contact Richard Conant will be notified anytime outside response agencies are contacted. This 

Emergency Action Plan conforms to the requirements of 29 CFR 1910.38(a), as allowed in 29 CFR 

1910.120(1)(1)(ii). 

TtNUS will, through necessary services, provide the following emergency action measures: 

l Incipient stage fire fighting support and prevention 

. Incipient spill control and containment measures and prevention 

l Removal of personnel from emergency situations 

l Initial medical support for injuries or illnesses requiring basic first-aid 

l Site control and security measures as necessary 

2.2 PRE-EMERGENCY PLANNING 

Through the initial hazard/risk assessment effort, emergencies resulting from chemical, physical, or fire 

hazards are the types of emergencies that could be encountered during site activities. 

To minimize and eliminate the potential for these emergency situations, pre-emergency planning activities 

will include the following (which are the responsibility of the SSO and/or the FOL): 
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. Coordinating with local Emergency Response personnel to ensure that TtNUS emergency action -i”“~ 

activities are compatible with local emergency response procedures. Base Fire Protection and 

Emergency Services will be notified of scheduled events and activities.” This is, most imperative in 

situations where their services may be required. 

. Establishing and maintaining information at the project staging area (support zone) for easy 

access in the event of an emergency. This information will include the following: 

- Chemical Inventory of chemicals used onsite, with Material Safety Data Sheets. 

- Onsite personnel medical records (Medical Data Sheets). 

- A log book identifying personnel onsite each day. 

- Hospital route maps with directions (these should also be placed in each site vehicle). 

- Emergency Notification - phone numbers. 

The TtNUS FOL will be responsible for the following tasks: 

o Identifying a chain of command for emergency action. 
,----I 

. Educating site workers to the hazards and control measures associated with planned activities at the 

site, and providing early recognition and prevention, where possible. 

l Periodically performing practice drills to ensure site workers are familiar with incidental response 

measures. 

l Providing the necessary equipment to safely accomplish identified tasks. 

2.3 EMERGENCY RECOGNITION AND PREVENTION 

2.3.1 Recoqnition 

Emergency situations that may be encountered during site activities will generally be recognized by visual 

observation. To adequately recognize chemical exposures, site personnel must have a clear knowledge 

of signs and symptoms of exposure associated with site contaminants. This information is provided in 

Table 6-l: Tasks to be performed at the site, potential hazards associated with those tasks and the 

recommended control methods are discussed. in detail in Sections 5.0 and 6.0. Additionally, early 

recognition of hazards will be supported by daily site surveys to eliminate any situation predisposed to an 
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emergency. The FOL and/or the SSO will be responsible for performing surveys of work areas prior to 

initiating site operations and periodically while operations are being conducted. Survey findings will be 

documented by the FOL and/or the SSO in the Site Health and Safety logbook, however, all site personnel 

will be responsible for reporting hazardous situations. Where potential hazards exist, TtNUS will initiate 

control measures to prevent adverse effects to human health and the environment. 

The above actions will provide early recognition for potential emergency situations, and allow TtNUS to 

instigate necessary control measures. However, if the FOL and the SSO determine that control measures 

are not sufficient to eliminate the hazard, TtNUS will withdraw from the site and notify the appropriate 

response agencies listed in Table 2-l. 

2.3.2 Prevention 

TtNUS and subcontractor personnel will minimize the potential for emergencies by following the Health 

and Safety Guidance Manual and ensuring compliance with the HASP and applicable OSHA regulations. 

Daily site surveys of work areas, prior to the commencement of that day’s activities, by the FOL and/or the 

SSO will also assist in prevention of illness/injuries when hazards are recognized early and control 

measures initiated. 

2.4 EVACUATION ROUTES, PROCEDURES, AND PLACES OF REFUGE 

An evacuation will be initiated whenever recommended hazard controls are insufficient to protect the 

health, safety or welfare of site workers. Specific examples of conditions that may initiate an evacuation 

include, but are not limited to the fotlowing: severe weather conditions; fire or explosion; monitoring 

instrumentation readings which indicate levels of contamination are greater than instituted action levels; 

and evidence of personnel overexposure to potential site contaminants. 

In the event of an emergency requiring evacuation, all personnel will immediately stop activities and report 

to the designated safe place of refuge unless doing so would pose additional risks. When evacuation to 

the primary place of refuge is not possible, personnel will proceed to a designated alternate location and 

remain until further notification from the TtNUS FOL. Safe places of refuge will be identified prior to the 

commencement of site activities by the SSO and will be conveyed to personnel as part of the pre-activities 

training session. This information will be reiterated during daily safety meetings. Whenever possible, the 

safe place of refuge will also serve as the telephone communications point for that area. During an 

evacuation, personnel will remain at the refuge location until directed otherwise by the TtNUS FOL or the 

on-site Incident Commander of the Emergency Response Team. The FOL or the SSO will perform a 
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head count at this location to account for and to confirm the location of all site personnel. Emergency --^-- 

response personnel will be immediately notified of any unaccounted personnel. The SSO will document 

the names of all personnel onsite (on a daily basis) in the site Health and Safety Logbook. This 

information will be utilized to perform the head count in the event of an emergency. 

Evacuation procedures will be discussed during the pre-activities training session, prior to the initiation of 

project tasks. Evacuation routes from the site and safe places of refuge are dependent upon the location 

at which work is being performed and the circumstances under which an evacuation is required. 

Additionally, site location and meteorological conditions (i.e., wind speed and direction) may dictate 

evacuation routes. As a result, assembly points will be selected and communicated to the workers relative 

to the site location where work is being performed. Evacuation should always take place in an upwind 

direction from the site. 

2.5 DECONTAMINATION PROCEDURES / EMERGENCY MEDICAL TREATMENT 

During any site evacuation, decontamination procedures will be performed only if doing so does not further 

jeopardize the welfare of site workers. Decontamination will not be performed if the incident warrants 

immediate evacuation. However, it is unlikely that an evacuation would occur which would require ..- 

workers to evacuate the site without first performing the necessary decontamination procedures. 

TtNUS personnel will perform removal of personnel from emergency situations and may provide initial 

medical support for injury/illnesses requiring only first-aid level support. Medical attention above that level 

will require assistance and support from the designated emergency response agencies. Attachment I 

provides the procedure to follow when reporting an injury/illness, and the form to be used for this purpose. 

If the emergency involves personnel exposures to chemicals, follow the steps provided in Figure 

2-1. 

2.6 EMERGENCY CONTACTS 

Prior to initiating field activities, all personnel will ,be thoroughly briefed on the emergency procedures to be 

followed in the event of an accident. Table 2-l provides a list of emergency contacts and their associated 

telephone numbers. This table must be posted where it is readily available to all site personnel. Facility 

maps should also be posted showing potential evacuation routes and designated meeting areas. 
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FIGURE 2-1 
EMERGENCY RESPONSE PROTOCOL 

The purpose of this protocol is to provide guidance for the medical management of exposure situations. 

In the event of a personnel exposure to a hazardous substance or agent: 

l Rescue, when necessary, employing proper equipment and methods, 

l Give attention to emergency health problems -- breathing, cardiac function, bleeding, shock. 

l Transfer the victim to the medical facility designated in this HASP by suitable and appropriate 
conveyance (i.e. ambulance for serious events) 

l Obtain as much exposure history as possible (a Potential Exposure report is attached). 

l If the exposed person is a Tetra Tech NUS employee, call the medical facility and advise them that 
the patient(s) is/are being sent and that they can anticipate a call from the Continuum Healthcare 
physician. Continuum Healthcare will contact the medical facility and request specific testing which 
may be appropriate. The care of the victim will be monitored by Continuum Healthcare physicians. 
Site officers and personnel should not attempt to get this, information, as this activity leads to 
confusion and misunderstanding. 

l Call Continuum Healthcare at l-800-229-3674, being prepared to provide: 

- Any known information about the nature of the exposure. 

- As much of the exposure history as was feasible to determine in the time allowed. 

- Name and phone number of the medical facility to which the victim(s) has/have been taken. 

- Name(s) of the exposed Tetra Tech NUS, Inc. employee(s). 

- Name .and phone number of an informed site officer who will be responsible for further 
investigations. 

- Fax appropriate MSDS to Continuum Healthcare at (770) 457-1429. 

l Contact Corporate Health and Safety Department (Matt Soltis) at l-800-245-2730. 

As environmental data is gathered and the exposure scenario becomes more clearly defined, this 
information should be forwarded to the Continuum Healthcare Medical Director or Assistant Medical 
Director. 

Continuum Healthcare will compile the results of all data and provide a summary report of the incident. A 
copy of this report will be placed in each victim’s medical file in addition to being distributed to 
appropriately designated company officials. 

Each involved worker will receive a letter describing the incident but deleting any personal or individual 
comments. This generalized summary will be accompanied by a personalized letter describing the 
individual’s findings/results. A copy of the personal letter will be filed in the continuing medical file 
maintained by Continuum Healthcare. 

2-5 CT0 0312 



FIGURE 2-1 (continued) 
POTENTIAL EXPOSURE REPORT 

DRAFT 
Revision 1 
June 1999 

Name: Date of Exposure: ‘ _ . 1 ,_./.<,““, ,, - ,I i / . . . 

Social Security No.: 

Client Contact: 
w 

Company Name: 

I. Exposing Agent 
Name of Product or Chemicals (if known): 

Age: Sex: , I ,.. -. -I- )L , ..,A,, _/_ _~ 

Phone No.: /. *. _._... .~, .,~...A c ,, 

. . ,. I I 

II. 

III. 

Characteristics (if the name is not known) 
Solid Liquid Gas 

Dose Determinants 
What was individual doing? 

Fume Mist Vapor 

How long did individual work in area before signs/symptoms developed? 
Was protective gear being used? If yes, what was the PPE? 
Was there skin contact? 
Was the exposing agent inhaled? 
Were other persons exposed ? If yes, did they experience symptoms? 

Signs and Symptoms (check off appropriate symptoms) 

lmmediatelv With Exposure: 
Burning of eyes, nose, or throat Chest Tightness / Pressure 
Tearing Nausea/Vomiting 
Headache Dizziness 
Cough Weakness 
Shortness of Breath 

IV. 

Delaved Svmptoms: 
Weakness 
Nausea /Vomiting 
Shortness of Breath 
Cough 

Present Status of Symptoms (check off appropriate symptoms) 
Burning of eyes, nose, or throat 
Tearing 
Headache 
Cough 
Shortness of Breath 
Chest Tightness / Pressure 
Cyanosis 

Loss of Appetite 
Abdominal Pain 

Headache 
Numbness /Tingling 

Nausea / Vomiting 
Dizziness 

Weakness 
Loss of Appetite 
Abdominal Pain 

Numbness /Tingling 

V. 

Have symptoms: (please check off appropriate response and give duration of symptoms) 
Improved: Worsened: Remained Unchanged: 

Treatment of Symptoms (check off appropriate response) 

None: _ Self-Medicated: Physician Treated: 
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,. ,__,..: ,:,:.,. ., 1..; ..i,i. 
,,.,, -CONTACt. ” .’ :I. -PHONE NUMBER 

Local NSB-NLON Fire Department and EMS Ext. 3333 from base phone or 
(860) 694-3333 

Lawrence & Memorial Hospital (860) 442-0711 
Groton Police: 911 or 4459721 
Groton Fire Department: 911 or 4455775 
Utility Emergencies (electric, gas, water and sewer) 
NSB-NLON Public Works: (860) 694-4711 
Site Contact 
Richard “Dick” Conant (860) 694-5176 
NSB-NLON Security: (860) 694-3444. 
TtNUS Project Manager 

I ._ 

Corey A. Rich P.E. (412) 921-8244 
TtNUS Project Health and Safety Officer 
Delwyn E. Kubeldis, CIH, CSP (412) 921-8529 
TtNUS CLEAN Health and Safety Manager 
Matthew M. Soltis, CIH, CSP (412) 921-8912 

. .,.. 

J 

2.7 ROUTE TO HOSPITAL 
,, 

Lawrence and Memorial Hospital, 365 Montauk Ave., New London: 

Exit the base and proceed South on Route 12. Exit onto l-95 South and take exit 82A. Proceed 

on the service road and continue until turning on Coleman Street. Travel on Coleman St. to the 

intersection of Coleman and Bank Streets. Turn right onto Bank Street and follow to the 

intersection of Ocean Avenue. Turn left onto O,cean.,Avenue,and folfow.signs to the Hospital. 

. 

See Figure 2-2 for a map with the route to the hospital highlighted. Prior to the commencement of site 

activities, a map depicting directions from the site to the hospital shall be posted in the field trailer. 

2.8 EMERGENCY ALERTING AND ACTION/RESPONSE PROCEDURES 

TtNUS personnel will be working in close proximity to each other at NSB-NLON. As a result, hand 

signals, voice commands, and line of site communication will be sufficient to alert site personnel of an 

emergency. When project tasks are performed simultaneously on different sites, vehicle horns will be 

used to communicate emergency situations. If an emergency warranting evacuation occurs, the following 

procedures are to be initiated: 
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l Initiate the evacuation via hand signals, voice commands, line of site communication, or vehicle horns. fla* 

The following signals shall be utilized when communication via vehicle horn is necessary: 

HELP three short blasts 

EVACUATION three long blasts 

(. * 4 

(- - -) 

l Report to the deeignated refuge point. 

l Once all non-essential personnel are evacuated, appropriate response procedures will be enacted to 

control the situation. 

o Describe to the FOL (FOL will serve as the Incident Coordinator) pertinent incident details. 

In the event that site personnel cannot mitigate the hazardous situation, the FOL and SSO will enact 

emergency notification procedures to secure additional assistance in the fo!fow,&g manner: 

l Dial 911 (outside services) and call other pertinent emergency contacts listed in Table 2-l and report 

the incident. Give the emergency operator the location of the emergency, the type of emergency, the 

number of injured, and a brief description of the incident. Stay on the phone and follow the 

instructions given by the operator. The operator will then notify and dispatch the proper emergency “- 

response agencies. 

2.9 PPE AND EMERGENCY EQUIPMENT 

As applicable, a first-aid kit, eye wash units (or. bottles of disposable eyewash solution) and/or fire 

extinguishers (strategically placed) will be maintained onsite and shall be immediately available for use in 

the event of an emergency. When available, this equipment will be located in the field office as well as in 

each site vehicle. At least one first aid kit supplied with equipment to protect against bloodborne 

pathogens will also be available on site. Personnel identified within the field crew with bloodborne 

pathogen and first-aid training will be the only personnel permitted to offer first-aid assistance. 
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3.1 SITE HISTORY AND CURRENT OPERATIONS 

NSB-NLON is located in southern Connecticut, in the towns of Groton and Ledyard. NSB-NLON consists 

of approximately 547 acres of land and associated buildings, situated on the east bank of the Thames 

River, and is approximately six miles north of Long Island Sound. Location maps of NSB-NLON are 

included in the Work Plan for the Basewide Groundwater OU Remedial Investigation. NSB-NLON was 

established as an official Navy yard in July 1886. The site initially moored small craft and obsolete 

warships and was used as a coaling station for the Atlantic Fleet. The property was officially established 

as a permanent submarine base in 1916. The overall base facilities were expanded and a Submarine 

School training facility was established in 1917; the Submarine Medical Center was established in 1918. 

During World Wars I and II, NSB-NLON greatly expanded in size and in the number of buildings to support 

the submarine fleet. This facility was placed on the National Priorities List by the U.S. EPA on August 28, 

1991. 

NSB-NLON currently provides a base command for naval submarine fleet activities in the Atlantic Ocean. 

In addition, NSB-NLON contains naval housing, submarine training facilities, military offices, medical 

facilities, and facilities for the maintenance, repair, and overhaul of submarines. 

3.2 INVESTIGATION AREAS 

The Basewide Groundwater OU Remedial Investigation covers essentially all of NSB-NLON, except for a 

long narrow strip of land that is adjacent to the Thames River and runs the entire length of the west side of 

the base. Installation Restoration Program (IRP) sites located in this excluded strip include the Defense 

Reutilization and Marketing Office (DRMO) and the Lower Subase. The remaining portion of NSB-NLON 

included in this investigation is bordered on the east by the Connecticut Route 12, on the south by Crystal 

Lake Road and Goss Cove, and on the north by a low ridge that trends approximately east-southeast for 

the Thames River to Baldwin Hill. Within the NSB-NLON, several potential contaminated areas and 

sources of contamination have been identified. The base is,djvided,into three geographical regions for the 

purpose of this investigation. 

3.2.1 Northern Reqion 

The Northern region is bordered by Perimeter Road to the north and Highway 12 to the east. This region 

extends to the west to include the Golf Course west of Shark Boulevard. The southern boundary is 
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represented by an imaginary line extending from the intersection of Corsair Road and Highway 12 to Pier 

32 but stopping at the western edge of the Golf Course before the lower Subase. The following sites will 

be included in this HASP. 

l Site 01 - Central Battalion Unit (CBU) Drum Storage Area - The CBU Drum Storage Area was an 

unpaved area located in the northern section of NSB-NLON, Adjacent to the deployed personnel 

parking lot and within the boundary of the Area A Landfill. The site was situated on a flat, open area at 

the base of a wooded hill side thatslopes to the northeast toward the site at a 2~5% grade. The site 

has been capped and paved over with asphalt. Because of the low levels of contamination, this site 

will be monitored as part of the Area A Landfill. 

l Site 02A - Area A Landfill - The, Area A, Landfill encompasses approximately 13 acres in the 

northeastern and north-central section of NSB-NLON.. Access” to-the l,andf~i!l~is,via adirt road off of & ..A. i..n 

Wahoo Avenue. The thickness of the landfifl materjals is estimated to ,be 16 to 20 feet based on test 

boring data. The Area A landfill is a relatively flat area bordered by a steep, wooded hillside that rises 

to the south, a steep wooded ravine to the west, and the Area A wetland to the north. The landfill 

extends east along the wetland as far as a recreational area (tennis courts). Most filling occurred 

within the eastern and western limits of,the landfiff. Because,,a,,&ver system and paving have been F-Y 

installed over the Area A Landfill, the release of waste materials to the environment, should be 

minimal. Additional sampling and analysis activities will occur at this site. 

l Site 02B - Area A. Wetland - The Area A Wetland is approximately 23.6 acres in size and is adjacent 

to the northeastern edge of the Area A Landfill. This portion of NSB-NLON was undeveloped, wooded 

land and possibly wetland until the late 1950s when it was filled in with dredge spoils from the Thames 

River. There is a small pond at the southern portion of the wetland. A cover system and pavement 

has minimized the spread of contaminants. Access to this area will be restricted and groundwater will 

be sampled. 

o Site 03 - Area A Downstream Watercourses and the Over Bank Disposal Area (OBDA). - The Area A 

Downstream Watercourses receive surface water and ground water recharge from the Area A 

Wetland, Torpedo Shops, OBDA North East, and surrounding areas and convey them to the Thames 

River. The Area A Downstream Watercourses include North Lake and several small ponds and 

interconnected streams. Several VOCs, including vinyl chloride, were found in samples collected. 

Additional groundwater sampling will determine the source and extent of this contamination. 
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3.2.2 Central Reaion 

The central region lies between the northern and southern regions. Site 16 is the only IRP site located 

within the central region. 
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Site 04 - Rubble Fill Area at Bunker A86 - Bunker A86 is located at the end of a dirt road off Wahoo 

Avenue in the north-central section of NSB-NLON. The Rubble Fill Area was located south of the 

Area A Landfill, near the west end. It is north of the dirt road and west of the bunker. The size was 

approximately 25 feet wide and 60 feet long. It was on a wooded hillside that slopes to the north- 

northeast at an approximate grade of 40%. A removal action was completed for the soil, sediment 

and debris at the site in 1997. Because a groundwater monitoring program will be implemented in 

conjunction with the cover system at the Area A Landfill and that program will include sampling points 

within and downgradient of the former Rubble Fill Area at Bunker A86, additional sampling activities 

will occur at this site. 

Site 07 - Torpedo Shops - This site is located in the northern portion of NSB-NLON on the northern 

side of Triton Avenue. It is bordered on the east and north by 60- foot-high bedrock cliffs. The 

remainder of the site slopes to the southwest. An earthen berm extends along the base of the eastern 

portion of the exposed rock face. Buildings 325, 450, and 477 are located here. Methylene chloride 

and several PAHs were found in approximately 50% of the soil samples. Additional wells are being 

installed to determine the nature, extent, and migration of organic contamination at this site. 

Site 14 - Over Bank Disposal Area Northeast (OBDANE) - The ODDANE site is located in a heavily 

wooded area on the edge of a ravine northwest of the Area A Landfill, west of the Area A Weapons 

Center and south of the Torpedo Shops. The site is circular and approximately 89 feet in diameter. A 

dirt road provides access to the wooded site. A nearly vertical 20-foot-high bedrock face is located at 

the eastern edge of the site. The rest of the site slopes to the southwest. A single overburden well 

will be resampled to verify the extent of contamination migration from the Torpedo Shops. 

Site 20 - Area A Weapons Center - This site consists of Building 524 and the weapons storage 

bunkers. The site is located at the southeastern end of Triton Avenue and is adjacent to and on the 

northwestern side of the Area A Wetland. There is little evidence of groundwater and surface water 

contamination at this site, but it may be a source of contamination for the Area A Wetlands. 

l Site 16 - Hospital Incinerator - In the 198Os, the Naval Hospital Groton operated a skid-mounted waste 

incinerator at two sites adjacent to the hospital. The two sites are located west of Tautog Road, 
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adjacent to Buildings 449 and 452. The incinerator was used to destroy medical records and medical .‘“““-s 

waste contaminated with pathological agents. Ash was transferred to dumpsters for disposal at the 

municipal landfill. There is no data available for this site. The data collected will be used to determine 

the nature and extent of contamination. 

3.2.3 Southern Reuion 

The Southern Region extends southward from the southern bou,ndary of the Central Region. It is 

bordered by Highway 12 to the east, Crystal Lake Road and Goss Cove to the south, and the Thames 

River or Shark Boulevard to the west. The following sites are located within the Southern Region. 

l Site 08 - Goss Cove Landfill - Is located. in the, southwestern portion of the Base adjacent to the * ‘dlll. i,y_q ̂,. 

Thames River. It is west of Shark. Boulevard and+ the &+section of Crystal Lake Road and Military 

Highway, east of the Thames River and north of Goss Cove. The. Nautilus Muesum and a paved ,,^ 

parking lot are directly over the landfill. The !andfjll..w,as operated from 1946 through 1957. Incinerator 

ash and inert rubble were disposed at the site. It was reported, however, that several large 

compressed gas cylinders were uncovered during the excavation of a utility trench in the parking area 

north of the Nautilus Museum building. One of the cylinders was leaking propane, one was filled with 4--a 

ammonia, and the others were empty. Significant concentrations of Tetrachloroethylene (PCE) were 

detected. The source of the contamination ,is from an~*upgradient, off-site location and not the landfill. 

Additional investigation is required to determine the extent and source of,the,contamination. 

l Site 15 - Spent Acid Storage and Disposal Area - This area was located in the southeastern sections 

of the Base between the southern sides of Buildings 409 and 410. This site is a relatively flat area 

completely covered with concrete or bituminous pavement. It was used before and after World War II 

for the temporary storage of waste battery acid. While the site has been cleared of all contamination, 

wells will be sampled to determine chemical concentrations in the groundwater up gradient of the tank 

farm. 

l Site 18 - Solvent Storage Area - This site consists of Building 33 where gas cylinders and 55-gallon 

drums of solvents such as Trichloroethylene (TCE), and dichloroethene have been stored. It is 

located north of Site 15 and Site 23. There is no analytical data currently available so information 

gathered will be used to determine the nature and extent of contamination.” 

l Site 23 - Tank Farm - Nine 750,000 gallon USTs were used from 1940 to 1991. They stored No. 6 *es 

Fuel Oil and diesel fuel exclusively. Evidence of releases of petroleum products was detected in 
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previous investigations. A numbei of petroleum spills are documented. Data collected from this site , 

will be used to determine the extent of contamination. 
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This section describes the project tasks that will be performed at NSB-NLON. Additionally, each task has 

been evaluated and the associated hazards and recommended control measures are listed in Table 5-l of 

this HASP. The planned activities involved in this effort are presented in detail in the Work and Sampling 

and Analysis Plans developed for the project. If new tasks are to be performed at the site, Table 5-l and 

this section will be modified accordingly. 

Field investigations to be performed by TtNUS are designed to characterize soil and groundwater conditions 

at various sites at NSB-NLON. Specific tasks to be conducted include, but are not necessarily limited to, the 

following: 

l Mobilization and demobilization 

l Soil borings (hollow stem auger, air rotary and direct push techniques) 

l Multi-media sampling: 

- Groundwater 

- Surface Soil 

- Subsurface Soil 

l Monitoring well installation, development, and purging 

l Decontamination of sampling and heavy equipment 

l Surveying 

l IDW management 

The above listing represents a summarization of the tasks as they apply to the scope and application of 

this HASP. For more detailed description of the associated tasks, refer to the Work and Sampling and 

analysis Plan. If additional tasks are determined to be necessary, this HASP will be amended and a 

hazard evaluation of the additional tasks performed. 
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5.0 TASKS/HAZARDS/ASSOCIATED CQNTROL MEASURES SUMMAFilZATlON 

Table 5-l of this section serves as the primary portion of the site-specific HASP, and identifies the tasks 

that are to be performed as part of the scope of work. This table will be modified and incorporated into 

this document as new or additional tasks are performed at the site. The anticipated hazards, 

recommended control measures, air monitoring recommendations, required Personal Protective 

Equipment (PPE), and decontamination measures for each site task are discussed in detail. This table 

and the associated control measures shall be changed, if the scope of work, contaminants of concern, or 

other conditions change. 

Through using the table, site personnel can determine which hazards are associated with each task and at 

each site, and what associated control measures are necessary to minimize potential exposure or injuries 

related to those hazards. The table also assists field team members in determining which PPE and 

decontamination procedures to use based on proper air monitoring techniques and site-specific 

conditions. 

As discussed earlier, a Health and Safety Guidance Manual accompanies this table and HASP. The 

manual is designed to further explain supporting programs and elements for other site -specific aspects as 

required by 29 CFR 1910.120. The Guidance Manual should be referenced for additional information 

regarding air monitoring instrumentation, decontamination activities, emergency response, hazard 

assessments, hazard communication and hearing conservation programs, medical surveillance, PPE, 

respiratory protection, site control measures, standard work practices, and training requirements. Many of 

TtNUS’ SOPS are also provided in this Guidance Manual. 

Safe Work Permits issued for all exclusion zone activities (See Section 10.10) will use elements defined in 

Table 5-l as it’s primary reference. The FOL or the SSO completing the Safe Work Permit will add 

additional site-specific information. In situations where the Safe Work Permit is more conservative than 

the direction provided in Table 5-l due to the incorporation of site-specific elements, the Safe Work Permit 

will be followed. 
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Tasks/Operation/ 
Locations 

Soil borinas usina Hollow 
Stem Au&r, and-Direct-Push 
Technology (DPT, such as 
the GeoprobeB ) 

This task also includes 
monitoring well installation, 
development, and purging. 

Anticipated Hazards 

Chemical Hazards 

1) Primary contaminants include VOCs (including vinyl 
chloride, methylene chloride, trichloroethene, 
dichloroethene, benzene, and xylene), SVOCs 
(including Polynuclear Aromatic Hydrocarbons PAHs), 
metals (arsenic, chromium and lead), pesticides 
(represented as DDT), PCBs. Contaminants may vary 
from location to location. Review text in Section 6.0 of 
the HASP prior to working in each location. Also, note 
that these contaminants may be bound to particulates 
(dusts, soils, etc.) and contact with site dust/dirt should 
be avoided whenever possible. See Table 6-l for 
more information on the chemicals of concern. 

2) Transfer of contamination into clean areas or onto 
persons 

Physical hazards 

3) Heavy equipment hazards (pinch/compression 
points, rotating equipment, hydraulic lines, etc.) 

4) Noise in excess of 85 dBA 

5) Energized systems (contact with underground or 
overhead utilities) 

6) Lifting (strain/muscle pulls) 

7) Slip, trips, and falls 

8) Vehicular and foot traffic 

9) Ambient temperature extremes (heat or cold stress) 

10) Eye and foot hazards 

Natural hazards 

11) Insect/animal bites and stings, poisonous plants, 
etc. 

12) Inclement weather 

Recommended Control Measures 

1) Use real-time monitoring instrumentation, action levels, and identified 
PPE to control exposures to potentially contaminated media (air, water, 
soils, etc.). Generation of dusts and contact with dust/dirt should be 
minimized whenever possible. If airborne dusts are observed, area wetting 
methods will be used. If area wetting methods are not feasible, termination 
of activities will be used to minimize exposure to excessive airborne dusts. 
2) Decontaminate all equipment and supplies between boreholes and 
prior to leaving the site. 
3) All equipment to be used will be 
- Inspected in accordance with Federal safety and transportation guidelines, 
OSHA (1926.606,.601,.682), and manufacturers design and documented as 
such using Equipment Inspection Sheet (see Attachment Ill of this HASP). 
- Operated by knowledgeable operators and ground crew. 
- Only manufacturer approved equipment may be used in conjunction with 
equipment repair procedures 
In addition to the equipment considerations, the following standard operating 
procedures will be employed: 
- All personnel not directly supporting the drilling/direct push operation will 
remain at least 2.5 feet from the point of operation. 
- All loose clothing/protective equipment will be secured to avoid possible 
entanglement. 
- Hand signals (if necessary) will be established prior to the commencement 
of direct push activities. 
- A remote sampling device must be used to sample drill cuttings near 
rotating tools. 
- Work areas will be kept clear of clutter. 
- All personnel will be instructed in the location and operations of the 
emergency shut off device(s). This device will be tested initially (and then 
periodically) to insure its operational status. 
- Areas will be inspected prior to the movement of drilVdirect push rigs and 
support vehicles to eliminate any physical hazards. This will be the 
responsibility of the FOL and/or SSO. 
4) Hearing protection will be used during all subsurface activities. Refer 
to Section 6 of the Guidance Manual for further infomration. 
5) All utility clearances shall be obtained, in writing, prior to subsurface 

i activities. Prior to any subsurface investigations, the locations of all 
1 underground utilities will be identified and marked. 

6) Use machinery or multiple personnel for heavy lifts. Use proper lifting 
techniques. 
7) Preview work locations for unstable/uneven terrain. 
8) Traffic and equipment considerations are to include the following: 
- Establish safe zones of approach. 
- All activities are to be conducted consistent with Base traffic requirements. 
9) Wear appropriate clothing for weather conditions. Provide acceptable 
shelter and liquids for field crews. Addftional information regarding cold/heat 
stress concerns is provided in Section 4 of the TtNUS Health and Safety 
Guidance Manual. 
10) Avoid recognized eye and foot hazards. Wear appropriate PPE. 
11) Avoid nesting areas, use repellents. Report potential hazards to the 
SSO. Follow guidance presented in Attachment II of this HASP. 
12) Suspend or temrinate operations until directed otherwise by SSO. 

Hazard Monitoring 

A direct reading Photoionization Detector (PID) with at 
least a 11.4 eV lamp or Flameionization Detector (FID) 
will be used to screen samples and to detect the 
presence of VOCs, SVOCs, and any other detectable 
contaminants. Source monitoring of the borehole will be 
conducted at regular intervals to be detem-rined by the 
SSO. Positive sustained results at a source or 
downwind location which may impact the field crew will 
require the following actions: 

- Monitor the breathing zone of at-risk and downwind 
employees. Any sustained readings (greater than 1 
minute in duration) above background in the 
breathing zone of the at-risk employees requires 
site activities to be suspended and site personnel 
to report to an unaffected area. 

- Work may only resume if airborne readings in 
worker breathing zone return to background levels. 
If elevated readings in the worker’s breathing zone 
persist, the PHSO and HSM will be contacted to 
determine necessary actions and levels of 
protection. 

Site contaminants may adhere to or be part of airborne 
dusts or particulates generated during site activities. 
Generation of dusts should be controlled to minimize the 
potential for inhalation of contaminated dusts and 
particulates. Evaluation of dust concentrations will be 
performed by observing work conditions for visible dust 
clouds. Potential exposure to contaminated dust will be 
controlled using water suppression, by avoiding dust 
plumes, or evacuating the operation area until dust 
subsides. 

Where the utility clearance cannot be determined, 
subsurface activities shall proceed with extreme 
caution using hand digging to below at least the frost- 
line depth (no less than 4 feet BGS). Also a 
magnetometer must be used for periodic down-hole 
surveys every 2 feet to a depth of at least IO feet. 

I 

Personal Protective Equipment 

All subsurface operations are to be initiated in Level 
D protection. Level D protection constitutes the 
following minimum protection 
- Standard field attire (Sleeved shirt; long pants) 
- Safety shoes (Steel toe/shank) 
- Safety glasses 
- Hardhat 
- Nitrile gloves or leather gloves with surgical style 
inner gloves 
- Tyvek coveralls and disposable boot covers if 
surface contamination is present or if the potential 
exists for soiling work attire. 
- Hearing protection during drilling or for other high 
noise areas as directed by the SSO. 
- Reflective vest for traffic areas 

(Items in italics are deemed optional as conditions or 
the FOL or SSO dictate.) 

Note: The Safe Work Permit(s) for this task (see 
Attachment IV) will be issued and reviewed at the 
beginning of each day to address the tasks planned for 
that day. As part of this task, additional PPE may be 
assigned to reflect site-specific conditions or special 
considerations or conditions associated with any 
identified task. 

Decontamination Procedures 

Personnel Decontamination -Will consist of a 
soap/water wash and rinse for reusable protective 
equipment (e.g., gloves). This function will take place 
at an area adjacent to the drilling operations bordering 
the support zone. 

This decontamination procedure for Level D protection 
will consist of 
- Equipment drop 
- Outer coveralls or boot covers removal, as applicable 
- Soap/water wash and rinse of reusable outer gloves, 
as applicable 
- Removal, segregation, and disposal of non-reusable 
PPE in bags/containers provided 
- Wash hands and face, leave contamination 
reduction zone. 
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Tasks/Operation/ 
Locations 

Soil borings using air rotary 
technique. 

Site 3 and Site 7 

This task also includes 
monitoring well installation, 
development, and purging. 

L 

Anticipated Hazards 

Chemical Hazards 

1) Primary contaminants at Site 3 include VOCs 
(including vinyl chloride) and SVOCs (including 
Polynuclear Aromatic Hydrocarbons PAHs). Site 7 
primary contaminants include VOCs (including 
methylene chloride), metals (arsenic, chromium and 
lead) and SVOCs (including Polynuclear Aromatic 
Hydrocarbons PAHs, and waste oils). Contaminants 
may vary from well to well. Review text in Section 6.0 
of the HASP prior to working in each location. Also, 
note that these contaminants may be bound to 
particulates (dusts, soils, etc.) and contact with site 
dust/dirt should be avoided whenever possible. See 
Table 6-l for more information on the chemicals of 
concern. 

2) Transfer of contamination into clean areas or onto 
persons 

Physical hazards 

3) Heavy equipment hazards (pinch/compression 
points, rotating equipment, hydraulic lines, etc.) 

4) Flying projectiles associated with air rotary drilling. 

5) Noise in excess of 85 dBA 

6) Energized systems (contact with underground or 
overhead utilities) 

7) Lifting (strain/muscle pulls) 

8) Slip, trips, and falls 

9) Vehicular and foot traffic 

10) Ambient temperature extremes (heat or cold 
stress) 

11) Eye and foot hazards 

Natural hazards 

12) Insect/animal bites and stings, poisonous plants, 
etc. 

13) Inclement weather 

TABLE 5-l 
TASKS/HAZARDS/CONTROL MEASURES COMPENDIUM FOR 

NAVAL SUBMARINE BASE - NEW LONDON (NSB-NLON) GROTON, CONNECTICUT 
PAGE 2 dF 5 

Recommended Control Measures 

1) When appropriate use real-time monitoring instrumentation, action 
levels, and identified PPE to control exposures to potentially contaminated 
media (air, water, soils, etc.). Generation of dusts and contact with dust/dirt 
should be minimized whenever possible. If airborne dusts are observed, 
area wetting methods will be used. If area wetting methods are not feasible, 
termination of activities will be used to minimize exposure to excessive 
airborne dusts. 
2) Decontaminate all equipment and supplies between boreholes and 
prior to leaving the site. 
3) All equipment to be used will be 
- Inspected in accordance with Federal safety and transportation guidelines, 
OSHA (1926.600,.601,.602), and manufacturers design and documented as 
such using Equipment Inspection Sheet (see Attachment Ill of this HASP). 
- Operated by knowledgeable operators and ground crew. 
- Only manufacturer approved equipment may be used in conjunction with 
equipment repair procedures 
In addition to the equipment considerations, the following standard operating 
procedures will be employed: 
- All personnel not directly supporting the air rotary operation will remain at 
least 25 feet from the point of operation. 
- All loose clothing/protective equipment will be secured to avoid possible 
entanglement. 
- Hand signals (if necessary) will be established prior to the commencement 
of activities. 
- A remote sampling device must be used to sample drill cuttings near 
rotating tools. 
- Work areas will be kept clear of clutter. 
- All personnel will be instructed in the location and operations of the 
emergency shut off device(s). This device will be tested initially (and then 
periodically) to insure its operational status. 
- Areas will be inspected prior to the movement of drill rigs and support 
vehicles to eliminate any physical hazards. This will be the responsibility of 
the FOL andlor SSO. 

4) Restrict access to non-essential personnel during drilling activities. 
Utilize appropriate PPE (e.g., safety glasses and face shields) to protect 
against flying projectiles created by air rotary drilling activities. 

5) Hearing protection will be used during all subsurface activities. Refer 
to Section 6 of the Guidance Manual for further information. 
8) All utility clearances shall be obtained, in writing, prior to subsurface 
activities. Prior to any subsurface investigations, the locations of all 
underground utilities will be identified and marked. 
7) Use machinery or multiple personnel for heavy lifts.. Use proper lifting 
techniques. 
8) Preview work locations for unstable/uneven terrain. 
9) Traffic and equipment considerations are to include the following: 
- Establish safe zones of approach. 
- All activities are to be conducted consistent with Base traffic requirements. 
10) Wear appropriate clothing for weather conditions. Provide acceptable 
shelter and liquids for field crews. Additional information regarding cold/heat 
stress concerns is provided in Section 4 of the TtNUS Health and Safety 
Guidance Manual. 
11) Avoid recognized eye and foot hazards. Wear appropriate PPE. 
12) Avoid nesting areas, use repellents. Report potential hazards to the 
SSO. Follow guidance presented in Attachment II of this HASP. 
13) Suspend or terminate operations until directed otherwise by SSO. 

A direct reading Photoionization Detector (PID) with at 

Hazard Monitoring 

least a 11.4 eV lamp or Flameionization Detector (FID) 
will be used to screen samples and to detect the 
presence of VOCs, SVOCs, and any other detectable 
contaminants. Source monitoring of the borehole will be 
conducted at regular intervals to be determined by the 
SSO. Positive sustained results at a source or 
downwind location which may impact the field crew will 
require the following actions: 

- Monitor the breathing zone of at-risk and downwind 
employees. Any sustained readings (greater than 1 
minute in duration) above background in the 
breathing zone (BZ)of the at-risk employees 
requires site activities to be suspended and site 
personnel to report to an unaffected area. 

- Work may only resume if airborne readings in 
worker BZ return to background levels. If elevated 
readings in the workers BZ persist, the PHSO and 
HSM will be contacted to determine necessary 
actions and levels of protection. 

Site contaminants may adhere to or be part of airborne 
dusts or particulates generated during site activities. 
Generation of dusts should be controlled to minimize the 
potential for inhalation of contaminated dusts and 
particulates. Evaluation of dust concentrations will be 
performed by observing work conditions for visible dust 
clouds. Potential exposure to contaminated dust will be 
controlled using water suppression, by avoiding dust 
plumes, and/or upgrade of PPE. 

If airborne dusts are generated and cannot be controlled, 
Level C protection will be required. An air purifying 
respirator will only be used for protection against 
particulate contaminats. Respirators will not be used for 
protection against organic vapors, gases, or other non- 
particulate respiratory hazards. 

If PID/FID readings rise above background, operations 
must be suspended and the site evacuated until the 
levels return to background. 

Where the utility clearance cannot be determined, 
subsurface activities shall proceed with extreme 
caution using hand digging to below at least the frost- 
line depth (no less than 4 feet bgs.). Also a 
magnetometer must be used for periodic down-hole 
surveys every 2 feet to a depth of at least 10 feet. 

Personal Protective Equipment 

All subsurface operations are to be initiated in Level 
D protection. Level D protection constitutes the 
following minimum protection 
- Standard field attire (Sleeved shin; long pants) 
- Safety shoes (Steel toe/shank) 
- Safety glasses 
- Hardhat 
- Nitrile gloves or leather gloves with surgical style 
inner gloves 
- Tyvek coveralls and disposable boot covers if 
surface contamination is present or if the potential 
exists for soiling work attire. 
- Hearing protection during drilling or for other high 
noise areas as directed by the SSO. 
- Reflecrive vest for traffic areas 

(Items in italics are deemed optional as conditions or 
the FOL or SSO dictate.) 

Upgrade to Level C protection will follow the guidance 
provided under Hazard Monitoring. Level C 
protection will consist of a quarter or half-face air 
purifying respirator (APR) with a protection factor of 
at least 5. All respirator use will be consistant with 
the written Respiratory Protection Program. 

At the discretion of the SSO Tyvek coveralls may be 
required. When free product is encountered a splash 
suit made of PVC, Saranex, or PE should be used. 

Note: The Safe Work Permit(s) for this task (see 
Attachment IV) till be issued and reviewed at the 
beginning of each day to address the tasks planned for 
that day. As part of this task, additional PPE may be 
assigned to reflect site-specific conditions or special 
considerations or conditions associated with any 
identified task. 
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Decontamination Procedures 

Personnel Decontamination - Will consist of a 
soap/water wash and rinse for reusable protective 
equipment (e.g., gloves). This function will take place 
at an area adjacent to the drilling operations bordering 
the support zone. 

This decontamination procedure for Level D protection 
will consist of 
- Equipment drop 
- Outer coveralls or boot covers removal, as applicable 
- Soap/water wash and rinse of reusable outer gloves, 
as applicable 
- Removal, segregation, and disposal of non-reusable 
PPE in bags/containers provided 
- wash hands and face, leave contamination reduction 
zone. 

For Level C Protection: 
- Equipment drop 
- Outer coveralls or boot covers removal, as applicable 
- Respiratory (face mask) protection removal 
- Removal, segregation, and disposal of non-reusable 
PPE in bags/containers provided 
- Wash hands and face, leave contamination reduction 
zone 
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Tasks/Operation/ Locations 

Multi-media sampling, 
including soil, and 
groundwater sampling. 

Anticipated Hazards 
Chemical Hazards 

1) Primary contaminants include VOCs (including vinyl 
chloride, methylene chloride, trichloroethene, 
dichloroethene, benzene, and xylene), SVOCs 
(including Polynuclear Aromatic Hydrocarbons PAHs), 
metals (arsenic, chromium and lead), pesticides 
(represented as DDT), PCBs. Contaminants may vary 
from location to location. Review text in Section 6.0 of 
the HASP prior to working in each location. Also, note 
that these contaminants may be bound to particulates 
(dusts, soils, etc.) and contact with site dust/dirt should 
be avoided whenever possible. See Table 6-1 for 
more information on the chemicals of concern. 

2) Transfer of contamination into clean areas or onto 
persons 

Physical hazards 

3) Noise in excess of 85 dBA 

4) Lifting (strain/muscle pulls) 

5) Pinches and compressions 

6) Slip, trips, and falls 

7) Ambient temperature extremes (heat or cold stress) 

8) Vehicular and foot traffic 

9) Eye and foot hazards 

Natural hazards 

10) Insect/animal bites and stings, poisonous plants, 
etc. 

11) Inclement weather 

TABLE 5-1 
TASKS/HAZARDS/CONTROL MEASURES COMPENDIUM FOR 

NAVAL SUBMARINE BASE - NEW LONDON (NSB-NLON) GROTON, CONNECTICUT 
PAGE 3 OF 5 

1) Use real-time monitoring instrumentation, action levels, and identified 
Recommended Control Measures 

PPE to control exposures to potentially contaminated media (e.g. air, 
water, soils). Generation of dusts and contact with dust/dirt should be 
minimized whenever possible. If airborne dusts are observed, area wetting 
methods will be used. If area wetting methods are not feasible, termination 
of activities will be used to minimize exposure to observed airborne dusts. 
2) Decontaminate all equipment and supplies between sampling locations 
and prior to leaving the site. 
3) When sampling at the drill rig or GeoprobeB use hearing protection. 
The use of hearing protection outside of 25 feet from the drill rig or 
GeoprobeB should be incorporated under the following condition: 

If you have to raise your voice to talk to someone who is within 2 feet 
of your location, hearing protection must be worn. 

Refer to Section 6 of the Guidance Manual for further information. 

4) Use machinery or multiple personnel for heavy lifts. Use proper lifting 
techniques. 
5) Keep any machine guarding in place. Avoid moving parts. Use tools 
or equipment where necessary to avoid contacting pinch points. 
- A remote sampling device must be used to sample drill cuttings near 
rotating tools. The equipment operator shall shutdown machinery if the 
sampler is near moving machinery parts. 
6) Preview work locations for unstable/uneven terrain. 
7) Wear appropriate clothing for weather conditions. Provide acceptable 
shelter and liquids for field crews. Additional information regarding cold/heat 
stress concerns is provided in Section 4 of the TtNUS Health and Safety 
Guidance Manual. 
8) Traffic and equipment considerations are to include the following: 
- Establish safe zones of approach. 
- All activities are to be conducted consistent with the Base requirements. 
9) Avoid recognized eye and foot hazards. Wear appropriate PPE. 
10) Avoid nesting areas, use repellents. Report potential hazards to the 
SSO. Follow guidance presented in Attachment II of this HASP. 
11) Suspend or terminate operations until directed otherwfse by SSO 

- 

Hazard Monitoring 
A direct reading Photoionization Detector (PID) with at 
least a 11.4 eV lamp or Flameionization Detector (FID) 
will be used to screen samples and to detect the 
presence of VOCs, SVOCs, and any other detectable 
contaminants. Source monitoring of the borehole will be 
conducted at regular intervals to be determined by the 
SSO. Positive sustained results at a source or 
downwind location which may impact the field crew will 
require the following actions: 

- Monitor the breathing zone of at-risk and downwind 
employees. Any sustained readings (greater than 1 
minute in duration) above background in the 
breathing zone of the at-risk employees requires 
site activities to be suspended and site personnel 
to report to an unaffected area. 

- Work may only resume if airborne readings in the 
worker breathing zone return to below background 
levels. If elevated readings in the worker breathing 
zone persist, the PHSO and HSM till be contacted 
to determine necessary actions and levels of 
protection. 

Site contaminants may adhere to or be part of airborne 
dusts or particulates generated during site activities. 
Generation of dusts should be controlled to minimize the 
potential for inhalation of contaminated dusts and 
particulates. Evaluation of dust concentrations will be 
performed by observing work conditions for visible dust 
clouds. Potential exposure to contaminated dust will be 
controlled using water suppression, by avoiding dust 
plumes, or evacuating the operation area until dust 
subsides. 

Personal Protective Equipment 
Level D protection will be utilized for the initiation of 
all sampling activities. 

Level D - (Minimum Requirements) 
- Standard field attire (Sleeved shirt: long pants) 
- Safety shoes (steel toe/shank) 
- Safety glasses 
- Surgical style gloves (double-layered if necessary) 
- Reflective vest for high traffic areas 
- Hardhat (when overhead hazards exists, or identified 
as a operation requirement) 
- Tpek coveralls and disposable boot covers if 
surface contamination is present or if the potential for 
soiling work attire exists. 
- Hearing protection for high noise areas, or as 
directed on an operation by opetation scenario 

(Items in italics are deemed optional as conditions or 
the FOL or SSO dictate.) 

Note: The Safe Work Permit(s) for this task (see 
Attachment IV) will be issued and reviewed at the 
beginning of each day to address the tasks planned for 
that day. As part of this task, additional PPE may be 
assigned to reflect site-specific conditions or special 
considerations or conditions associated with any 
identified task. 
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Decontamination Procedures 

Personnel Decontamination will consist of a removal 
and disposal of non-reusable PPE (gloves, coveralls, 
etc., as applicable). The decon function will take place at 
an area adjacent to the site activities. This procedure 
will consist of: 

- Equipment drop 
- Outer coveralls, boot covers, and/or outer glove 
removal (as applicable) 
- Removal, segregation, and disposal of non-reusable 
PPE in bags/containers provided 
- Soap/water wash and rinse of reusable PPE (e.g., 
hardhat) if potentially contaminated 
- Wash hands and face, leave contamination reduction 
zone. 
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Tasks/Operation/ Locations 
Anticipated Hazards Recommended Control Measures Hazard Monitoring Personal Protective Equipment Decontamination Procedures 

Mobilization/ Physical Hazards 1) Use machinery or multiple personnel for heavy lifts. Use proper lifting Not required Level D - (Minimum Requirements) Not required 
Demobilization techniques. - Standard field attire (Sleeved shin; long pants) 

1) Lifting (muscle strains/pulls) 2) Keep any machine guarding in place. Avoid moving parts. Use tools or - Safety shoes (Steel toe/shank) 
2) Pinches and compressions equipment where necessary to avoid contacting pinch points. - Safety glasses 
3) Slip, trips, and falls 3) Preview work locations for unstable/uneven terrain. - Hardhat (when overhead hazards exists, or 
4) Heavy equipment hazards (rotating equipment, 4) All equipment will be identified as a operation requirement) 
hydraulic lines, etc.) -Inspected in accordance with OSHA and manufacturer’s design. - Reflective vest for high traffic areas 
5) Vehicular and foot traffic -Operated by knowledgeable operators and ground crew. - Hearing protection for high noise areas, or as 
6) Ambient temperature extremes (heat/cold stress) 5) Traffic and equipment considerations are to include the following: directed on an operation by operation scenario. 
7) Foot hazards - Secure all loose articles to avoid possible entanglement. 

- All equipment shall be equipped with movement warning systems. (Items in italics are deemed optional as conditions or 
Natural hazards - All activities are to be conducted consistent with the Base requirements. the FOL or SSO dictate.) 

6) Wear appropriate clothing for weather conditions. Provide acceptable 
8) InsecVanimal bites and stings, poisonous plants, shelter and liquids for field crews. Additional information regarding cold/heat 
etc. stress concerns is provided in section 4 of the TtNUS Health and Safety 
9) Inclement weather Guidance Manual. 

7) Avoid recognized foot hazards. Wear appropriate PPE. 
8) Avoid nesting areas, use repellents. Report potential hazards to the 
SSO. Follow guidance presented in Attachment II of this HASP. 
9) Suspend or terminate operations until directed otherwfse by SSO 

Decontamination of Sampling Chemical Hazards 1) and 2) Employ protective equipment to minimize contact with site . Use visual observation, and real-time monitoring For Heavy Equipment 
and Heavy Equipment contaminants and hazardous decontamination fluids. Obtain instrumentation to ensure all equipment has been This applies to high pressure soap/water, steam Personnel Decontamination wftl consist of a 

1) Primary contaminants include VOCs (including vinyl manufacturer’s MSDS for any decontamination solvents used onsite. Use properly cleaned of contamination and dried. After cleaning wash and rinse procedures. soap/water wash and rinse for reusable outer protective 

chloride, methylene chloride, trichloroethene, appropriate PPE as identified on MSDS. Ail chemicals used must be decon is completed, screen equipment with a PIDIFID. equipment (boots, gloves, PVC splash suits, as 

dichloroethene, benzene, and xylene), SVOCs listed on the Chemical Inventory for the site, and site activities must be If any elevated readings (i.e., above background) are Level D Minimum requirements - applicable). The decon function will take place at an 

(including Potynuclear Aromatic Hydrocarbons PAHs), consistent with the Hazard Communication section of the Health and observed, perform decon again and rescreen. Repeat - Standard field attire (Long sleeve shirt; long pants) area adjacent to the site activities. This procedure will 

metals (arsenic, chromium and lead), pesticides Safety Guidance Manual (Section 5). until no elevated PID/FID readings are noted. - Safety shoes (Steel toe/shank) consist of: 

(represented as DDT), PCBs. Contaminants may vary - Chemical resistant boot covers - Equipment drop 

from location to location. Review text in Section 6.0 of 3) Use multiple persons where necessary for lifting and handling - Nitrile outer gloves - Soap/water wash and rinse of outer boots and gloves, 

) 
the HASP prior to working in each location. Also, note sampling equipment for decontamination purposes. - PVC Rainsuits or PE or PVC coated Tyvek as applicable 

that these contaminants may be bound to particulates - Safety glasses underneath a splash shield - Soap/water wash and rinse of the outer splash suit, 

(dusts, soils, etc.) and contact with site dust/dirt should 4) Wear hearing protection when operating pressure washer. Refer to - Hearfng protection (plugs or muffs) as applicable 

be avoided wftenever possible. See Table 6-l for Section 6 of the Guidance Manual for further information. - Disposable PPE will be removed and bagged. 

more information on the chemicals of concern. Items in italics are at the discretion of the SSO. 
5) Use eye and face protective equipment when operating pressure Equipment Decontaminatlon - All heavy equipment 

2) Decontamination fluids - Liquinox (detergent), washer. All other personnel must be restricted from the area. For sampling equipment (trowels, MacroCore decontamination will take place at a centralized 

acetone or isopropanol Samplers, bailers, etc.), the following PPE is required decontamination pad utilizing steam or pressure 

6) Traffic and equipment considerations are to include the following: washers. Heavy equipment will have the wheels and 

Physical Halards - Secure all loose articles to avoid possible entanglement. Level D Minimum requirements - tires cleaned along with any loose debris removed, 

- All activities are to be conducted consistent with the Base requirements. - Standard field attire (Long sleeve shirt: long pants) prior to transporting to the central decontamination 

3) Lifting (muscle strains and pulls) - Safety shoes (Steel toe/shank) area. All site vehicles will be restricted to the exclusion 

4) Noise in excess of 85 dBA 7) Wear appropriate clothing for weather conditions. Provide acceptable - Nitrile outer gloves zones, or have their wheels/tires sprayed off as not to 

5) Flying projectiles shelter and liquids for field crews. Additional information regarding cold/heat - Safety glasses track mud onto the roadways servicing this installation. 

6) Vehicular and foot traffic stress concerns is provided in Section 4 of the TtNUS Health and Safety Roadways shall be cleared of any debris resulting from 

7) Ambient temperature extremes (heat stress) Guidance Manual. In the event of overspray of chemical the onsite activity. 

8) Slips, trips, and falls decontamination fluids employ PVC Rainsuits or PE 
9) Eye and foot hazards 8) Preview work locations for unstable/uneven terrain. or PVC coated Tyvek as necessary. Sampling Equipment Decontamination 

Natural herds 

10) Inclement weather 

9) Avoid recognized eye and foot hazards. Wear appropriate PPE. 

10) Suspend or terminate operations until directed otherwise by SSO 

Sampling equipment will be decontaminated as per the 
requirements in the Sampling and Analysis Plan and/or 
Work Plan. 

MSDS for any decon solutions (Alconox, isopropanol, 
etc.) will be obtained and used to determine proper 
handling I disposal methods and protective measures 
(PPE, first-aid, etc.). 

All equipment used in the exclusion zone will require a 
complete decontamination between locations and prior 
to removal from the site. 

The FOL or the SSO will be responsible for evaluating 
equipment arriving onsite and leaving the site. No 
equipment will be authorized access or exit without this 
evaluation. 
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Tasks/Operation/ 
Locations 

IDW management and 
moving IDW drums to 
storage areas 

i 

Anticipated Hazards Recommended Control Measures Hazard Monitoring Personal Protective Equipment Decontamination Procedures 

Chemical Hazards 1) Employ real-time monitoring instrumentation, action levels, and identify A direct reading Photoionization Detector (PID) with at Level D protection will be utilized for the initiation of 
PPE to control exposures to potentially contaminated media (e.g. air, least a 11.4 eV lamp or Flameionization Detector (FID) all sampling activities. Personnel Decontamination will consist of a 

1) Primary contaminants include VOCs (including vinyl water, soils). will be used to screen samples and to detect the soap/water wash and rinse for reusable outer 

chloride, methylene chloride, trichloroethene, presence of VOCs, SVOCs, and any other detectable protective equipment (boots, gloves, PVC splash suits, 

dichloroethene, benzene, and xylene), SVOCs 2) Decontaminate all equipment and supplies, if they become contaminants. Source monitoring of the borehole will be Level D - (Minimum Requirements) as applicable). The decon function will take place at an 

(including Polynuclear Aromatic Hydrocarbons PAHs), contaminated, between locations and prior to leaving the site. conducted at regular intervals to be determined by the - Standard field attire (long sleeve shirt; long pants) area adjacent to the site activities. This procedure will 

metals (arsenic, chromium and lead), pesticides SSO. Positive sustained results at a source or - Tyvek coveralls and disposable boot covers if consist of: 

(represented as DDT), PCBs. Contaminants may vary 3) When working near heavy equipment, use hearing protection. Refer to downwind location which may impact the field crew will surface contamination is present or if the potential for - Equipment drop 

from location to location. Review text in Section 6.0 of Section 6 of the Guidance Manual for further information. require the following actions: soiling work attire exists. - Soap/water wash and rinse of outer boots and gloves, 

the HASP prior to working in each location. Also, note 
- Cotton/leather work gloves with surgical style inner as applicable 

that these contaminants may be bound to particulates - Monitor the breathing zone of at-risk and downwind gloves - Soap/water wash and rinse of the outer splash suit, 

(dusts, soils, etc.) and contact with site dust/dirt should 4) Use machinery or multiple personnel for heavy lifts. Use proper lifting employees. Any sustained readings (greater than 1 - Safety shoes (steel toe/shank) as applicable 

be avoided whenever possible. See Table 6-1 for techniques. minute in duration) above background in the - Safety glasses - Disposable PPE will be removed and bagged. 

more information on the chemicals of concern. breathing zone of the at-risk employees requires - Hardhat (when overhead hazards exists, or identified 

5) Keep any machine guarding in place. Avoid moving pads. Use tools or site activities to be suspended and site personnel as a operation requirement) 

2) Transfer of contamination into clean areas equipment where necessary to avoid contacting pinch points. to report to an unaffected area. - Reflective vest for high traffic areas 
- Hearing protection for high noise areas, or as 

Physical hazards 6) Preview work locations for unstable/uneven terrain. - Work may only resume if airborne readings in the directed on an operation by operation scenario. 
worker breathing zone return to below background 

3) Noise in excess of 85 dBA 7) Traffic and equipment considerations are to include the following: 
levels. If elevated readings in the worker breathing 

4) Lifting (muscle strains/pulls) - Secure all loose articles to avoid possible entanglement. 
zone persist, the PHSO and HSM will be contacted 

5) Pinches and compressions - All activities are to be conducted consistent wtth the Base requirements. 
to determine necessary actions and levels of 

6) Slip, trips, and falls 
protection. 

7) Vehicular and foot traffic 8) Wear approprfate clothing for weather conditions. Provide acceptable 
8) Ambient temperature extremes (heat/cold stress) shelter and liquids for field crews. Additional information regarding cold/heat 

Site contaminants may adhere to or be part of airborne 

9) Eye and foot hazards stress concerns is provided in Section 4 of the TtNUS Health and Safety 
dusts or particulates generated during site activities. 

Guidance Manual. 
Generation of dusts should be controlled to minimize the 

Natural Hazards 
potential for inhalation of contaminated dusts and 

9) Avoid recognized eye and foot hazards. Wear appropriate PPE. 
particulates. Evaluation of dust concentrations will be 

10) Insect/animal bites and stings, poisonous plants, 
performed by observing work conditions for visible dust 

etc. 10) Avoid nesting areas, use repellents. Report potential hazards to the 
clouds. Potential exposure to contaminated dust will be 

SSO. Follow guidance presented in Attachment II of this HASP. 
controlled using water suppression, by avoiding dust 

11) Inclement weather 
plumes, or evacuating the operation area until dust 

11) Suspend or terminate operations until directed otherwise by SSO. 
subsides. 

Surveying Physical Hazards 

1) Slip, trips, and falls 
2) Insect/animal bites, stings, poisonous plants 
3) Inclement weather 

1) Preview work locations for unstable/uneven terrain. Barricade all 
excavations from access closer than two feet from the edge. 
2) Avoid nesting areas, use repellents (Do NOT use repellents during 
sampling activities). Report potential hazards to the SSO. 
3) Suspend or terminate operations until directed otherwise by the SSO. 

Not required Level D - (Minimum Requirements) 
- Standard field attire (Sleeved shirt; long pants) 
- Safety shoes (Steel toe/shank) 
- Safety glasses 
- Haid hat (when overhead hazards exists, or 
identified as a operation requirement) 
- Reflective vest for high traffic areas 
- Hearing protection for high noise areas, or as 
directed on an operation by operation scenario. 

Decontamination not required for this task. 

(Items in italics are deemed optional as conditions or 
the FOL or SSO dictate.) 
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physical, and natural hazards 

6.0 HAZARD ASSESSMENT 

The following section provides information regarding the chemical, 

anticipated to be present during the activities to be conducted. Table 6-l provides information related to 

chemical constituents that have been identified by analysis or are suspected to be present at the site 

based on historical data. Specifically, toxicological information, exposure limits, symptoms of exposure, 

physical properties, and air monitoring and sampling data are discussed in the table. 

6.1 CHEMICAL HAZARDS 

The potential health hazards associated with NSB-NLON include inhalation, ingestion, and dermal contact of 

various contaminants that may be present in shallow and deep soils, and groundwater. Based on prior 

sampling activities at the sites, the following have been identified as the primary classes of contaminants 

present in soils and groundwater: 

l Volatile Organic Compounds (VOC), including benzene, dichloroethene, methylene chloride, 

tetrachloroethylene (PCE), trichloroethylene (TCE), vinyl chloride, and xylene 

l Semi-Volatile Organic Compounds (SVOC), including general Polynuclear Aromatic Hydrocarbons 

(PAHs) and Waste Oils. 

l Metals, including arsenic, chromium, and lead 

. Pesticides, including DDT 

The following contaminants of concern have been identified in soil and groundwater during prior sampling 

events: 

Site 01 - None 

Site 02A - PAHs, xylene 

Site 02B - None 

Site 03 - PAHs and vinyl chloride 

Site 04 - None 

Site 07 - Arsenic, chromium, lead, PAHs, methylene chloride, and waste oils 

Site 08 - Arsenic, chromium, lead, PAHs, pesticides, tetrachloroethylene, and waste oils 

Site 14 - None 

Site 15 - Lead, PAHs, and waste oils 

Site 20 - PAHs 

Site 23 - Arsenic, benzene, chromium, PAHs, pesticides, waste oils and xylene 
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Suspected contaminants at areas of first time sampling: 

Site 16 - Unknown 

Site 18 - Dichloroethene, and trichloroethylene 

It is anticipated that the greatest potential for exposure to site contaminants is during intrusive activities 

(drilling, soil sampling, etc.). Exposure to these compounds is most likely to occur through ingestion and 

inhalation of contaminated soil or water, or hand-to-mouth contact during soil disturbance activities. For 

this reason, PPE and basic hygiene practices (washing face and hands before leaving site) will be 

extremely important. Inhalation exposure will be avoided by using appropriate engineering controls, work 

practices, and/or PPE where necessary. 

:--3. 
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Substance : 
rsenic 

3enzene 

2 CAS Nix 
7440-38-2 

71-43-2 

TABLE 8-1 
CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 

NSB-NLON GROTON, CONNECTICUT 
Page 1 of 8 

Air Mciltoringl! 
‘articulate form 
This substance 
s unable to be 
letected by 
YD/FID. 

PID: I.P 9.24 
ev, 100% 
response with 
PID and 10.2 
eV lamp. 

FID: ‘150% 
relative 
response ratio 
with FID. 

ur sample using a 
Iarticulate filter: 
rcid desorption; 
\AS detection. 
sampling and 
malytical protocol 
ihall proceed in 
accordance with 
JIOSH Method 
17900. 

Air sample using 
zharcoal tube; 
:arbon disulfide 
desorption; 
Sampling and 
analytical protocol 
n accordance with 
DSHA 07 or 
NIOSH Method 
u1.500. 

Exposure Limits 
OSHA: 
Organic 
compounds 
0.5 mg/m3 
Inorganic 
compounds 
0.01 mg/m3 

NIOSH: 
pmlJ) 0.002 

ACGIH: 0.2 
mg/m3 

IDLH: 5 
mg/m3 as 
arsenic 

OSHA: .I ppm 
ACGIH: 10 
wm 
NIOSH: 0.1 
mm 
IDLH: 500 
pm 

Warning Property Rating 
No identifiable warning properties to 
indicate presence and thereby 
detection. 

Recommended APR Cartridge: 
Suitable for dust and fume. Organic 
vapor acid gases with HEPA filter. 
This substance may be presented 
as a pesticide, therefore a cartridge 
suitable for pesticides (MSA-GMP). 

Recommended Gloves: 
This is in the particulate form. 
Therefore any glove suitable to 
prevent skin contact (Nitrile has 
been the one most widely used for 
the other substances). 

Inadequate - Odor threshold 34-195 
ppm. The use of air-purifying 
respirators with organic vapor 
cartridge up to IO ppm is 
acceptable despite the inadequate 
warning properties, providing 
cartridges are changed at the 
beginning of each shift. 

Recommended gloves: 
Butyl/neoprene blend - >8.00 hrs; 
Silver shield as a liner - 28.00 hrs; 
Viton - a8.00 hrs 

‘̂  Physical Properties 
Boiling Pt: sublimation 0 1134°F; 
512°C 
Melting Pt: 1497°F; 814°C @ 36 
stm 
Solubility: Insoluble in watensolubls 
n nitric acid 
Flash Pt: Nonflammable, however, 
airborne in the form of a dust this 
substance will support combustion 
LEULFL: Nonflammable 
LIEUUFL: Nonflammable 
Vapor Density: Not available 
Vapor Pressure: I mmHg @ 372°C 
[sublimes) 
Specific Gravity: 5.73 
Incompatibilities: Oxidizers, 
halogenszinc, lithium, azides, and 
acetylides 
Appearance and odor: Gray to 
black, brittle, crystalline, amorphous, 
odorless. 

Boiling Pt: 176°F; 8OT 
Melting Pt: 42°F; 5.5X 
Solubility: 0.07% 
Flash Pt: 12°F; -11°C 
LEULFL: 1.3% 
UEUUFL: 7.9% 
Vapor Density: 2.77 
Vapor Pressure: 75 mmHg 
Specific Gravity: 0.88 
Incompatibilities: Strong oxidizers, 
fluorides, perchlorates, and acids 
Appearance and Odor: 
Colorless to a light yellow liquid with 
an aromatic odor 

Health Hezsrd Information 
Overexposure to this substance 
through inhalation or ingestion 
may result in ulceration of the 
nasal septum, GI disturbances 
resulting in violent purging and 
vomiting, hoarse voice, sore 
throat, excessive salivation, 
peripheral neuropathy 
(numbness and burning 
sensations beginning at the 
extremities followed by motor 
weakness), respiratory irritation 
leading to possible pulmonary 
edema. Skin or eye contact 
may result in irritation, 
conjunctiva, dermatitis, and 
hyperpigmentation (darkening 
of the areas exposed) of the 
skin. This substance has been 
judged to be a Human 
carcinogen by NTP, and IARC. 

Overexposure may result in 
irritation to the eyes, nose, 
throat, and respiratory system. 
CNS effects include giddiness, 
lightheadedness, headaches, 
staggered gait, fatigue, and 
lassitude and depression. 
Additional effects may include 
nausea. Long duration 
exposures may result in 
respiratory collapse. Regulated 
as an OSHA carcinogen. May 
cause damage to the blood 
forming organs and may cause 
a form of cancer called 
leukemia. 



TABLE 6-1 
CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 
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,l Dichloroethene 
;ee also vinylidene 
:hloride 

., 
c-CAS No: = Air MonltorlnglI 
7440-47-3 Not detectable 
(Element) by PID. 

Not detectable 
by FID. 

75-34-4 ‘ID: I.P. 10.00 
!V, relative 
esponse ratio is 
10%. 

YD: Relative 
esponse ratio 
cr detection 
with the FID is 
.O%. 

mpling Information 
Air sample using 
mixed cellulose - 
ester filter; acid 
desorption and. 
analysis by atomic 
absorption. 
Sampling and 
analytical protocol 
shall proceed in 
accordance with 
NIOSH Method 
#7024. 

Air sample using a 
charcoal filter tube; 
carbon disulfide 
desorption; 
GC/FID detection 
in accordance with 
NIOSH Method 
#1015. 

Exposure Limits 
3SHA & 
NIOSH: 
[Chromium II 
Ill) 0.5 mg/m3 
(Chromium VI) 
D.l mg/m3 
(Ceiling) 

ACGIH: 
0.5 mg/m3 
[Fromium II, 

compounds 
0.05 mg/m J 

(Chromium VI 
compounds) 

IDLH: 30 
mglm3 
(Chromium VI 
compounds) 
ACGIH: 5 

mm 
STEL 20 ppm 

NIOSH - as 
low as 
possible 

,. Warning Property Rating 
The use of a air purifying, full face- 
niece respirator with a high 
sfficiency particulate filter for 
:oncentrations up to 0.1 mg/m3. 

Recommended Gloves: This is in 
Darticulate form. Therefore any 
glove suitable to prevent skin 
:ontact. 

Odor threshold - 190 ppm. An air 
purifying respirator equipped with a 
organic vapors filter is acceptable 
for escape purposes only. For 
exposures greater than the 
recommended exposures limits 
should employ supplied air 
respirators. 

Recommended glove: Butyl, 
nitrile, or neoprene. 

Physical Properties “’ 

Boiling Pt: 4788°F; 2642°C 
Melting Pt: 3452°F; 1900°C 
Solubility: Insoluble 
Flash Pt: Not applicable (Airborne 
dust may burn or explode when 
exposed to heat, flame, or 
Incompatible chemicals) 
LEULFL: Not applicable 
IJEUUFL: Not applicable 
Vapor Density: Not available 
Vapor Pressure: 0 mmHg 
Specific Gravity: 7.14 
Incompatibilities: Strong oxidizers, 
peroxides, and alkalis 
Appearance and Odor: 
Appearance and odor vary 
depending upon the specific 
compound. 

Boiling Pt: 89OF; 32°C 
Melting Pt: -188”F;-122°C 
Solubllity: Slight (0.04%) 
Flash Pt: -2°F; -19°C 
LEULFL: 6.5% 
UELAJFL: 15.5% 
Vapor Density: 3.25 
Vapor Pressure: 500 mmHg @ 68” 
F; 20°C 
Specific Gravity: 1.21 Q 20°F; 4°C 
Incompatibilities: Aluminum, air, 
copper, and heat. Polymerization 
may occur if exposed to oxidizers. 

Appearance and Odor: 
Colorless liquid with a slight sweet 
chloroform odor. 

Health hazards are 
characterized normally through 
chronic exposure manifesting 
as histologic fibrosis of the 
lungs and ulceration of the 
nasal septum and skin. IARC, 
NIP and ACGIH list various 
chromium compounds as 
possessing carcinogenic 
properties. 

Overexposure to this substancc 
may result in irritation to the 
eyes, nose, throat, and 
respiratory system. Dermal 
contact with concentrated 
solutions may cause slight 
irritation, redness and 
inflammation. Systemically, 
headaches, dizziness, nausea, 
and difficulty in breathing. 
Chronic effects may include 
kidney and liver dysfunction, 
and pneumonitis. This material 
has expressed cancer causing 
potential in laboratory animals 
including liver and kidney 
tumors. 

i 



iiitistance ^,>,- 
DT and the major 
letabolites; DDD 
ld DDE. 

CAS NO. 

50-29-3 

72-54-8 

72-55-9 

7439-92-l 

:‘Air Monitoring/! 
jubstance is 
lot volatile, I.P. 
s unknown, 
letection by PI0 
s unknown. 
substance non- 
:ombustible, 
herefore a FID 
s anticipated to 
lave reduced 
‘esponse to 
IDT. 

‘articulate form 
Unable to be 

Detected by 
aither PID or 
‘ID. 

TABLE 6-1 
CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 

NSB-NLON GROTON, CONNECTICUT 
Page 3 of 8 

\ir sample using a 
binder free, glass 
iber filter; isoctane 
lesorption; gas 
:hromatography- 
electron capture 
fetector. 
sampling and 
malytical protocol 
vill proceed in 
accordance with 
4IOSH Method 
f3(S274). 

lir sample using a 
nixed cellulose 
?ster filter; or 
iNO or H202 
jesorption; or 
atomic absorption 
letection. 
sampling and 
malytical protocol 
shall proceed in 
sccordance with 
UIOSH Method 
W7082 or #7300. 

.xposure Limits 
XHA; 
\CGIH: 
mg/m3 

JIOSH: 0.5 
ng/m3 

ISHA: 
J.05 mg/m3 

KGIH: 
1.15 mg/m3 

JIOSH: 
I.10 mg/m3 

DLH: 100 
ng/m3 as leac 

I Warning Property Rating I Physical Properties 
1 Adequate - Can use air purifying 1 Boiling Pt: 230°F; 110% 

aspirator with high efficiency 
Iarticulate air filter (HEPA). 

lecommended glove: Nitrile 
lcceptable for incidental contact. 

Melting Pt: 226°F; 108°C 
Solubility: Insoluble 
Flash Pt: 162-171°F; 72-77°C 
LEULFL: Not available 
UEUUFL: Not available 
Vapor Denslty: Not available 
Vapor Pressure: Low 
Specific Gravity: 0.99 
Incompatibilities: Strong oxidizers 
and alkalis 
Appearance and Odor: 
Colorless crystals or off-white 
powder with a slight aromatic odor 

-he use of a air purifying, full-face 
espirator with high efficiency 
jarticulate air filter for up to 2.5 
ng/m3. 

secommended gloves: This is in 
he particulate form. Therefore any 
Ilove suitable to prevent skin 
:ontact (Nitrile has been the one 
nost widely used for the other 
substances). 

Boiling Pt: 3164°F; 1740% 
Melting Pt: 62l’F; 327°C 
Solubillty: Insoluble 
Flash Pt: Not applicable (Airborne 
dust may burn or explode when 
exposed to heat, flame, or 
incompatible chemicals) 
LEULFL: Not applicable 
UEUUFL: Not applicable 
Vapor Density: Not available 
Vapor Pressure: 0 mmHg 
Specific Gravity: 11.34 
Incompatibilities: Strong oxidizers, 
peroxides, sodium acetylide, 
zirconium, and acids 
Appearance and Odor: 
Metal: A heavy ductile, soft gray 

Health Hazard Information 
Large doses are followed by 
vomiting due to gastric 
irritation, diarrhea may follow. 
Numbness and parethesias of 
the lips tongue and face 
associated with malaise, 
headache, sorethroat, fatigue 
and weakness. Coarse tremor: 
(usually first of the neck, head, 
and eyelids). This may be 
accompanied by confusion, 
apprehension, and depression. 
Convulsions may result and 
death may occur from 
respiratory failure. DDT is,. 
absorbed and retained in the fa 
of humans. Chronic exposure 
may result in damage to the 
liver, kidneys and Peripheral 
Nervous System. DDT is 
recognized as possessing 
carcinogenic properties by 
IARC and NTP. 
Overexposure to this substance 
via ingestion or inhalation may 
result in metallic taste in the 
mouth, dry throat, thirst, 
Gastrointestinal disorders 
(burning stomach pain, nausea 
vomiting, possible diarrhea 
sometimes bloody or black, 
accompanied by severe bouts 
of colic), CNS effects (muscula 
weakness, pain, cramps, 
headaches, insomnia, 
depression, partial paralysis 
possibly coma and death. 
Extended exposure may result 
in damage to the kidneys, 
gingival lead line, brain, and 
anemia. 
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Stibsfance 

)DT and the major 
netaboiites; DdD 
md DDE. 

CAS No. b Aii Monitoring/! 
50-29-3 1 Substance is 

72-54-8 

72-55-9 

not volatile, I.P. 
is unknown, 
detection by PIE 
is unknown. 
Substance non- 
combustible, 
therefore a FID 
is anticipated to 
have reduced 
response to 
DDT. 
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TABLE 6-l 
CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 

NSB-NLON GROTON, CONNECTICUT 
‘age 4 of 8 F - I P 
I: 

I 

F 
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Sampling and 
analytical protocol 
will proceed in 
accordance with 
NIOSH Method 
#3(S274). 

mpling Information mpling Information Exposure Limitr Exposure Limitr 
Air sample using a Air sample using a OSHA; OSHA; 
binder free, glass binder free, glass ACGIH: ACGIH: 
fiber filter; isoctane 1 mg!m3 fiber filter; isoctane 1 mg!m3 
desorption; gas desorption; gas 
chromatography- chromatography- NIOSH: 0.5 NIOSH: 0.5 
electron capture electron capture mg/m3 mg/m3 

Warning Property Rating 
rdequate - Can use air purifying 
aspirator with high efficiency 
larticulate air filter (HEPA). 

lecommended glove: Nitriie 
acceptable for incidental contact. 

I _’ Physical Properties 1 ^ Health Hazard Information 
oilina Pt: 230°F; 110°C 1 Large doses are followed by 
citing Pt: 226°F; 108°C vomiting due to gastric 
,iubliity: Insoluble irritation, diarrhea may follow. 

ash Pt: 162-l 71 “F; 72-77°C Numbness and parethesias of 

EULFL: Not available the lips tongue and face 

EUUFL: Not available associated with malaise, 

apor Density: Not available headachesorethroat, fatigue 

apor Pressure: Low ,and weakness. Coarse tremor 

pecific Gravity: 0.99 
,(usualiy first of the neck, head, 

tompatibilities: Strong oxidizers 
and eyelids). This may be 

id alkalis 
:accompanied by confusion, 

ppearance and Odor: 
apprehension, and depression. 

oiorless crystals or off-white 
Convulsions may result and 

)wder with a slight aromatic odor 
:death may occur from 
respiratory failure. DDT is 
labsorbed and retained in the fs 
of humans. Chronic exposure 
.may result in damage to the 
fliver, kidneys and Peripheral 

L Nervous System. DDT is 
: ‘recognized as possessing 
: jcarcinogenic properties by 

IARC and NTP. 
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:: Substance : 
ienerai PAHs 
:oai Tar Pitch 
foiatiles I Creosote I 
:resol (Fiuoranthene, 
ryrene, benzo(a) 
mthracene, benzo(a) 
ryrene, 
renzo(f)fiuoranthene, 
renzo(k)fluoranthene) 

CAS No. ” ,Air Monitoring/! 
(CAS PID: I.P. of 

Numbers 8.97 eV, relative 
vw response ratio 

depending unknown. 
on specific 
compound) FID: Response 

factor unknown 
but given the 
substances 
flammability, 
detection by FIC 
can be 
anticipated. 
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TABLE 6-1 
CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 

NSB-NLON GROTON, CONNECTICUT 

mPlfng information 
Refer to NIOSH 
methods for each 
specfic compound 
for appropriate air 
sampiing 
protocols. 

Many PAHs can 
be sampled using 
NIOSH Method 
5506 or 5515 - 
Teflon filter with 
support ring - High 
pressure liquid 
chromatography 
with UV detector. 

For cresol (a 
major constituent 
of creosote) by 
silica gel or xad-7 
sorbent tube; 
Acetone 
desorption and 
analysis by gas 
chromatography - 
flame ionization 
detector or high- 
pressure liquid 
chromatography. 
(NIOSH Method 
#2001, or OSHA 
Method #32) 

Expos‘ure Limit! 
General 
PAHs: 

Most PAHs 
have no 
established 
exposure 
limits. Other 
Coal Tar Pitch 
Voiatiies I 
PAHs such as 
chrysene and 
benzo(a)pyrene 
have an 
exposure limit 
of 0.2 mg/m3 
(OSHA and 
ACGIH). 

0.1 mg/m3 - 
(NIOSH) 

Creosote I 
Cresoi: 

OSHA; 
ACGIH: 
5 wm 
NIOSH: 2.3 
wm 

IDLH: 80 
mg/m3 

Page 5 of 8 
Warnfng Property Rating 

\dequate - use a full-face air- 
I Physical Properties 
j Properties of various PAHs/Coai 

rurifying respirator with organic Tar Pitch Volatiies vary depending 
apor / dust/mist cartridge up to 250 upon the specific compound. 
‘pm. Cresol has an Odor Threshold 
R 0.00005-0.0079 ppm. For Creosote/Cresol: 

Boiling Pt: 376-397°F; 191-203°C 
Recommended gloves: Viton 
p96.00 hrs; butyl rubber ago.00 hrs; 

Melting Pt: 52-96°F; 10.9-35.5% 

neoprene ~-4.50 hrs 
Soiubiiity: insoluble 

Flash Pt: 178°F; 81°C 
LEULFL: Not available 
UEUUFL: Not available 
Vapor Density: 3.72 
Vapor Pressure: 1 mmHg @ IOO- 
127OF; 3853°C 
Specific Gravity: 1.030-I .038 
incompatibilities: Nitric acid, 
oieum, chlorosulfonic acid, 
oxidizers 
Appearance and Odor: 
Yellowish or colorless, flammable, 
oily liquid (often brownish because 
of impurities or oxidation) 

Health Hazard Information 
qeguiated based on effects on 
,espiratory tract and skin 
rritation Other effects may 
nciude eye irritiation and central 
nervous system, distrubances. 
icute exposures may result in 
fifficuity breathing, respiratory 
aiiure and skin and eye irritation 
md burns. Chronic exposure 
nay damage the liver, kidneys, 
ungs and skin and cause 
)hotosensitivity. 

ARC, NTP, NIOSH, ACGIH, 
md the EPA list some PAHs 
;uch as benzo(a)pyrene as a 
lotential carcinogen (ARC 2A, 
(TP-2, ACGIH TLV-A2, NIOSH- 
<, EPA-B2). 
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CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 

NSB-NLON GROTON, CONNECTICUT 
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‘richloroethene 

:: GAS No., 
75-09-2 

79-01-6 

Air f.idnitoringR 
‘ID: I.P. 11.32 
‘V, High 
ssponse with 
‘ID and 11.7 eV 
smp. 

:ID: 100% 
asponse with 
ID. 

‘ID: I.P. 9.45 
!V, High 
esponse with 
‘ID and 10.2 eV 
smp. 

‘ID: 70% 
Response with 
‘ID. 

mpllng lnfbrmatloti 
Air sample using 
charcoal or 
Anasorb CMS 
sorbent tube; 
carbon disulfide 
desorption; gas 
chromatography- 
flame ionization 
detector; Sampling 
and analytical 
protocol shall 
proceed in 
accordance with 
OSHA Method 
#59,80, or NIOSH 
Method #1005. 

Air sample using 
charcoal tube; 
carbon disulfide 
desorption; 
Sampling and 
analytical protocol 
shall proceed in 
accordance with 
OSHA Method 
#07, or NIOSH 
Method #IO22 or 
#I 003. 

Ekposure Llmlts 
3SHA: 25 
v-6 
125 ppm 
[STEL) 

4CGIH: 50 
pm 

NIOSH: 
Lowest 
feasible 
concentration 

IDLH: 2300 
wm 

OSHA: 100 
pm 
200 ppm 
(Ceiling) 

ACGIH: 50 
ppm; 100 ppm 
STEL 

NIOSH: As 
low as 
possible 
IDLH: 1000 
wm 

kf&iiing Properi$ Rating 
nadequate - Odor threshold 160 
Jpm. Use a gas mask with a Type 
U canister for concentrations up to 
25 ppm. In excess of 25 ppm, use 
3 supplied air respirator (airline 
*espirator with emergency escape 
zylinder or a Self-Contained 
Sreathing Apparatus - (SCBA). 

Recommended gloves: Nitrile 
rubber latex glove 3.00 hrs (vendor 
specific); supported 
Polyvinyl alcohol glove, 
unsupported l-8 hrs; Silver shield 
1.90 hrs 

Inadequate - Odor threshold 82 
ppm. APRs with organic vapor/acic 
gas cartridges may be used for 
escape purposes. 
Exceedances over the exposure 
limits require the use of positive 
pressure-demand supplied air 
respirator. 

Recommended gloves: PV 
Alcohol unsupported >I 6.00 hrs; 
Silver shield >6.00 hrs; Teflon 
~24.00 hrs; or Viton >24.00 hrs; 
Nitrile (Useable time limit 0.5 hr, 
complete submersion for the nitrile 
selection) 

Physical Properties I_ i 
Boilina Pt: 104°F; 39.8”C 
Melting Pt: -141°F; -96°C 
Solubility: 2% 
Flash Pt: Not available 
LEULFL: 13% 
IJEUUFL: 12% 
Vapor Density: 2.93 
Vapor Pressure: 380 mmHg @ 72” 
F; 22°C 
Specific Gravity: 1.33 
Incompatibilities: Strong oxidizers, 
caustics, metals (i.e.‘aluminum, 
magnesium, potassium, sodium, 
lithium), and concentrated acids 
Appearance and Odor: 
Colorless liquid with a chloroform- 
like odor. (Note: A gas above 104” 
F; 40°C). 
Boiling Pt: 188°F; 86.7”C 
Melting Pt: -99OF; -73°C 
Solublllty: 0.1% Q 77°F; 25°C 
Flash Pt: 9O0F; 32°C 
LEULFL: 8% Q 77’F; 25°C 
UEUUFL: 10.5 0 77°F; 25°C 
Vapor Density: 4.53 
Vapor Pressure: 100 mmHg @ 90” 
F; 32°C 
Specific Gravity: 1.46 
Incompatibilities: Strong caustics 
and alkalis, chemically active metal: 
( barium, lithium, sodium, 
magnesium, titanium, and beryllium: 
Appearance and Odor: 
Colorless liquid with a chloroform 
type odor. Combustible liquid, 
however, burns with difficulty. 

Health Hazard lnformrition 
Effects of overexposure may 
include CNS effects - cause 
sleepiness, fatigue, weakness, 
lightheadedness, numbness of 
the limbs, altered cardiac rate 
and incoordination. These signs 
and symptoms may be 
accompanied by nausea, 
gastric and pulmonary irritation 
leading possibly to pulmonary 
edema. In addition to the 
narcosis long term effects may 
include liver injury. Listed as 
possessing carcinogenic 
properties by NTP, IARC, and 
ACGIH. 

Central nervous system effects 
including euphoria, analgesia, 
anesthesia, paresthesia, 
headaches, tremors, vertigo, 
and somnolence. Damage to 
the liver, kidneys, heart, lungs, 
and skin have also been 
reported. Contact may result in 
irritation to the eyes, skin, and 
mucous membranes. lngestior 
~may result in GI disturbances 
including nausea, and vomiting 
NIOSH lists this substance a 
potential human carcinogen. 



‘, Sutjetance ‘, Sutjetance 
>trachloroethene >trachloroethene 
so known as PCE 

‘inyl chloride 

CAS No.’ : 
79-34-5 

75-01-4 

Air Monitoring/! 
‘ID: I.P. 11.1 
V, relative 
3sponse ratio 
nknown. 

‘ID: 100% 
ssponse with 
‘ID. 

‘ID: I.P. 9.99 
?V, High 
‘esponse with 
‘ID and 10.2 
?V lamp. 

-ID: 40% 
‘esponse with 
-ID. 

TABLE 6-1 
CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 

NSB-NLON GROTON, CONNECTICUT 

npling Information Exposure Limits 
Ur sample using OSHA: 5 ppm 
:harcoal tube; (skin) 
:arbon disuifide 
lesorption, ACGIH; 
X/FID detection. NIOSH: 
sampling and 1 ppm (skin) 
malytical protocol 
n accordance with IDLH: 100 
XHA Method wm 
107, or NIOSH 
inethod #I 003. 

Air sample using OSHA: 1.0 
charcoal or ppm PEL 
Anasorb CMS 5.0 ppm 
sorbent tube; (Ceiling) 
carbon disulfide 
desorption; gas ACGIH: 5 pprr 
chromatography- 
flame ionization NIOSH: 
detection; Lowest 
Sampling and Feasible 
analytical protocol Concentration 
shall proceed in 
accordance with 
NIOSH Method 
#I 007, or OSHA 
Method #75. 
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Warning Property Hating 

3dor threshold for this substance is 
7.3 ppm. This level in comparison 
:o the TLV is considered poor. Air 
curifying elements (organic 
dapor/acid gas) are recommended 
/or escape purposes only. 
Combination units (APR/airiine 
respirator) are recommended for 
working in concentrations in excess 
of the TLV. 

Recommended glove: Butyi 
rubber 4.6 hrs; solvent dipped, 
unsupported. 
PV alcohol >8.00 hrs; Teflon 
>I 5.20 hrs; 
Viton >8.00 hrs 

Inadequate - Odor threshold IO-20 
ppm. Gas Mask with a vinyl 
chloride Type N canister may be 
employed for concentrations up to 
25 ppm. Canisters employed must 
have a minimum service life of 4- 
hrs. Exceedances over 25 ppm, 
must use a positive pressure 
demand, open-circuit, self- 
contained breathing apparatus, 
pressure demand type, with full 
facepiece. Refer to 29 CFR 
1910.1017(g) for specific 
requirements based on 
atmospheric concentrations of vinyl 
chloride. 

Recommended gloves: Silver 
shield >6.00 hrs; Nitrile 5.70 hrs; or 
Viton 4.4 hrs 

Physical Properties 
Boiling Pt: 296°F; 147°C 
Melting Pt: -33 to -47°F; -36 to - 
43.8”C 
Solubility: 0.3% 
Flash Pt: Not available 
LEULFL: Not available 
UEUUFL: Not available 
Vapor Density: Not available 
Vapor Pressure: 9 mmHg @ 86°F; 
30°C 
Specific Gravlty: 1.59 @ 77°F; 25” 
C 
Incompatibilities: Strong oxidizers, 
alkalis, fuming sulfuric acid, and 
chemically active metals. When 
heated to decomposition 
temperatures will emit toxic fumes oi 
chlorine. 
Appearance and Odor: 
Colorless to pale yellow liquid with s 
pungent chloroform like odor. 
B.oilina Pt: 7OF; -13.9”C 
Melting Pt: -256°F; -160°C 
Solublllty: 0.1% @ 77°F; 25°C 
Flash Pt: 18°F; -8°C 
LEULFL: 3.6% 
UEUUFL: 33% 
Vapor Density: 2.21 
Vapor Pressure: 3.3 atm 
Specific Gravity: N.A. 
Incompatibilities: Oxidizers, 
copper, aluminum, peroxides, iron, 
steel, 
Appearance and Odor: 
Colorless gas or liquid (below 7°F) 
with a pleasant odor at high 
concentrations. 

Health Hazard lnformatlon 
Overexposure may result in 
CNS effects including 
depression, sleepiness, 
hallucinations, distorted 
perceptions, tremors(fingers), 
and stupor (narcosis). 
Systemically, symptoms may 
result in nausea, vomiting, 
abdominal pains, and cramps. 
May also irritate the eyes, skin, 
and mucous membranes. 
Chronic exposures may result 
in dermatitis, enlarged tender 
liver, jaundice, hepatitis, 
kidney, and lung damage.: .:, 

it ̂,’ 

A severe skin, eye, and 
mucous membrane 
irritant(Liquid: frostbite). 
Narcotic effect causing 
weakness, abdominal pains, Gi 
bleeding, and pallor skin or 
cyanosis. Chronic exposure 
has been linked to the 
formation of malignant tumors 
originating from blood 
lymphatic vessels in the liver 
(associated enlargement of the 
liver), and kidneys 
(angiosarcoma and 
nephroblastoma). Listed as a 
carcinogen by NTP, IARC and 
ACGIH. 

<- 
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SUbStatiC 

Yaste Oils 

~11 information is 
lased on mineral oil 

jylene 
\II isomers 
I-,m-, p 

CAS No. 
nixture 
J.E. 
1012-95-l 
3r mineral 
lil 

1330-20-7 

., Aii&loniiorlng/! 
Varies between 
fractions 
however waste 
oils tend to be 
less volatile. 
The FID tends 
to handle the 
longer chained 
aliphatic 
hydrocarbons 
more efficiently 
than its PID 
counterpart and 
would be 
selected as the 
instrument of 
choice. 

PID: I.P. 8.56 
eV, High 
response with 

response with 
FID. 

TABLE 6-1 
CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 

NSB-NLON GROTON, CONNECTICUT 

tipling Information. 1 Exposure Limits 
Sampling and 1 ACGIH; 
anal~ic~ protocol NIOSH: 
shall be in 5 mg/m3 (oil 
accordance with mists); 
NIOSH Method 10 mg/m3 
#5026 (the STEL. 
recommended 
method for OSHA; 
mineral oil mist). 5 mg/m3 (Oil 

mists) 

Air sample using 
charcoal tube; 
carbon disulfide 
desorption; 
GC/FID detection. 
Sampling and 
analytical protocol 
shall proceed in 
accordance with 
OSHA 07, or 
NIOSH Method 
1500. 

NIOSH: 
100 w-6 
150 ppm STEL 

OSHA: 
100 ppm 

IDLH: 900 
wm 
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Waining Property Rating Physical Properties 

Non-volatile substance, therefore 1 Boiling Pt: 680°F; 360°C 
no respiratory protection is Melting Pt: Not available 
required. In an aerosol form, dust Solubility: Insoluble 
and mist respirator would be Flash.Pt: 275400°F; 135-260°C 
considered acceptable for up to 
500 mg/m3. 

depends on the distillation fraction 
LEULFL: Not available 
UEUUFL: Not available 

Recommended gloves: Any 
glove suitable to prevent skin 

Vapor Density: Not available 
Vapor Pressure: 10.5 mmHg 

contact (Nitrile has been the one ,Specific Gravity: 0.90 
most widely used for the other 
substances, and will be 

~Incompatibilities: None reported 

acceptable). Natural rubber 
Appearance and odor: Colorless, 

gloves should be avoided. 
oily, with an odor of burned 
lubricating oil. 

Recommended gloves: Nitrile 

Adequate - Odor thresholds for the Boiling Pt: 269-281°F; 132-138°C 
following isomers: 0.6 m-; 5.4 p-; Melting Pt: -13o/-54m/56p°F; -25ol- 
20 o- ppm. Can use air-purifying 
respirator with organic vapor 

48m113p “C 

cartridge up to 1,000 ppm 
Solubility: 0.02 % 

concentrations. 
IFlash Pt: 81-90°F;27-32°C 
LEULFL: 0.9% 

,Recommended gloves: 
UEUUFL: 7.0% ZL: 7.0% 

density: 3.66 
Bressure: 7-9 mmHg @ 70” PV Alcohol >12.67 hrs; Viton ~8.00 

Vapor Density: 3.66 

hrs; CPE ~1 .OO hr; Buty10.87 hrs; 
J/apor Pressure: 7-9 mmHg @ 70” 

,Nitrile is acceptable for limited ;F; 21°C 

operations and contact (>0.20 hrs) Speclfic Gravlty’ o’86-o’88 
ilncompatibilities: Strong oxidizers 

c Gravity: 0.86-0.88 
batibilities: Strong oxidizers 

.and strong acids 
: ,Appearance and odor: 

Colorless liauid with an 
aromatic odor. ’ 

Health Hazard Information 
/tinor irritation to the eyes, 
,kin, and respiratory system. 

Effects may of overexposure 
nclude irritation at all points of 
:ontact, CNS changes (i.e. 
lizziness, excitement, 
drowsiness, incoherent, 
staggering gait), difficulty in 
wreathing, pulmonary edema, 
and possibly respiratory failure 

Chronic effects may include 
dermatitis and cornea 
ilacuolization. 

? 
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6.2 PHYSICAL HAZARDS 

The physical hazards that may be present during the performance of site activities are summarized below: 

l Heavy equipment hazards (pinch/compression points, rotating equipment, etc.) 

l Slips, trips, and falls 

l Energized systems (contact with underground or overhead utilities) 

0 Lifting (strain/muscle pulls) 

l Noise in excess of 85 decibels (dBA) 

l Ambient temperature extremes 

l Eye and foot hazards 

. Pinches and compressions 

l Vehicular and foot traffic 

These physical hazards are discussed in Table 5-I as applicable to each site task. Further, many of these 

hazard are discussed in detail in Section 4.0 of the Health and Safety Guidance Manual. Specific 

discussion on some of these hazards is presented below. 
., 

6.2.1 Heavv Eauipment Hazards (Pinch/compression points. rotating euubment, etc.) . . (, ,, ._) ,., _. “8 .,( 

Often the hazards associated with drilling operations are the most dangerous to be encountered during 

site activities. The SSO will thoroughly discuss safe drilling procedures during the pre-activities training 

session. All site personnel will sign the form in Figure 8-2 documenting that they received the training and 

understand the procedures. The following rules will apply to all drilling operations: 

l Each rig must be equipped with emergency stop devices which will be tested daily to ensure that they 

are operational. 

l Long handled shovels or equivalent shall be used to clear cuttings from the borehole and rotating 

equipment. 

l The driller may not leave the controls when the augers are rotating. 
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:m-r, 1 -1 s. 

Underground utilities such as pressurized lines, water lines, telephone lines, buried utility lines, and high 

voltage power lines may be present throughout the facility. Clearance of underground and overhead utilities 

for each sample location will be coordinated with NSB-NLON personnel identified in Table 2-l. Additionally, 

drilling operations will be conducted at a safe distance (>20 feet) from overhead power lines. Whenever 

underground utilities are suspected to be close to subsurface sampling locations, the borehole will be 

advanced to a minimum of 5.0 feet with a hand auger prior to drilling. As built drawings may also be utilized 

for additional clarification. In certain cases, Base personnel may need to de-energize electrical. cables using 

facility lockoufftagout procedures to insure electrical hazards are eliminated. 

6.2.3 Ambient Temperature Extremes (Heat Stress) ,., 

Overexposure to high ambient temperatures (heat stress) may exist during performance of this work 

depending on the project schedule. Extremely cold temperatures are not expected to be encountered due 

to project schedule. Work performed when ambient temperatures exceed 70°F may result in varying 

levels of heat stress (heat rash, heat cramps, heat exhaustion, and/or heat stroke) depending on variables 

such as wind speed, humidity, and percent sunshine, as well as physiological factors such as metabolic 

rate and skin moisture content. Additionally, workload and level of protective equipment will affect the 

degree of exposure. Site personnel will be encouraged to drink plenty of fluids to replace those lost 

through perspiration. Additional information such as Work-Rest Regimens and personnel monitoring may 

be found in and Section 4.0 of the Guidance Manual. The SSO will recomme.nd addjtional heat stress I ,, /, *_ 

control measures as they are deemed necessary based on ACGIH guidelines. 

, 

_. --I. 

6.3 NATURAL HAZARDS 

6.3.1 Insect/Animal Bites and Stints, Poisonous Plants. etc. . .-,.-_. ,. ,, 

During warm months (spring through early fall), tick-borne Lyme Disease may pose a potential health hazard, 

especially in Connecticut which is listed as an endemic area for Lyme Disease. The longer a disease 

carrying tick remains attached to the body, the greater the potential for contracting the disease. Wearing long. 

sleeved shirts and long pants (tucked into boots). As well as performing frequent body checks will prevent 

long term attachment. Site first aid kits should be equipped with medical forceps and rubbing alcohol to 

assist in tick removal. For information regarding tick removal procedures, and symptoms of exposure consult 

Attachment II of this HASP or Section 4.0 of the Health and Safety Guidance Manual. 
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Contact with poisonous plants and bites or stings from poisonous insects are other natural hazards that must 

be considered. Long pants (tucked into boots), and avoiding potential nesting areas will minimize the 

hazards of exposure. All site personnel who are allergic to stinging insects such as bees, wasps, and 

hornets must be particularly careful since severe illness and death may result from allergic reactions. As with 

any medical condition or allergy, information regarding the condition must be listed on the Medical Data 

Sheet and the FOL and SSO notified. _ 

6.3.2 inclement Weather 

Many of the project tasks under this Scope of Work will be performed outdoors. As a result, inclement 

weather may be encountered. In the event that adverse weather (electrical storms, hurricanes, etc.) 

conditions arise, the FOL and/or the SSO will be responsible for temporarily suspending or terminating 

activities until hazardous conditions no longer exist. 
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7.0 AIR MONITORING 

This section presents requirements for the use of real-time air monitoring during site activities. It 

established the types of instruments to be used. Information on specific instrumentation, the frequency at 

which they are to be used, techniques for their use, and action levels are established in Table 5-l 

pertaining to the hazards and tasks of an identified operation. Additionally, the Health and Safety 

Guidance Manual, Section 1.0, contains detailed information on the calibration and use of air monitoring 

instruments. 

7.1 INSTRUMENTS AND USE 

Instruments will be used primarily to monitor source points and worker breathing zones. Whenever a 

reading above normal background is detected in the workers breathing zone, the area will be evacuated. 

Work will resume when levels return to normal. 

7.1 .l Photoionization Detector or Flame Ionization Detector 

In order to accurately monitor for any substances which may present an exposure potential to site 

personnel, a Photoionization Detector (PID) with a lamp energy of 11.4 eV or higher or a Flame Ionization 

Detector (FID) will be used. The instrument will be used to monitor potential source areas and to screen 

the breathing zones of employees during site activities. 

Prior to the commencement of any field activities, the background levels of the site must be determined 

and noted. Daily background readings will be taken away from any areas of potential contamination. 

These readings, any influencing conditions (weather, temperature, and humidity) and site location must be 

documented in the field operations logbook or other site documentation (e.g., sample log sheet). 

7.1.2 Hazard Monitoritw Freauency 

Table 5-1 presents the frequencies in which hazard monitoring will be performed as well as the action 

levels that will indicate when the site will’ be evacuated. The SSO may decide to increase these 

frequencies based on instrument responses and site observations. Reduction in monitoring frequencies is 

permitted only with the consent of the PHSO and CLEAN HSM. 

7.2 INSTRUMENT MAINTENANCE AND CALIBRATION 

Hazard monitoring instruments will be maintained and pre-field calibrated by the TtNDS Equipment 

Manager. Operational checks and field calibration will be performed on all instruments each day prior to 
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their use according to manufacturer’s recommendations. Par example, the PID must be field calibrated 

daily and an additional field calibration must be performed at the end of each day to determine any 

significant instrument drift. These operational checks and calibration efforts will be performed in a manner 

that complies with the employees health and safety training, the manufacturer’s recommendations, and 

with the applicable standard operating procedure (found in the Health & Safety Guidance Manual). All 

calibration efforts must be documented on the Cat,ibration,~og Sheet (see Figure 7-l). This information 

may also be recorded in a field operations logbook, provided that all of the following information is 

recorded: 

-., 

l Date of calibration 

l Individual calibrating the instrument 

l Instrument name, model, and serial number 

l Any relevant instrument settings and resultant readings’(before and after) calibration 

. Identification of the calibration standard (lot no., source concentration, supplier) 

l Any relevant comments or remarks 

-. 
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DOCUMENTATION OF FIELD CALIBRATION 

SITE NAME: PR.OJECT NO.: 

Date of 
Calibration 

Instrument 
Name and 

Model 

Instrument I.D. 
Number 

Person Instrument Settings Instrument Readings Calibration Remarks/ 
Performing Standard Comments 
Calibration (Lot 

Number) 

Pre- Post- Pre- Post- 
Calibration Calibration Calibration Calibration 
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8.0 TRAINING/MEDICAL SURVEILLANCE REQUIREMENTS , 

8.1 INTRODUCTORY/REFRESHER/SUPERVlSORY TRAINING 

This section is included to specify health and safety training and medical surveillance requirements for 

both TtNUS and subcontractor personnel participating in site activities. 

8.1 .l Requirements for TtNUS Personnel 

All TtNUS personnel must complete 40 hours of introductory hazardous waste site training prior to 

performing work at NSB-NLON. Additionally, TtNUS personnel who have had introductory training more 

than 12 months prior to site work must have completed 8 .hours of refresher training within the past 12 

months before being cleared for site work. In addition, 8-hour supervisory training in accordance with 29 

CFR 1910.120(e)(4) will be required for site supervisory personnel. 

Documentation of TtNUS introductory, supervisory, and refresher training as well as site-specific training 

will be maintained at the project. Copies of certificates or other official documentation will be used to fulfill 

this requirement. 

TtNUS will conduct a pre-activities training session prior to initiating site work. Additionally, a brief meeting 

will be held daily to discuss operations planned for that day. At the end of the workday, a short meeting 

will be held to discuss the operations completed and any problems encountered. This activity will be 

supported through the use of a Safe Work Permit System (See Section 10.10). 

8.1.2 Requirements for Subcontractors 

All TtNUS subcontractor personnel must have completed introductory hazardous waste site training or 

equivalent work experience as defined in OSHA Standard 29 CFR 1910.120(e) and 8 hours of refresher 

training meeting the requirements of 29 CFR 1910.120(e)(8) prior to performing field work at NSB-NLON. 

TtNUS subcontractors must certify that each employee has had such training by sending TtNUS a letter, 

on company letterhead, containing the information in the example letter provided in Figure 8-1 and by 

providing copies of certificates for all subcontractor personnel participating in site activities. 
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FIGURE 8-1 i -3. 

TRAINING LETTER 

The following statements must be typed on company letterhead, signed by an officer of the company and 
accompanied by copies of personnel training certificates: 

LOGO 
XYZ CORPORATION 
555 E. 5th Street 
Nowheresville, Kansas 55555 

Month, day, year 

Mr. Corey A. Rich, P.E. 
Project Manager 
Tetra Tech NUS, Inc. 
661 Andersen Drjve 
Pittsburgh, Pennsylvania 15221 

< I 

Subject: HAZWOPER Training for NSB-NLON, Groton, Connecticut 

Dear Mr. Rich: 

As an officer of XYZ Corporation, I hereby state that.1 am aware of the potential hazardous nature of the 
subject project. I also understand that it is our responsibility to comply with all applicable occupational .._. 1. . ,,; .._, ^Iv.*.I.u* _,‘*gj, 
safety and health regulations, including those stipulated in Title”29 of the-Code of Federa,l’Regulations 
(CFR), Parts 1900 through 1910 and Part 1926. -*.“* 

I also understand that Title 29 CFR 19!0.120, entitled “Hazardous Waste Operations and Emergency ,, ., 
Response,” requires an appropriate level of training for certain employees engaged ,in hazardous waste 
operations. l.n this regard, I hereby state that the following employees have had 40 hours of introductory 
hazardous waste site training or equivalent work experience as requested by 29 CFR 1910.120(e) and 
have had 8 hours of refresher training as applicable and as required by 29 CFR 1910.120(e)(8) and that .,,“_ ^I_, ,... -a,. 
site supervisory personnel have had training in accordance with 29 CFR 191&1~20(e)(4). 

LIST FULL NAMES OF EMPLOYEES AND,THElR SOCIAL SECURITY NUMBERS HERE. ,_ .” ,a ..%” .,., .irin j . * lI.LL(.* 4 I.,>,__ .,. *,,,. _i. 1 jl , ., \ ,, 

Should you have any questions, please contact me at (555) 555-5555. 

Sincerely, 

(Name and Title of Company Officer) 
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TtNUS will provide site-specific training to all site personnel who will perform work on this project. Site- 

specific training will also be provided to all personnel [U.S. Department of Defense (DOD), EPA, etc.] who 

may enter the site to perform functions that may or may not be directly related to site operations. Site- 

specific training will include: 

Names of designated personnel and alternates responsible for site safety and health 

Safety, health, and other hazards present on site 

Use of personal protective equipment 

Work practices to minimize risks from hazards 

Safe use of engineering controls and equipment 

Medical surveillance requirements 

Signs and symptoms of overexposure 

Contents of the Health and Safety Plan 

Emergency response procedures (evacuation and assembly points) 

Spill response procedures 

Review of the contents of relevant Material Safety Data Sheets 
\ 

. 

Site-specific documentation will be established through the use of Figure 8-2. All site personnel and 

visitors must sign this document upon receiving site-specific training. 

8.3 MEDICAL SURVEILLANCE 

8.3.1 Medical Surveillance Recluirements for TtNUS Personnel 

All TtNUS personnel participating in project field activities will have had a physical examination meeting 

the requirements of TtNUS’s medical surveillance program and will be medically qualified to perform 

hazardous waste site work using respiratory protection 

Documentation for medical clearances will be maintained in the TtNUS Pittsburgh office and made 

available, as necessary. 
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SITE-SPECIFIC TRAINING DOCUMENTATION 

My signature below indicates that I am .aware of the potential hazardousnature ~of performing remedial L^-.‘;“*‘,i‘i~~~~~,:.., ^.. 
investigation activities at NS6NiC.N ‘in ‘C,roton, Connectrcuf; and that I have received site-specific training 
which included the elements presented below: 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Names of designated personnel and alternates responsible for site safety and health 
Safety, health, and other hazards present on site 
Use of personal protective equipment 
Work practices to minimize risks from hazards 
Safe use of engineering controls and equipment 
Medical su.rveillance requirements 
Signs and symptoms of overexposure 
Contents of the Health and Safety Plan 
Emergency response procedures (evacuation and assembly points) 
Spill response procedures 
Review of contents of relevant Material Safety Data Sheets 

My signature below indicates that I have been given the opportunity to ask questions and that all of my 
questions have been answered to my satisfaction, and that the dates~ of my training and medical 
surveillance indicated below are accurate. 

Name 

(Printed and Signature) 

__ 

Site- 
Specific 
Training 

Date 

40-Hour 
Training 

(Date) 

8-Hour 8-Hour 
Refresher Supervisory 
Training Training 

(Date) (Date) 

Medical 
Exam ,A-?% 
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8.3.2 Medical Surveillance Reauiremetits for Subcontractors 
y&L?: I” _, 1 , ,,’ : : * *,;.,,. v _, v:.,., t_i. ., i* ,,,,. , ~ ..” ._,. ._ i”. F ;,: ” 

Subcontractors are required to obtain a certificate of their ability to perform hazardous waste site work and 

to wear respiratory protection. The “Subcontractor Medical Approval Form” provided in Figure 8-3 shall be 

used to satisfy this requirement, providing it is properly completed and signed by a licensed physician. 

Subcontractors who have a company medical surveillance program meeting the requirements of 

paragraph (f) of OSHA 29 CFR 1910.120 can substitute “Subcontractor Medical Approval Form” with a 

letter, on company letterhead, containing all of the information in the example letter presented in Figure 8- 

4 of this HASP. 

8.3.3 Requirements for All Field Personnel 

Each field team member (including subcontractors) and visitors entering the exclusion zone(s) shall be 

required to complete and submit a copy of Medical Data Sheet presented in Section 7 of the Health and 

Safety Guidance Manual. This shall be provided to the SSO, prior to participating in site activities. The 

purpose of this document is to provide site personnel and emergency responders with additional 

information that may be necessary in order to administer medical attention. 

8.4 SUBCONTRACTOR EXCEPTIONS 

Subcontractors who will not enter the exclusion zone during operation, and whose activities involve no 

potential for exposure to site contaminants, will not be required to meet the requirements for 

training/medical surveillance other than site-specific training as stipulated in Section 8.2. 
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FIGURE 8-3 
SUBCONTRACTOR MEj?IC&S APJPQy&L FORM .~ ef*_IX_ . . . , ,_ . ,^w.,s.. ,w 

Part A 

The above-named individual has: 

1. Undergone a physical examination in accordance with OSHA Stan,dlrd,,29,,CFR i9~,0~!~20, 
paragraph (f), and was found to be medically - 

qualified to perform work at the NSB-NLON work site 
not qualified to perform work at the NSB-NLON work site 

and, 

2. Undergone a physical examination in accordance w/fh OSHA 29 CFR 1 $&j8$(b)( ” L..*-^ ._, 1_“+1*__ La*.-* _*“* 
and was found to be medically - 

10) 

qualified to wear respiratory protection 
not qualified to wear respiratory protection 

My evaluation has been based on the following information, as provided to me by the employer. ‘““, 

t ) A copy of OSHA Standard 29 CFR 1910.120 and appendices. 
t ) A description of the employee’s duties as they relate to the employee’s 

exposures. 
t 1 A list of known/suspected contaminants and their concentrations (if known). 

A description of any personal protective equipment used or to be used. 
Information from previous medical examinations of the employee that is not 
readily available to the examining physician. 

Part B 

I, , have examined 
Physician’s Name (print) 

Patiicipant’s Name (prini) - (- 

and have determined the following information: 
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1. Results of the medical examination and tests (excluding finding or diagnoses unrelated to 
occupational exposure): 

2. Any detected medical conditions that would place the employee at increased risk of material 
impairment of the employee’s health: 

3. Recommended limitations upon the employee’s assigned work: 

I have informed this participant of the results of this medical examination and any medical conditions that 
require further examination of treatment. 

Based on the information provided to me, and in view of the activities and hazard potentials involved at the 
NSB-NLON work site, this participant 

may 
may not 

perform his/her assigned task. 

Physician’s Signature 

Address 

Phone Number 

NOTE: Copies of test results are maintained and available at: 

Address 
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The following statements must be typed on company letterhead and signed by an officer of the company: 

LOGO 
XYZ CORPORATION 
555 E. 5th Street 
Nowheresville, Kansas 55555 

Month, day, year 

Mr. Corey A Rich, P.E. 
Project Manager 
Tetra Tech NUS, Inc. 
661 Andersen Drive 
Pittsburgh, Pennsylvania 15221 

Subject: Medical Surveillance for NSB-NLON, Groton, Connecticut 

Dear Mr. Mengel 

As an officer of XYZ Corporation, I hereby state that the persons listed below participate in a medical 
surveillance program meeting the requirements contained in paragraph (f) of Title 29 of the Code of 
Federal Regulations (CFR), Part 1910.120, entitled “Hazardous Waste Operations and Emergency 
Response: Final Rule.” I further state that the persons listed below have had physical examinations under 
this program within the past 12 months and that they have been cleared, by a licensed physician, to 
perform hazardous waste site work and to wear. positive- and negative-pressure respiratory protection. I 
also state that, to my knowledge, no person listed below has any medical restriction that would preclude 
liim/her from working at the NSB-NLON, Groton, Connecticut. 

LIST FULL NAMES OF EMPLOYEES AND THEIR SOCIAL SECUR!TY NUMBER,S HERE., 

Should you have any questions, please contact me at (555) 555-5555. 

Sincerely, 

(Name and Title of Company Officer) 
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9.0 SPILL CONTAINMENT PROGRAM 

9.1 SCOPE AND APPLICATION 

It is not anticipated that quantities of bulk potentially hazardous materials (greater than 55gallons) will be 

handled during some of the site activities conducted as part of the scope of work. Significant quantities of 

waste water (decontamination,, purge and development) and Investigative-Derived Wastes (IDW) may be 

generated as part of site activities. It is not anticipated, however, that spillage of these materials would 

constitute a significant danger to human health or the environment. Further, it is possible that as the job 

progresses disposable PPE and other non-reusable items may be generated. As needed, 55 -gallon 

drums will be used to contain wastewater, IDW, and other unwanted items generated during investigation 

activities. These drums will be labeled with the site name and address, the type of contents, and the date 

the container was filled as well as an identified contact person. Samples will be collected and analyzed to 

characterize the material and determine appropriate disposal measures. Once characterized they can be 

removed from the staging area and disposed of in accordance with Federal, State and local regulations. 

Table 5-l contains more information about handling IDW at NSB-NLON. 

9.2 POTENTIAL SPILL AREAS 

Potential spill areas will be monitored in an ongoing attempt to prevent and control further potential 

contamination of the environment. Currently, there are various areas vulnerable to this hazard including 

the areas used for central staging and decontamination activities. Additionally, areas designated for 

handling, loading, and unloading of potentially contaminated soils, waters, and debris present limited 

potential for leaks or spills. It is anticipated that all IDW generated as a result of this scope of work will be 

containerized, labeled, and staged to await chemical analyses. The results of these analyses will 

determine appropriate disposal methods. 

9.2.1 Site Drums/Containers 

All drums/containers used for containing soils and liquids will be sealed, labeled, and staged within a 

centralized, area awaiting shipment or disposal. 
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To establish an early detection of potential spills or leaks, periodic inspections by the SSO will be 

conducted during working hours to visually determine that containers are not leaking. If a leak is detected, 

the first approach will be to transfer the container contents using a hand pump into a new container. Other 

provisions for the transfer of container contents ~il!,,be_madeand appropriate emergency contacts will be 

notified, if necessary. In most instances, leaks will be collected and c,ontai,ned.,using absorbents such as 

Oil-dry, vermiculite, or sand, which will be stored at the staging area in a conspicuously marked drum. 

This material too, will be containerized for disposal pending analyses. All inspections will be documented 

in the Project Logbook. 

9.4 PERSONNEL TRAINING AND SPILL PREVENTION. 

All personnel will be instructed on the procedures for spill prevention, containment, and collection of 

‘hazardous materials in the site-specific training. The FOL and/or the SSO will serve as the Spill 

Response Coordinator for this operation should the need arise. 

9.5 

The following represents the types of equipment that may be maintained at the staging area for the 

purpose of supporting this Spill Prevention/Containment Program. 

l Sand, clean fill, vermiculite, or other noncombustible absorbent (oil-dry); 

l Drums (55-gallon U.S. DOT 17-E or 17-H) 

l Shovels, rakes, and brooms 

l Labels 

9.6 SPILL CONTROL PLAN 

This section describes the procedures the TtNUS field crewmembers will employ upon the detection of a 

spill or leak. 

1) Notify the SSO or FOL and Subase Fire Department (ext. 3333) immediately. 

2) Employ the personnel protective equipment stored at the staging area. Take immediate actions to 

stop the leak or spill by plugging or patching the drum or raising the leak to the highest point. /T%, 

Spread the absorbent material in the area of the spill covering completely. 
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3) Transfer the material to a new container, collect and containerize the absorbent material. Label 

the new container appropriately. Await analyses for treatment or disposal options. 

4) Recontainerize spills, including top cover impacted by the spill, and await test results for treatment 

or disposal options. 

It is not anticipated that a spill will occur in which the field crews cannot handle. Should this occur; 

however, the FOL or SSO will notify appropriate emergency response agencies. 
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10.0 SITE COI’iTROL 

This section outlines the means by which TtNUS will delineate work zones and use these work zones in 

conjunction with decontamination procedures to prevent the spread of contaminants into previously 

unaffected areas of the site. It is anticipated that a three-zone approach will be used during work at this 

site. This three-zone approach will utilize an exclusion zone, a contamination reduction zone, and a 

support zone. It is also anticipated that this control measure will be used to control access to site work 

areas. Use of such controls will restrict the general public, minimize the potential for the spread of 

contaminants, and protect individuals who are not cleared to enter work areas. 

10.1 EXCLUSION ZONE 

The exclusion zone will be considered those areas of the site of known or suspected contamination. It is 

not anticipated that significant amounts of surface contamination are present in the proposed work areas 

of this site. It is anticipated that this will remain so until/unless contaminants are brought to the surface by 

intrusive activities, such as soil boring or sampling operations. Furthermore, once intrusive activities have 

been completed and surface contamination has been removed, the potential for exposure is again 

diminished and the area can then be reclassified as part of the contamination reduction zone. Therefore, 

the exclusion zones for this project will be limited to those areas of the site where active work is being 

performed plus a designated area surrounding the point of operation (see Table 5-1 for specific 

operation). When possible, exclusion zones will be delineated using barrier tape, cones and/or drive 

poles, and postings to inform site personnel. 

10.1 .l Exclusion Zone Clearance 

Prior to the initiation of site activities, utility locations will be identified by utility companies contacted 

through the NSB-NLON contact or other responsible party. Additional utility surveys may be conducted by 

TtNUS through the use of available documentation provided by NSB-NLON and/or localutility companies. 

The positions of identified utilities will be field located and staked to minimize the potential for damage 

during intrusive activities. Sample locations can be located to avoid buried utilities. In the event that a 

utility is struck during a subsurface investigative activity, the emergency numbers provided in Table 2-I will 

be notified. 
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Access to work areas will be controlled by TtNUS personnel. No personnel will be permitted to enter site 

exclusion zones without site-specific training. Site visitors will be provided site-specific training and will be 

escorted by TtNUS personnel at all times (see section 10.4). 

Y-X, 

10.2 CONTAMINATION REDUCTION. Z,ONE 

The contamination reduction zone (CRZ) will be a buffer area between the exclusion zone and any area of 

the site where contamination is not suspected. The personnel and equipment decontamination will not 

take place in this area, but will take place at a central locatjon established for this project. This area 

instead will serve as a focal point in supporting exclusion zone activities. When applicable, this area will 

be delineated using barrier tape, cones and/or drive poles, and postings to inform and direct facility 

personnel. 

10.3 SUPPORT ZONE 

The support zone for this project will include a staging area where site vehicles will be parked, equipment 

will be unloaded, and where food and drink containers will be maintained., In all cases, the support zones . . I / .‘ _- 

will be established at areas of the site where exposure to site contaminants would not be expected during 
m 

normal working conditions or foreseeable emergencies. 

10.4 SITE VISITORS 

Site visitors for the purpose of this document. are-,.jdent/fied-“~as~.representing the following groups of 

individuals: 

l Personnel invited to observe or participate in operations by TtNUS 

l Regulatory personnel (EPA, OSHA, etc.) 

l NSB-NLON personnel 

l Other authorized visitors 

All personnel working on this project are required to gain initial access to the site by coordinating with the 

TtNUS FOL or designee and following established site access procedures. 

Upon gaining access to the site, all site visitors wishing to observe operations in progress will be escorted 

by a TtNUS representative (arranged for by the FOL) and shall be required to meet the following minimum 

requirements: 
,..--% 
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l All site visitors will be routed to the FOL, who will sign them into the field logbook. Information to be 

recorded in the logbook will include the individual’s name (proper identification required), the entity 

which they represent, and the purpose of the visit. 

l All site visitors will be required to produce the necessary information supporting clearance to the site. 

This shall include information attesting to applicable training (40-hours of HAZWOPER training) and 

medical surveillance as, stipulated in Section 8.0 of this document. In addition, to enter the site 

operational zones during planned activities, all visitors will be required to first go through site-specific 

training covering the topics stipulated in Section 8.2 of this HASP. 

Once the site visitors have,completed the above items, they will be permitted to enter the operational 

zone. All visitors are required to observe the protective equipment and site restrictions in effect at the site 

at the time of their visit. Any and all visitors not meeting the requirements stipulated in this plan will not be 

permitted to enter the site operational zones during planned activities. Any incidence of unauthorized site 

visitation will cause the termination of all onsite activities until the unauthorized visitor is removed from the 

premises. Removal of unauthorized visitors will be accomplished with support from the FOL, SSO or on- 

site security personnel. 

10.5 SITE SECURITY 

Site security will be accomplished using existing base security resources and procedures, supplemented 

by TtNUS or subcontractor personnel, if necessary. TtNUS will retain control over active operational 

’ areas. The first line of security will take place at.the base boundaries restricting the general public. The 

second line of security will take place at the work site referring interested parties to the FOL. The FOL will 

serve as a focal point for site personnel, and will serve as the final line of security and the primary 

enforcement contact. 

10.6 SITE MAPS 

A site map will be generated once access routes, utilities, etc., are determined, and it will be adjusted as 

site conditions change. These maps will show utility locations, potential points of contact with the public, 

roadways, and other significant characteristics that may impact site operations and safety. Site maps will 

be posted to illustrate up-to-date collection of contaminants and adjustment of zones and access points if 

warranted. 
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BUPW SYSTW!, _. . /,.k _, _ ._ ,..I ,,.s. _ ,...., . I_ ,._ _. .,. _, ._ x A. z-I:, 

Personnel engaged in onsite activities will practice the “buddy system” to ensure their safety during this 

operation. 

10.8 MATERIAL SAFETY DATA SHEET (MSQS) REQUIREMENTS 

TtNUS and subcontractor personnel will provide MSDSs for all chemicals brought on site. The contents of 

these documents will be reviewed by the SSO with the user(s) of the chemical substances prior to any 

actual use or application of the substances on site. A chemical inventory of all chemicals used on site will 

be developed using Section 5.0 of the Health and Safety Guidance Manual. The MSDSs will then be 

maintained in a central location and will be available foranyone to review upon request. 

10.9 COMMUNICATION 

TtNUS personnel will be working in close proximity to each other at NSB-NLON. As a res,ult and since 

two-way radio communication may or may not be available, hand signals, voice commands, and line of 

site will provide the initial means of communication. If two-way communication is available, it’s use will be 

cleared with Base personnel prior to initiating activities. 
-6 

External communication will be accomplished by using provided telephones at the site. External 

communication will primarily be used for the purpose of resource and emergency resource 

communication. 

10.10 SAFE WORK PERMITS 

All exclusion zone work conducted in support of this project will be performed using Safe Work Permits to 

guide and direct field crews on a task by task basis. An example of the Safe Work Permit to be used is 

illustrated in Figure IO-l. The daily meetings conducted during their generation will further support these 

work permits. This effort will ensure all site-specific considerations and changing conditions are 

incorporated into the planning effort. 

Use of these permits will provide the communication line for reviewing protective measures and hazards 

associated with each operation. This HASP will be used as the primary reference for selecting levels of 

protection and control measures. The work permit will take precedence over the HASP when more 

conservative measures are required based on specific site conditions. 1_ --%. 
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The FOL and/or the SSO will be responsible for completing the safe work permit and issuing them to the 

appropriate parties. Site personnel at the end of each day’s activity will turn in the permit(s) used for that 

day to the SSO. All permits will be maintained as part of the permanent project files attesting to safety 

and health measures employed for a given task at a given time and place. Any problems encountered 

with the protective measures required should be documented on the permit and brought to the attention of 

the SSO. 
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IV. Protective equipment required Respiratory equipment required 
Level D c Level B 2 Full face APR 
Level C c Level A 3 Half face AP”R 
Detailed on Reverse SKA-PAC SAF 

,T-*_I “!- 

c Escape Pack q 
il SCBA c 

3 q Bottle Trailei q 

3Kl(l lllg q None o 
Modifications/Exceptions: 

_. - . . .,i. .*/ <v., 

V. Chemicals of Concern . ActionLevel( Response Measures 

_, “, _ . < , 

... ,_ ,,__ I ..... ” ,, , ,, ., _, .. ‘,“.,,, ..i,r?n*.~ * .a ” ... \ I .... 

/,.(.I.*11 
VI. Additional Safety EquipmentlProcedures 

/__:a”,_ *.,...__lb: ....... “,.&*,“\ %~.- ,, ~/ ‘,, /_ > ... 1s .. ,,:.*_ ,b/ ,di.i.hI ..a.>. :..* i I-~.*~b.sA*iicT ^.A.** ., .... ~-2, r, ... i ..... * 

Hardhat ............................. u Yes c No Hearing Protection r yes ,J No ” 7-h 

Safety Glasses.. ................ c Yes o No Safety belt/harness L Yes u No 
Chemical/splash goggles . . q Yes 0 No Radio : o Yes q No 

Splash Shield.. ................. .O Yes 0 NO Barricades q Yes c No 

Splash suits/coveralls.. ..... o Yes 0. No CGjoves (Type) q Yes q No 

Steel toe/shank ................ q Yes q No .Work/rest regimen u Yes G No 
Workboots.. ...................... q Yes q No 

4 Modifications/Exceptions: 

VII. Procedure review with permit acceptors Yes” NA ‘” 
(> ,_ ...... ., .. _) .... . . II^_ .yes 

NA 
Safety shower/eyewash (Location & Use). .. .O L Emergency alarms.. ............. q o 
Procedure for safe job completion.. .............. cl 2 Evacuation routes.. .............. q G 
Contractor tools/equipment inspected.. ........ q c] Assembly points.. ................. q D 

VIII. Equipment Preparation ... _- ‘_ 
.l- ... _, .... ̂ .“, .... _m, 8, ,~ ........... ll.,_” “S _a,,_ _.,.” 

Yes NA 
Equipment drained/depressured .................................................................................. q 0 

Equipment purged/cleaned.. ......................................................................................... q q 

Isolation checklist completed.. ...................................................................................... 9 0 
Electrical lockout required/field switch tested .............. ..* .............................................. 3 0 
Blinds/misalignments/blocks & bleeds in place 1 ............................................................ _1 0 
Hazardous materials on walls/behind liners considered.. ............................................. o q 

IX. Additional Permits required (Hot work, confinedspace enti~‘excavatition etc.):...:...: d Yes 6 ‘No 
jv_II/*a,; ,klm- -c. 

If yes, contact Health Scierice, ~Pitt&ti$i~ ~%!“??“ce 
X.Special instructions, precautions: 

Permit Issued by: 
Job Completed by: 
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11 .O CONFINED SPACE ENTRY 

It is not anticipated, under the proposed scope of work, that confined space and permit-required confined 

space activities will be conducted. Therefore, personnel under the provisions of this HASP are not 

allowed, under any circumstances, to enter confined spaces. A confined space is defined as an area 

which has one or more of the following characteristics: 

. Is large enough and so configured that an employee can bodily enter and perform assigned work. 

l Has limited or restricted means for entry or exit (for example, tanks, vessels, silos, storage bins, 

hoppers, vaults, and pits are spaces that may have limited means of entry). 

l Is not designed for continuous employee occupancy. 

A Permit-Required Confined Space is one that: 

l Contains or has a potential to contain a hazardous atmosphere. 

l Contains a material that has the potential to engulf an entrant. 

l Has an internal configuration such that an entrant could be trapped or asphyxiated by inwardly 

converging wails or by a floor which slopes downward and tapers to a smaller cross-section. 

l Contains any other recognized, serious, safety or health hazard. 

For further information on confined space, consult the Health and Safety Guidance Manual or call the 

PHSO. If confined space operations are to be performed as part of the scope of work, detailed 

procedures and training requirements will have to be addressed. 
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_ 12.0 MATERIALS AND DOCUMENT&TlQN .j ., “. ‘I,*i-\. 

The TtNUS FOL shall ensure the following materials/documents are taken to the project site and used 

when required. 

l A complete copy of this HASP 

, 

l Health and Safety Guidance Manual 

l Incident Reports 

l Medical Data Sheets 

l Material Safety Data Sheets for all chemicals brought on site, including decon solutions, fuels, lime, 

sample preservatives, calibration gases, etc. Copies of all MSDS should be forwarded to the 

Environmental Department at NSB-NLON prior to the start of work. 

c A full-size OSHA Job Safety and Health Poster (posted in the site trailers) 

l Training/Medical Surveillance Documentation Form (Blank) 

l Emergency Reference Information (Section 2.0, extra copy for posting) 

12.1 MATERIALS TO BE POSTED AT THE SITE 

The following documentation is to be posted at the site for quick reference purposes. In situations where 

posting of these documents is not feasible (such as no office trailer), these documents should be filed in a 

transportable file container, and immediately accessible. The file should remain in the FOL’s possession. 

Chemical Inventory Listing - This list represents all chemicals brought on site, including 

decontamination solutions, sample preservatives, fuel, calibration gases, etc.. This list should be posted 

in a central area. 

Material Safety Data Sheets (MSDS) - The MSDS should also be in a central area accessible to all site 

personnel. These documents should match all the listings on the chemical inventory list for all substances 
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employed on site. It is acceptable to have these documents within a central folder and the chemical “- 

inventory as the table of contents. 

The OSHA Job Safety & Health Protection Poster - This poster, as directed by 29 CFR 1903.2 (a)(l), 

should be conspicuously posted in places where notices to employees are normally posted. Each FOL 

shall ensure that this poster is not defaced, altered, or covered by other material. 

Site Clearance Posting - This list is found within the training section of the HASP (See Figure 8-l). This 

list identifies all site personnel, dates of training (including site-specific training), and medical surveillance 

and indicates not only clearance but also status. If personnel do not meet these requirements, they do not 

enter the site while site personnel are engaged in activities. 

Emergency Phone Numbers and Directions to the Hospital(s) - This list of emergency numbers and 

hospital directions will be maintained at all phone communications points and in each site vehicle. 

Medical Data Sheets/Cards - Medical Data Sheets will be filled out by all onsite personnel and filed in a 

central location. The Medical Data Sheet will accompany any injury or illness requiring medical attention 

to the medical facility. A copy of this sheet or a wallet card will be given to all personnel to be carried on n, 

their person. 

Personnel Monitoring - All results generated through personnel sampling (levels of airborne toxics, noise 

levels, etc.) will be posted to inform individuals of the results of that effort. 

Placards and Labels - Where chemical inventories have been separated, because of quantities and 

incompatibilities, these areas will be conspicuously marked using Department of Transportation (DOT) 

placards and acceptable [Hazard Communication 29 CFR 1910.1200 (f)] labels. 

:-.. 
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13.0 GLOSSARY 

ACGIH American Conference of Governmental Industrial Hygienists 

APR Air Purifying Respirators 

C Celsius 

CBU Central Battalion Unit 

CFR Code of Federal Regulations 

CIH 

CLEAN 

CNS 

CRZ 

CSP 

dBA 

DDT 

DOD 

DOT 

DPT 

DRMO 

EMS 

Certified Industrial Hygienist 

Comprehensive Long-Term Environmental Action Navy 

Central Nervous System 

Contamination Reduction Zone ^ 

Certified Safety Professional 

Decibels 

Dichlorodiphenyltrichloroethane 

Department of Defense 

Department of Transportation 

Direct Push Technology 

Defense Reutilization and Marketing Organization 

Emergency Medical Services 

EPA 

eV 

F 

Environmental Protection Agency 

electron Volts 

Fahrenheit 

FID 

FOL 

GC 

HASP 

HAZWOPER 

HEPA 

HSMr 

IDLH 

fDW 

IP 

IRP 

LEL 

LEUO:! 

Mg/m3 

MSDS 

Flame Ionization Detector 

Field Operations Leader 

Gas Chromatograph 

’ Health and Safety Plan 

Hazardous Waste Operations and Emergency Response 

High Efficiency Particulate Air 

Health Sciences Manager 

Immediately Dangerous to Life and Health 

Investigative Derived Waste 

Ionization Potential 

Installation Restoration Program 

Lower Explosive Limit 

Lower Explosive Limit/Oxygen 

milligrams per cubic meter 

Material Safety Data Sheet 
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NIOSH 

NSB-NLON 

OBDA 

OBDANE 

OSHA . 

ou 

PAH 

PCB 

PCE 

PE 

PEL 

PHSO 

PID 

PM 

PPE 

PPM 

SAP 

SCBA 

sso 

STEL 

svoc 

TCE 

TPH 

TtNUS 

TWA 

UEL 

uv 

voc 

WP 
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Not Available 

National Institute Occupational Safety and Health 

Naval Submarine Base- New London 

Over Bank Disposal Area 

Over Bank Disposal Area North East 

Occupational Safety and Health Administration (U.S. Department of Labor) 

Operable Unit - 

.cI- , * 

Polynuclear Aromatic Hydrocarbons 

Polychlorinated Biphenyl 

Tetrachloroethylene 

Professional Engineer 

Permissible Exposure Limit 

Project Health and Safety Officer 

Photo Ionization Detector 

Project Manager 

Personal Protective Equipment 

Parts Per Million 

Sampling and Analysis Plan 

Self Contained Breathing Apparatus 

Site Safety Officer 

Short Term-Exposure Limit 

Semi Volatile Organic Compounds 

Trichloroethylene 

Total Petroleum Hydrocarbons 

TetraTech NUS 

Time Weighted Average 

Upper Explosive Limit 

Ultraviolet 

Volatile Organic Compounds 

Work Plan 
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. Q CASE NO. 

TETRA TECH N-US, INC. 

INJURY/ILLNESS PROCEDURE 
WORKER’S COMPENSATION PROGRAM 

WHAT YOU SHOULD.DO IF YOU ARE INJURED OR DEVELOP AN ILLNESS AS A 
RESULT OF YOUR EMPLOYMENT: 

l If injury is minor, obtain appropriate first aid treatment. 

l If injury or illness is severe or life threatening, obtain professional medical treatment at the nearest 
hospital emergency room. 

l If incident involves a chemical exposure on a project work site, follow instructions in the Health & 
Safety Plan. Y 

l Immediately report any injury or illness to your supervisor or office manager. In addition, you must 
contact your Human Resources representative, Marilyn Diethom at (412) 921-8475, and the 
Corporate Health and Safety Manager, Matt Soltis at (412) 921-8912 within 24 hours. You will be 
required to complete an Injury/Illness Report (attached). You may also be required to participate in a 
more detailed investigation from the Health Sciences Department. 

l If further medical treatment is needed, The Hartford Network Referral Unit wiI1 furnish a list of 
network providers customized to the location of the injured employee. These providers are to be used 
for treatment of Worker’s Compensation injuries subject to the laws of the state in which you work. 
Please call Marilyn Diethom at (412) 921-8475 for the number of the Referral Unit. 

ADDITIONAL QUESTIONS REGARDING WORKER’S COMPENSATION: 

Contact your local human resources representative, corporate health and safety coordinator, or Corporate 
Administration in Pasadena, California, at (626) 35 l-4664. 

Worker’s compensation is a state-mandated program that provides medical and disability benefits to 
employees who become disabled due to job related injury or illness. Tetra Tech, Inc. and its subsidiaries 
(Tetra Tech or Company) pay premiums on behalf of their employees. The type of injuries or illnesses 
covered and the amount of benefits paid are regulated by the state worker’s compensation boards and vary 
from state to state. Corporate Administration in Pasadena is responsible for administering the Company’s 
worker’s compensation program. The following is a general explanation of worker’s compensation 
provided in the event that you become injured or develop an illness as a result of your employment with 
Tetra Tech or any of its subsidiaries. Please be aware that the term used for worker’s compensation 
varies from state to state. 

WHO IS COVERED: 

All employees of Tetra Tech, whether they are on a full-time, part-time.or temporary status, working in an 
office or in the field, are entitled to worker’s compensation benefits. All employees must follo,w the 
above injury/illness reporting procedures. Consultants, independent contractors, and employees of 
subcontractors are not covered by Tetra Tech’s Worker’s Compensation plan. 
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. ii3 CASE NO. 

,..C%. 
WHAT IS COVERED: 

If you are injured or develop an illness caused by your employment, worker’s compensation benefits are 
available to you subject to the laws of the state you work in. Injuries do not have to be serious; even 
injuries treated by first aid practices are covered and must be reported. Please note that if you are 
working out-of-state and away from your home office, you are still eligible for worker’s compensation 
benefits. 

- 
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CASE NO. 

TETRA TECH NUS, INC. 
INJURY/ILLNESS PROCEDURE 

WORKER’S COMPENSATION ,PROGRAM 

To: Corporate Health and Safety Manager 
Human Resource Administrator 

Prepared by: 

Position: 

Project Name: Office: 

Project NO. Telephone: 

.nformation Regarding Injured or Ill Employee: 

Vame: 

iome address: 

Office: 

,-Gender: M [7 F q 
Marital status: 

_ No. of dependents: 

3ome telephone: Date of birth: 

Dccupation (regular job title): Social Security No.: 

Department: 

Date of Accident: Time of Accident: 

Location of Accident Was place of accident or exposure on employer’s premises Yes c] NoC] 

Street address: 

City, state, and zip code: 

County: 

qarrative Description of How Accident Occurred: (Be specific. Explain w& the employee was doing and how the accident 
occurred.) 
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TETRA TECH, INC. 
#cl, 

INJURY/ILLNESS REPORT 

Did employee die? Yes 0 No 0 

Was employee performing regular job duties? Yes 0 No 0 

Was safety equipment provided? Yes 0 NO 0 

Was safety equipment used? Yes 0 NO 0 

Witness(es): 

Name: 

Address: 

Name the Object or Substance which Directly Injured the Employee: 

Medical Treatment Required: 

c] No q Yes c] First Aid Only 

Physician’s Name: 

Address: 

Hospital or Office Name: 

Address: 

- ” ,,_-, 

Telephone No.: 

1 yl_ ,< ,  ”  

Lost Work Days: 

c] No. of Lost Work Days 

Last Date Worked 

Time Employee Left Work 

Date Employee Returned to Work 

0 No. of Restricted Work Days 

q None 
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Corrective Action(s) Taken by Unit Reporting the Accident: 

Corrective Action Still to be Taken (by whom and when): 

Name of Tetra Tech employee the injury or illness was first reported to: 

Date of Report: Time of Report: 

Project or Office Manager 

Site Safety Coordinator 

Injured Employee 

Printed Name Signature Telephone No. Date 

To be completed by Human Resources: 

Date of hire: Hire date in current job: 

Wage information: $ per (hour, day, week, or month) 

Position at time of hire: 

Shift hours: 

State in which employee was hired: 

Status: q Full-time 0 Part-time ’ Hours per week: 

Temporary job end date: 

To be completed during report to workers’ compensation insurance carrier: 

Date reported: Reported by: 

TeleClaim phone number: 

TeleClaim account number: 

Location code: 

Confirmation number: 

Name of contact: 

Days per week: 
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TICK CONTROL 
AND 

LYME DISEASE 
/ , ,” ‘8 

The occurrence of Lyme disease has become a worldwide problem since its identification in 1976. This 

disease is characteristically recognized as being transmitted by ticks, which may be encountered by field 

personnel while working at this site. As a result, this discussion has been included with this Health and 

Safety Plan to provide for adequate recognition, evaluation, and control efforts to minimize the occurrence 

and effects of this.potential hazard. 

The discovery of Lyme disease is credited to Dr. Allen Steere of Yale University Medical School, and is 

named after the community where it was (reportedly) first encountered, Lyme, Connecticut. This disease can 

be transmitted to man through the bite of ticks that are infected with a cork screw-shaped microbe 

(spirochete). The spread of this disease has been so rapid that in 1964 it surpassed Rocky Mountain Spotted 

fever as the most common tick-borne dis>ease,in the United States. in this country, most of the incidents of 

this disease have been recorded in the Northeast, and the tick species most commonly attributed with its 

spread is the deer tick. 

Recoqnition 

This hazard potential exists primarily in the spring and summer months, as these are the seasons that tick 

populations and activity flourish, In fact, 90 percent of the reported cases have occurred from early June 

through September. Also, this concern exists primarily in heavily vegetated areas. Therefore, recognition of 

these factors can aid in the awareness and control of this threat. 

To aid in the recognition and identification of these insects, an example illustration of the tick species 

common to the region where this site is located has been included with this discussion. This species (the 

American Dog tick) is common in the eastern half of the United States, and typically exists in areas covered 

with grass or underbrush. These insects will attach themselves to animals (including man) that pass through 

the area and rub against them. After finding a host, the tick inserts its mouthparts and sucks blood until it is 

fully engorged. This requires a time period of three to twelve days, then the tick will drop off. In addition to 

Lyme disease concerns, this tick has also been identified as a transmitter of Rocky Mountain Spotted Fever, 

and the organisms of tularemia and possibly relapsing fever. The wounds left by tick bites can be painful, 

and can also have a paralyzing effect commonly referred to as tick paralysis. 



The earliest symptom of the onset of this disease is the occurrence of an unusual red skin rash. This is 

commonly the first indication since it has been evjdenced that many persons who have contracted this 

disease were, in fact, unaware that they had been bitten. This rash can appear at the site of the bite 

anywhere from several days to a few weeks after the bite. It typically starts as a small red spot, and then 

expands as the spirochetes expand from the bite location., Rash sizes can vary, but have been most 

commonly associated in a 2 to 3 inch diameter size range. This rash will fade (with or without treatment) after 

a few weeks. Close inspection is necessary to detect this symptom as the rashes are easy to miss because 

they’re often very faint. Body sites where rashes frequently occur include the thigh areas, groin, and armpits. 

Also, it is not uncommon for a rash to develop in more than one place. 

‘--Y 

Other early symptoms include profound fatigue, a stiff neck, and flu-like symptoms such as headache, chills, 

fever, and muscle aches. Recognition of the onset of any of these symptoms is important since tick bites do 

not always produce a rash. If left untreated, the disease will progress to its second stage within weeks or 

months after the infection. This stage involves affects to the heart and nervous system. A common second 

stage symptom is a paralysis on one or both sides of the face. Others include severe headache, 

encephalitis, or meningitis. The third and final stage involves the development of chronic inflammatory 

arthritis, which can occur up to a year or more after the bite. 

Evaluation 

Evaluation of this hazard potential principally involves field personnel performing close self-inspections for the 

presence of ticks each time they leave the site. This should involve careful examination, especially of the 

individuals’ heads. Personnel should be aware that when a tick.attaches itself to its host, it inserts its entire 

head under the surface of the skin. 

Control 

Control of this threat involves several components. First, field personnel must be aware of the climate and 

area conditions which are commonly associated with being conducive to tick infestation. Second, when 

working in or walking through potential infested areas, personnel must ensure that they do not have exposed 

body parts (i.e. at least long sleeved shirts and long pants, particularly when protective coveralls are not 

worn). In heavily vegetated areas where infestation is likely, Tyvek coveralls will be required to minimize this 

hazard potential. Also, several commercial products have been demonstrated as being effective in repelling 

ticks. Examples include Permanone, Off!, and Cutter. These types of repellents will be used at the direction 

and discretion of the Tetra Tech NUS Health and Safety Officer, and only in accordance and observation of 

manufacturer’s recommendations. In most instances, however, such repellents are typically applied to the 

outside surfaces of clothing (and not directly onto the skin), and should be applied also to shoe tops, socks, 

pants cuffs, and other areas most susceptible to ticks. 
4-x 



Tick Removal 

In the event that a tick is discovered to be attached to a member of the field team, timely removal of the insect 

is critical to reducing the potential for contracting the disease. According to available information and 

research, there is apparently a grace period of at least a few hours from the time of the bite before the tick 

transmits the microbe (the spirochetes are not present in the mouth parts of the tick). However, the incident 

of a tick bite is frequently unnoticed, and the discovery of the tick may not occur until after this suspected 

grace period has already elapsed. Therefore, timely removal is very important. The preferred method of tick 

removal is to pull it out using tweezers or small forceps. In this method, the tick should be grasped as close 

to the mouth as possible, and then pulled steadily upward. Care must be exercised so as not to pull in a 

jerking motion as this can result in the head becoming detached. After the tick has been removed, disinfect 

the bite with rubbing alcohol or povidone iodine (Betadine). The tick must not be handled as the microbes 

can enter the body through any breaks in intact skin. The bite should be checked occasionally for at least a 

two-week period to see if a rash forms. If it does, medical attention must be promptly sought. 

In order to provide for proper and timely response to the occurrence of a tick bite, the SSO will ensure 

that the site First Aid kit is properly equipped with medical forceps and rubbing alcohol, in addition to the 

standard kit contents. Also, an adequate supply of commercial insect (tick) repellents will be maintained 

on-site, and all personnel will be trained in its proper application and will be required to use it, at the 

direction of FOL. 
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EQUIPMENT INSPECTION 

COMPANY: 
FREQUENCY: 

UNIT NO. 
Inspect daily, document prior to use and as repairs are needed. 

Inspection Date: / / Time: Equipment Type: 
(e.g., bulldozer) 

Tires or tracks 

Hoses and belts 

Good 

a 

cl 

a 
a 

Need Repair 

0 

a 

Cab, mirrors, safety glass 
Turn signals, lights, brake lights, etc. (front/rear) for equipment 
approved for highway use? 
Is the equipment equipped with audible back-up alarms and 
back-up lights? 

Horn and gauges 

Brake condition (dynamic, park, etc.) 

Fire extinguisher (Type/Rating - ) 

Fluid Levels: 

- Engine oil 
Transmission fluid 
Brake fluid 
Cooling system fluid 

- Windshield wipers 
- Hydraulic oil 

Oil leak/lube 

Coupling devices and connectors 

Exhaust system 

Blade/boom/ripper condition . 

Accessways: Frame, hand holds, ladders, walkways (non-slip 
surfaces), guardrails? 

Power cable and/or hoist cable 

Steering (standard and emergency) 

Safetv Guards: 

D 

a 

a 

0 

0 
cl 
IJ 
a 
D 
a 

cl 

CJ 

a 

cl 

cl 

cl 

cl 

IJ 
CJ 

a 

a 

a 

a 

a 
a 
cl 
a 
a 
a 

cl 

a 

cl 

a 

a 

a 

cl 

Yes 

- Around rotating apparatus (belts, pulleys, sprockets, spindles, drums, flywheels, chains) all points 
of operations protected from accidental contact? D 

Hot pipes and surfaces exposed to accidental contact? 
,,. 

cl 
. ._ All emergency shut offs have been idientiti~~aiid”dom,~unic~ted toyf.ihe.fi6~~ ci&? ,. ,-‘, . \ ill.’ / ,- 

cl 

- Have emergency shutoffs been field tested? 

Results? 
a 

- Are any structural members bent, rusted, or otherwise show signs of”damage? 
D 

- Are fueling cans used with this equipment approved type safety cans? 
cl 

N/A 

a 

cl 

D 
a 

cl’ 

a 

0 

Cl 

No 



Have the attachments designed for use (as per manufact.urer’s recommendation) with this 
equipment been inspected and are considered suitable for use? 

Cleanliness: 

- Overall condition (is the decontamination performed prior to arrival on-site cqnsidered acceptable)? 
- Where was this equipment used prior to its arrival on site? .“. i , 
- Site Contaminants of concern at the previous site? 
- Inside debris (coffee cups, soda cans, tools and equipment) blocking free access to foot controls?~” ” 

- Does the operator have proper licensing where applicable, (e.g., CDL)? ., ._ 
- Does the operator, understand the equipments operating instructions? 

G-y’ 
1 ,,., lmirrra *di 

- Is the operator experienced with this equipment? .*c 
- Does the operator have emotional and/or physical limitations w 

this task in a safe manner? . . . . _ ,.) .. ;,i .‘,$ : .N$i~,“!S “X,pi**t*, _ . L ;_ 
- Is the operator 21 years of age or more? ‘.i ‘“Yrr,ill”.~rr.&W ~~ww.-- ,. L,., _4 , I 

Identification: 

- Is a tagging system available, for positive identification, for tools removed from service?- 

Additional Inspection Reauired Prior to Use On-Site I,, . .,1.%., / ., . ” , ,, ” Yes No 

Does equipment emit noise levels above 90 decibels? Cl a 

If SO, has an 8-hour noise dosimetry test been performed? 0 cl 

Results of noise dosimetry: / ,_,... w *..*+.ll*l*b.. “,~ -.u*u.~~,~~...,lrulnsrx~~~~~ ~~~~~~~~~:~,~~~~~~ , :“. L z L , 

Defects and repairs needed: -. ,., ‘. ,_ ,,,,A ^ .,, ,_ .a*/ ,. *le*P:l_*n . . ...” _.i*,b+e.P<l *,,~~~:bx‘,,.n~~*..:r U.“.” ,‘ ._ .4,,, (,LI_ A,.^ 

General Safety Condition: .-. .‘. ,_ my a‘. w -. Ylli*bMz “UISdWl iil^L”*“r ~**~-~~~~~,~~~~“~~~ Li ._. ,.e_. ,, ,. _ j si 

Operator or mechanic signature: . ..,,j(” I”, I I. *:_ “I.” *, I_ ,,tll ,.*x “-.,*,*.-w< I” x,-)nr.nUI,rm”liiii\r.irnr-:b*‘h” ,\,*-4d>> ,,.), x, ‘ 
Approved for Use: 0 Yes ClNo 

Site Safety Off....is.~j.K-fti~$- 



ATTACHMENT IV 

SAFE WORK’PERMITS 



SAFE WORK PERMIT FOR 
DECONTAMINATION ACTIVITIES 

Permit No. Date: Time: From to 

SECTION I: General Job Scope 

I. Work limited to the following (description, area, equipment used): Decontamination of samolinq 

equipment and machinery (i.e.. drill rias, auaers. backhoe). Brushes and sorav bottles will be used to decon I. ._., I. 
small sampling eauioment. Pressure washers or steam cleanina units will be used to decon the auaers and 

backhoe. 

II. 

III. 

IV. 

Required Monitoring Instrument(s): FID or PID with at least 11.4 eV lamp source (used to screen 

eauioment) 

Field Crew: 

On-site Inspection conducted Zn Yes [3 No Initials of Inspector 
TtNUS 

SECTION II: General Safety Requirements (To be filled in by permit issuer) 
IV. Protective equipment required Respiratory equipment required 

Level D IsI Level B q Full face APR Escape Pack 0 
Level C 0 Level A q Half face APR B SCBA 0 
Detailed on Reverse SKA-PAC SAR Bottle Trailer 0 

Skid Rig 1 None q 
Modifications/Exceptions: Minimum reauirement include sleeved shirt and lona pants. safetv alasses, 

safetv footwear, and nitrile qloves. When usinq pressure washers. stea’m cleanersfield crews will wear hearing 
protection, and face shields. 

V. Chemicals of Concern Action Level(s) Response Measures 
Site contaminants include Anv sJstained readinQs &EiDeIId site activities and 

above backaround VOCs, SVOCs. metals. 
. r& 6rt t6 ~ti, ~liaffected area 

and pesticides in worker breathino zones. ,., r ,^ ” “. 

VI. Additional Safety Equipment/Procedures 
. . ,,, 

Hard-hat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IJ Yes IxI No Hearing Protection (Plugs/Muffs) Ixi Yes 0 No 
Safety Glasses . . . . . . . . . . . . . . . . . . . . . IxI Yes 0 No Safety belt/harness 0 Yes •j No 
Chemical/splash goggles...... c) Yes q No Radio ‘ 0 Yes q No 
Splash Shield . . . . . . . . . . . . . . . . . . . . . . . . IxI Yes 0 No Barricades 0 Yes q No 
Splash suits/coveralls . . . . . . . . . . . 0 Yes (XI No Gloves (Type - m 1xi Yes 0 No 
Steel toe Work shoes or boots q Yes 0 No Workfrest regimen 0 Yes q No 
Modifications/Exceptions: PVC rain suits or PE or PVC coated Twek for protection aqainst SDlaSheS and 

overspray. Chemical resistant boot covers if excessive Ii 
..- I,_ 

uids tire ‘enerated or to 
yes.. NA a 

rote&d footwear. 
Procedure review with permit acceptors’” 

_/. D ,. , .._“. ,, 
VII. Yes NA 

Safety shower/eyewash (Location & Use) . . . . . . . . . . q 0 Emergency alarms . . . . . . . . . . . . . . . . . . . 0 
Procedure for safe job completion . . . . . . . . . . . . . . . . . . . . . . q q Evacuation routes . . . . . . . . . . . . . . . . . . . . 0 8 
Contractor tools/equipment/PPE inspected . . . . . . ..a 0 Assembly points . . . . . . . . . . . . . . . . . . . . . . . c] 0 

VIII. Equipment Preparation Yes NA 
Equipment drained/depressurized . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

B 
cl 

Equipment purged/cleaned . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~............................. 
Isolation checklist completed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..“...............~....................~........................ B 
Electrical lockout required/field switch tested . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B I.2 
Blinds/misalignments/blocks & bleeds in place . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Hazardous materials on walls/behind liners considered . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 8 

IX. Additional Permits required (Hot work, confined space entry, excavationetc.). . . . . . . . . . . . . . . . . . . . . . 0 Yf?S [7 No 
If yes, complete permit required or contact Heajth Sciences, Pittsburgh Office 

X. Special instructions, precautions:. “Other chen%%h’aiards include decontamination fluids such as 
isoproovl alcohol, methanol, etc. To minimize the potential for exposure, site personnel will use PPE and prevent 
contact with potentiallv contaminated eguipment. Refer to the ‘manufacturer’s MSDS reaardina PPE. handlincl, 
storaqe, and first-aid measures related to decontamination fluids. 

Permit Issued by: Permit Accepted by: 

deconpermit CT0 312 



SAFE WORK PERMIT FOR 
SOIL BORINGS AND WELL INSTALLATION 

Permit No. Date: Time: From 

SECTION I: General Job Scope 

I. Work limited to the following (description, area, equipment used): Soil borinas usinq hollow stem auoer 

or direct DUSh techniques. Monitorins well installation. deVelODfIIent. and Durclincl is included in this _ _. ./ .c ,... ,,. I... _ c . . ,/ .,*, ,_ ;__ . . .* _ .1_ ~, 
task at the Site 16 HosDital incinerator. ,. . so.1 . jI_” d_._ “, hi,.“_ ,_ ̂ ,._ _,‘ 

II. Required Monitoring Instrume&FtDor PID - I 

III. Field Crew: ,. I 

IV. On-site inspection conducted C[7 Yes 0 No Initials of inspector ’ ” 
TtNUS 

“_..d, _., _.“. . . ~.X.,w*.” _~” * _,.. “,,.~,;*-..a~r,r.~ri:m~rui”.r.,,~ria~xi~.~/i.i.r~;,,..r; .,ir, -< r<..r”*+ AI r.> . . . _i _ i 

SECTION II: General Safety Requirements (To be filled in by permit issuer) 
IV. Protective equipment required Respiratory equipment required 

Level D IsI Level B 0 Full face APR Escape Pack c] 
Level C 0 Level A c] Half face APR SCBA c] 
Detailed on Reverse SKA-PAC SAR Bottle Trailer q 

Skid Rig None (E3 
Modifications/Exceptions: Minimum requirement include sleeved shirt and lona pants, safetv shoes. safety I ‘.. 

glasses. hardhat. hearinq protection (durinq drillinq), and nitrile or leather aloves with surciic”al~st$e inner afoves. 
V. Chemicals of Concern 1 “_ -^ 1’ Action Level(s) 

Potential site contaminants An &.&a&d readin s above 
Response Measures 

Suspend site activities and 1 ;. *, “a.. “,, ” )_. e._-.mm.d.*%-.i, Me eN”a 
are unknown. 

& “~~~iid .~n ..ti-rKg;. 
6;-gyiii -~~--~~:“-- .,‘ report fo an unaffected’tirea. ._ I,_ .- “-.~~~~~~~~~~~~~ lid% 8s ,.., ii-_- i, ~:.‘, ̂ . 1 

, ., ,.“, .*~I,xi, . . _,” . . .,.+ _. “/, ,<-s s .~ A+,“‘& ,,_jl..“^l” U”,.. L, , /~ .._ _ j _ / , , x . . 

Hard-hat ..,........ I..... I...: . . . . . . . . . . 8 E; B ;z Hearing Protection (Plugs/Muffs) 
Safety Glasses . . . . . . . . . . . . . . . . . . . . . Safety belt/harness 
Chemical/splash goggles...... q Yes @No Radio 0 Yes Ix1 No 
Splash Shield . . . . . . . . . . . . . . . . . . . . . . . . q Yes IxI No Barricades 0 Yes IxI No 
Splash suits/coveralls . . . . . . . . . . . @y’,y B ;I Gloves (Type - j$Q&) q Yes 0 No 
Steel toe Work shoes or boots Work/rest regimen q Yes •j No 
Modifications/Exceptions: Reflective vests for hiqh traffic areas. Tvvek coverall and imDermeable boots if .” ., ” ,X” I _,~ . , 

there is a potential for soilina work clothes. . “..,, .I. .n” ‘ ,* .)_ 1. _, ..~.^C(,_._lCL_,~“_I_) _.““e, .I **x*,li..lxI,Ipb ;..__ s _,.._ L^ ,” , ..^ 

VII. Procedure review with permit’acceptors ‘I ‘Yes NA 
_d‘.” .. * .w?“,, Il*.tl” c.sw -.-l” .*I1 x ...... ‘Ir”.rl\C*“i .. ‘ugi -NA”. 

Safety shower/eyewash (Location & Use) .......... q 0 Emergency alarms.. ................. [3 0 
Procedure for safe job completion.. ................... .a q Evacuation routes .............. :. .... IxI 
Contractor tools/equipmenffPPE inspected.. ...... . 0 Assembly points.. ..................... q 8 

VIII. Equipment Preparation 
.- ... s.s* ............. _” /* I .. “..IIXX~~~V.*~-..~~L...~~~~.~ .. _px.“exI ., Yes NA 

Equipment drained/depressurized ............................................................................................. 
Equipment purged/cleaned .................................................................... .,.,.“t.z;f ..... ~&.).;,~y.“yw~,: .....:-.“~...~~...: ....... B El 
Isolation checklist completed ..................................................................................................... 
Electrical lockout required/field switch tested ................................................................ . ........... B B 
Blinds/misalignments/blocks & bleeds in place.. ........................................................................ c] 
Hazardous materials on walls/behind liners considered,. ..................... ..). ...... . ..... )..! ... . ............. [7 

IX. Additional Permits required (Hot work, cdnf~~~~~~~~~~~~~~~~~f~~~‘~f~r. l............ l....... 0 Yes 0 No 
If yes, complete permit required or contact Health Sciences, Pittsburgh Office .^_.d.“. “.. ,.,,~ 

X. Special instructions, precautions: Minimize aeneraiion of”%boine dusts.^PaTipaiicular aiient[on to shams 
and avoid contact with soil unless certain it does not contain Bio-Waste Droducis. . ., .^. ..,l . . ..^ .A~)“.. ., _/j__ ,. ___ 

Permit Issued by:’ 
j...‘ _. ” _ j_ L. ._-. I; ._-_ .__ _,I. ..-,~,._ ” .- 

Pei.f Acceptedby;. .,-:“, 1 . : ;;, ,::‘, ___ 

.- 
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SAFE WORK PERMIT FOR 
SOIL BORINGS AND WELL INSTALLATION 

Permit No. Date: Time: From to 

SECTION I: General J,ob Scope 

I. Work limited to the following (description, area, equipment used): Soil borinas usina hollow stem auoer 

or direct Dush techniques. Monitorina well installation, development. and ourainq is included in this .(. ,,. ._. .‘ ‘ I”j. , .” ,Lil.,.^ _,,_ .,“.~ _/,,,~, ,.I/, 
task at the Site 18 Solvent Storaae Area. 

Required Monitoring Instruments: FID or PID 
1 ,, ,. 

II. 

III. Field Crew: 

IV. On-site Inspection conducted cn”Yes 0% No ‘lnttiais of Inspector .‘. 
TtNUS 

‘ 

SECTION II: General Safety Requirements (To be filled in by permit issuer) 
IV. Protective equipment required Respiratory equipment required 

Level D Ix] Level B 17 Full face APR Escape Pack 0 
Level C q Level A 0 Half face APR B SCBA 0 
Detailed on Reverse SKA-PAC SAR 0 Bottle Trailer c] 

Skid Rig Cl None Ix1 
Modifications/Exceptions: Minimum requirement include sleeved shirt and lona pants, safetv shoes, safety 

glasses, hardhat. hearino protection (durina drillina), and nitrile or leather aloves’with suraical-stvle inner aloves. 
V. Chemicals of Concern Action Level(s) Response Measures 

Potential site contaminants Anv sustained readinas above SLEDend site activities and 
Include TCE, dichloroetliene. backbidund in worker report mari unaffected area. 

bieathina zones. 

_ x _ ~_.V. 
VI. Additional S: ’ ’ - ’ ~-- --- VI. Additional Safety Equipment/Procedures 

Hard-hat Hard-hat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... q Yes [7 No Hearing Protection (Plugs/Muffs) Ix] Yes 0 No 
Safety Glasses Safety Glasses ..................... . . . . . . . . . . ..-........ w Safety belt/harness 0 Yes Isi No 
.Chemical/splash .Chemical/splash goggles.. goggles . . . . . . .... :;:i L%: Radio 0 Yes IxI No 
Splash Solash Shield Shield . . . . . . . . . . . . . . . . . . . . . . . . ........................ q Yes HNo Barricades 0 Yes IxI No 
Splash suits/coveralls . . . . . . . . . . . q Yes ~NO Gloves (Type - m) IxI Yes 0 No 
S&l toe Wtyk shnos or hods Steel toe Work shoes or boots RI‘ 0 Yes IxI No q Yes 0 No Work/rest regimen 
Modification: Modifications/Exceptions: Reflective vests for hiah traffic areas. Tvvek coverall and impermeable boots if 

there is a ootential for soilinq there is a ootential for soiiina work clothes. ,. ., ..w, _ ,, 

VII. Procedure review with permit’acceptors Ye.i NA’ *’ _ 
\. . . 

Yes NA 
Safety shower/eyewash (Location & Use) . . . . . . . . . . q c] Emergency alarms . . . . . . . . . . . . . . . . . . . q 
Procedure for safe job completion . . . . . . . . . . . . . . . . . . . . . . q 0 Evacuation routes . . . . . . . . . . . . . . . . . . . . IsI 8 
Contractor tools/equipment/PPE inspected . . . . . . ..a c] Assembly points . . . . . . . . . . . . . . . . . . . . . . . q q 

VIII. Equipment Preparation 
__. “, ,\ . . Yes NA 

Equipment drainedldepressurized . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Equipment purged/cleaned . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B E 
Isolation checklist completed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Electrical lockout required/field switch tested . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B 
Blinds/misalignments/blocks & bleeds in place . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Hazardous materials on walls/behind liners considered . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 El 

IX. Additional Permits required (Hot work, confined space entry,’ excavation etc.). . . . . . . . . . . . . . . . . . . . . . 0 Yes 0 No 
If yes, complete permit required or contact Health Sciences, Pittsburgh Office 

X. Special instructions, precautions: Minimize oeneiaiion of airborne dusts. 

Permit Issued by: 
., ,, _.__; ,,, .‘,.._ _.. Permit Accepted by: 
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SAFE WORK PERMIT FOR 
SOIL BORINGS AND WELL IN$TbLU\TIQN 

SECTION I: General Job Scope 

I. Work limited to the following (description, area, equipment used): soil borinas UshY Sir r&W ““l /.,. ., ,._ 
techniques. This permit will be used at the discretion of the SSO if dust kVdS cannot be controlled , ..sl,“...i ./ .i*riroi*rriiun);.e+s.m2.~ ~~~*~~.~n~~*~~~*~*~~~~~~~~~~-~~~~~~~~~~~~ .“X .G ,.“- _ i 
bv other methods. Monitorinq well installation, development. and ourqinq iS included In this task St ..r , . /.. , *,. . ..I ~.--..~~..~~,a-,~*~,~~~~~~~,.~~,*.~~~~~~.~~~~~‘~~~~ .~~. &,&, .**,; ,,“..,, :~,<i;:,,2:, 2.‘ ” - . _ 
Site 3 - Area A Downstream Watercourses and OBDA, and Site 7 Torpedo ShoDs. .,. ,, A. ..I. -‘~ . . r~.~l,~o.r*“r*~~~.~~~,,,~~~~‘ I, i.~.* /,., ia~~~-.‘?~~,~~;*i~~~~~~.~~:” &&~~>~:rwswlr~‘.~~* ,r,i ‘...mG> :%a: C*$ .?-4c -.+,> .A .,!_ , i ~ ” , 

II. Required Monitoring Instruments: FID or PID , . ,, ^~ .. 

III. Field Crew: I _(., .c1 n** “. _$.,.” r, I / ,. d_ . *A,, I. _ “.C..:bi,. ii ,,i;*g.- , __._ ;,A$ i ,“b ) w 2 .L.? *^ ,_ _> , 

SECTION II: General Safety Requirements (To be filled in by permit issuer) 
IV. Protective equipment required Respiratory equipment required 

Level D 0 Level B q Full face APR Escape Pack 0 
Level C (x1 Level A q Half face APR SCBA 0 

Detailed on Reverse quarter face APR q Bottle Trailer 0 
Skid Rig El None c] 

Modifications/Exceptions: Minimum requirement include sleeved shirt and lona Dants. safetv shoes. SafetY 

A.. ._.I .~ . . . /. .- . , 
V. Chemic&ls of Concern 

.^i”.wlllll...e 
A&on Level(s) Resp6iiGe Measures 

Potential site contaminants An sustained readinas above “.-.. 
include PAHs. Vinvl Chloride. ” 

_. ..ra;kmT-uKr,rroFti&r Y j.,,,..,.*,,.~I.“~” ._._ “,_ a ,-, ,* I.- a* 
. . . . ..__“. ~,11( .T-;~K--.-~g~.. .,“^ I l-l-*-,“,‘& 

, ..,_, . - . l,-.d...*‘ar”.-rpr*~v~ *.. -Ai _, I _.,L/_ “” .,, -, ,^_/ .,;_/ -,, .> :;.r,~i’ri,~~~~~-hiiuu~-~~~,~~~~, >,M$ 0. ^“I <_l<>l , I 
._. “,“.,.. 1 .*.. l”-.a,I”” .w...sIFl,t,~..a ^ ,* 

VI. Additional Safety Equipment/Procedures 
,. , X-I . . . .-ah -**r*a.,,“~~o,uFlxiiiW*nilkr-.:~~~~~~~~~~”~~~ii,~5., <&C *“. )*,.,.“-a“ >’ ., < , s _,+. * ,, 1 ,’ ) 

Hard-hat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 Yes 0 No Hearing Protection (Plugs/Muffs) q Yes 0 No 
Safety Glasses . . . . . . . .._._....... q - Y&s 0 No Safety belt/harness 0 Yes ha No 
Chemical/splash goggles..... i ;;; iio Radio 0 Yes 1x1 No 
Splash Shield . . . . . . . . . . . . . . . . . . . . . . o Barricades 0 Yes @No 
Splash suits/coveralls . . . . . . . . . . Gloves (Type - @&) 
Steel toe Work shoes or boots 0 Work/rest regimen 
Modifications/Exceptions: Reflective vests for hiah traffic areas. Twek coverall and imDermeable boots if 

there is a ootential for sotlina work clothes. 
_., i ,.._. _._“... . . ._x t_l._“^ .^...” “~ .,,. .,,.....“^ / ” . ..**.*. _.-, ,*, “.* ,.i .*,, 

-.-, Y, . ..A (1*1 I __ . ,^. %“, I;- .4 Ax,,.- .,;~~~)ir,~~.,r”4Ul*~~,.~~~~r~~- ..-. :-,. <<.l L-- < . . . ,,. ‘ _, _ “/ : 
e.e*,aa, 

VII. Procedure review with permit acceptors ““**‘..-“%?f% 
** . r~...~a.~LbiU~~~~~,--~n.~.~,~~~~-~~,~ .,,(,rl . . . . . . ..i> 

yes 
*,‘ _ 

Safety shower/eyewash (Location & Use)..........0 0 Emergency alarms . . . . . . . . . . . . . . . . . 0 
Procedure for safe job completion . .._........_........ 0 0 Evacuation routes: . . .._._........... q 
Contractor tools/equipment/PPE inspected . . . . . ..n 17 Assembly points . . . . . . . . . . . . . . . . . . . . . q 

VIII. Equipment Preparation 
; ‘, j ,., .‘” I ,‘ c* .._, I ,” .,..~ *,L..*,*‘~ . . >~~“‘,*‘uu’..~. _( 

Yes NA 
Equipment drained/depressurized. . . . . . . . . . . . . . . . . . . ..-................ z . . . . . . . . . . . . . . 2 . . . . . . . . . . .,,.~..~.....,~...,...,. “.:: . . . . . . . . . . . 
Equipment purged/cleaned ,.....,............,.,...........,............... z . . . . . . . . . . . . . . . ~,~.“,f . . . ...*..... ..,. m:..l.,z.t . . . . . . . . . ,. 
Isolation checklist completed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Electrical lockout required/field switch tested . . . . . . . . . . . . . . . . . . ,.,... - .._......... . . . . . . . . . . . . . . . . . . . ..t . . . . . >.z .;.., -). ,_.,/.. 
Blinds/misalignments/blocks & bleeds in place . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~.......... 
Hazardous mateflak on -lls/behind .iiners cm!dew!~.. ., _“.. .xa_. ,_,, ,‘ ,:_,_ L I,,m ,._ _ i,lus_ “,.C.~_ 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~.~.~~... 
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SAFE WORK PERMIT FOR 
SOIL BORINGS AND WELL INSTALLATION 

Permit No. Date: Time: From to 

SECTION I: General Job Scope 

I. Work limited to the following (description, area, equipment used): Soil borincas usina hollow stem auoer 

or direct push techniaues. Monitorino well installation, develoDment. and puroinq is included in this 

task at the Site 23 Tank Farm. I 
II. Required Monitoring Instruments: FID or PID 

III. Field Crew: 

^. 
IV. On-site Inspection conducted 30 Yes 0 No Initials of Inspector 

TtNUS 
- / .- .,n . 

SECTION II: General Safety Requirements (To be filled in by permit issuer) 
IV. Protective equipment required Respiratory equipment required 

Level D IxI Level B q Full face APR Escape Pack 0 
Level C 0 Level A 0 Half face APR B SCBA q 
Detailed on Reverse SKA-PAC SAR [7 Bottle Trailer 0 

Skid Rig 0 None [XI 
Modifications/Exceptions: Minimum requirement include sleeved shirt and lona pants, safetv shoes, safety 

qlasses. hardhat, hearinq protection (durina drillina). and nitrile or leather aloves with suraical-stvle inner aloves. 
V. Chemicals of Concern Action Level(s) Response Measures 

Potential site contaminants Anv sustained readinas above Suspend site activities and 
include Arsenic. Benzene. , backqround in worker .- report to an unaffected area. 
Chromium, PAHs. Pesticides breathina iones. 

I, s-//Q. .._ 1 

Waste Oils. Xvlene 
_. 

VI. Additional Safety Equipment/Procedures 
. .,. ,. . ..^, . . _, .‘ 

Hard-hat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IxI Yes 0 No Hearing Protection (Plugs/Muffs) IxI Yes [7 No 
Safety Glasses . . . . . . . . . . . . . . . . . . . . . q Yes q No Safety belt/harness 0 Yes Ix1 No 
Chemical/splash goggles...... 0 Yes [XI No Radio 0 Yes [XI No 
Splash Shield . . . . . . . . . . . . . . . . . . . . . . . . 0 Yes IxI No Barricades c] Yes Is] No 
Splash suits/coveralls . . . . . . . . . . . 
Steel toe Work shoes or boots 

iy’,“,” B ;I Gloves (Type - j$&) IsI Yes 0 No 
Work/rest regimen 0 Yes IxI No 

Modifications/Exceptions: Reflective vests for hiah traffic areas. Tvvek coverall and impermeable boots if 
the.re is a potential for soilina work clothes. ., 

VII. Procedure review with permit acceptors Yes NA 
I ,X_.. 

Y&s NA 
Safety shower/eyewash (Location & Use) . . . . . . . . . . q 0 Emergency alarms . . . . . . . . . . . . . . . . . . . q q 
Procedure for safe job completion . . . . . . . i . . . . . . . . . . . . . . [z1 q Evacuation routes . . . . . . . . . . . . . . . . . . . . IxI 17 
Contractor tools/equipment/PPE inspected . . . . . . ..a q Assembly points . . . . . . . . . . . . . . . . . . . . . . . j8 0 

VIII. Equipment Preparation 
j ,^ ,_a,_/ 

Yes NA 
Equipment drained/depressurized . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~.............................. 
Equipment purged/cleaned ,...................................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B El 
Isolation checklist completed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Electrical lockout required/field switch tested ..,.......................,................................................. 53 B 
Blinds/misalignments/blocks & bleeds in place . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . q 
Hazardous materials on walls/behind liners considered ..~............,......~.........,............................ cl B 

IX. Additional Permits required (Hot work, confined space entry, excavation etc.). . . . . . . . . . . . . . . . . . . . . . 0 Yes 0 No 
If yes, complete permit required or contact Health Sciences, Pitisbur h Office ‘Mini “ize’ -+gigiion”of aih,ortie,.dugsfs. ,:- xi - ..- ,.<.. ^ 

X. Special instructtons, precautions: 

Permit Issued by: Permit Accepted by: ._ ‘. _ -’ 
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SAFE WORK PERMIT FOR 
SOIL BORINGS AND WELL ll@TALLATlON 

Permit No. Date: Time: From 

SECTION I: General Job Scope 

I. Work limited @the fotlowtng (description, area, equipment used): Soil borincrs usina hollow stem aucaer 

or direct push techniques. Monitorinq well installation, development. and Puraina is included in this ,.. . ..,. I^- _-.“‘.</,“_sel _ e> a. _“. l._ / ” ,,I _ / “.:__ ii(“,‘w”b.*~n .r”.-~(irar-^?*ipu~,~,~~~~~~. )_, , ^ ” 
task at Site 3 - Area A Downstream Watercourses and OBDA L^_. 

II. Required Monitoring Instruments: FlD’or PID ‘. .I 

SECTION II: General Safety Requirements (To be filled in by permit iSSUer) 
IV. Protective equipment required Respiratory equipment required 

Level D IxI Level B 0 Full face APR Escape Pack 0 
Level C 0 Level A 0 Half face APR SCBA c] 
Detailed on Reverse SKA-PA% SAR 0 Bottle Trailer q 

Skid Rig Cl None IE3 
Modifications/Exceptions: Minimum reauirement include sleeved shirt and lona oants, safetv shoes, safety 

glasses. hardhat, hearina D 
“, ..,. 

rotectton (dunnq driltinq),‘and nitrile’oi‘leather oloves wlthsur6i:ijicat%f$te ii’%iei’otoves. 

V. Ctiemicals of Concern .’ 
I _ . . 

Action Level(s) 
.x. 

Response Measures 
Potential site contaminants An sustained readin s above _I_,, i,~u, ._ .*~~~~k-i~~~~~~-~~~k~~ Suspend site activities and 
include PAHs, Vinvl Chloride, 

* I _./ ,, ._~/l~“An~ l” “d*l-‘sxl.L.s~.x~ 
bi&&ti ““y6.-,sy ,.. ,.. -.._ . . _a,wLl.t. re 03 to an unaffected area. I. ,.. .~...,JLI,.,*,., rr+#c‘*\*J*w “,. _, .** *. j_ _ . ,, 
x” .“. ” I..~.., .,,s-a ” .I. - i _ . “, ,.) xll”i- .d.-~~.“C.,w.-..I i*~wilcrrg&%: .,_., i _ .,,. IX i. . : _’ . 

VI. Additional Safetv Eu*8in~~nc 

there is 

.u,~,,,.=, J/Procedures 
_ ., ., .I, ” _) :_,, _,, ‘7’ ,“ 

Hard-hat ,.......... I.................... Ix] Yes q .No Hearing Protection (Plugs/Muffs) q Yes 0 
Safety Glasses . . . . . . . . . . . . . . . . . . . . . q Yes c] No Safety belt/harness 0 Yes El 
Chemical/splash goggles...... q Yes ~‘No Radio Cl Yes Ix1 
Splash Shield . . . . . . . . . . . . . . . . . . . . . . . . q Yes IE3 
Splash suits/coveralls . . . . . . . . . . . 

g ;z; #o Barricades 
0 Gloves (Type - m) IXI Yes Cl 

Steel toe Work shoes or boots. aYes 0 tie Work/rest regimen 0 Yes ISI 
Modifications/Exceptions: Reflective vests for hiah traffic areas. Tvvek coverall and impermeable boots ,,. .,. .-., .“l^ ., 

a potential for soilina work clothes. . ,.,,, ,. ,, . 1_ .” ., / c ,_ II_ .,,. ‘- “.* _,. ,. . ^ 1 ;,... a”,.~, ./ i., L,..**“YI..LI. rc, ‘“, 

VII. 

VIII. 

No 
No 
No 
No 
No 
No 

Procedure review with permit acceptors .’ 
\“,.-“.>&. ._ .a” ve.-uA s ,,‘ “_.i”, ,/“,l,l_ I_ ., ,“. 1^_. i”, /\/ ,_,._ I .j*. yg..-. / NA 

Safety shower/eyewash (Location & Use) . . . . . . . . . . q 0 Emergency alarms . . . . . . . . . . . . . . . . . . . 0 
Procedure for safe job completion . . . . . . . . . . . . . . . . . . . . . . 0 0 Evacuation routes . . . . . . . . . . . . . . . . . . . . IxI B 
Contractor tools/equipment/PPE inspected . . . . . . ..n 0 Assembly points . . . . . . . . . . . . . . . . . . . . . . . Ix] 0 
Equipment Preparation 

” ., 2-u / . . I.., L ,,, I. e.. ,1 .v .a.*. *i*^x~rr.r~~~,r,x,w*.i”h.urs”lir~~~~~~~~~ -,- 
Yes NA - - 

Equipment drained/depressurized ............................................................................ .t.t:. ............ 
Equipment purged/cleaned ........................................... .(.T. ..................... . ...... . .............. r,.:. .. . . . ................. 
Isolation checklist completed.. ................... . ......................................................... F ... . .... %. .......... .a 
Electrical lockout required/field switch tested.. .......................................................... :.:. ............. .U Ei 
Blinds/misalignments/blocks & bleeds in place.. ....................................................................... c] 
Hazardous materials on walls/behind liners considered.. ......................................... !. ............... .a 

IX. Additional Permits required (Hof~ork,‘~ijiif~~~d~~~~~~~~~iitiL;~‘~j~h etc;). . . . . . . . . . . . . . . . . :..“.. q Yes 0 No 

...I a-,, ._. . . i . ‘A _-_ .*, / ~. ,,_- ., ~, x. 

Permit Issued by: 
.“.,. _.,.. _j 

‘.“’ Permit Accepted by: 
.,,-_ ,.“. _“ _,,. 

.^ “. 
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SAFE WORK PERMIT FOR 
SOIL BORINGS AND WELL INSTALLATION 

, ‘;: 

Permit No. Date: Time: From to 

SECTION I: General Job Scope 

1. Work limited to the following (description, area, equipment used): Soil borings usino hollow stem auoer 

or direct Dush techniques. Monitorinq well installation, development, and ouraino is included in this d‘” ,.I. .I . ,“,j, . . 
task at the Site 7 Toroedo ShoD. . 

II. Required Monitoring Instruments: FlDor PID 

III. Field Crew: 

IV. On-site Inspection conducted 00 Yes 0 No Initials of Inspector 
TtNUS 

^. *. . ,._ 

SECTION II: General Safety Requirements (To be filled in by permit issuer) 
IV. Protective equipment required Respiratory equipment required 

Level D IxI Level B 0 Full face APR Escape Pack 0 
Level C 0 Level A 0 Half face APR B SCBA 0 
Detailed on Reverse SKA-PAC SAR Bottle Trailer 0 

Skid Rig B None q 
Modifications/Exceptions: Minimum reauirement include sleeved shirt and lona pants. safetv shoes, safety 

alasses, hardhat, hearina protection (durina drillina), and nitrile or leather aloves with surqical-stvle inner aloves. 
V. Chemicals of Concern Action Level(s) Response Measures 

Potential site contaminants Anv sustained readinas above Susoend site activities and 
include Arsenic, batik io6nd.k worker ie brt fo “ati tinaffected area. 
Chromium, lead, PAHs. 

breat;in .zones. . lJ < 

Methvlene chloride, Waste Oils, . 
VI. Additional Safety Equipment/Procedures 

Hard-hat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . aYes q ]No’ Hearing Protection (Plugs/Muffs) q Yes q No 
Safety Glasses . . . . . . . . . . . . . . . . . . . . . q Yes 0 No Safety belt/harness 0 Yes Ix] No 
Chemical/splash goggles...... q ]Yes HNo Radio IJ Yes q No 
Splash Shield . . . . . . . . . . . . . . . . . . . . . . . . q Yes Ix] No Barricades 0 Yes IxI No 
Splash suits/coveralls . . . . . . . . . . . q Yes [XI No Gloves (Type - m) Ix1 Yes 0 No 
Steel toe Work shoes or boots @Yes 0 No Work/rest regimen q Yes IxI No 
Modifications/Exceptions: Reflective vests for hiah traffic areas. Twek coverall and imoermeable boots if 

there is a ootential for soiling work clothes. 

Yes NA 
../ ,%_)), , 

VII. Procedure review with permit acceptors Yes NA 
Safety shower/eyewash (Location & Use) . . . . . . . . . . 0 0 Emergency alarms . . . . . . . . . . . . . . . . . . . 0 0 
Procedure for safe job completion . . . . . . . . . . . . . . . . . . . . . . q 0 Evacuation routes . . . . . . . . . . . . . . . . . . . . Ix1 
Contractor tools/equipment/PPE inspected . . . . . . . . q c] Assembly points . . . . . . . . . . . . . . . . . . . . . . . q B 

VIII. Equipment Preparation 
1, ,_ 

Yes NA 
Equipment drained/depressurized . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 
Equipment purged/cleaned . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 B 
Isolation checklist completed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Electrical lockout required/field switch tested . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B 
Blinds/misalignments/blocks & bleeds in place . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~............ i 
Hazardous materials on walls/behind liners considered . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~................... B cl 

IX. Additional permits required (Hot work, confined space entry, excavation etc.). . . . . . . . . . . . . . . . . . . . . . 0 Yes 0 No 
If yes, complete permit required or contact Health Sciences, Pittsburgh Office 

X. Special instructions, precautions: Minimize veneration of airborne dusts. ,. ., 

1 Permit Issued by: .I ,. 
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SAFE WORK PERMIT FOR 
MULTI-MEDIA SAMPLING 

SECTION II: Genera! Safety Requirements (To be filled in by permit issuer) 
IV. Protective equipment required Respiratory equipment required 

Level D q Level B q Full face APR I- - -.- 
Level C 0 Level A q Half face APR 

5’ Detailed on Reverse SKA-PAC SAR 
Skid Rig 

tscape Pack u 
SCBA q 

Bottle Trailer 0 
None q 

Modifications/Exceptions: Minimum reauirement include sleeved shirt and lo 
surgical stvle gloves. and safetv glasses. Hard hats and 
operating eauipment or w’ 

.,“,..N. . . ..+ .T‘..il..al^-. ._C,~ 
tne 

V 
5 

hen reauirect bv 
. C’hemicafs of Concern ” 

Site contaminants include 
VOCs. SVOCs. metals, ~. 
and pesticides 

VI. Additional’S’~ffet)i~‘iiirii 
Additiona, .s~fety.,‘iiiriiji~~~~p~~~~dur~~ .- .-- .r xr.*siG.e ,L.. .̂ ..e 1 ..” I L,.” “/.I 1,KI il”X& L/i .,* .iu, .*.a,.* *.~%~~~~,~,,,*“p,* .ii”* )ir*u,.r..&“ *I .,we* i ; 

Hard-hat . . . . . . . . . . . . . . . . . . . . . Hard-hat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 Yes IxI No Hearing Protection (Plugs/Muffs) 0 Yes H NO 
Safety Glnnsns . . . ..____________._._ Safety Glasses . . . . . . . . . . . . . . . . . . . . . q Yes 0 No Safety belt/harness 0 Yes Ix] No 
ChemicL ChemicaUsplash goggles...... .,‘P.-“. J-sJ.-- . . . . . . 

B TxI g !” ii%ades 
0 Yes [xl No 

Sotash Splash Shield . . . . . . . . . . . . . . . . . . . . . . . . Shield . . . . . . . . . . . . . . . . . . . . . . . . 0 0 Yes IxI No 
Splash suits/coveralls . . . . . . . . . . . OYes q No Gloves (Type - j&&) a-Yes ~NO 
Steel toe Work shoes or boots q Yes c] No Work/rest regimen 0 Yes q No 
Modifications/Exceptions: Reflective vests for hioh traffic areas. Twek coverall if there is a DOtential for . . ^I . . . ,^,. a*.-. II*.sAy..~.llll:_l_- .I’*-~~sli.ri~riar)r..~.~~. I -3,). /jl, “. ,.,, 
soiling work cloths ,_, .., .,. ._;.*sl Iu,.L c.“/;av** <~b*sbu ~I .I) &b^i*i (1_ *“,,P-*c~ .~~““*~~,i~~~.“.y,~i~~ ~*>rn- ,I 

.  

1 

Safety shower/eyewash (Location & Use) . . . . . . . . . . 0 0 Emergency alarms . . . . . . . . . . . . . . . . . . . 0 
Procedure for safe job completion . . . . . . . . . . . . . . . . . . . . . . 0 [7 Evacuation routes . . . . . . . . . . . . . . . . . . . . &! El 
Contractor tools/equipmentfPPE inspected . . . . . . ..a 0 Assembly points . . . . . . . . . . . . . . . . . . . . . . . q c] 

VIII. Equipment Preparation 
,..; .; I -. .*..l,,m\.-a -*Iu-irwb%m .“~“~*.a+**-~ ~~**~~~~m-~~~rr,,~~,,~~~~ Y&s NA 

Equipment drained/depressurized . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~......~.............~............... 
Equipment purged/cleaned . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~......~.~...............!.........~.~~....!~............. 8 El 
Isolation checklist completed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l........... 0 q 
Electrical lockout required/field switch tested . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,..................: . . . . . . . . . . . . . [ZI 
Blinds/misalignments/blocks & bleeds in place . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~~................ Ei 
Hazardous materials on walls/behind liners considered ..~..,.~......................................... . . . . . . . . . . . . . El IXI. ^1.\ *.*“~~-1”.1 . ..r-xv”-“.l~*l.rxa.~.~~~-~~~~ d,s,‘.ll,.” ___... 

I)(. Additional p&m& ri$$~~~‘(‘&fLjor~,~ &%f~i~@~$%i?ii &$i~~~i%%?!%%fi% ~%.). .; . . . . . . ‘..I . . . . ii.:.. 0 Yes 0 NO 

If yes, complete pennit required or contact Health Sciences, Pittsburgh Office 
X. Special instructions, precautiorZ‘1 ‘*I 

_ _ ..__ _w- *d.IIIx._yI/vy _-,,,. s*“l,“w__ _LI__;.l/l _,.A-” >djlT.^_S” ‘i,\~i”(,r~,,~,“-~,ri,iri.*,..~-,”n,~,~_ii _, <,a:%, w... 8s” 8, ̂;- ./ ,a r,, ; 
^. “_ ..“.. *.^ ...-, -I.“” .--YY_--+a.s. ‘W ,._ x*i ..< - 

Permit Issued by: 
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APPENDIX E 

SCREENING CRITERIA 

E.l USEPA Region IX Preliminary Remedial Goals Table (May 1998) COC Screening 

Levels for Residential Soil Ingestion and Tap Water Ingestion 

E.2 Connecticut Remediation Standard Regulations (RSRs) 

Direct Exposure (Residential and Industrial) 

Connecticut RSRs for Pollutant Mobility (GB Classified Area) 

Connecticut RSRs for the Protection of Groundwater (GA/GAA) 

E.3 USEPA Generic Soil Screening Levels (SSLs) 

Transfers from Soil to Air (Inhalation) Migration to Groundwater 

E.4 Federal Maximum Contaminant Levels (MCLs) 

E.5 State Maximum Contaminant Levels (MCLs) 

E.6 

E.7 

Connecticut Water Quality Standards (WQSs) 

USEPA Region Ill Risk Based Concentration Table (April 1999) COC Screening 

Levels for Residential Soil Ingestion and Tap Water Ingestion 





SUBJECT: Risk-Based Concentration Table 

FROM: 

TO: 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION Ill 

1650 Arch St 

1 

Philadelphia, Pennsylvania 19103 

DATE: 4/12/1999 

Jennifer Hubbard, Toxicologist 
Superfund Technical Support Section (3HS41) 

RBC Table Users 

Attached is the EPA Region III Risk-Based Concentration (RBC) Table, which we 
prepare and post periodically for all interested parties. 

IMPORTANT NOTES: To make the RBC Table more accessible and to minimize paper 
usage, it is now primarily availablethrough the Internet.. The address is 
http://www.epa.gov/reg3hwmd/risk/riskmenu.htm. The Table is available in both Lotus 
and Excel as “self-extracting” files. These files should be downloaded and then processed 
with your computer’s “run” function. The files can then be viewed in Lotus or Excel. 
If you have technical questions about the toxicological or risk assessment aspects of the 
RBCs, please contact Jennifer Hubbard at 215-814-3328 or 
hubbard.jennifer@epamail.epa.gov. Other questions can be addressed to Vanessa Sizer or 
Ten-i Fields at 215-814-3041. You-can also consult the. Frequently Asked Questions, 
below. 

CONTENTS, USES, AND LIMJTATIONS OF THE RBC TABLE 

The RBC Table contains Reference Doses (RfDs) and Cancer Slope Factors (CSFs) for 
400-500 chemicals. These toxicity factors have been combined with “standard” exposure 
scenarios to calculate RBCs--chemical concentrations corresponding to fixed levels of risk (i.e., a 
Hazard Quotient (HQ) of 1, or lifetime cancer risk of lE-6, whichever occurs at a lower 
concentration) in water, air, fish tissue, and soil. 

The Region III toxicologists use RBCs to screen sites not yet on the NPL, respond rapidly 
to citizen inquiries, and spot-check formal baseline risk assessments. The primary use of RBCs 
is for chemical screening during basehne risk assessment (see EPA Regional Guidance 
EPA/903/R-93-001, “Selecting Exposure Routes and Contaminants of Concern by Risk-Based 
Screening”). The exposure equations come from EPA’s Risk Assessment Guidance for 
Super-fund (RAGS), while the exposure factors are those recommended in RAGS or 
supplemental guidance from the Super-fund program. The attached technical background 

Celebrating 25 Years of Environmental Progress 



document provides specific equations and assumptions. Simply put, RBCs are like risk 
assessments run in reverse. For a single contaminant in a single medium, under standard default 
exposure assumptions, the RBC corresponds to the target risk or hazard quotient. 

RBCs also have several important limitations. Specifically excluded from consideration 
are (1) transfers from soil to air and groundwater, 2) cumulative risk from multiple contaminants 
or media, and (3) dermal risk. Additionally, the risks for inhalation of vapors from water are 
based on a very simple model, whereas detailed risk assessments. may use more detailed 
showering models. Also, the toxicity information in the Table has been assembled by hand and 
(despite extensive checking and years of use) may contain errors. It’s advisable to cross-check 
before relying on any RfDs or CSFs in the Table. If you note any errors, please let us know. 

It is important to note that this Table uses inhalation RfDs and CSFs rather than RfCs and 
inhalation unit cancer risks. This is because the latter factors incorporate exposure assumptions 
and therefore can only be used for one exposure scenario. Because risk assessors need to 
evaluate risks for many types of scenarios, the factors have been converted to the more traditional 
RfDs and CSFs. Unless otherwise indicated in the toxicity-factor source, the assumption is that 
RfCs and unit risks should be adjusted by a 70-kilogram body weight and a 20 m3/day inhalation 
rate to generate the RfDs and CSFs. 

Many users want to know if the RBCs can be used as valid no-action levels or cleanup 
levels, especially for soils. The answer is a bit complex. First, it is important to realize that a 
RBC Table does not constitute regulation or guidance. and should not be viewed as a substitute 
for a site-snecific risk assessment. For sites where: 

1. 

2. 

3. 

A single medium is contaminated; 

A single contaminant contributes nearly all the health risk; 

Volatilization, leaching, dermal contact, and other pathways not included in the 
RBCs are not expected to be significant; 

/ 

4. The exposure scenarios and assumptions used in the RBC table are appropriate for 
the, site; 

5. The fixed risk levels used in the RBC table are appropriate for the site; and 

6. Risk to ecological receptors is not expected to be significant; 

the RBCs would probably be protective as no-action levels or cleanup goals. However, to the 
extent that a site deviates from this description, as most do, the RBCs would not necessarily be 
appropriate. 

To summarize. the Table should generally not be used to set cleanun or no-action levels 



at CERCLA sites or RCRA Corrective Action sites. to substitute for EPA guidance for nrenaring 
baseline risk assessments. or to determine if a waste is hazardous under RCRA. 

SPECIAL NOTES 

The RBC Table was originally developed by Roy L. Smith, Ph.D., for use by risk 
assessors in the Region lII Super-fund program. Dr. Smith is no longer with Region III, and the 
Table continues to evolve. You may notice some modifications of formatting and conventions 
used in the Table. 

For instance, besides formatting, the following changes are noteworthy: 

. As usual, updated toxicity factors have been used wherever available. However, because 
IRIS and provisional values are updated more frequently than the RBC Table, RBC Table 
users are ultimately responsible for obtaining the most up-to-date values. The RRC Table 
is provided as a convenience, but toxicity factors are compiled from the original sources 
and it is those original sources that should serve as the definitive reference. 

. Certain’outdated and withdrawn numbers have been removed from the Table. 

. Changes to the table have been marked with asterisks (**). Changes may involve a 
corrected CAS number or a correction in the VOC status, or they may reflect changes of 
RfDs and CSFs on IRIS. 

. RBCs are no longer rounded to lE6 ppm. For certain low-toxicity chemicals, the REKs 
exceed possible concentrations at the target risks. In such cases, Dr. Smith rounded these 
numbers to the highest possible concentration, or lE6 ppm. The rounding has been 
discontinued so that Table users can adjust the RBCs to a different target risk whenever 
necessary. For example, when screening chemicals at a target HQ of 0.1, 
noncarcinogenic RBCs may simply be divided by 10. Such scaling is not possible when 
RBCs are rounded. 

. This Table was originally compiled to assist Superfund risk assessors in screening 
hazardous waste sites. The large number of chemicals made the Table unwieldy and 
difficult to keep current. Many of the chemicals did not typically (or even occasionally) 
appear at Superfund sites; Starting with the April 1998 version of the Table, the 600+ 
chemicals were reduced to some 400-500 chemicals by eliminating many of those 
atypical chemicals. Through time, the Table may continue to grow- or decrease in size. 
Comments on this issue are appreciated. During the last six months, only one request was 
received for restoration 0f.a chemical: NuStar has been restored to the Table. (A list of 
the deleted chemicals is attached.) 

? . At Region III Superfund sites, noncancer RBCs are typically adjusted downward to 
correspond to a target HQ of 0.1 rather than 1. (This is done to ensure that chemicals with 
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additive effects are not prematurely eliminated during screening.) However, some 
chemicals have RBCs at HQs of 0.1 that are lower than their RBCs at lE-6 cancer risk.. 
In other words, the screening RBC would change from carcinogenic to noncarcinogenic. 
A new feature of this Table is that these chemicals are now flagged with a “!” symbol. 
Therefore, assessors screening with adjusted RBCs will be alerted to this situation. 

. Earlier versions of this Table included a suhstitution’of~i,~~!atiqn toxicity factors for oral A,.+.. 
factors whenever oral factors were unavailable (this applied only to groundwater and air, 
but not soil or fish). This practice has been discontinued in order to minimize the 
uncertainty associated with such a conversion. The discontinuation of this practice does 
not significantly decrease the number of available .RBCs. 

. The criterion for “VOC status” has been adjusted in accordance with RAGS Part B: 
chemicals with Henry’s Law constants greater than HZ-5 and molecular weight less than 
200 are now marked as VOCs. This increases consistency with the national guidance and 
with other EPA regions that use risk-based screening numbers. The vast majority of the 
changes on this RBC table are adjustments to meet.this criterion. A change in the VOC 
status only changes the tap water RBC. (Exceptions to the criterion: certain chemicals 
that are gases at showering temperature are also marked as VOCs, because the purpose of 
the VOC column is to indicate whether inhalation should be considered as part of the tap 
water RBC.) ,. -*-*&> 

. Earlier versions of this Table included soil screening levels (SSLs), when those values 
were available in draft form. Since the finalization of the SSL Guidance, risk assessors 
are urged to consult the final SSL Guidance directly. The Guidance has detailed 
recommendations on site-specific sampling and site-specific SSL generation. m 
Screening Guidance: User’s Guide, April 1996, Publication 9355.4-23; and $&l 
Screening Guidance: Technical Backpround Document, May 1996; EPA/54O/R-95028) 

. One user of the Table pointed out that the CAS numbers do not contain the dashes that 
are part of their format. CAS numbers have always appeared on the Table without 
dashes, but may be converted tb their dashed form by placing a dash before the last 
number (farthest to the right), then moving two places to the left and placing another 
dash. For example, “107 13 1” becomes “107- 13- 1”; “7440360” becomes “7440-36-0”; 
“25057890” becomes “25057-89-0.” Region III could add the dashes directly to the 
Table, but we do not wish to make this change without feedback from users on whether 
this would adversely affect them. Therefore, we are soliciting comments on this issue 
(see box on first page for address). Over the last six months, no comments have been 
received on this issue. 

FREQUENTLY ASKED QUESTIONS 

To help you better understand the RBC Table, here are answers to our most often-asked 
questions: 



1. How can the age-adjusted inhalation factor (11.66) be less than the inhalation rate for 
either a child (12) or an adult (20)? 

Age-adjusted factors are not intake rates, but rather partial calculations which have 
different units from intake rates. (Therefore, they are not directly comparable.) The fact 
that these partial calculations have values similar to intake rates is really coincidental, an 
artifact of the similar magnitude of years of exposure and time-averaged body weight. 

2. For manganese, IRIS shows an oral RfD of 0.14 mgkglday, but the RBC Table uses 2E-2 
mg/kg/day. Why? 

The IRIS RfD includes manganese from all sources, including diet. The explanatory text 
in IRIS recommends using a modifying factor of 3 when calculating risks associated with 
non-food sources, and the Table follows this recommendation. IRIS also recommends 
subtracting dietary exposure (default assumption in this case 5 mg). Thus, the IRIS RfD 
has been lowered by a factor of 2 x 3, or 6. The Table now reflects manganese RBCs for 
both “food” and “non-food” (most environmental) sources. 

3. What is the source of the child’s inhalation rate of 12 m3/day? 

The calculation comes from basic physiology. It’s a scaling of the mass-specific 20 
m3/day rate for adults from a body mass of 70 kg to 15 kg, using the 2/3 power of mass, 
as follows: 

Ircm = mass-specific child inhalation rate (m3/kg/day) 
Ire = child inhalation rate (m3/day) 

20 m3/day / 70 kg = 0.286 m3/kg/day (mass-specific adult inhalation rate) 

0.286 m3/kg/day x (70°.67) = (Ircm) x (15°.67) 

Ircm = 0.803 m3/kg/day 

Ire = h-cm x 15 kg = 0.803 m3/kg/day x 15 kg = 12.04 m3/day 

4. Can the oral RfDs in the RBC Table be applied to dermal exposure? 

Not directly. Oral RfDs are usually based on administered dose and therefore tacitly 
include a GI absorption factor.- Thus, any use of oral RfDs in dermal risk calculations 
should involve removing this absorption factor. Consult the Risk Assessment Guidance 
for Sunerfund, Part A, ,Appendix A, for further details on how to do this. 

5. The exposure variables table in the RBC background document lists the averaging time 



6. Why is inorganic lead not included in the RBC Table? 

7. 

8. 

9. 

for non-carcinogens as “ED*365.” What does that mean? 

ED is exposure duration, in years, and * is the computer-ese symbol for multiplication. 
Multiplying ED by 365 simply converts the duration to diys. In fact, the ED term is 
included in both the numerator and denominator ,of the RBC algorithms for non-cancer 
risk, canceling it altogether. See RAGS for more information. 

EPA has no consensus RfD or CSF for inorganic lead, so it is not possible to calculate 
RBCs as we have done for other chemicals. EPA considers lead to be a special case 
because of the difficulty in identifying the classic “threshold” needed to develop an RID. 

EPA therefore evaluates lead exposure by using blood-lead modeling, such as the 
Integrated Exposure-Uptake 3iokinetic Model (IEUBK). The EPA Office of Sohd Waste 
has also released a detailed directive on risk assessment and cleanup of residential soil 
lead. The directive recommends that soil lead levels less than 400 mg/kg are generally 
safe for residential use. Above that level, the document suggests collecting data and 
modeling blood-lead levels with the IEUBK model. For the purposes of screening, 
therefore, 400 mg/kg is recommended for residential soils. For water, we suggest 15 ug/l 
(the EPA Action Level in water), and for air, the National Ambient Air Quality Standard. 

Where did the CSFs for carcinogenic PAHs come from? 

The PAH CSFs are all calculated relative to benzo[aJpyrene, which has an IRIS slope 
factor. The relative factors forthe other PAHs can-be found in “Provisional Guidance for 
Quantitative Risk Assessment of Polycyclic Aromatic Hydrocarbons,” Final Draft, 
ECAO-GIN-842 (March, 1993). 

May I please have a copy of a previous RBC Table? 

We do not distribute outdated copies of the RBC Table. Each new version of the Table 
supersedes all previous versions. 

Please elaborate on the meaning of the “W” source code in the Table. 

The “w” code means that a RfD or CSF is currently not present on either IRIS or 
HEAST, but that it was once present on either IRIS or HEAST and was removed. Such 
withdrawal usually indicates that consensus on the number no longer exists among EPA 
scientists, but not that EPA believes the contaminant to be unimportant. 

Withdrawn numbers are shown in the Table because we still need to dea! wj*.@ese 
contaminants during the long delays before replacement numbers are ready. For the 
purpose of screening, a “‘W’. value is similar to a provisional value in that neither value 
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has achieved Agency consensus. The “W” code should serve as a clear warning that 
before making any serious decision involving that contaminant, you will need to develop 
an interim value based on current scientific understanding. 

If you are assessing risks at a site where a major contaminant is coded “W,” consider 
working with your Region EPA risk assessor to develop a current toxicity constant. If the 
site is being studied under CERCLA, the EPA-NCEA Regional Technical Support group 
may be able to assist. 

10. Can I get copies of supporting documents for interim toxicity constants which are coded 
“E” in the RBC Table? 

Unfortunately, Region 3 does not have a complete set of supporting documents. The 
EPA-NCEA Super-fund Technical Support Center prepares these interim toxicity 
constants in response to site-specific requests from Regional risk assessors, and sends the 
documentation only to the requestor. The RBC Tables contain only the latest interim 
values that we’ve either requested or have otherwise received. NCEA maintains the 
master data base of these chemicals, but will not release documentation of provisional 
values unless they are recent. Furthermore, since NCEA’s Superfund Technical Support 
Center is mainly for the support of Superfund, it usually cannot develop new criteria 
unless authorized to do so for a specific Super-fund project. 

If an “E’‘-coded contaminant is a chemical of potential concern at your site, we urge you 
to work with the EPA Regional risk assessor assigned to the project in order to develop or 
obtain documentation for provisional values. EPA.Region 3 furnishes documents only 
when needed to support Regional risk assessments or recommendations. 

11. Why is there no oral RfD for mercury? How should I handle mercury? 

IRIS gives oral RfDs for mercuric chloride and for methylmercury, but not for elemental 
mercury. Therefore, the RBC Table reflects this primary source. Consult your 
toxicologist to determine which of the available mercury numbers is suitable for the 
conditions at your site (e.g., whether mercury is likely to be organic or inorganic.) 

Attachment 



“DISCONTINUED” CHEMICALS 

These chemicals may still have toxicity criteria available in IRIS, HEAST, or NCEA provisional 
values. However, they are not routine chemicals and therefore will not be routinely maintained 
in the RBC Table, unless our Table users report a significant need for chemicals to be re-added. 
Some of the chemicals on this Table were deleted because supporting toxicity information has 
been withdrawn or is unavailable. 

acephate acetone cyanohyrin 
acifluorfen acrylic acid 
dY ally1 alcohol 
aluminum phosphide amdro 
metryn m-aminophenol 
amitraz ammonium sulfamate 
antimony potassium tartrate apollo 
aramite asulam 
avermectin B 1 barium cyanide 
bayleton benefin 
benomyl benzotrichloride 
bidrin biphenthin 
bis(Zchloro- 1 -methylethyl)ether 
bisphenol A boron trifluoride 
4-bromophenyl phenyl ether bromoxynil 
bromoxynil octanoate butylphthalyl butylglycolate 
cacodylic acid captafol 
captan carboxin 
chloramben chlorimuron-ethyl 
chloroacetaldehyde 2-chloroacetophenone 
4-chlorobenzotrifluoride 2-chloroethyl vinyl .ether 
4-chloro-2-methylaniline hydrochloride 
chlorothalonil chlorpropham 
chlorsulfuron chlorthiophos 
coal tar creosote 
cyclohexlamine cyromazine 
danitol decabromodiphenyl ether 
demeton diallate 
diethylforamide cjiflubenzuron 
dimethipin dimethoate 
N,N-dimethylformamide dimethyl terephthalate 
diphenamid direct black 38 
direct blue 6 direct brown 95 
dodine 1,2-epoxybutane 
ethephon 2-ethoxyethanol acetate 
ethyl acrylate EPTC 

.---Z 



ethylene cyanohydrin 
ethyl p-nitrophenyl phenylphosphorothioate 
ethylphthalyl ethyl glycolate 
fluoridone 
flutolanil 
folpet 
furium 
glufosinate-ammonium 
harmony 
imazaquin 
isoxaben 
lactofen 
londax 
maleic hydrazide 
mancozeb 
merphos 
metalaxyl 
methomyl 
2-methoxyethanol 
2-methylaniline hydrochloride 
4,4-methylene bisbenzeneamine 
molinate 
napropamide 
nickel subsulfide 
3-nitroaniline 
nitroguanidine 
octabromodiphenyl ether 
octamethylpyrophosphoramide 
pebulate 
pentabromo-6-chlorocyclohexane 
pentabromodiphenyl ether 
phenylmercuric acetate 
phosmet 
pirimiphos-methyl 
profluralin 
propargyl alcohol 
propham 
propylene oxide 
quinalphos 
selenourea 
sodium fluoroacetate 
systhane 
temephos 
terbufos 

express 
flurprimidol 
fluvalinate 
fosteyl-al 
fiumecyclox 
haloxyfop-methyl 
imazalil 
iprodione 
kepone 
linuron 

malononitrile 
maneb 
merphos oxide 
methamidophos 
2-methoxyethanol acetate 
2-methoxy-5-nitroaniline 
methyl chlorocarbonate 
metribuzin 
2-naphthylamine 

nitrapyrin 
4-nitroaniline 
nofflurazon 

paclobutrazol 
pendimethalin 

phemnedipham 
phorate 
picloram 
prochloraz 
pronamide 
propazine 
propiconazole 
PYdrm 
savey 
sethoxydim 
sodium metavanadate 
tebuthiuron 
terbacil 
terbutryn 
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tetrachlorovinphos tetraethyldithiopyrophosphate 
thallium selenide 
2-(thiocyanomethylthio)-benzothiazole 
thiofanox thiophanate-methyl 
thiram tralomethrin 
triallate tiasulfuron 
2,4,6&chloroaniline hydrochloride 
tridiphane triethylamine 
trifluralin vemam 



EPA REGION III RISK-BASED CONCENTRATION TABLE 
TECHNICAL BACKGROUND INFORMATION 

(Originally developed by Roy L. Smith, Ph.D.) 

Development of Risk-Based Concentrations 

General 

Separate carcinogenic and non-carcinogenic risk-based concentrations were calculated for 
each compound for each pathway. The concentration in the table is the lower of the two, rounded 
to two significant figures. The following terms and values were used in the calculations: 

General: 

Carcinogenic potency slope oral (risk per mg/kg/d): 

Carcinogenic potency slope inhaled (risk per mg/kg/d): 

Reference dose oral (mg/kg/d): 

Reference dose inhaled (m&g/d): 

Target cancer risk: 

Target hazard quotient: 

Body weight, adult (kg): 

Body weight, age l-6 (kg): 

Averaging time carcinogens (d): 

Averaging time non-carcinogens (d): 

Inhalation, adult (m3/d): 

Inhalation, child (m3/d): 

Inhalation factor, age-adjusted (m3-y/kg-d): 

Tap water ingestion, adult (L/d): 

Tap water ingestion, age l-6 (L/d): 

Tap water ingestion factor, age-adjusted (L-y/kg-d): 

Fish ingestion (g/d): 

Soil ingestion, adult (mg/d): 

Soil ingestion, age l-6 (mg/d): 

Soil ingestion factor, age adjusted (mg-y/kg-d): 

Residential: 

Exposure frequency (d/y): 
Exposure duration, total (y): 

Exposure duration, age l-6 (y): 

Volatilization factor (L/m3): 

Occupational: 

Exposure frequency (d/y): 
Exposure duration (y): 
Fraction of contaminated soil ingested (unitless) 

* CPSO 

* CPSi 

*RfDo 

* RfDi 

le-06 TR 

1 WQ 
70 BWa 
15 BWc 

25550 ATc 

ED*365 ATn 

20 IRAa 

12 IRAC 

11.66 IFAadj 

2 IRWa 

1 IRWc 

1.09 IFWadj 

54 IRF 

100 IRSa 

200 IRSC 

114.29 IFSadj 

350 EFr 

30 EDtot 

6 EDc 

0.5 K 

250 EFo 

25 EDo 

0.5 FC 



Age-adjusted factors 

Because contact rates with tap water, ambient air, and residential soil are different for 
children and adults, carcinogenic risks during the first 30 years of life were calculated using age- 
adjusted factors. These factors approximated the integrated exposure from birth until age 30 by 
combining contact rates, body weights, and exposure durations for two age groups - small 
children and adults. The age-adjusted factor for soil was obtained from RAGS IB; the others 
were developed by analogy. 

(1) Air inhalation 

IFAadj k& = EDciwimc + (EDtot-EDc). IRAa 
BWa 

(2) Tap water ingestion 

IFWadj 3 = EDc. IRWc + (EDtot-EDc)* IRWa 
BWc BWa /-I\- 

(3) Soil ingestion 

IFS&j 3 = EDciwy + hEDtot-EDc). IRSa 
BWa 

Residential water 

Volatilization terms were calculated only for compounds with a mark in the “VOC” 
column. Compounds having a Henry’s Law constant greater than 1 OW5 were considered volatile. 
The list may be incomplete, but is unlikely to include false positives. The equations and the 
volatilization factor (K, above) were obtained from RAGS IB. Oral potency slopes and reference 
doses were used for both oral and inhaled exposures for volatile compounds lacking inhalation 
values. RBCs for carcinogens were based on combined childhood and adult. exposure; for non- 
carcinogens RBCs were based on adult exposure. 

(4) Carcinogens 

mc y = 
TR.ATc.1000~ 

EFr. ([KS IFAadj . CPSi] + [IFWadj * CPSol) -. 

2 



(5) Non-carcinogens 
*' ?'HQ-BWa'-ATn.1000~ 

RBCF= 
EFr- EDtot - 

Ambient air 

Oral potency slopes and references were used where inhalation values were not available. 
RBCs for carcinogens were based on combined childhood and adult exposure;’ for non- 
carcinogens RBCs were based on adult exposure. 

(6) Carcinogens 

RBC fj = 
TR- ATc- loOo$ 

EFr* IFAadj - CPSi 

(7) Non-carcinogens 

RBC T = 
THQ*-RfDi -BWa -ATn - lOOO= 

EFr- EDtot. IRAa 

Edible fish 

All RlXs were based on adult exposure. 

(8) Carcinogens 
Jw - RBC kg - TR l BWa * ATc 

EFr- EDtot- IRF - CPSo 
1000* 

(9) Non-carcinogens 

RBC 5 = THQ- Redo - Bya - ATn 

EFr- EDtot l 

IRF 
lOOO$ 

CommerciaYindustrial soil ingestion 

RBCs were based on adult occupational exposure, including an assumption that only 50% 
of total soil ingestion is work-related. 

(10) Carcinogens 

3 



Residential soil ingestion 

.!l!E= ltBc kg 

TR- BWa- ATc 

EFo- EDo- IRsa - FC- CPSo * 
106 mg 

kg 
(11) Non-carcinogens 

RBC f$ = THQ. RfDo - BWa +ATn 
IRSa EFo - EDo,- 1o6 mg . FC 

kg 

Rf3Cs for carcinogens were based on combined childhood and adult exposure; REKs for 
non-carcinogens were based on childhood exposure only. 

(12) Carcinogens 

mg= 
RBc kg 

TR - ATc 
EFr . IFsad ' CPSO 

106 mg 
kg 

(13) Non-carcinogens 
mc z = THQ * RfDo * BW;C-~~ 

EFr- EDc l 
106 sng 

kg 
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awlhmlRlSorHE4ST 

4-AMINDPYR!MNE 

ANTIMONY PENTO$M 

- 

:\[ 
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ARSINE 7784421 1.40E-05 I Y l.OE-01 N 

ASSURE 

5.lE.02 N 

70570140 Q.OOE03 I 3.3E+O2 N 3.3E+Ol N 1.2E+Ol N 1.6E+O4 N 7.OE+OZ N, 

ATRAZINE 1912249 3.5OE-02 I 2.2OE.61 H 3.oE-01 c 2.6E-02 c 1.4E.02 C 2.6E+Ol C 2.9E*OO C 

AZOBENZENE 103333 1.1oE-01 I 

.F - 

l.lOE-01 I B.lE-01 C 5.7E.02 C 2.9E&? C 6.2E+Ol C I.BE+W C , 

BARIUM 744og93 

‘- 

7.WE-02 I 1.40E04 A 2.EE+03 N 5.lE-01 N 9.5E+Ol N 1.4E+06 N 5.5E+O3 N 

EAYOON 114261 

<? 

4.WE-03 I l.SE*M N 1.5E+Ol N 6.4E+W N B.?E+OJ N 3.lE+O2 N 
.,- 1 

BAYTHRDID 68359375 2.50E-02 I %lE+O2 N 9.lE+Ol N 3.4E+Ol N 5.1E+04 N 2.OE+03 N 

BENTAZON 25067690 3.OOE-02 I 
2” 

l.lE+OJ ti l.lE+O2 N 4.lE;Ol N 6.1E*W N 2.3E+03 N ii 

EENZALDEHYDE lWs27 l.WE-61 I 3.7E+W N 3.78+02 N 1.4E+02 N 2.OE+05 N 7.6E+O3 N .; 

BENZENE 71432 3.OOE-03 E 2.mE-02 I 1.70E-03 E 2.9OEo2 I y 3.6EOl C 2.2E-01 C l.lE.01 C 2.olz+O2 c 2.2rz+01 c 

EENZENETHIOL 108985 l.WE-05 H Y 6.lE-02 N 3.7E-02 N 1.4E-02 N 2.OE+Ol N 7.6E-01 N 

BENZIMNE 82675 3.WE-03 I 2.3OE+O2 I 2.3oE+O2 I 2.9!%4 c 2.7E-05 C 1.4E05 C 2.5E-02 C 2.6E-03 C 

BENZOIC ACID 65650 4.WE+W I ME+05 N 1.5E+64 N 5.4003 N 6.2E+O6 N 3.1E+05 N 

BENZYL ALCOHOL 100516 3.WE-01 H l.lE+O4 N l.lEM3 N 4.1E+02 N 6.1E+05 N 2.3E+04 N 

BENZYL CHLORIDE 106447 0.17 I Y 6.2EM C 3.7E-62 C ME-02 C 3.4tz+01 c 3.6E+W C 

BERYLLIUM 7440417 2.OOE-03 I 5.7EMT I moE+w I 7.3E+Ol N 7.5E-04 C 2.7E+W N 4.lE*03 N 1.6E+02 N 

BIPHENYL 92524 5.WE-02 I Y 3.OE+O2 N 1.6E+O2 N ME+01 N l.OE+05 N 3.9E+03 N 

‘*BlS(2CHLORDETHYL)ETHER 111444 1.1oE+w I l.lOE+W I y mEti c 5.7E-03 C 2.9E-03 C 5.2E+W C 5.6E-01 C 

BlS(2CHLORD)SOPRDPYL)ETHER 106601 4.WE-62 I 7.WE-02 H 3.5OE-02 H y 2.6E-01 C 1.6E-Ol C 4.5Eo2 C 6.2E+Ol C S.lE+W C 

Sl.S(CHLORDMETtiYL)ElMER 542661 2.2OEmI 2.268+02 I y 4.6Ea ij 2.8E-05 c 1.4E-05 C 2.6E-02 C 2.9E-03 c 

ElS(2-ETHYLHEXYL)PHTHAMTE 117817 2.WE-02 I 1.46EM I 1.4OE.62 E 4.6E+W C 4.5E-01 C 2.3E-01 C 4.lE*02 C 4.6E+Ol C 

EoftoN 7440426 0.WE-62 I 5.70E-03 H 3.3E+63 N 2.lE+Ol N 1.2E+O2 N 1.6E+O6 N 7.OE+03 N 

BFtOYDDlCHLOROMETHANE 75274 2.OuE-62 I 6.2OE.02 I Y 1.7E-61 c l.OE01 C 5.lE-02 C 9.2E+Ol C l.OE+ol c 

BROMDETHENE 593602 6.6E-04 I l.lOE-01 H y l.lE01 C 5x-02 c 

“ERWFDRM 75252 2.WE-02 1 7.sOE-03 I 3.wE-03 I 6.5E+W C 1.6&W C 4.6E-01 c 7.2E+O2 C B.lE+Ol C 

BROMOMETHANE 74839 1.46E-03 I MOE-63 I Y &5E+W N J.lE+W N l.BE+W N 2.9E+03 N l.lE+O2 N 

“RRDMOPMDS 2104983 5.WE-03 H 1.6E+O2 N 1.8E+Ol N B.BE+W N l.OEGl N 3.9E+O2 N 

1.3-9UTADlENE 106990 1.6OE+W H y 7.OE.m c 3.5E-63 C 

I-EIJTANOL 71363 l.WE-01 I 3.7E+O3 N 3.7E+O2 N 1.4E+O2 N 2.OE*O5 N 7.6003 N _- 

EUTYLEENZYLPHTHALATE 65667 2.WE-01 I 7.3E+O3 N 7.3E+O2 N 2.7E+O2 N 4.1E+05 N 1.6E404 N 

EUTYLATE 2006415 5.OOE-02 I l.BE+W N 1.6E+O2 N 6.6E+Ol N l.OE+05 N 3.9E+03 N , 
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Sow=: I = IRIS H = MAST A. HEAST A&mate W - Whdtaarm f,om IRE w HEAH ser,,: c = Cam.ln~mdc em* N * Noncardnopnlc eneels I - REC al HI Of 0.1 < R0C-c 

E = EPA-NCEA prwi&wl wlue 0 = ~th” Risk-based cnncentrsttons 

Tap Ambient SOII 

RID0 CSFa RIM csfl water air Fish tndustriat Residential 

Chemical CAS mg!kgld llmglkgld mwd ’ 1lmgnCgld WJC usn uglmt 

N-BUTYLBENZENE 
m9k9 fmb Flk9 

104510 l.WE-02 E Y &lE+Oi N 3.7E+Ol N 

SEC-WTYLBENZENE 

1,4E+Ol N 2.OE+04 N 7.6E+OZ N 

135966 l.GOE-02 E &I!301 N 3.7E401 N 

TERT-BUWLEENZENE 
Y 1.4E+Ol N ZOE+04 N 7.8E*OZ N 

90066 l.OOE-02 E 6.lE+Ol N 
CAWIUM-WATER 

Y 3.7E+Ol N 1.4E+Ol N 2.OE+04 N ?.BE+02 N 

7440439 MOE.04 I 

CAOMIUM-FCOD 
MOE+00 I lBE+Ol N 9.9E-04 C 8.9E-W N 1.OE+03 N 3.9E+Ol N 

7440439 l.OOE.03 I %.3QE+OO I 
CAPROLACTAM 

3.7E+OI N Q.QE-04 C ‘( 1.4E*OO N 2.OE+03 N 7.6E+Ol N 

105602 5.WlE-01 I 

~XR~ARYL 
l.t3E+O4 N IBE+ N &BE+02 N l.OE+O6 N 3.9E+M N 

63252 l.OOEOl I 

CARBON MSULFIOE 
3.7E+03 N 3.7E+M N 1.4E+02 N 2.OE+05 N 7.QE+03 N 

75156 l.WE.cJl I 2.dOE-01 t 
CARBON TETRACHLORIDE 

Y 1.OE+03 N 

66235 

7X+02 N 1.4E+02 N 2.OE+05 N 7.6E+O3 N 

7.OOE-04 I 
CARBOSULFAN 

1.30&01 I 5.71E-04 E 53cwJ2 I y 1.6EOl c 
55265148 

1.2E-01 C 2.4E-02 C 

l.OOE-02 I 

4.4E+Ol C 4.9E+oO C 

“CHLORAL 
3.7E+02 N 

75676 
3.7E+Ol N 1.4E+Oi N 2.OE+04 N 7.6E+02 N 

2.OOE-03 I 
CHLORANIL 

7.3E+Oi N 7.3E+OO N 2.7E+OO N 

?I0752 

4.1E+03 N l.EW02 N 

4.OOE01 H 1.7E-01 C 1.6E-02 C 7.9E-03 C 1.4E+01 C 1.6E+oo c 

. 

5.WE-03 I 

CHLORPYRIFOS 

J 



I I I 

Chemtcal CAS 

SOMUM CYANIDE 143339 

RfDO 

mglkgld 

4.OOE.02 I 

CSFo 

llmglkgld 

THIDCYANATE l.CnE-01 E 

ZINC CYANIDE 557211 5.WE-02 I 

CYCLOHEXANONE 106941 5.OOE+OO I 

CYHALOTHRINKARATE 68085656 5.OOE-03 I 

CYPERMETHRIN 52315076 l.WE-02 I 
DACTHAL 1861321 l.OOE.02 I 
OAUPON 75990 3.mlE-02 I 
DW 72546 2.40E-01 t 
DDE 72559 3.4cE.01 I 
DDT 50293 5.OOE-04 I 3.4oEQl I I 1 3.40E-01 I 
DWINON 333415 9.WE.04 H 

DtEENZOFURAN 132649 4.WE-03 E 

“1,4-DlBROMOEENZENE 106376 1.wE.02 I 

DtBROMOCHLOROMETHANE 

12-DtBROMD-3-CHLDROPRDPANE 

12.DtBROMOETHANE 

DIEUTYLPHTHALATE 

MCAMEA 

124461 2.WE-02 I 6.40E-02 I 

96126 1.40000 H 5.70!%5 I 2.40803 H 

106934 6.66E+Ol I 5.7OE-05 H 7.6OE-01 I 

64742 l.WE-01 I 

1916009 3.oOE-02 I 

1,2-DtCHLGROEENZENE 95501 9.wE-02 I 9.OOE-03 E 

“1.3-DICHLOROBENZENE 541731 9.WE-04 E 

1.4-DtCHLDRDEENZENE 106467 3.WE-02 E 2.40E-02 H 2.29E-01 I 2.2E-02 E 

3.3’-DICHLOROBENZIDINE 91941 4.6oE-01 I 

1.4.DICHLORD-2-BUTENE 764410 9.3OE+W H 

MCHLOf7DDlFLtJOROMETHANE 75718 2.OOE-01 I 5.WE.02 A 

1.1MCHLORGETHANE 75343 l.OOEOl H 1.40E-01 A 

1,2-DtCHLORDETHANE 107062 3.OOE-02 E 9.lOE-02 I 1.4OE-03 E Q.lOE.02 I 

l.l-DICHLDROETHENE 75354 9.OOE-03 I 6.WE-91 I 1.75E-01 I 

CIS-1.2.DICHLOROETHENE 156592 l.OOE-02 H 

TRANS.IL-DICHLOROETHENE 1 156605 2.OOE-02 I I I 
TOTAL 1,SMCHLOROETHENE 1 5405901 9.60EM H 1 

2.4-tJICHLOROPH~NDL 

“204-D 

4-(2.4-DlCHLOROPHENOXY)E!UTYRlC ACID 

l.P-tXHLDROF’ROPANE 

2.3.DICHLOROPROPANDL 

1.3-DtCHLORDPROPENE 

DICHLORVOS 

DICOFDL 

MCYCLOPENTADIENE 

MELDRIN 

DIESEL EMISSIONS 

DIETHYLPHTHALATE 

DtETHYLENE GLYCOL. MONOBUTYL ETHER 

r.x932 3.OOE-03 I 

94757 l.OOE.02 I 

94626 8E-03 I 

76675 8.WE42 H 1.14EO3 I 

616239 3.WE-03 I 

542756 3.WE-04 I l.WE.01 H 5.71E-03 I 1.3OE01 H 

62737 5E-04 I 0.29 I 1.43E-04 I 

115322 4.4EJJl W 

77736 3E-02 H 6.OOE-05 A 

60571 5.wE-05 I 1.60E+ol I 1.6oE+01 I 

1.40E-w I 

64662 6.WE-01 I 

112345 5.7OE-03 H 

DIETHYLENE GLYCOL, MONOETHYL ETHER 

Dt12XTHYLHEXYL)ADtPATE 

1 111QW~ 2.WE+W H 1 I I 

t 1032311 6.OOE-01 I i 1.2OE-03 I 1 

Dt&HYLSTlWE&RDL 58531 4.701+03 H 

MFENZODUAT (AVENGE) 43222466 8.wE-02 I 

~.~-D~FLL~D~KIETHANE 75376 l.lOE+Ol I 

MISGPRGPYL METHYLPHDSPHONATE (DIMP) 1445766 6.WE-02 I 

3,3’-DlMETHDXYBENZtMNE 119904 1:4OE-o2 H 

“MMETHYLAMINE 124403 5.7OEo8 W 

2,4-DtMETHYLANILlNE HYDROCHLORIDE 21436964 5.6OE01 H 

2.4-DIMETHYLANILlNE 95661 7.5OE-01 H 

VDC w uglm3 

1.5Et03 N 1.5E+02 N 

3.7E+03 N 3.7E+02 N 

1.6E403 N l.BE+M N 

l.BE+05 N 1.6E+@d N 

1.8E+02 N l.BE+Ol N 

3.7E+02 N 3.7E401 N 

3.7E+02 N 3.7E401 N 

l.lE+O3 N l.lE+O2 N 

2.8E-01 C 2.6E-02 C 

2.OE-01 C 1.6E-02 C 

Fish 

msh 

5.4E+Ol N 

1.4E+02 N 

&BE+01 N 

6.6E+03 N 

&8E+OO N 

1.4E401 N 

1.4E401 N 

4.1E+Ol N 

1.3EM C 

9.3E-03 C 

Soil 

Industrial 

wk9 
8.2E+04 N 

2.OE+05 N 

l.OE+OS N 

l.OE407 N 

l.OE+04 : N 

2.OE404 N 

2.OE404 N 

6.lE+04 N 

2.4E+Ol C 

1.7E*Ol C 

1 2.OE01 C 1 1.8E-02 C 1 9.3E-03 C I 1.7E401 C 

3.3E+Ol N 3.3E+OO N 1.2E+W N 1.6E403 N 

Y 2.4EtOl N 1.5E+Ol N 5.4E400 N 6.2E+03 N 

3.7E+02 N 3.7E401 N 1.4E401 N 2.OE+04 N 

Y 1.3E-Ql C 7.6E-02 C 3.6E-02 C 6.6E+ol c 

Y 4.7E.02 C I 2.lE-01 N 2.3E.03 C 4.lE400 C 

Y 7.5E-04 C 6.2E-03 C 3.7E-05 C 6.7E02 C 

3.7E+O3 N 3.7E+M N 1.4E+02 N 2.OE+OS N 

l.lE403 N l.lE+M N 4.lE+Ol N 6.lE404 N 

y 6.4E+01 N 3.3EtOl N 1.2E+M N 1.6E405 N 

Y 5.5E*W N 3.3&W N 1.2E*W N 1.6E403 N 

Y 4.7E.01 C 2.6E-01 C 1.3E-01 C 2.4E+02 C 

1.5E-01 c 1.4E-02 C 7.OE-03 C 1.3E401 C 

y 1 1.3E-03C 1 6.7E-04 C I 
y 1 3.5E+02 N 1 l.EE+M N 1 2.7E+02 N 1 4.1E+05 N 

Y &OE+M N 6.1E402 N 1.4E+02 N 2.OE+O5 N 

Y 1.2E01 C 6.9E-02 C 3.5E-02 C 6.3E+Ol C 

Y 4.4E-02 C 3.6E02 C 5.3E-03 C 9.6E+OO C 

Y 6.lE+Ol N 3.7E401 N 1.4E+Ol N 2.OE+O4 N 

Resldentlal 

m9M 
3.lE+03 N 

7.6E+03 N 

3.9E+03 N 

3.9E405 N 

3.9E+02 N 

7.6E+02 N 

7.6E+02 N 

2.3E+03 N 

2.7E+M) C 

l.OE+W C 

1.9E+W C 

7.OE+Ol N 

3.1E+02 N 

7.8E+02 N 

7.6E+W C 

4.6E-01 C 

7.5E-03 c 

7.6E+O3 N 

2.3E+O3 N 

7.OE+03-IJ: 

7.OE+Ol tj 

2.7E+Ol C 

lAE+OO;F 

1.6E404N 

7.6E+O3 #“” 

7.OE+aa c 

l.lE+w c. 

7.6E402:N 

1.6E+03 N- 

7.OE+02 N 

2.3E+02 N 

7.6E+02 N 

63E+O2 N 

9.4E+oo c 

2.3E+02 N 

3.5EtOfJ C I 

2.2E+OO C 

1.5E+W C 

2.3E+03 N 

4.OE-02 C 

6.3E+O4 N 

1.6E+05 N 

5.3E402 C 

1.4E-04 C 

6.3E+O3 N 

63E+O3 N 

4.6E401 C 

l.lE+OO C 

6.5E-01 C 



EPA Region 111 Rt3C Table 4/12/1999 4 

Sowcsa: t 1 IRIS H - HEAS A - HEAS1 AHmate W . b’.%dcavn ho,,, tR,S 0, H&W, 

Chemical 

N.N-DIMETHYLANILINE 

3.3’~DIMETHYLBENZIDINE 

l.l-DIMETHYLHYDRAZINE 

l.Z-DIMETHYLHYDRAZiNE 

2.4-DIMETHYLPHENOL 

2.6~DIMETHYLPHENOL 

3.4MMETHYLPHENOL 

DIMRHYLPHTHAIATE 

1,2-DINITROEENi!ENE 

1.3-DINITRGSENZENE 

1.4-DINITRDSENZENE 

4,6-DINITRD-D-CYCLOHEXYL PHENOL 

4.8~DINITRO-2-METHYLPHENOL 

2,COfNIlROPHENGL 

OINITROTOLUENE MIX 

2,4-[HNITROTOLUENE 

2.6-DINIT~OTOLUENE 

“DINOSES 

MOCTYLPHTHALATE . 

l.CDIOXANE 

DIPHENYuMINE 

1,2-DIPHENYLHYDRAZINE 

DIBUAT 

“‘DISULFOTON 

1.4-DlTHIANE 

DIURON 

ENDOSULFAN 

ENDRIN 

“EPICHLOROHYDRIN 

ETHION 

2-ETHDX%lliANOL 

ETHYL ACETATE 

ETHYLBENZENE 

ETHYLENE MAMINE 

ETHYLENE GLYCCJL 

ETHYLENE GLYCDL. MONOSUTYL ETHER 

“ETHYLENE OXIM 

ETHYLENE THIOUREA 

ETHYL ETHER 

ETHYL METHACRYLATE 

FENAMIPHGS 

FURAN 

FURA7IOLlDONE 

RfDO CSFo 

o&tfd 
2.WE-03 I 

llm#g/d 

9.2OE*W H 

60297 2.WE-01 I 1 

976321 9.OOEo2 H 1 

4SOE62 I 

Tap 

water 

Risk-based concentrations 

Ambient 

air Fish 

SOil 

Industrial Residential 

Jot ugll I ugfm3 I w/kg I wfw I m&9 
1 7,3E+o, N 1 7,3E+W N 1 2.7E+W N ) 4.lE+03 N 1 1.6E+62 N 

1 7.3E-03 C 1 6.BE-04 C 1 3.4E-64 C 1 6.2E-01 C 1 6.9EJl2 C 

2.6E-02 C 1 1.9E-03 C 1 1.2E-03 C 1 2.2E+W C 1 2.5E-01 C 

1 1.6E03 C 1 1.7E.04 C 1 8.5E-O5 C 1 1.5E-01 c 1 1.7E-02 c 

1 7.3E+O2 N 1 7,3E+Ol N 1 2.7E+Oi N 1 4.lE*04 N 1 1.6E+03 N 

1 2.2E+Ol N 1 2.2E+W N 1 8.lE-01 N 1 1.2E+O3 N 1 4.7E+Ol N 

1 3,7E+01 N 1 3.7E+W N 1 .1.4E+W N 1 2.OE*03 N 1 7.9E+Of N 

I 3.7E+O5 N 1 3.7E+O4 N 1 1.4E+O4 N 1 2.OE+07 N 1 7.6E+05 N 

1.5E+Ol N 1.5&W N 5.4E41 N 6.2E*02 N 1 3.lE+Ol N 

3,7E+W N 1 3.7E-01 N 1 1.4E-01 N 1 2,OE+02 N 1 7.9E+OO N 

1 l.SE+Ol N I 1.5E+W N I 6.4E-01 N I 8.2E+02 N i 3.1E+Ol N 

7.3E+Ol N 7.3E+W N 2.7E+W N 1 4,lE+03 N 1.6E+02 N 

1 3.7E+W N 1 3.7E-01 N 1 1.4E-01 N 1 2.OE+02 N 1 7.6E+W N 

7.3E+Ol N 7.3E+W N 2.7E+W N 4.lE+03 N l.BE+02 N 

9.6E-02 C 9.2EW C 4.6E-03 C B.4E+W C 9.4E-01 c 

7.3E+Ol N 7.3E+W N 2.7E+W N 4,lE+03 N 1.6E+O2 N 

3.7E+01 N 97E+W N 1.4E+W N 2.OE+O3 N 7,BE+Ol N 

3.7E+Ol N 3.7E+W N 1.4E+W N 2.OE+03 N T.BE+Ol N 

1 7.3E+02 N 1 7.3E+Ol N 1 2.7E+O1 N 1 4.lE+04 N 1 1.6E+03 N 

&lE+W C 5.7E-01 C 2.9E-01 C 5.2E+02 C 5.9E+ol c 

9.lE+02 N 9.lE+Ol N 3.4E+Ol N 5.lE+O4 N 2.OE+O3 N 

6.4E-02 C 7.8E43 C 3.9E-03 C 7.2E+W C 6.OE-01 C 

B.OE+Ol N B.OE+W N J.OE+W N 4.5E+03 N 1.7E+02 N 

1.5E+W N iSE41 N 5.4E-02 N 1 &2E+Ol N 3.1E+W N 

1 3,7E+O2 N 1 3,7E+Ol N 1 1.4E+Ol N 1 2.OE+O4 N 1 7.6E+O2 N 

I 7.3E+Ol N 1 7.3E+W N 1 2.7E+W N 1 4.lE+03 N 1 1.6E+O2 N 

2.2E+02 N 2.2E+Ol N B.lE+W N 1.2E+04 N 4.7E+02 N 

l.lE+OI N l.lE+W N 4.lE-01 N 6.lE+02 N 2.3E+Ol N 

Y 2.OE+W N l.OE+W N 3.2E-01 C I 5.8E+02 C I 6,5E+Ol C I 

1.6E+Ol N 1.6E+W N 6.9EOl N l.OE+03 N 3,9E+Ol N 

lSE+04 N 2.lE+O2 N 5.4E+M N 6.2E+05 N 3.lE+O4 N 

Y 5SE+O3 N 3.3E+03 N 1.2E+O3 N 1.6E+W N 7.OE+O4 N 

Y 1.3E+O3 N l.lPO3 N 1.4E+02 N 2.OE+05 N 7.8E+03 N 

7.3E+M N 7.3E+Ol N 2.7E+Ol N 4.1Ei04 N 1.6E+03 N 

7.3E+O4 N 7.3E403 N 2.7E+03 N 4.lE+O6 N 1,6E+O5 N 

I 1 2.lE+Ol N 1 I I 
y 1 2.3E.02 C 1 1.9E-02 C 1 3.2E-O3 C 1 5.7E+W c 1 6.4E-Ol C 

. I 6.lE-01 c I I 5.7E-02 C I 2.9E-02 C I 5.2E+Ol C I S.BE+W C ! 

3.7E+Ol N 4.lE+W N 6.lE+03 N 2.3E+02 N 

1.5E+Ol N l.lE+W N 5.4E-01 N B.2E+02 N 3.lE*Ol N 

3.7E+03 N 3.7E+M N 1.4E+O2 N 2.OE+05 N 7.9E+03 N 

1.5E-02 C 1.4E-03 C 7.OE-04 C 1.3E+OO C 1.4E-01 C 

7.4E-03 C 6.9E-04 C 3.5E-04 C 6.3E.01 C 7.0E-02 C 



EPA Regi BC Table 4/12/1999 5 

ISOSUTANOL 

ISDPHORGNE 

ISGPROPALIN 

ISOPROPYL METHYL PHGSPHDNIC ACID 

“TETRAETHYLLEAD 

LITHIUM 

MALATHION 

MALEIC ANHYDRIDE 

MANGANESE-NONFGQD 

MANGANE.%E-FODD 

MEPHDSFCIIAN 

MEPKIUAT CHLORIDE 

MERCURIC CHLORIDE 

MERCURY (INORGANIC) 

METHYLMERCURY 

METHACRYLONITRILE 

WTHANOL 

78831 3.WE-01 I 

79591 2.WE-01 I 

33620530 1.50E-02 I 

1632546 1.wE-01 I 

76002 l.WE-67 I 

7439932 2.WE-02 E 

121755 2.WE-02 I 

106316 l.WE-01 I 

7439985 2.WE-02 I 

7439966 1.40E-01 I 

956107 9.WE05 H 

24307264 3.WE-02 I 

7467947 3.wm.l I 

7439976 

22987926 l.WE-04 I 

126967 l.WE-04 I 

67581 5.WE-01 I 

METHIDATHION 950378 1 l.WE-03 I 

METHDXYCHLOR I 72435) 5.WE-03 I 

METHYL ACETATE 79209 1.wE+w Ii 

METHYL ACRYIATE 98333 3.WE-62 A 

2-METHYlANILINE 95534 

4.(2-METHYL4CHLOROPHENOXY) BUTYRIC AU0 94615 I.WE-02 I 

2.METHYL4CHLOROPHENG~YACETlC ACID (MCPA) 94746 5.WE-04 I 

2-(2.MElHYL.4CHLORGPHENDXY)PRDPlONlC ACID (M 93652 l.WEd3 I 

METHYLCYCLOHEXANE 166072 

METHYLENE BROMIDE 74953 l.WE-02 A 

METHYLENE CHLORIDE 75692 6.00E-62 I 

1 4,4’-METHYLENE t3IS(2CHl.DROAJ-6LINE) 101144 7.WE-04 H 

4.4’sMETHYLENE BlS(N,N.DtMETHYL)ANlLlNE 101611 

, 4,4’JIETHYLENEMPHENYL ISOCYANATE 101666 

: METHYL ETHYL KETONE (?-SUTANONE) 78933 6.WE.01 I 

METHYL HYMIAZINE 60344 

7.808-02 I 7.60EM I 

6.3OE+OO I 6.3OE+w I 

1.6OE+W I 1.8oE+w I 

1.30E+W H 

1.6OE+60 I 1.6OE+W I 

2.WE-06 H 

6.2OE+O3 I 4.55E+O3 I 

1.4OE-02 I 1.40E-02 I 

2.9OE-tm I 

5.71E-02 I 

1.4E-03 E 

3.DDE+W I I 1 1.70E401 I 

II_/ 

9.5oE-04 I 
I I 

I I 
---pq- 

I 

moLo5 I 

2.WE.04 A 

2.40E51 H 

6.80E-01 H 

7.5OE-03 I 6.6OE-01 H 1.65E-63 I 

1.3OE-01 H 1.3OE-01 H 

4.6OE-02 I 

1.7E-O.i I 

2.66E-01 I 

l.lOE+W W 

TBP 

water 

Risk-based concentrations 

Ambient 

air Fish 

Soil 

Industrial Residential 

VOC w uglm3 w% mg/k9 mS/k9 

7.3E401 N 7.3E+W N 2.7E*W N 4.1E+03 N i.BE+02 N 

4.2E-02 C 3.9E-03 C 2.OE-03 C 3.6E+W C 4.OE-01 C 

6.6E-01 c I 8.OE-02 C I 4.OE-02 C I 7.3E+Ol C I &2E+W C t 

l.lE-02 C 9.9E-04 C 5.0844 C 9.1E-01 C l.OE-01 C 

3.7E-02 C 3.5E-03 C 1.6E-03 C 3.2E*W C 3.5E-01 C 

1 5.2EM C 1 4.6Ea3 C 1 2.4E-03 C 1 4.4E+W C 1 4.9E-01 C 

3.7E.02 C 1 3.5E.03 C 1.6E.03 C 3.2E+W C i 3.5E-01 C 



E - EPA-NCM prwbl~nal vsh~e 0 I othn 

Rf!xJ CSFo RKII CSFI 

Chemical 

“METHYL ISOBUTYL KETONE (4-METHYL-2-PENTANOb 

METHYL METHACRYIATE 

CAS 

108101 

50525 

mgrlcgld 

5.OOE-02 H 

1.4OE+Oo I 

WMwd 

2.OOE-02 A 

2.OOE-01 I 

2.METHYL-5-NlTROANILINE 

METHYL PARATHION 

P-METHYLPHENDL 

99555 3.3OE-02 H 

295503 2.5OE-04 I 

95451 5.WE-52 I 

3-METHYLPHENOL 108394 5.WE-02 I 

4-METHYLPHENOL 105615 5.00E-03 H 
METHYLSTYRENE MIX 25313154 5.OOE-03 A l.WE.02 A 
ALPHA-METHYLSTYRENE 95539 7.5OE.02 A 
METHYL TERT-BUTYL ETHER 1534044 5.57E-01 I 
METOLACHLOR (DUAL) 51215452 1SOEOl I 
“MIRW 2355555 2.OOE04 I 
MOLYBDENUM 7439957 5E-03 I 
l ‘MDNDCHLORAMINE 10599QO3 lE-01 I l.WEQl H 
NALED 300755 2E-03 I 
NICKEL REFINERY DUST 5.4E-01 I 
NICKEL 7440020 2.WE-02 I 

NITRATE 14797555 1.50E*w I 

NITRIC OXIDE 10102439 I.WE-01 w 

NITRITE . 14797550 l.WE-01 I 

2-NITROANIlINE 55744 5.7OE-05 H 

NITRDBENZENE 98953 5.WE-04 I .5.WE.O4 A 

NlTROFLtRANTOlN 57209 7.WE-02 H 

NITROFURAZONE 59570 1.5OE+OO Ii 

NITROGEN DIOXIDE 10102440 l.WE+OO W 

NITRDGLYCERIN 55530 1.41X2 E 1 

4NITROPHENDL 100027 5.WE-03 E 

2-NITROPRDPANE 79459 5.70E-03 I 9.40E+W H 

“N-NtTRDSD-DIN-BUTYlAAMlNE 924153 5.40E+W I 5.50E+wJ I 

N-NITROSODIETHANOLAMINE 1115547 2.5OE+W I 

NNlTROSDDfETHYLAMlNE , 55155 1.50E+02 I lSOE+O2 I 

N-NlTROSODfMETHYlAMIN 52759 5lOE+Ol I SlOE+Ol I 

N-NITROSODIPHENYIAMINE 86345 4.90603 I 

N-NITROSODlPROPYlAMtNE 521547 ‘I.OLIE+W I 

N-NITROSON-ETHYLURE 759739 1.40E+M H 
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N-NITROSO-N-METHYLETHYLAMINE 

N-NITROSOPYRRDLIDINE 

OXYFLUORFEN 

PARAQUAT DICHLORIDE 

PARAlHtDN 

10595956 2.20E+Ol I I 

930552 2.lOE+W I 2.lOE*W I 

99051 2.00E-02 E 

55722 l.WE-02 H 

99990 l.WE.02 H 

5550919Q 7.OOE-04 I 

19044953 5.WE.02 I 

19555309 5.WE-03 I 

23135220 2.5OEG I 

1910425 4.5OE-03 I 

55352 5.WE-03 H 

“PENTACHiOROSENZENE 

“PENTACHLORONITROBENZENE 

PENTACHLDRDPHENOL 

508935 5.GUE-04 ! 

52555 3.WE-03 I 2.5OE-01 H 

57555 3.OOEM I 1.2OE-01 I 

PERMETHRIN 

PHENOL 

M-FIIENYLENEDIAMINE 

O.PHENYLEN! ‘$E 

! 

52545531 5.OOE-02 I 

105952 5.WE-01 I 

105452 5.OOE-03 I 

95545 4.70E-02 Ii ‘- 

s 

Risk-based ~~n~enlrsllon~ 

Amblenl 

air Nsh 

SOil 

lnduskial 

uglm3 I m@9 m9m 

7.3~+01 N 1 l.lE+02 N 1.5E+05 N 

7.3E+02 N 1 l.QE+03 N 1 2.9E+O5 N 

l.QE.01 C 9.5E-02 C 1.7E+02 C 

9.lE91 N 1 3.4E-01 N 1 5.lE+02 N 

1,5E+02 N 1 8.5E+Ol N 1 l.OE+05 N 

1.5E+02 N 1 5.81301 N 1 l.OE+05 N 

l.BE+Ol N 1 B.BE*W N 1 l.OE+O4 N 

3.7E+Ol N 1 B.lE+W N 1 1.2E*O4 N 

2.5E+M N QSE+Ol N 1.4E*O5 N 

3.lE*03 N 1 I 
5SE+02 N 1 2.OE+02 N 1 3.1E*05 N 

7.3E-51 N 1 2.7EOl N 4.lE+02 N 

1.5E+Ol N 1 5.5E+OO N 1 l.OE+04 N 

3.7E+02 N 1 1.4E+O2 N 1 2.OE+O5 N 

7.3E+00 N 1 2.7E+W N 1 4,lE+03 N 

7.5E-03 C I I 
7.3E+Ol N I 2.7E+Ol N 1 4.lE+O4 N 

5.98+03 N 1 2.2E*03 N 1 3.3E+C6 N 

3,7E+02 N 1 I.4002 N 1 2.tiE+O5 N 

3.7E+02 N 1.4E+O2 N 2.OE+05 N 

2.1E-01 N 

2.2E+W N 8.8E-91 N l.OE+O3 N 

2.5E+M N 9.5E+Ol N 1.4E+05 N 

4.2E03 C 2.lE.03 C 1 3.5E+CO C 

3.7E+O3 N 1 1.4E+03 N 2.OE+O5 N 

4.5E-01 C 2.3EJJl C 4.1E*02 C 

2.9E+Ol N l.lE+Ol N 1.5E+04 N 

5.7E-04 C 

l.lE-03 C 5.5E-04 C l.lE+OO C 

2.2E-03 C 1 l.lE-03 C 1 2.OE+W C 

4.2E.05 C 1 2.lE-05 C 1 3.5E02 c 

f.2E-04 c I 5.2E-05 C I l.lE-O1 c 

l.JE+W C 1 5.4E-01 C 1 1.2E+O3 C 

6,Q&O4 C 1 4.5E-04 C 1 5.2E-01 C 

4.5E-05 C 1 2.3E-05 C 1 4.lE-02 C 

2.5~54 c 1 1.4EJ34 C 1 2.5E-01 C 

3.OE-03 C i 1.5E.03 C 1 2.7E+m c 

7.3E+Ol N 2.7E+Ol N 4.1E+O4 N 

3.7E*Ol N 1.4E+Ol N 2.OE+04 N 

3.7E+Ol N 1.4E+Ol N 2.0E+04 N 

2.5E+W N 9.5E-01 N 1.4E+03 N 

IX+02 N &5E+Ol N i.OE+O5 N 

1.5E+Ol N 5.5E+W N l.OE+O4 N 

g.lE+Ol N 3,4E+Ol N 6.lE+04 N 

l.lE+Ot N 4.1E+W N 1 5,lE+03 N 

1.6E+l,l N 1 8.lE+OO N 1 92E+O3 N 

2.2E+Ol N 1 5.lE+W N 1 1.2E+O4 N 

Residenlial -4 mPg 

5.3E+03 N 

l.lE+05 N 

12E+O4 N i 

1.6E+03 N I 

1 5.3E+M N 

1.2E-01 C t 

1.5E+O3 N 

7.5E+02 N 

----i 

7.5E+O2 N 

5.5E+Ol N 

3.9E+03 N 

3.9E+02 N 

2.OE+03 N 

2.3E+M N 

3.5E+02 N 

4.7E+O2 N 
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FLUORANTHENE 

2-METHYLNAPHTHAl.ENE 

PROPACHLOR 

PROPANIL 

PROPARGITE 

NPROWLBENZENE 

PROPYLENE GLYCOL 

PROPYLENE GLYCOL, MONOETHYL ETHER 

I 
;$gy=OLYCOL- MONoMETHYLETHER 

1916167 1.30E-02 I 4.7E+02 N 4,7E+Ol N 1.6E+Ol N 2.7E+04 N l.OE+03 N 

799966 S.OOE-03 I 1.6E+02 N 1.6E+Oi N 6.6E+W N l.OE*04 N 3.9E+02 N 

2312356 2.WE-02 I 7.38+02 N 7.3E+Ol N 2.7E+Ol N 4.lE+O4 N I%+03 N 

l.WE.02 E Y B.lE+Ol N 3.7E+Ol N 1.4E+Ol N 2.OE+04 N 7.0E+O2 N 

57556 2.WE+Ol Ii 7.38105 N 7.3E+O4 N 2.7E+O4 N 4.lE+07 N 1.6E+O6 N 

52125536 7.OOE-01 H 2.6E+W N 2.6E+O3 N 9.5E+O2 N 1.4E+O6 N 5SE+O4 N 

PYRIMNE 1 11066ll l.OOE.03 I I I I 
n, l,uN I)IIC I wJ7nl I 1!2oE+ol H I 

1 3,7E+Ol N 1 3,7E+OU N 1 1.4E+W N 1 Z.OE+03 N 1 7.6E+Ol N 

1 5.6E.03 C 1 6.2E-04 C 1 2.6E-04 C 1 4.6~01 c 1 5.3E62 c 
Y”W.“LII.h - .-- 

RDX 121624 3.WEa I 

RESMETHRIN 10453660 3.WE.02 I 

“RCNNEL 299643 5.WE-02 H 

ROTENONE 63794 4.WE-03 I 

SELENIOUS ACID 7763006 RWE-03 I 

SELENIUM 7762492 5.OOE-03 I 

SILVER 7440224 5.WE-03 I 

SIMAZINE 122349 5.WE.03 I 

.._-- . 

1.1oE.01 I 

1.20!%01 H 

1 6.lE-01 C 1 5.7E.02 C 1 2.9E-02 C 1 5.2E+Ol C 1 5.6E+W C 1 

l.lE+O3 N l.lE+M N 4.lE+Ol N 6.lE+04 N 2.3E*03 N 

1.6E+O3 N 1.6E+O2 N 6.8E401 N l.OE+OS N 3.9E+O3 N 

1.5E+02 N lSE+Ol N 5.4E+W N 8.2E+03 N 3.1E+02 N 

1.8E+M N l.EE?Ol N B.BE+W N l.OE+04 N 3.9E*OZ N 

1 1.8~+02 N 1 l.BE+Ol N 1 6.6E+W N 1 1.06+04 N 1 3.9E+02 N 

1.6E+02 N l.BE+Ol N 6.6E+W N l.OE+04 N 3.9E+02 N 

5.6E-01 C 5.2E-02 C 2.6E-02 C 4.6E’Ol C 5.3E+W C 



,BTETRACHLOROPHENOL 

“TETRAHYDROFURAN 

THALLIUM CHLORIDE 

1.1.2-TRICHLOROETHANE 

2-(2,4,5-TRICHLOROPHENOXY)PROF’lONIC ACID 

12 3-TRICHLOROFROPENE 

1.6E+OO C 1.7E-01 C 6.5E-02 C 1.5E402 C 1.7E+01 C 

l.lE403 N ‘.lE+O2 N 4.1E401 N 6.1E+O4 N 2.3E+03 N 

2.2E+W C I 2.1E-O’ C I l.lE-01 C ! ‘.9E+02 C 1 2.‘E+Ol C I 

‘.lE+O2 N l.lE+Ol N 4.‘E+W N 6.1E+03 N 2.3E+02 N 



E - EPA-NCEA pmvidmd n*s 0 -c&n Risk-based concenlralions 

Tap Ambient Soil 

RfOo CSFo RfDi CSFI water 

Chemical 

air Fish Industrial Residential 

CAS wWd A lhnglkgld lhn9Aqj/d VOC w uglm3 

VANAIMJM 
manes msk9 

7440622 

m9M 

7.WE-03 H 2.6E+02 N 

VANAMUM PENTOXIDE 

2.6E+Ol N 

1314621 

9.5E+W N ‘.4E*O4 N 5.5E+02 N 

9.OOE-03 I 3.3E+M N ‘3.3E+Ol N 

VANADIUM SULFATE 

1.2E401 N 

16785612 

IBE+ N 7.OE+02 N 

2.OOE-02 H 

VINCLOZOLJN 

7.38402 N 7.3E401 N 2.7E+Oi N 

60471446 

4.1E+O4 N 

2.5OE-02 I 

1.6E+03 N 

VlNYL ACETATE 
9.lhO2 N 9,lE+Ol N 3.4E401 N 5.1EtCd N 

108054 l.OOE+W H 

2.OE+03 N 

5.71E.02 I 

VlNYL CHLORIDE 
Y 4.1E+O2 N 2.1E*02 N 

75014 

‘.4E+03 N 2.OE+O6 N 7.8E404 N 

‘.9OE+OO H 
WARFARIN 

3.WE-01 H y 1.9E-02 C 

61612 

2.1E-02 C 1.7E-03 C 

3.WE.04 I 

3.OE+W C 3.4E-01 C 

M-XYLENE 
l.lE+Ol N l.lE+W N 

108383 

4.1E.01 N 

2.oOE+w Ii 

6.1E+02 N 2.3E+Ol N 

O-XYLENE 
Y 1.2E40.4 N 

95476 

7.3E403 N 2.7E+O3 N 

2.WE+W H 

4.1E& N 1.6E+05 N 

Y 
P-XYLENE 

1.2E+O4 N 7.3E403 N 

106423 

2.7E+O3 N 4.lE+C6 N I.BE+05 N 

XYLENES 
Y 

1330207 2.OOE+w I 

ZINC 
Y 1.2E404 N 

7440666 

7.3E+O3 N 

3.WE.N 1 

2.7E+03 N 4.1E406 N ‘.6E+05 N 

ZINC PHCSPHIDE 
l.‘E+O4 N 

1314647 

l.lE403 N 4.1E+02 N 6.1E405 N 

K-041 

2.3E*O4 N 

UNES 
l.lE+Ol N 

12122677 
l.lE+W N 

C-021 

4.1E-O’ N B.lE+M N 2.3E+Ol N 

1.6E+O3 N 1.8E+02 N B.BE+Ol N l.OE+O5 N 3.9E+03 N 





SUNMARY OF NUMERICAL CRlTERlA 
Retnediation Standard Regulations 
Appendices A, B, C, D, E, and F 
January 1996 



: SlJMMP,RY OF NUMERICAL CRITERIA 
Remediation Standard Regulations 

Y Appendices A, 6, C, 0, E, and F 
January 1996 

PM = Pohtant”Mobiiity Criteria ,, 
Vol.=Voht&ationCr#er@ .-. 
u* = micrograms per liter or parts per billion 
mgkg = milligrams per Mogram or ppm 

(IiTCLP or SPLP (69/b> 

Compliments of: EPOC ‘.’ .,. .: ‘.>... (_ .,.’ :. .: ._ . -r 
..Y i... : - 

_ (. ._, 
w3cm-;. 

.::.’ . 

A, _ 

: 

UC Vd. RES Vat. lCVt3 
Mw @pm) @pm) 

I 

-’ . ,’ .-;., ,i 
.-a. 1 . ..’ 

.jF’. 

., _. 
:.. 

_-. :. ,,: ; ._ . ..i.. r... - .:’ ‘:. : 
, ,i. 

/ “. : \ 9 ’ UC = IndustxiaKommercial 
SWP = Surfaqe Water Protection C$eria 
GP = Groi mdwater PrhCth;ntena 
NE = Non& Establi#@ by I 
ppm = parts per million . 

i ,. 

., ;. 



Approved Criteria for Additional Polluting Substances 
Pursuant to Sections 22a- 133k( 1) through (3) of the Regulations of Connecticut State Agencies 

Pollutant Soil (mgkg) Groundwater @g/l) 

GWPC / SWPC IRESVC I/C vc I/C GAAIGA GB 
DEC PMC PMC 

2500 8.4 84 

0.34 In Review In Review 

RES 
DEC 

1000 

0.036 2 acenaphthene 

aldrin 

NE 

NE 

NE benzo(g,h,i)perylene 8 1000 2500 
I 

4.2 
I 

42 210 
I 

NE 
I 

NE 

NE benzoic acid 

BHC(alpha-) NE 

NE BHC(beta-) 0.34 3.2 I In Review I In Review 

BHC(delta) ’ 0.097 NE In Review NE 

0.56 NE 

9.8 NE 

410 NE 

NE 

NE 

NE 

NE 

NE bromodichloromethane 

bromomethane NE 

NE 500 1000 8.2 

I I 

82 4-bromophenyl- 
phenylether 

n-butylbenzene 

set-butylbenzene 

tert-butylbenzene 

1000 1.4 14 NE 

NE 1000 
I 

1.4 
I 

14 

500 NE 1000 1.4 14 
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Approved Criteria for Additional Polluting Substances 
Pursuant to Sections 22a-133k( 1) through (3) of the Regulations of Connecticut State Agencies 

Pollutant 

carbazole 

carbon disulfide 

RES 
DEC 

31 

500 

Soil (mg/kg) Groundwater @g/l) 

I/C GAAIGA GB GWPC SWPC RES VC I/C vc 
DEC PMC PMC 

290 I# l# lO# NE NE NE 

1000 14 140 700 NE NE NE 

4 4’-DDT 
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Approved Criteria for Additional Polluting Substances 
Pursuant to Sections 22a- 133k( 1) through (3) of the Regulations of Connecticut State Agencies 

I I 1 
Pollutant 

1,2-dibromo-3- 
chloropropane 

1,2-dibromoethane 

3,3’-dichlorobenzidene 

1,4-dichlorobutene 

diethyl phthalate 

2,4-dimethylphenol 

dimethyl phthalate lo 

2,4-dinitrophenol 

2,4-dinitrotoluene 

2,6-dinitrotoluene 

endosulfan I 

endosulfan II 

endosulfan sulfate 3 

RES 
DEC 

0.44 

0.0072 

1.4 

0.07 

1000 

1000 

1000 

140 

140 

68 

410 

410 

410 

Soil (mg/kg) 

I/C GAAIGA GB GWPC 
DEC PMC PMC 

4.1 In Review In Review In Review 

0.067 In Review In Review In Review 

13 0.33 # 0.33 # lO# 

0.62 In Review In Review In Review 

2500 110 1100 5600 

2500 2.8 28 140 

2500 110 1100 5600 

2500 1.65 # 2.8 50 # 

2500 l# 2.8 14 

2000 I# 1.4 lO# 

1200 0.84 8.4 42 

1200 0.84 8.4 42 . 

1200 0.84 8.4 42 
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Groundwater (pg/l) 

NE NE NE 

NE NE NE 

NE NE NE 

NE NE NE 

NE NE NE 

NE NE NE 

NE NE NE 

NE 
I 

NE 
I 

NE 
I 

NE NE 
I 

NE 

L .̂ 

‘. 

..-_I. 



Approved Criteria for Additional Polluting Substances 
Pursuant to Sections 22a- 133 k( 1) through (3) of the Regulations of Connecticut State Agencies 

Pollutant 

endrin aldehyde 4 

endrin ketone 5 

RES 
DEC 

20 

20 

Soil (mg/kg) Groundwater (pg/L) 

I/C GAAIGA GB GWPC SWPC RES VC I/C vc 
DEC PMC PMC 

610 NE NE NE NE NE NE 

610 NE NE NE NE NE NE 
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Approved Criteria for Additional Polluting Substances 
Pursuant to Sections 22a- 133k( 1) through (3) of the Regulations of Connecticut State Agencies 

Soil (mg/kg) Groundwater @g/l) Pollutant 

3-nitroaniline 

GB 
PMC 

RES I/C 
DEC DEC 

200 2500 

200 2500 

GAAI GA 
PMC 

1.65 # 

l# 

GWPC 

50 # 

SWPC 

NE 

RES VC I/C vc 

NE NE 

I 4-nitroaniline I NE 

I nitrobenzene 

I I I I 

1.4 lO# NE NE NE ” ,. ,< 

I# 

14 

lO# NE NE NE v- ~:i- ‘ct- 
.” 

61 I3 NE NE NE c ‘ ” 9- 

70 NE NE NE *es 7 

I n-propylbenzene 

14 

NE 20000 NE NE NE 

I 2,4,5trichlorophenol 1000 I 2500 
I 

14 140 I 700 I NE I NE I NE I 

l# 
I 

lO# 
I 

NE 
I 

NE 
I 

NE 
I 

I I I 
70 350 NE NE NE 
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Approved Criteria for Additional Polluting Substances 
Pursuant to Sections 22a- 133k( 1) through (3) of the Regulations of Connecticut State Agencies 

NE Not Established 
# Criteria based on detection limits. 

Notes: ’ BCH(alpha) used as surrogate for BCH (delta). 
2 4-bromophenyl-phenyl ether used as surrogate for 4-chlorophenyl-phenyl ether. 
3 Endosulfan used as surrogate for endosulfan sulfate. 
4 Endrin used as surrogate for endrin aldehyde. 
’ Endrin used as surrogate for endrin ketone. 
7 Based on an interim acceptable exposure level of 0.007 mg/kg developed by DPH. Criteria to be used for screening purposes. 
* Pyrene used as surrogate for benzo(g,h,i)perylene. 

I 

9 Screening level for p-isopropyltoluene is based on isopropylbenzene as a surrogate. Also known as methylisopropylbenzene. 
lo Diethyl phthalate used as surrogate for dimethyl phthalate. 
I’ Based on odor threshold. Also known as Freon 113 and 1,1,2-trichloro- 1,2,2-triflouroethane. 
l2 Based on health based GWPC of 209 ug/l; toxicity is estimated to be three fold greater than cumene. 
i3 GWPC from Region III table which incorporates inhalation and drinking exposure routes. 
l4 Based on health based GWPC of 660 pg/l. 
” GWPC based on odor detection from volatilization during showering. 
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March 20, 1998 

Brown & Root Environmental Project Number 7237 

Mr. Mark Lewis 
Connecticut Department of Environmental Protection 
Water Management Bureau 
Permitting, Enforcement, and Remediation Division 
Federal Remediation Program 
79 Elm Street 
Hartford, Connecticut 06106-5127 

Reference: CLEAN Contract No. N62472-90-D-1298 
Contract Task Order No. 0260 

Subject: Responses to CTDEP’s Comments on Calculated Remediation Standards 
Lower Subase Remedial Investigation 
Naval Submarine Base - New London. Groton. Connecticut 

: \ - 

Dear Mr. Lewis: 

Brown & Root (B&R) Environmental and the Navy received your February 27, 1998 comment letter 
regarding the Remediation Standards that were calculated for use in the Lower Subase Remedial 
Investigation. Responses to CTDEP’s comments have been prepared and the appropriate revisions 
have been made to Tables 1 and 2, which were previously enclosed in B&R Environmental’s December 
23, 1997 letter. B&R Environmental, on the behalf of the United States Navy, Northern Division 
Facilities Engineering Command and Naval Submarine Base - New London, has enclosed the Navy’s 
responses to CTDEP’s comments and the revised tables for your review and approval. 

If you have any questions regarding the responses or the information provided in the revised tables, 
please contact Mr. Mark Evans at (610) 595-0567 (ext. 162) or me at (412) 921-8244. It is anticipated 
that any remaining issues can be resolved during a conference call. 

Enclosure(s) 

c: Mr. Roger Boucher, NORTHDIV (letter only) 
Mr. Mark Evans, NORTHDIV 
Mr. Andy Stackpole, NSB-NLON Environmental 
Mr. John Trepanowski, B&R Environmental 
Mr. Daryl Hutson, B&R Environmental (letter only) 
Ms. Karen Smecker, B&R Environmental 
File: CT0 0260 



RESPONSES TO CTDEP’S COMMENTS (2127198) 
ON THE CALCULATED CTDEP RE!‘!lEDlATl.ON ST$!DD~.D~<:(12/23/97) 

CT0 260 - LOWER SUBASE REMEDIAL INVESTIGATION 
NAVAL SUBMARINE BASE-NEW LONDON, GROTON, CONNECTICUT 

MARCH 20,1998 

I. SURROGATE CHEMICALS USED TO SUPPLY TOXICITY VALUES 

Comment: 

1. The Navy has used naphthalene as a surrogate to represent the toxicity of 
benzo(g,h,l)perylene. As noted in Dr. Ginsberg’s memorandum, pyrene (RfD 0.03 
mglkgld) is a more appropriate surrogate. The RfD for naphthalene has been withdrawn 
from IRIS. Please recalculate the direct exposure, pollutant mobility, and ground water 
protection criteria for benzo(g,h,i)perylene using this approach. This approach is 
appropriate for a screening level risk assessment. However, the uncertainties involved 
with this approach should be acknowledged if these two chemicals are found to be major 
risk drivers at the site. 

The direct exposure, pollutant mobility, and groundwater protection criteria for 
benzo(g,h,i)perylene will be recalculated using pyrene as a surrogate. Benzo(g,h,i)perylene was 
detected in soil and groundwater at the Lower Subase but was not found to be a major risk driver “---.~ 
at any of the zones that were evaluated in-the risk assessment. Btinzo(g,h,i)perylene was only 
identified as a. COC in groundwater at Zone 4 where it was detected in one sample at a 
concentration exceeding the State’s Ambient Water Quality Criteria (AWQC) for the protection of 
human health. Consequently, this does not have any impact on the human health risk 
assessment. 

Comment: 

2. It is unclear why the Navy calculated criteria for phenanthrene since the regulations list 
direct exposure, pollutant mobility, and groundwater protection criteria for this 
compound. Please use the criteria listed in the..Regulations for this compound. The Navy 
should either withdraw their request for approval of criteria for phenanthrene, or, if the 
Navy is requesting approval of alternative criteria for this compound under the 
Regulations, the Navy should so state. 

Resoonse: 

The Navy retracts its request for approval of criteria for phenanthrene. The promulgated criteria 
for phenanthrene were used in the selection of COCs in the human health risk assessment. 
Consequently, this does not have any impact on the human health risk assessment. 
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Comment: 

3. Bromodichloromethane should be used as a surrogate for bromochloromethane. Please 
use the criteria calculated for bromodichloromethane in place of those calculated using 
chloromethane as a surrogate. 

Resoonse: 

Bromodichloromethane will be used as a surrogate for bromochloromethane. 
Bromodichloromethane was not detected in soil and groundwater samples for any of the zones 
evaluated in the human health risk assessment, consequently this does not have any impact on 
the analysis. 

Comment: 

4. The Navy’s proposal to use 3-methylphenol as a surrogate for 4-chloro-3-methylphenoi is 
not appropriate, due to structural differences between the two compounds. The use of a 
qualitative risk assessment would be acceptable assuming that concentrations of this 
chemical do not exceed the low part-per-billion range. Please see Dr. Ginsberg’s 
comments for additional details. 

Resoonse: 

No criteria will be developed for 4-chloro-3-methylphenol. Instead, as suggested, 4-chloro-3- 
methylphenol will be evaluated qualitatively. 4-Chloro-3-methylphenol was only detected in one 
soil sample at the Lower Subase and at a low concentration (34 ppb), consequently, this does not 
have any impact on the human health risk assessment. 

II. INCORRECT OR UNSUPPORTED POTENCY VALUES 

Comment: 

5. Several of the CSFs or RfDs used by the Navy appeared to be incorrect, based on a 
comparison to the values listed in the EPA Region Ill Risk Based Concentrations table, 
IRIS, or HEAST. Please recalculate the direct exposure, pollutant mobility, and ground 
water protection criteria using correct values for total l,S-dichloroethene. Please assume 
that this value pertains to the mixture of cis and trans isomers. The RfD for the’mixture 
should be 9E3 mglkgld. 

Response: 

The direct exposure, pollutant mobility, and groundwater protection criteria for total 1,2- 
dichloroethene will be recalculated using an oral reference dose of 9E-3 mg/kg/day. This 
revision does not impact the human health risk assessment since all detected concentrations of 
total 1,2-dichloroethene are less than the recalculated criteria. 
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Comment: 

6. The Department was unable to verify the potency factors listed by the Navy for several 
chemicals. Please either provide references to, support the listed potency factors, or 
derive criteria using acceptable surrogates for the fol@?+jng compounds: chloroethane, 
4,6-dinitro-2-methylpheno1, 2-hexanone, and P-methylnaphthalene. Please note that 
naphthalene is not an appropriate surrogate for 2methylnaphthalene as the RfD for 
naphthalene has been withdrawn from IRIS. Please refer to Dr. Ginsberg’s memo for 
additional guidance. 

Response: 

The toxicity criteria for chloroethane, 4,6-dinitro-2-methylphenol, 2-hexanone, and 2- 
methylnaphthalene were obtained from the current U.S. EPA Region III Risk-based 
Concentration (RBC) Table dated October 22, 1997. The RBC table cites EPA’s &tJonal Center 
for Environmental Assessment (NCEA) as the source for the values for chloroethane, 4,6-dinitro- 
2-methylphenol, and 2-methylnaphthalene. Although not cited in the RBC table, EPA Region III 
stated in telephone call on March 12, 1998, that NCEA is also the source for the toxicity criteria 
for 2-hexanone. Therefore, there are no changes necessary to the proposed values. 

Comment: 

7. The Department was unable to verify the RfD listed by the Navy for It-nitrophenol (8.00E-3 
mg/kg/d). Please either provide a reference for the listed value, or use the default RfD -,~~* 
currently listed in the RBC tables (6.2E-2 mglkgld). 

Response: 

The current RBC table lists 8.00E-3 mg/kg/day as the oral RfD for 4-nitrophen’ol and cites EPA’s 
NCEA as the source for the value. The value. of‘6:2E-2 mg/kg/day was listed in the previous, 
outdated version of the RBC table. Therefore, there are no changes necessary to the proposed 
criteria. 

III. POLLUTANT MOBILITY CRITERIA FDR METALS .” ..s., , 

Comment: 

8. The ground water protection criterion for cobalt was calculated correctly by the Navy. 
However, the approach used by the Navy in calculating pollutant mobility criteria for 
cobalt is unacceptable. Rather than using the calculated ground water protection 
criterion (420 pg/l) to establish a pollutant mobility criterion for cobalt, the Navy used the 
EPA Region Ill Risk Based Criteria for tap water (2,200 pg/L) as the GAA/GA pollutant 
mobility criterion. This approach is less conservative than using the calculated ground 
water protection criterion. The correct pollutant mobility criteria for cobalt, based on the 
groundwater protection criteria calculated by the Navy, are 420 pg/L for a GAA/GA area, 
and 4,200 pg/L for a GB area (measurement by TCLP or SPLP). 
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Resoonse: 

The pollutant mobility criteria for cobalt will be changed to 420 M/L for a GAA/GA. area and 
4,200 pg/L for a GB area. This revision has no impact on the human health risk assessment 
because of the following reasons: (1) none of the historical soil samples that were analyzed by 
TCLP had leachates that were analyzed for cobalt, and (2) only the soil samples from Zone 6 
had SPLP leachates that were analyzed for cobalt and all of the results were nondetects. 

Comment: 

9. The ground water protection criterion for manganese was calculated correctly by the 
Navy. Rather than using the calculated ground water protection criterion (160 pg/l) to 
establish a pollutant mobility criterion for manganese, the Navy used the EPA Secondary 
MCL for drinking water (50 pg/L) as the GAA/GA pollutant mobility criterion. This 
approach is acceptable as it is more conservative than using the calculated ground water 
protection criterion. 

Resoonse: 

No response required. 

IV. GB POLLUTANT MOBILITY CRITERIA FOR DIMETHYLPHTHALATE 

I Comment: 

IO. The GB pollutant mobility criteria listed for dimethylphthalate (1,400 mg/kg) in the Navy’s 
Table 2 appears to be a typo. The correct value should be listed as 14,000 mg/kg. 

Resoonse: 

The GB pollutant mobility criteria for dimethylphthalate will be corrected to 14,000 mg/kg. This 
revision has no impact on the analysis since dimethylphthalate was not detected in soil samples 
in any of the zones that were evaluated in the human health risk assessment. 

V. BlS(2CHLOROETHOXY)METHANE 

Comment: 

11. The Navy proposes a qualitative risk assessment for this compound. This approach is 
acceptable provided that the compound is not present at concentrations above the low 
part-per-billion range. As noted by Dr. Ginsberg, if it is present above this range, a more 
quantitative risk assessment may be required. 

Resoonse: 

Bis(2-chloroethoxy)methane was not detected in soil or groundwater 
zones evaluated in the human health risk assessment, consequently 
impact on the analysis. 

samples for any of the 
this does not have any 
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CT0 260 LOWER SUBASE Rl 
NEW LOi\iDbN; C$ri;tiTdiu: C‘ONNECTICUT 
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Chemical 

2Ghloronaphthalene 
2-Chlorophenol 
4-Chlorophenyl-phenylether 

Basis of Value to be Used in RI Report 
CAS Chemical Promulgated Calculated Surrogate 

Number. Fraction Value”’ Value’21 Calculated 
Value”’ 

91587 svoc X 

95578 svoc X 
7005723 svoc X 
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TABLE 1 
‘.&. ,, il:/ r:, t, 2” :’ ri :$$ 1 .&.2f;,:“;: 2.e &- -d “i(>.,r :p> i 

SOURCE OF CONNECilCUi;i&tiEDlATiON STANDARDS 
CT0 260 LOWER SUBASE Rl 

NEW LONDON, GROTON, CONNECTICUT 
PAGE 4 OF 4 

Chemical 
Basis of Value to be Used in RI Report 

CAS Chemical Promulgated Calculated Surrogate 

Number Fraction Value(‘) Value”’ Calculated 

t 
I Value”) 

1,2,4-Trichlorobentene 1 12( 3821 svoc X 
1 1 ,1 ,l -Trichloroethane ! 71 556 voc X 
II ,1,2-Trichloroethane I 79005 voc X 
Trichloroethylene 79016 voc X 
2,4,5TrichlorophenoI 95954 svoc X 
2,4,6-Tnchlorophenol 88062 svoc X 
Vanadium 7440622 INORG . X 
Vinyl chloride 75014 voc X 
Xylene (total) 1330207 voc X 
Zinc 7440666 INORG X 

INORG Inorganic 
PEST Pesticide 
svoc Semivolatile organic compound 
voc Volatile organic compound 

1 State of Connecticut Remediation Standard Regulations, Section 22a-133k (January 1996). 
2 Published toxicity criteria is available. Toxicity criteria from the current USEPA Region Ill Risk-Based 

Concentration Table (October 22, 1997) will be used to calculate a value using the methodology 
presented in the State guidance (January 1996). 

3 No toxicity criteria is available. Toxicity criteria for a similaily structured chemical (noted’ 
in parentheses) will be used to calculate a value. 

4 Region I does not advocate a quantitative evaluation of this chemical. Exposure to this chemical will 
be addressed in a qualitative fashion. 

5 No promulgated value or published toxicity criteria are available. A similarly structured chemical with 
published toxicity criteria could not be identified. Exposure to this chemical will be addressed in a 
qualitative fashion. 

6 Chemical is an essential nutrient. 
7 Value for chlordane is used. 
8 Value for hexavalent chromium is used for conservative purposes. 
9 Value for endosutfan is used. 
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TABLE 2 

CALCULATED AND SURROGATE CALCULATED VALUES 
CT0 260 LOWER SUBASE RI 

NEW LONDON, GROTON, CONNECTICUT 
PAGE 1 OF 3 

Published Toxciologlcal Criteria(‘) ) 
I I 

Calculated Remediation Standards”’ 

I 

6.00E-02 NA 1c 
3.OOE-05 1.70E+Ol 0 

NA NA 1c 
NA 6.30E+OO 0 

Soil (mglkg) 

I/C DE”’ GAIGAA PM 

%ml(“) RA 

GB PM 

AA 

I Groundwater 

ow-1 
GA/GA/l 

GP 
430 

1 L.l”” I V.7 I -. I .-- n?d n m41 I 0.00041 I 0.0021 1 

Chemical 

Acenaphthene 
Aldrin 

Benzo(g,h,i)perylene 
RCH faInha-\ 

Bromodichloromethane 

4-Bromophenyl-phenylether 
Carbazole 

Carbon disultide 

580E-021 

- ~-NAI XIOE-021 31 

4-Chloro-3-methylphenol 
2-Chloronaphthalene 

4-Chlorophenyl-phenylether 
^. 

NA NA NAr”’ 

8.00E-02 NA 1000’4’ 

NA NA 5od9’ 

1,2-Dichloroethene (total) 9.00E-03 1 
I A fmFJl1 I 

I 0.054 I 0.54 2.7 . . . I 

[ 0.96 4.8 _. I 

6 0.016 0.078 I 

Revision x;/20/98 



TABLE 2 

CALCULATED AND SURROGATE CALCULATED VALUES 
CT0 260 LOWER SUBASE RI 

NEW LONDON, GROTON, CONNECTICUT 
PAGE 2 OF 3 

1 Published Toxcioioaicai Criteria”’ 1 Calculated Remediation Standards”’ 

Chemical 

4.6-Dinitro-2-methvlohenol 

Groundwater 

RfDa,sl CSFmi Soil (mglkg) OJm 

OwWdw) WdWW RES DE”’ i/C DE”’ GAIGAA PM GB PM GA&AA 
GP 

1 BOE-04 NA 6.8 200 0.014 0.14 0.7 

2,4-Dinitrophenoi 2.OOE-03 NA 140 2XnY4 0.28 2.8 14 
2,CDinitrotoluene 2.OOE-03 NA 140 2500f4’ 0.28 2.8 14 
2.6-Dinitrotoluene 1 BOE-03 NA 88 2ooo 0.14 1.4 7 
%dosulfan I 
fndosuifan II 

Zndosulfan sulfate 

Endrin aidehyde 
Endrin ketone 
iexachlorobutadiene 

6.OOE-03 NA 410 1200 0.84 8.4 42 
6.OOE-03 NA 410 1200 0.84 8.4 

NA NA 41 o(‘*’ ~~‘12’ 0.84”” 8.4”” 4$2’ 

NA NA 2oW 810”” ,,,E”3’ NE”3’ ,,,E”3’ 

NA NA 2oW 610”” NE”3’ NE”% NE”3’ 

2.OOE-04 7.80E-02 7.9 73 0.009 0.09 0.45 

iexachlorocyclopentadiene 7.00E-03 NA 470 2500’4’ 0.98 9.8 49 

&Hexanone 4.OOE-02 NA 500’4’ 1 000(4’ 5.6 56 280 
ndeno(l,2,3-cd)pyrene NA 7.30E-01 0.84 ’ 0.00096 0.0096 0.045 
sophorone 2.00E-01 9.50E-04 640 2;;(4’ 0.74 7.4 37 
Vlanganese 2.30E-02 NA 1600 47000 5pw4~ 500,lOH14’ 160 

!-Methyinaphthalene 4.OOE-02 NA 1 OWt4 2500t4’ 5.6 56 280 

?-Methylphenol 5.OOE-02 NA 1 000’4’ 2500’4’ 7 70 350 

I-Methylphenol 5OOE-03 NA 340 2500f4’ 0.7 7 35 
2-Nitroaniline 6.OOE-05 NA 4.1 1200 0.0084 0.084 0.42 

3-Nitroaniline 

GNitroaniline 
Uitrobenzene 

!-Nitrophenol 
GNitrophenol 
+Nitrosodiphenylamine 
J-Nitrosodi-n-propylamine 

I ,2,4-Trichlorobenzene 

3.OOE-03 NA 200 2500’4’ 0.42 4.2 21 

3.OOE-03 NA 200 2500C4’ 0.42 4.2 21 
5.OOE-04 NA 34 1000 0.07 0.7 3.5 

NA NA 540’15’ 25oow 1.P $p’ 56’15’ 

8.OOE-03 NA 540 2500’4’ 1.1 11 56 
NA 4.90E-03 130 1200 0.14 1.4 7.1 
NA, 7.OOE+OO 0.088 0.82 0.0001 0.001 0.005 

1 .OOE-02 1 NA 680 2500’4’ 1.4 I 14 70 

!,4,5-Trichlorophenol I 1 .OOE-01 1 NA] I 000’4’ I 2500’4’ I 14 I 140 I 700 
!,4,6-Trichlorophenol NAI l.lOE-021 56 520 0.064 0.64 3.2 

RfD 
CSF 

Reference dose 
Cancer slope factor 

f 
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TABLE 2 

RES DE 
I/C DE 
GNGM PM 
GE3 PM 
GA/GAA GP 
NA 
NE 

CALCULATED AND SURROGATE CALCULATED VALUES 
CT0 260 LOWER SUBASE RI 

NEW LONDON, GROTON, CONNECTICUT 
PAGE 3 OF 3 

Direct exposure criteria for residential land use 
Direct exposure criteria for industrial/commercial land use. 
Pollutant mobility criteria for a GA/GAA classified area 
Pollutant mobility criteria for a GB classified area 
Groundwater protection criteria for a GA/GAA classified area 
Not available 
None established by Connecticut DEP (January 1996) 

1 Values obtained from current USEPA Region Ill Risk-Based Concentration Table (October 22, 1997) 
, 

2 Calculated using methodologies presented in State guidance (January 1996). 
3 Calculated value for direct exposure for volatile and semivolatile organics is replaced with the appropriate ceiling limit if the calculated value exceeds 

the ceiling limit, Ceiling limit for volatiles is 500 mglkg for residential exposure and 1600 mglkg for industrial/commercial exposure. Ceiling limit for 
semivolatiles is 1000 mglkg for residential exposure and 2500 mglkg for industrial/commercial exposure. 

4 Ceiling limit. Calculated value exceeds the ceiling limit. 
5 Value for pyrene is used. 
6 Value for alpha-BHC is used. 
7 Value for bromodichloromethane is used. 
8 Chemical will be addressed qualitatively at CTEP’s request 
9 Value for 4-bromophenyl-phenylether is used. 
10 Value is for aqueous units (ug/L) and is based on SPLP or TCLP analytical results. 
11 Value is based on the Region Ill RBC for tap water (2200 ug/L). 
12 Value for endosulfan is used. 
13 Value for endrin is used. 
14 Value is based on the secondary Federal MCL for drinking water (50 ug/L). 
15 Value for 4-nitrophenoi is used. 
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TETm TECH NUfj INC. ..: 4: .: ii,. 

66 1 Andersen Drive n Pittsburgh, Pennsylvania 15220-2745 
(4 12) 92 I-7090 = FAX (4 12) 92 l-4040 n www.tetratech.com 

PITT-04-9-I 02 

April 14, 1999 

Tetra Tech NUS Project Number 7856 - 

Ms. Elsie Patton 
Connecticut Department of Environmental Protection 
Bureau of Water Management 
Permitting, Enforcement, and Remediation Division 
Federal Remediation Program 
79 Elm Street 
Hartford, Connecticut 06106-5127 

Reference: CLEAN Contract No. N62472-90-D-1298 
Contract Task Order No. 0312 

Subiect: March 16, 1999 CTDEP Comment Letter Regarding 
I 

Calculateb Additional Remediation Criteria 
EDSR for the Basewide Groundwater OU Remedial Investigation 
Naval Submarine Base - New London, Groton, Connecticut : 

Dear Ms. Patton: 

Tetra Tech NUS, Inc. (RNUS), acting on the behalf of the United States Department of the Navy 
(i.e., Northern Division Naval Facilities Engineering Command and Naval Submarine Base - New 
London), reviewed the technical comments included in your March 16, 1999 letter and prepared 
formal responses to address the comments. In addition, Tables B-l and B-2, which were included 
in the December 8, 1998 TtNUS letter, were updated to address the comments received from the 
CTDEP. The responses and tables are attached. 

The attached responses and tables should provide the CTDEP with suffikient information to 
complete the review and approval process of the alternative criteria. Two additional copies of the 
letter and attachments are enclosed so that you can forward them to the appropriate people at the 
Connecticut Department of Health. 

In order to minimize schedule impacts to this project, the Navy intends to finalize the Existing Data 
Summary Report for the Basewide Groundwater OU Remedial Investigation (RI) prior to receiving 
final acceptance of the alternative criteria from the CTDEP. The Navy will address any 
inconsistencies that could result from this approach during preparation Of the Work Plan/Sampling 
and Analysis Plan for the Basewide Groundwater OU RI. 



Ms. Elsie Patton 
Connecticut Department of Environmental Protection 
April 14,1999 - Page 2 

If you have any questions regarding the information provided in this letter or the attachments 
please contact Mr. Mark Evans of NORTHDIV at (610) 595-0567 (ext. 162) or me at (412) 921- 
8244. 

Co& A. Rich, P.E. 
Project Manager 

Attachment(s) 

c: Mr. Mark Lewis, CTDEP 
Mr. Mark Evans, NORTHDlV 
Mr. Richard Conant, NSB-NLON Environmental 
File: CT0 0312 
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RESPONSES TO CTDEP’S MARCH 16,1999 LETTER OF COMMENTS 
REGARDING ADDITIONAL REMEDIATION CRlTERlA 

BASEWIDE GROUNDWATER OU REMEDIAL INVESTIGATICIN 
NAVAL SUBMARINE BASE - NEW LONDON, GROTON, CONNECTlCiii ’ 

April 14,1999 

Comment No. 1 

Additional detailed information needs to be,submitted regarding toxicity values used to develop criteria for 
dioxins and furans (i.e., tox values for TCDD and TEF used). While the submission is not detailed enough 
for a full review, it appears that the Table B-l values for dioxins/furans are based upon a misapplication of 
TEFs. 

Response to Comment No. 1 

A single dioxin and three furans were positively detected in site soil samples. Toxicity criteria for these 
four analytes were not available. Therefore, toxicity criteria from the USEPA Region Ill Risk-Based 
Concentration Table (April 1, 1998) were used to calculate a groundwater protection standard (2.33E-07 
ug/L) and a corresponding remediation standard for GB pollutant mobility (4.67E-08 mg/kg) for 2,3,7,8- 
TCDD using the methodology presented in the CTDEP guidance (CTDEP 1996). A remediation standard 
was then calculated for each of the positively detected dioxin/furans by dividing the value calculated for 
2,3,7,8-TCDD with the associated toxicity equivalency factor (TEF) as shown in the following table. 

Analyte Calculated TEF Calculated 
Remediation Standard Remediation Standard 

for 2,3,7,8-TCDD O’WW 
@g/kg) 

1,2,3,4,6,7,8-HPCDF 4.67E-8 0.01 4.67E-6 
1,2,3,4,7,8-HXCDF 4.67E-8 0.1 4.67E-7 
1,2,3,6,7,8-HXCDF 4.67E-8 0.1 4.67E-7 
OCDD 4.67E-8 0.001 4.67E-5 

Tetra Tech NUS, Inc. (TtNUS) understands that this application of TEFs varies somewhat from ,the typical 
use of TEFs in quantitative human health risk assessments. However, this application was deemed to be 
appropriate for the purposes of the screening level assessment provided in the Existing Data Summary 
Report. When performing a quantitative human health risk assessment, TtNUS uses TEFs in conjunction 
with sample results to convert the concentrations of any detected dioxinlfuran congeners into equivalent 
concentrations of 2,3,7,8-TCDD. The total 2,3,7,8-TCDD equivalent of the dioxins and furans present in 
each sample is determined by summing the equivalent concentrations of each congener. The total 
2,3,7,8-TCDD equivalent concentrations are then used for comparison with 2,3,7,8-TCDD remediation 
standards during data evaluation and ,risk assessment. 

Comment No. 2 

The groundwater protection criteria used to develop the pollutant mobility criteria listed on Table B-l need to 
be provided in all cases. 

Response to Comment No. 2 

The groundwater protection criteria used to develop pollutant mobility criteria have been added to Table 
B-l, The revised table is attached. 
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Comment No. 3 

Detection limits for each constituent need to be submitted. Remediation criteria may be based on detection 
limits as is appropriate. Provide additional information from certified labs regarding detection limits in cases 
where the proposed criteria are based on detection limits are based on detection limits such as 
dibenzo(a,h)anthracene and indeno(l,2,3-cd)pyrene. 

Response to Comment No. 3 

The criteria initially proposed for dibenzo(a,h)anthracene and indeno(l,2,3cd)pyrene in Tables B-l and 
B-2 of the December 8, 1998 letter were based upon typical reporting limits using SW-846 Method 8270 
(i.e., a GC/MS method) because GC/MS methods were primarily used for analysis of samples previously 
collected at NSB-NLON. The following tabies present reporting limits for soil and aqueous samples, 
respectively, for dibenzo(a,h)anthracene and indeno(l,2,3-cd)pyrene obtained from three laboratories 
certified by the state of Connecticut (i.e., Accutest Laboratories, Katahdin Analytical Services, and Ceimic 
Corporation). Laboratory reporting limits are presented for SW-846 Method 8310 (i.e., an HPLC method) 
as well as SW-846 Method 8270. The remediation standards calculated using the methodology 
presented in the CTDEP guidance (CTDEP 1996) are also presented for comparison with laboratory 
reporting limits. 

Analyte Calculated Reporting Limits - Soil Samples .(mg/kg) 
GB Pollutant Accutest Laboratories Katahdin Analytical Ceimic Corporation 

Mobility SW-846 SW-846 SW-846 SW-846 SW-846 SW-846 
O-%/kg) 8270 8310 8270 8310 8270 8310 

D(ah)A 0.00096 0.33 0.005 0.33 0.013 0.33 0.003 
I(cd)P 0.0096 0.33 0.005 0.33 0.007 0.33 0.002 

D(ah)A = Dibenzo(a,h)anthracene 
,. 

I(dd)P = Indeno(l,2,3-cd)pyrene 

Analyte Calculated Reporting Limits - Aqueous Samples (ug/L) 
Groundwater Accutest Laboratories 1 Katahdin Analytical 1 Ceimic Corporation 

Protection SW-846 I SW-846 I SW-846 I SW-846 1 SW-846 1 SW-846 
Std. (ug/L) 8270 

D(ah)A 0.0048 10 
I(cd)P 0.048 10 

D(ah)A = Dibenzo(a,h)anthracene 
I(cd)P = Indeno(l,2,3-cd)pyrene 

8310 8270 8310 8270 8310 
0.2 10 0.4 10 0.1 
0.2 10 0.2 10 0.05 

Although GClMS methods (e.g., SW-846 8270) were primarily used for the analysis of historical samples, 
TtNUS proposes revising the remediation criteria for dibenzo(a,h)anthracene and indeno(l,2,3-cd)pyrene 
based upon typical reporting limits for the more sensitive HPLC method (i.e., SW-846 8310). The 
proposed criteria are presented in the following table. Tables B-l and B-2 have.been revised accordingly 
and are attached. 

Analyte GB Pollutant Mobility [ Groundwater Protection Standard 1 

Dibenzo(a,h)anthracene 
Indeno(l,2,3-cd)pyrene 

O-WW - om-1 
0.005 0.2 
0.005 0.2 
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PUBLISHED AND CALCUiATED.REMSDIATl,ON ST@[IAPPS: - soLiD MEDIA 
A CT0-312, NSB-NLON, GROTON, CONNECTICUT 

PAGE 1 OF 4 

I I I I I Ml~Lf I (WW 
VOLATILE ORGANIC3 

.,^ , . _.. -;/ .x _. , ” 

1 ,I ,I-Trichloroethane 71556 
1,1,2,2-Tetrachlomethane 79345 
1 ,I ,2-Trichloroethane 79005 
1 ,I -Dichloroethene 75354 

1,2-Dichloroethene (Total)’ 540590 
2-Butanone 78933 
4-Methyl-2-pentanone 108101 
Acetone 67641 

Z.OOE-02 
a. 

4.00E-03 
9.00E-03 

9.00r nQ 
6.00, _ . 
8.00E-02 
1 .OOE-01 

-- 40 
2.OOE-01 0.1 
570E-02 1 
6.00E-01 1.4 

c-2 4 43) 

I -- 
I -- 14 

140 

L-“hJ I I vu I I& 

F-f-H I I Rrl I 

Benzene 71432 3.00E-03 2.9OE-02 I 
Bromodichlommethane 75274 2.00E-02 6.2OE-02 0.56 

I 75150 1 .OOE-01 700 1 4oC3’ 
Chlorobenzene 108907 2.00E-02 - 20 
Chloroform 67663 1 .OOE-02 6.lOE-03 
Chloromethane 74873 1.30E-02 2.7 o.‘t3, 

Icis-1 .bDichloroorooene. ~10061015~ 3.OOE-04r4’ I 1 .80E-01r4’ I -- 1 0.1 I 
I Ethvlbenzene 100414 

1 I 

1 oo= n* 
‘c;Y I 

I 
I 

I 
I 

I an 4 I -- I”. , 

IMethvlene . I , 
I 

Chloride 75092 6:00 ‘E-02 7.50E-03 -- I 1 ’ I 
I 1 

Styrene 100425 2.00E-01 -- 20 
Tetrachioroethene 127184 1 .OOE-02 5.20E-02 - t 
Toluene 108883 2.00E-01 67 
trans-1 ,bDichloropropene 10061026 3.00E-04r4’ 1 .80;-01’4’ 1 0.1 

Trichloroethene 79016 6.00E-03 1.1 OE-02 -- Vinyl Acetate 108054 1 .OOE+OO 7000 14;0’3’ 

Xylenes, Total 1330207 2.00E+OO - -- 19.5 
SEMIVOLATILE ORGANICS _. <s. ,.. . ,. , _, c_ I .,A _.,., .;,_a ,, 

izene 1 106467 i ZOOE-02 I 2.40E-02 I -- I 15 1 1 ,4-Dichlorober.- _.__ , __ ._ , _._ _- __ I -. .-- -- I . 
2,CDimethylphenol 1 105679 1 2.00.G02 I I 140 I $3) 1 

..--..,... -.r .._.. -..-.._ , Jl576 4.OOE-02 280 & 

2-Methvlohenol 1 95487 500E-02 350 7of3’ 

f2-Methvlnaahthalene 1 9 

3,3’-Dichlombenzidine 1 91941 1 
4-Chlaro-3-methvlohenol I 59507 i I 4.50E-01 I 0.078 I 0.016’3’ - -_ - __._ - ._._ 

..,. f..-..- I 

4-Methvlohenol 106445 5.00E-03 I 35 7(3) 

lene 83329 6.00E-02 420 84r3’ 



TABLE B-l 

PUBLISHED AND CALCULATED REMEDIATION STANDARDS - SOLID MEDIA 
CTO-312, NSB-NLON, GROTON, CONNECTICUT 
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Groundwater 

methvl Phthalate I 131113 I l.OOE+Ol I 
fnr-n-butvl ohthalate 84742 I l.OOE-01 I - I 
rDi-n-odvl ohthalate 117840 I 2.00E-02 I 
Fluoranthene 206440 1 4.OOE-02 I __ 
Fluorene 1 86737 1 4.00E-02 ! -- 

Indeno(l,2,3xd)pyrene I 193395 I 
lsophorone I 78591 1 2.00E-01 I 9.50E-04 I 36.8 

I 7.30E-01 I -- 

CTDEP 
Remediation Standard 

GB Pollutant Mobility’2’ 

bwh) 
0 36’3’ 

0:96(” 
o.oo5’6) 

5.6’3’ 
11 oo’3’ 

14 ooo’3’ 
i40 

56 

o.cz-(6) 

7.37C3’ 
56 I 

DlOXlNSlFURANS 

1,2,3,4,6,7,8-HPCDF I67562394 1 - I -_ I 4.67E-06’12’ I 
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Analyte 

1,2,3,4,7,8-HXCDF 

1,2,3,6,7,8,HXCDF 

OCDD 
I,,,OR”AkllPC "ln,.~"Y I , .,,...rium 

Antimony 
Arsenic 

CAS Published Toxicological Criteria”’ Groundwater CTDEP 
Number RFD,,I CSF,,I Protection Remediation Standard 

bWWJv) W!WWmg) Standardu4 GB Pollutant Mobility’*’ 

(UQW (w&d 
70648269 4.67E-07’12’ 

57117449 4.67E-07’12’ 

3268879 -- 4.67E-05’12’ 
I. ,, ._. /__~ _,,,,...,, ‘. ,_) ._/” :..~‘P*::l_l ‘~,a.._/ Ii*., . . . . ..*..;i.. h.,..- _ _ ,:,. ,dli.* , ; 

742QQO5 1 1.00E+06 I I -- I I 

74 .-- 
74403 

----- ..--- -- 
an.360 4.00E-04 

I82 3.00E-04 150E+OO 
Barium 7440393 7.00E-02 - 

Beryllium 7440417 2.00E-03 
Boron 7440428 Q.OOE-02 -- 
Cnfimi~lm 7440439 5.00&04 -- 

- I_  .  .  .  .  - . . .  

Calcium 

Chromium 

Cobalt 
rnnner 

. -  ._-  - . - - -  -  

7440702 

7440473 c.--- - I 
7440484 6.00E-07 I 
744fl5fl8 A OBF-8 

-- 

LOOE-3(‘3’ I 
I I I 

V”p,ps”. . . .---- ..--- - 12 
Cyanide 57125 2.OOE-02 -- 
Iron 7439896 3.00E-01 -- 
Lead 7439921 -- 
Maanesium 7439954 -- .._ ~.‘--‘-... 

Manganese 

Mercury 
Nidd 

7439965 2.00E-02 -_ 

7439976 -_ - 

7440020 2~ 00602 

I Potassium 
---- -.--- -- . 

I 7441 0097 I 
Selenium 
Silver 7440224 5.00E-03 I 
Sodium 7440235 

Thallium 7440280 7.90E-05 -- I 
Vanadium -- _ -. . - -. -. . . 

I 
7440622 

Zinc I f44 

7.00E-03 
0666 3.00E-01 -- 

I I 
TOTALPETROLEUMHYDROCARBONS 

ITDI-I I I I I I 75nn I 

1 Values obtained from USEPA Region Ill Risk-Based Concentration Table (April I, 1998). 
2 Unless otherwise noted, value obtained from State of Connecticut Remediation Standard Regulations, Section 22a-133k 

(January 1996). 
3 CTDEP remediation standard not available. Using the methodology presented in the CTDEP guidance (CTDEP 1996) and the 

toxicity criteria from the USEPA Region Ill Risk-Based Concentration Table (April 1, 1998). the groundwater protection criterion 
shown in the previous column is calculated and is then used to calculate a value for GB pollutant mobility. 

4 Value for 1 .Sdicholoropropene is used. 
5 Toxicity criteria not available. Published value for pyrene is used. 
6 Calculated value less than reliably achievable detection limits. Reliable and accurately achievable detection limit is used. 
7 Published value for chlordane is used. 
8 Toxicity criteria not available. Toxicity criteria for alpha-BHC is used to calculate a value. 
9 Calculated value for endosulfan is used. 
10 Value for endrin is used. 
11 Calculated value for endrin is used. 
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12 Toxicity criteria not available. Toxicity criteria for 2,3,7,8-TCDD in conjunction with toxicity equivalent factor (TEF) 
(EPA16251 3-89/016, March 1989) is used to calculate a value. 

13 Value for hexavalent chromium is used. 
14 Calculated groundwater protection standard used to determine CTDEP remediation standard for GB pollutant mobility. 

Groundwater protection standards are not directly applicable to solid sample results. They are provided in this table for 
specific analytes only when used for the calculation of a remediation standard for GB pollutant mobility. 

- Not available. 

- Groundwater protection standard not provided in this table for this analyte because there is no need to calculate a 

remediation standard for GB pollutant mobility. 

, -*; 



TABLE B-2 

PUBLISHED AND CALCULATED REMEDIATION STbNQARD$ - AQYEOUS MEDIA 
CTO-312, NSB-NLON, GROTON, CONNECTICUT 
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Analyte CAS Published Toxicological Criteria”’ State Remediation Standards”’ 

Number RFDorai CsFora~ Groundwater Surface Water 

MwW~day) (kgldaylmg) . Protection Protection 

I I I I I tww I WL) I 
VOLATILE ORGANICS 

.~ ..; 

I ,I, 1 -Trichloroethane 71556 2.00E-02 - 200 62,000 
I ,I ,2,2-Tetrachloroethane 79345 2.OOE-01 0.5 110 
1 ,I ,2-Trichloroethane 79005 4.00E-03 5.7OE-02 5 1260 
1 ,I -Dichioroethane 75343 1 .OOE-01 - 70 
I, 1 -Dichloroethene 75354 9.00E-03 6.00E-01 7 96 
1 ,ZDichloroethane 107062 3.00E-02 9.1 OE-02 2970 

1,2-Dichloroethene (Total) 540590 9.00E-03 - 6;‘3’ I 4,000’4*5’ 
2-Butanone 78933 6.OOE-01 400 

2-Hexanone 73663715 4.00E-02 280”’ 
4-Methyl-Zpentanone 
Acetone 
Benzene 

Bromodichloromethane 

Bromomethane 

Carbon Disulfide 
Chlorobenzene 

Chloroform 

(!hlnmmethane _...-.-...--..-..- 

J-, Ethvlbenzene 
Methyl Tert-Butyl Ether 
Methvlene Chloride 

108101 8.00E-02 - 350 
67641 I .OOE-01 700 
71432 3.00E-03 2.9OE-02 710 
75274 2.00E-02 6.20E-02 0.;613) 660t4’ 
74839 1.40E-03 9.8’3’ 80,000’4’ 

75150 1 .OOE-01 7oot3’ 
108907 2.OOE-02 100 420,000 
67663 1 .OOE-02 6.1 OE-03 2.67(3) 14,100 

74873 ._. - 
I 

1 30E-02 ..--- -- 
I 9400’4’ 

I 100414 I 1 .OOE-01 I I 700 580,000 
1634044 1 5.00E-03 - 100 
75092 1 6.00E-02 7.50E-03 5 48.000 

Trichloroethene 
Vinyl Chloride 
Xvlenes. Total 

Tetraihloroethene 1 127184 I .OOE-02 5.20E-02 5 88 
Toluene 1 108883 2.00E-01 - 1000 4,000,000 

1 .I OE-02 5 2340 
1.90E+OO 2 15,750 

530 - 

79016 6.00E-03 
75014 

1330207 2.00E+OO 
I 

&lIV&ATlLE ORGANICS 
I I .* “_ 

1,2,4-Trichlorobenzene 120821 1 .OOE-02 7ot3’ 
1,2-Dichlorobenzene 95501 9.00E-02 600 170,000 

1 ,SDichlorobenzene 541731 3.00E-02 210C3’ 26,000 
I ,CDichlorobenzene 106467 3.OOE-02 2.40E-02 75 26,000 
2,4-Dichlorophenol 120832 3.00E-03 15,800 

2,CDimethylphenol 105679 2.00E-02 l $3) 

2.CDinitrotoluene 121142 2.00E-03 - 1 4(3’ 2-raf4’ 
2,6-Dinitrotoluene 

2-Chlorophenol 

2-Methylnaphthalene 

2-Methvlohenol 

4-Methylphenol 

Acenaphthene 
Acenaphthylene 
Anthracene 
Benzotajanthracene 

606202 1 .OOE-03 7’3’ 

95578 !S.OOE-03 - 46,O-OO”’ 

91576 4.OOE-02 - 

$, 

95487 5.00E-02 350t3’ 

106445 5.00E-03 35C3’ 

83329 6.00E-02 420t3’ 27,;OO(4’ 
208968 - 420 ’ 0.3 
120127 3.OOE-01 2000 1 ,I 00,000 
56553 ’ 7.3OE-01 0.06 0.3 
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Analyte CAS Published Toxicological Criteria”’ State Remediation Standards’2’ 

Number RWwit~ CSFora, Groundwater Surface Water 
Imnlknlrtm#\ IkdttSWllVWl\ Pmtoctinn Pmtnrtinn 

I 207089 I - 

1 Indenotl.2.3-cdkwene I 193395 I - I 7.30E-01 1 o.2t7’ I o.3C4’ I 

I I 1 

INORGANICS 
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Analyte CAS Published Toxicological Criteria”’ State Remediation Standards’*’ 

Number RFLI CSFo,, Groundwater Surface Water 

OWWW (WWW Protection Protection 

Manaanese 
I I I I WL) I w~L) 
i 7439965 1 2.00E-02 - 50’3’ I 

Mercity 7439976 2 0.4 

Nickel 7440020 2.00E-02 - 100 880 
Potassium 7440097 
Selenium 7782492 500E-03 50 50 

Silver 7440224 5.00E-03 36 12 

Sodium 7440235 
Thallium 7440280 7.00E-05 - 5 63. 
Vanadium 7440622 7.OOE-03 50 - 

Zinc 7440666 3.00E-01 5000 123 
TOTAL PETROLEUM HYDROCARBQNS 
Diesel Range Organics . - 

Gasoline Range Organics - 
Oil & Grease - . 

TPH - . - 500 
MISCELLANEOUS PARAMETERS 
,Ammonia, as Nitrogen 7664417 - 

lBiochemical Oxygen Demand - 
Chemical Oxygen Demand - 
Hardness as CaC03 
iTotal Organic Carbon . 
iTotal Phosphorus - 

Total Suspended Solids - - - 

1 Values obtained from USEPA Region III Risk-Based Concentration Table (April 1, 1998). 
2 Unless otherwise noted, value obtained from State of Connecticut Remediation Standard Regulations, 

Section 22a-133k (January 1996). 
3 CTDEP remediation standard not available. Value calculated using methodologies presented in State 

guidance (January 1996). 
4 CTDEP remediation standard not available. Value calculated using lower of human health or freshwater 

aquifer criteria and dilution factors based on methodologies presented in CTDEP guidance (January 1996). 
5 Value used is for trans-1,2dichloroethene. 
6 Calculated value used is for pyrene. 
7 Calculated value is less than reliably achievable detection limit. Reliably and accurately achievable 

detection limit is used. 

8 Value used is for polychlorinated biphenyls (PCBs). 
9 Hexavaient chromium. 
- Not available. 
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APPENDIX A 

Generic SSLs 

Table A-l provides generic SSLk for 110 chunicals. Generic SSLs arc deriw using d&t,& values & the 
standardized equations presented in Part 2 of this docmncnr. The default values (listed in Table A-2) 
are conscrvatiw 

v.. ,ilT . . ./ ,_/ .:, i <- 
and are likely to be protccrive for the majoriry of site condxtlons Goss the don. 

. .:,.. + 
However, the generic SSLs arc not necessarily protective of all known human exposure pa&ways, 
reasonable land ~5, or ecological threats. k, before applying generic SSLs at a site, it is em*cly 
important to compare the conceptual site model (see the tier’s Gttide) with the assumpzions h&&d 
the SSLs to ensure that the site conditions and ~osurc pa&ways match those used @ dHop gem& 

SSLs (see Parts 1 and 2 and Table A-2). If rhis comparka indicates that $he site &-..morc complex 
than the SSL scenario, or that there are significant exposure pathway not accounted for F the SSLS, 
then generic SSLs arc not sufficient for a fbll evalu+tiqn pf tk;s+ 4 more dcta@l srte-spccifk 
approach will be necessary to evaluate the additional pathways or sxtc coardirioxis. - _ 

~Gcncric SSLs arc presented scpamdy for major path- of concern 
in krth srrrface -.?&2-~& 

soils. The first colmnn to the right of the chemical ll~~llle pnsents levels based on di&$$%i&rion df 
soil and’& second column prtsnm levels based on iuhakion. As e.+ in the ,us;i3sZ$+, the 
fl&ivcdustpathwaymaybcofconccm for certain metals byt does ,titi appear to be?- for ‘----‘-. 
organic compounds. Thereike, SSLs for the f&it& dust pathway s &ly presented fkirrrxkganic’ 
compounds. Except for mercmy, no SSLs for tie inhakion of vosqs pathway arc provided fok 
inorganic compounds because these chemicals are not voldie. y;-... 

The user should note th@ sever& @he generic SSLs for the i&a&ion of v~latiles ~-Ik&vay are 
determined by the &l satnmrion concenualion (Cd, which is used to addnzss and sm-9 pot&al 
presence ofnonaqueous phase liquids (NM%). As explained in Section 2.4.4, kr compomii&%hat are 
liquid at ambient soil tcmm, concentrations above C,, indicazc a potential ‘for fiec-phase liquid 
coraaminhan to be present and the need for additional invesiigation. 

The third column pnsents generic SSL values for the migz&m to groand water path%y-diWeloped 
using a dcfknlt DAF (dilution-attenuation factor) of 20 to account fin IlalqIg prrJccsscs.dlat rdlacc 
contaminant concentrations in the subsurface (see Section 2.56). SSLs in Table A-l arc rounded to 
two sign&ant figures except for &es less than 10, which arc rounded to one significant figure. Note 
that the 20 DAF values in Table &I q,pq exactly 20 timts the I DAF values because each SSL is 
calculated independently’ in both the 20 DAF and 1 DAF columns, with the final value presented 
according to the aforementioned rounding convcntian~. 

The fomth column contains thg generic SSLs for the migration to ground water pathway developed 
assming no dilution or artermatian bmvecn the source and the nccptor weIl (i.e., a DAF of I). These 
,vautscanbeustdatsiteswhere~eornodilatianor~~ioqofsoilleachatccancentrationsis 
expccred at a site (e.g., sites with shallow water iables, frarrmed media, kafit topogra@y*. ~.ao= 
size greater than 30 acres). .‘.. 

Generally, if an SSL is not exceeded for a pathway ‘of conccrr& the user may eliminate the p*way or 
areas of fe site fiam further iuvestigation. If more than one txpos\ae pathway is Of COllCCIIl, the 

lowest SSL shotid b&cd. : 

A-l 



Table A-l. Generic SSLs 8 --lil 

. 

CAS No. 
ingestion 

lnhatation 
voiatiles 20 DAF 1 DAF 

67-64-l 

309-00-2 

120-12-7 
56-55-3 

71-43-2 

205-99-2 
207-08-g 

65-85-O 

50-32-8 

111444 
117-81-7 

75-274 

75-25-2 
71-36-3 

85-68-7 
85-74-8 
75-l 6-O 
56-23-5 

57-74-g 

I 06-47-a 
108-90-7 
12448-l 

67-66-3 

95-57-a 
218-01-g 

72-54-a 
72-55-9 
50-29-3 
53-70-3 

84-74-2 

95-50-l 
10646-7 

91-94-l 

75-34-3 
107-06-2 

75-354 

156-59-2 

155-60-5 
120-83-2 

. 

Acetone 7,800 b l.OE+05 d 
Aldrin 0.04 e 3* 
Anthracene - 23.000 b -C 

Benz(a)anthracene 0.9 e -c 

Benzene $2 ” 0.8 = 
Benzo(b)fluoranthene 0.9 e -C 
Benzo(k)fluoranthene 98 -c 

Benzoic acid . 3.1E+O5 b WC. 

Benzo(afpyrene 0.09 J ,c 

Bii(2-chbroethyJ)ether 0.6 e 0.2 af 
Bii(2-ethylhexyl)phthalate 46 = 31,000 d 

Bromodiihloromethane 10 = 3,000 d 

Bfomafom ;:* , ., 81 e ,-..: $3 e 
Butanol 7.800 b 1fJ.000 d 

Butyl beruyl phthakte ._ 16,000 b ‘. 93od 

cafbazok? 32 l -c 

Carbon disuifide 7;800 b 720 d 
Carbon tetrachioride 6O 0.3 0 

Chlordane 0.5 e 20 Q 

pChlqoaniiine 310 b -c . . 
Chlorobenzene 1,600 b 130 b 
Chbrodibromomet~e 8e 1,300 d 

chbroform lwe 0.3 * 
P-Chlorophenol 390 b 53,000 d 
Chrysene 88’ * -c 

DDD 39 -C 

DDE 26 ’ -C 

DDT 2’ -9 
Dibenz(a,h)anthracene -.C . 0.09 ef 

Di-mbutyl pMhalate 7,800 b 2,300 d 

1 ,2-Diihlorobenzene 7.000 b 560 d 
1 &Dichlorobenzene 27 * -9 
3,3-Dichlorobenzidine 1. -c 

1 ,l-Dichloroethane 71800 b 1,300 b 
120Dichloroekqne 79 0.4 = 
1 ,l-Dichloroethyiene 1 e 0.07 = 

cis-1 ,BDichloroethyfene 780 b 1,200 d 

trans-I ,2-Dichloroethylene 1,600 b 3,100 d 
2,4-Dichlorophenol 230 b -c 

16 b 

0.5 o 

12.000 b 
2= 

0.03 

56 
49 0 

poo bj 

8 

0.0004 l gf 
3,600 

0.6 

T: 0.8 
17b 

:- 930 d 

0-q y 

32 b 
0.07 

10 

0.7 b 

1 
0.4 

0.6 
4 bi 

160 e 

16 e 

54 e 

32 e 
29 

2,300 d 

17 
2 

0.007 J 

23 b 
0.02 
0.06 

0.4 

0.7 
1 bi 

0.8 b 

0.02 e 
590 b 

0.08 60 
0.002 f 

0.2 Rf 
2* 

20 bi 

0.4 

2E-05 *ef 
180 

0.03 

0.04 
0.9 b 

810 b ..“... . . . 
0.03 * 

2b 
0.003 f Y?% 

0.6 

0.03 b# 

0.07 
0.02 

0.03 

0.2 bwfi 
8. 

.0.8 = 

3= 

2’ 
0.08 =f 

270 lp 

0.9 
0.1 f 

0.0003 J 

lb 

0.001 f 
0.003 f 

0.02 

0.03 
0.05 bfi 

.---.. 
A-2 



. Table *A-l (continued) 

Organits Migration to ground wat 

Inhalation 

Ingestion volatiies 20 DAF 1 DAF 
CAS No. Compound WwW (ms/lrs) OwW) OWW 

78-87-5 1,2-Dichloropropane ‘ 9= 15 b 0.03 0.001 * 
542-75-6 

60-57-l 

84-66-2 
105-67-Q 

51-28-S 

121-14-2 
606-20-2 

117-849 

115-29-7 

72-20-a 
100-41-4 

‘206-44-O 

86-73-7 
“~‘“-i644-8 

1024-67-3 

118-74-I 

87-68-3 
319-84-6 

31 S-85-7 

58-89-S 

77-47-4 
67-72-l 

193-39-5 

78-59-l 
7439-97-6 

72-43-5 

74-83-9 

75-09-2 
95-48-7 

91-20-3 

9845-3 
86-s&6 

621-64-7 

1336-36-3 

87-86-5 
108-95-2 

129-00-O 

10042-5 
79&-5 

1,3-Dichloropropene 

Die&n 

Diethylphthalate 
2,4-Dimethylphenol 

2,4-Dinitrophenol 

2,4-Dinitrotoluene 
2,+Dinitrotoluene 

Di-n-octyl phthalate 

Endosulfan 

E&in 
Ethylbenzene 

Fluoranthene 

Fiuorene I ., . . . . . . . . - 
Heptachior 

44 

0.04 = 

63,000 b 
1,600 b 

160 b 

0.9 = 
0.9 = 

1,600 b 

470 b 

23 b 
7.800 b 

.3,100 b 

.; . ,: 7’ 3 100 b cl->;. ..lh*<-- . . ..!.a..,, 
0.1 e 

Heptachior epoxide * 0.07’ = 

Hexachtorobenzene 0.4 = 

Hexachloro-1,9butadiene a= 
a-HCH (a-BHC) 0.1 e 

‘&HCH @BHC) 0.4 e 

y-HCH (Lindane) 0.5 = 

Hexachlorocyciopentadiene 550 b 
Hexachioroethane 46 e 

Indeno( 1.2,~cd)pyrene 0.9 = 

lsophorone 670 e 
Mercury 23 b’ 

Methoxychior 390 b 

Methyl bromide 110 b 

Methylene chloride 85 = 
2-Methylphenol 3,900 b 

Naphthaiene 3,100 b 

Nitrobenzene 39 b 

WNiiodiphenyiamine 130 = 

N-Niiosodi-nqxopyhmine 0.09 =f 

PCBs 1 h 

Pentachlorophenol 3 %I 

Phenol 47.000 b 

Pyrene 2,300 b 

Styrene 16,000 b 
1,1,2.2-Tetachloroethane 3= 

0.1 e 

1 Q 

2,000 d 
-c 

-C 

-C 
-c 

10,ooo d 
-C 

-C 

400 d 
-C 

-c 
...-Ys.-‘lui.. Y -... 

0.1 e 

50 
1= 

80 
0.8 = 

-9 
-C 

10 b 
55 e 
-C 

4,600 d 
10 bj 
-C 

10 b 

13 = 
-C 

-C 

92 b 
-. C 

-C 

-h 

-c 

-C 

-C 

1,500 d 
0.6 = 

0.004 l 

0.004 = 

470 b 
9b 

0.3 b.fJ 

0.0008 e’ 
0.0007 l f 

10,000 d 

18 b 

7 

4.3;; b -2 .: 

0.0002 = 

0.0002 e’ 

23 b 
b 

0: b.f.i 

4E-05 sf 
3E-05 =f 

10,000 d 

0.9 b 

0.05 
0.7 

210 b 

2 0.1 f 
2 0.1 f 

0.0005 =J 3E-05 J’ 
0.003 l 0.0001 eJ 

0.009 0.0005 f 

400 20 
0.5 = 0.02 * 
14 l 0.7 e 

0.5 = 0.03 J 
2’ 0.1 i 

160 a 

0.2 b 0.01 bf 

0.02 = O.Wl J 
15 b 0.8 b 

84 b 4b 

0.1 bf 0.007 bJ 
7’ 0.06 e.f 

5E-05 e,f 2E-06 af 
-h -h 

0.03 f’ . 0.001 fJ 
100 b 5b 

4.200 b 210 b 

4 0.2 
0.003 =J 0.0002 ai 

. . 

A-3 
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Tabie A-1 (continued) 

Drganics Migration to ground water 

inhalation 
Ingestion volatiles 20 DAF i DAF 

CAS No. Compound - hw/W WwW) VMW (w&?) 
127-l 8-4 Tetrachloroet hyiene 12 = ‘YlQ 0.06 0.003 1 

108-88-3 

8001-35-2 

120-82-l 
71-55-6 

79-00-5 

79-01-6 
95-95-4 

88-06-2 

108-05-4 

75-01-4 
108-38-3 

9547-6 

Toluene 

Toxaphene 
I ,2,4-Trichlorobenzene 
1 ,l ,l -Trichloroethane 

1 ,1 ,2-Trichloroethane 

Trichloroethylene 
2,4,5-Trichlorophenol 

2,4,6-Trichlorophenool 

Vinyl acetate 

Vinyl chloride 
mXylene 

o-Xylene 

16,000 b 

0.6 e 

780 b 
-C 

11 = 

5Se 
7,800 b 

58 e' 

78,000 b 

0.3 e 
;.6E+05 b 

1.6E+O5 b 

650 d 

89 = 

3,200 d 
1,200 d 

1e 

5' 
-c 

200' 

1,000 b 

0.03 = 
420 d 

910 d 

12 
31 

5 
2 

0.02 

0.06 
270 bj 
0.2 e.f.i 

170 b 

0.01 f 
210 

190 

0.6 

2 
0.3 f 
0.1 

o.ows f 

0.003 f 
14 b.i 

0.008 .'j 

Sb 

0.0007 f 
10 

9 __ _ 

. 
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Table A-l (continued) 

.I: 

inorganics Migration to ground wat 

Inhalation 
fugitive 

Ingestion particulate 20 DAF 1 DAF 
CAS No. Compound 

7440-36-O Antimony _ 

7440-38-2 Arsenic 

7440-39-3 Barium 

7440-41-7 Beryllium 

744043-s cadmium 

7440-47-3 chiomium(totd) 

16065-83-l chromium (iii) 

18540-294 chrpmhrm (VI) 

57-l 2-5 Cyanide (amenabie) 

7439-92-l Lead 

7440-02-o Nickel 

n82-49-2 Selenium 

7440-22-4 Sibr 

-7440-28-O lheliium 

7440-62-2. Vanadium 

OkVW . OwM) OwW (m!Mg) 
31 b -c .- 5 0.3 

0.4 = 750 = 29 i 1 i 

5.50d’b 6.9E+05 b 1,600 i 82 

0.3 = i ,300 = 63 i 3 i 

78 b* 1,800 = gi. 0.4 I 

^.. . .390b 

78,000 b 

390 b 

1,600 b, 

400 r 

.- 1,600 b 

390 b 

390 b 
it 

550 b 

.._ . ..270 = 38 _. .._ i 2’ 
-c -9 -9 

270 e . 38 i 2’ 

-C 40 2 
‘W k -k - -k - : .- 

13,000 = .,c~,gjij”-d”-ee ‘.--f: i 

-c 
.i .;*, .‘-C 
AC 

-;z’c! $5, !+j * 0.3 i 

b+y -34 .__. . 2 hi 

-= 0.7 i 0.04 i 

-= 6.000 b 300 b 

744066-6 zinc 23,000 b . . - ’ . 12,000 bJ . 620 bJ 
DAF P Dilution and atteintiatioti factor. , 

.I 
a Smarting levels bssed on human health criteria only. 
b Calculated values correspond to a noncancer hqanj quotient of 1. 

~‘-*.Trj-?iT 

c No toxicii criteria available for that route of exposure. 
. ..-... ” 

d Soil saturation concentration (C,). de 

e Calculated values correspond to a cancer risk level of 1 in 1 ,OOO.OOO. .I. -:.. . .;$i* 
f Level is at or below Contmct Laboratory Program required quantitation limit for ‘Regular AnalytM Se&es (MS). 
Q Chemicai-specifi properties are such that this pathway is not of concern at any soil contaminant concentration. 
h A pn&ninary remediiion goal of 1 mg!kg has been set for PCBs based on Guidance on Remedial Ackns for S~tiund Silt 

WI PC8 Comtion (U.S. EPA, 1990) and on EPA efforts to manage PCB contamination. 
. 

i SSLforpHof6.8. 
j 
k 

tngestion SSL adjusted by a factor of 0.5 to account for dermal exposure. 
A screening levei of 400 m@kg has been set for lead based on Retied interim Soil Lead Guidance for CERCLA Sites and 
RCRA Cowctive A&on FacWes (U.S. EPA, 1994). 

I SSL is baaed on RfD for mercurfc chioride (CAS No. 007487-94-7). 
m SSL is based on dietary RD. 

. 
; -: 

,. ‘-L : 

A-S 
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?able A-2. Generic SSlq pejaulf Parameters and Assumptions 

c 

c,“h. 

. 

Parameter 

SSL pathway 

Migration to 
Inhalation ground water 

., /_ 
Default 

Source Characteristics 

Ccminuo~~s vegetative cover 
Roughness height 

Source area (A) 

l 50 pernnt 

0 OS cm for open te&in: used to derive U,, 

.e 0 0.5 acres (2,024 rr?); used to derive L for 

Source length (1) 

Source depth 

.a 4.5 m (assumes square source) 

0 Extends to water table (ie.. no attenuation 
in unsatwted zone) 

!_ “’ .p>&y”. .$ 

Soil Characteristic? 

Soil texture 

Dry spil bulk density (pb) 

Soil porosity (n) 

Vol soil water content (ew) 

VoL soil air content (9,) 

Soil organic carbon (f& 

Soil pH 

Mode soil aggregate size 

Threshold windspeed 0 7 m (4,) 

0 

a 

0 
a 

-0 

0 

0 

0 

a 

0 loam defines soil characteristics/ 
parameters 

0 1.5 w- 
‘.~c-...; I 

0 0.43 .:=,:r.. .. ;,,& ‘.a 
;,<I I.. . . . . ,..!. 

0 0.15 (INH); 0.30 (MTG)’ . ?’ ‘y: 3,. I 
. . ,.7:‘&& __ 

0 028 (INH); 0.13 (MI’G) .I -. - 

0 0.006 (0.8% INH): 0.002 (0.2 X, MTG) +--m, 
0 6.8; used to determine pH-specific & 

(metals) and K, (ionizabb organic@ 

,, 0.5 mr~usedto,+rbeUt~ , i,... 
1132 mlS .?: 

‘*‘.,a‘~ i.: 

Meteoroiogital Data 

Mean annual win- (unt) 

Air dispersion factor (O/C) 

Volatibtion WC 

Fugitive pavticuiate CVC 

a 

0 

0 

0 

“’ 4.66 mls (Mmneapotk MN) 

‘&I percentile conteminous U.S. 

’ 68.81; Los Angeles, CA; O&acre sowe 

90.80; Minneapoiis, MN; OS-acre source 
, i ,j ,‘,. : il:-‘? 

Hydrogeotogic Characteristics 

Hydrogeologic setting 

Dilution/attenuation fador (DAf) 

0 Generic (national): surficial aquifer 
0 20 

-. .._” ‘“,._ 
l tndicates input parameters d&&y used in ‘S’SL eijiiiiiions. 

.e,“” .(.__.# .,_,^ _-_,*..A //*WI .sdII ,d .--, ‘,,./b _, ,,, i 

0 indicates parameters/assumptions used to develop SSL input parameters. 
INH = Jnhalation pathway. 
MTG = Migration to ground water pathway. ‘I . 

A-4 
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These regulations and health advisory tables are revised approximately every 6 months by EPA’s 
Office of Water. Although no permanent mailing iist is kept, copies may be ordered free of charge 
from the: 

SAFE DRINKING WATER HOT&E 
l-800-426-479 1 
Monday thru Friday, 9:00 AIVi to 5:30 PM EST. ‘. 

: 

: 
Copies of the supportive technical documentation for the health advisories can be obtained’for a 
fee from the: 

Educational Resource Information Center (ERIC) 
1929 Kenny Road 
Columbus, OH 43210-1080 
Telephone number (6 14) 292-6717 
FAX (614) 292-0263 
e-mail ERICSE@osu.edu 
Payment by Purchase Order/check/Visa or Mastercard. 

The Health Advisories available and their ERIC order numbers are included at the end of this 
publication. For further information regarding the Drinking Water Regulations and Health 
Advisories, call Barbara Corcoran in EPA’s Office of Water at (LUL) 260-1332. 



LEGEND 

Abbreviations column descriptions are: 

MiILG: Maximum Contaminant Level Goal. A non-enforceable concentration of a drinking water 
contaminant that is protective of ‘adverse human health effects and allows an adequate 
margin of safety. 

MCL: 

RID: 

Maximum Contaminant Level. Maximum permissible level of a contaminant in water 
which i’s delivered to any user of a public water system. ’ ’ 

Reference Dose. An estimate of a daily exposure to the human population that is likely to 
be without appreciable risk of deleterious effects over a lifetime. ,’ ” 

t DWEL: Drinking Water Equivalent Level. A lifetime exposure concentration protective of 
adverse, no&cancer health effects, that assumes all of the exposure to a contaminant is 
fiomadrinking water source. ’ 9 

‘i 

The codes for the Status Reg and Status HA Other codes found in the table include 
’ columns are as follows: the following: 

F final. 

D. draft 

NA . . not applicable 

PS, performance standard 0.5 NTU-1.0 NT 

L listed for regulation 

P proposed 

T tentative (not officially proposed) 

TT treatment technique 

. . ’ 

I 

Large discrepancies between Lifetime and Longer-term HA values may occur because of the- 
Agency’s conservative policies, especially with regard to carcinogenicity? relative source 
contribution, and less-than-lifetime exposures in chronic toxicity testing. These factors can result 
in a cumulative UF (uncertainty factor) of up to 5 to 5000 when calculating a Lifetime HA. 

. 

-i- 
I 



t- . 

The scheme for categorizing chemicals according to their carcinogenic potential is as follows:* 

e Group A: Sufficient evidence in epidemiologic studies to support causal 
association between exposure and cancer 

Limited evidence in epidemiologic studies (Group B 1) and/or 
sufficient evidence from animal studies (Group B2) 

Limited evidence from animal studies and inadequate or no data. 
in humans 

Human carcinogen 

Group B: 
Probable human carcinogen 

Group C: 
Possible human carcinogen 

Group D: 
Nnt rlacc;f;nhlo. .---- ..-. 

Grow E: 
No-evidence of carcinogenicity 
for humans 

Inadequate or no human and animal evidence of carcinogenicity 

No evidence of carcinogenicity in at least two adequate animal 
tests in different species or in adequate epidemiologic and 
animal studies 

Drinking Water Health Advikories (HAS) are defined as follows: 

One-day EIA: . The concentration of a chemical in drinking water that is not expected to cause any 
adverse noncarcinogenic effects for up to 5 consecutive days of exposure, with a - 
margin of safety. 

lr Ten-day HA: The concentration of a chemical in drinking water that is’ not expected to cause any 
adverse noncarcinogenic effects up to 14 consecutive days of exposure, with a 
margin of safety. 

Long-term HA: The concentration of a chemical in drinking water that is not expected to cause any 
adverse noncarcinogenkeffects up to ,approximately 7 years (10% of an 
individual’s lifetime) of exposure, with a margin of safety. 

Lifetime HA: The conct.,;;ation of a chemical in drinking water that is not expected to cause any 
adverse noncarcinogenic effects over a lifetime of exposure, with a margin of safety. 

r 

’ *EPA is in the process of revising the Cancer Guidelines. I . 



. 

Drinking Water Standards and Health. A dvisc wies ’ 
October 1996 Page 1 

Standards Health Advls: &es 

Chi?mlcals 

ORGANICS 

lo-kg Child .. IO-kg Adutt Cance 
St8tus MCLG MCL StatUS I 

/ l Group 
Ragi m4 (mad) HA 

/ / Longer- Longer- Rf 1 
J J 

Oneday Ten-day term term (ml W DWEL LifetIme mgli at IO4 
. (WI) (men) _ Own) (man) da! ‘) MWl) Own) Cancer ‘Risk 

. 

Acenaphthene - - - - 0.08 - 
AciilJolfen T zero - F 2 2 0.1 0.4 0.01: 0.4 - 9.1 82 
Acrylamide F zero n. F 1.5 0.3 0.02 0.07 o.wc 2 0.007 - 0.001 62 
Acryloniile T zero - .. D - - - - 0.006 61” 

,Adipate (diethylhexyl) F 0.4 0.4 - 20 20 20 80 0.6 20 0.4 3 C 
Alachkk F zero 0.002 F 0.1 .’ 0.1 - . 0.01 0.4 - 0.04 02 
Akliirb” D 0.007 0.007 D. .- - .- - 0.00 0.035 0.007 - D 
Aldiirb fbukMs” 0 0.007 0.007 D - - m. 0.00: 0.035 om7 - D 
Aldicarb sutfoxidew D 0.007 0.007 D - w - w 0.00: 0.035 0.007 D 
Aldrin _ a. w - D o.ooo3 o.m3 o,wo3 o.Ok3 o.ooto3 0.001 - omO2 82 
Ametryn - - . F 9 9 0.9 3 Qaol 0.3 0.06 D 
Ammcnium sulfamate * v F 20 20 20 80 . 0.28 8 2 D 
Anthracene (PA,)*** _ ‘- - - - ‘0.3 - D 
Atrszine F 0.003 0.003 F 0.1 0.1 0.05 0.2 0.03t 0.2’ 0.003’ - c 
Baygon w - F 0.04 0.04 0.04 0.1 0.001 0.1 ; 0.003 - C 
Bentazcn T 0.02 - F 0.3 0.3 0.3 1.0 0.03: 1.0 0.r - D 
Benz(a)anthracene (PAH) _ - - - - B I - - 82 
Bon%ene F zero. WI05 F 0,2 0.2 - e - 0.1 A 
Bento(a)pyrene (PAH) F zero O.WO2 - - ’ - - - o.wo2’ 62’ 
flenzo(b)f&crantheno. (PAH) 

I. 
- .- - - s a Y - ‘. - - - -* 82 

Benzo(g,h,i)peryleno (PAH) - - - -. - - - .- - 

f3onzc(~)ffucranthono @AH) - ‘- - f c * f a. - w - -* 1 BD2 
bis-2-Chfcrciscpropyl ether * -- - F 4’ 4 4’ 13 0.04 1 0.3 - D 
Brom&il - . ‘.L :I *’ F 5 5 3 i 0.13 ‘5 0.09 w C 
Brorncbonzeno L -i’ D - - ST - - - - 

l Under review. - 
**NOTE: The HA value cr the MCLGlfJCL value for any twc or mere of these three chemicals should remain at 0.007 mg/L because of similar mode of action. 
-PAH = Pdyaromatic hydrocarbon i ., ‘. 

‘See 40CFR Pa& 141 arid 142 
“Revfsed V&IO based on change In RID H . . -. . . 
NOTE: Anthracono and Bonzo(g,h,i)peryteno - pot pmposM tn rnase v. 
NOTE: Changes from the last version are noted in Italic and Bold Face print. 
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Chcmbals 

Bromochbroacetonib 
Bromochbromethano 
Bromodichloromethane (TIM) 
Bromoform (THM) 
Bromomethane 
Butyl henzyt phthaiate (PAE)- 
Butylate 

A3utylbnzene n- 
-Butylbsnrene sec- 
. Butylhenzens tert- 
Carbaryl 
Carhofuran ’ 
Carbon tetrachbride 
carboxll 

-Chbral hydrate 
ChbrPmhen 
Chlordane 

c Chbklihromomethane (TM) 
Chbroethane 

: 

Chbrofonn (THM) 
Ch@omythans ’ 
qllorophenol(2-) :.: ‘. .’ :’ 

-p-Chbrophenyl methy! 
sulfidslsulfondsulfoxlde 

*$$+&A .; I:... : ;y 

Chbrothabnil 
Chbroto&neg- -’ : :.:’ 

l hbrotoluene p 
Chbrpyrtfoa . . : 
Chrysene (PAH) 
Cyani&@“” 

Standards 

1. - 

e - - 

- - - 

e s : - 
,- 

- - - 

F 0.04 0.04 
F zero 0.005 
c c . 

P 0.04 b.ow+ 
- s .i’ +:, 

F zero 0.,002 
P-. O,Q8? ~::o.l*~O.qf$ 
L - - 

‘._ ‘p zero...! 0~1*10.08’ 
c - 
c -.....I .- 

T ::.’ O.-jO+.:‘;~‘-: .y. 
.-I 

’ Current MCL -A HA will not be developed due to insuffbient data’ a 

..::%.l 0.1. ?. -. : :: 0.02 

bbnoy Report hss bee? publishsc 

l 1994 Prop ‘hte for Disinfectants and Disinfection By-products : Total for all THkls’comhinw’ ‘lnot exceed the 0.08 level. ’ ? 
“Total for ali .~&ic acbs cannot exceed 0.06 level. “‘PAE = phthalate acid ester ““Drai Irpdated for the Phase VIB regulation, whi:h has ueen postponed. It includes U 
rmt-~r rlaccificdinn knm I3 tn f! thl m itdifvino the use of an additional lb-fold safetv factor for the lifetime HA.. 

0 
F 
D 
D 
F 
- 

F 
D 
D 
D 
F 
F 
F 
F 
D 
F.. 
F 

-9 
D 
D 
F 
0 

’ Health Advlr wles 

lo-kg Chp b , 
I 1 v 1 v’ 

- 
0.1 1 
6 6 
5’. 2 

. 0.1 0.1 
- - 

2 .2 
- 
- - 
: * 

1 ‘.l 
0.05 0.05 
4 0.2 
1 1 
7 0.2 

:3 : 3: 
0.06 oq 
6 .6 

4 4. 
9 0.4 

.’ 0.5 .0.6 :. . 

2 

;.2 
I.. ., 

o;y 7.. ” “’ 

2 ,.‘.‘. : : :.2 ::. 
2 i 

-0.03 : 0.03 
- - ‘. 

- 

0.5 
13 
6 
0.5 
c 
4 

w 

1 
0.2 
0.3 
4 
0.6 
0.5 
- 

8 
- 

0.4 
1 
2.0 

- 
; 

0.5 
7.::: 
7 
a1 
- 

- 

O.Ol? 
0.02 
0.02 . 
O.OOit 
0.2 f 
0.05 

b m 

. 
; 

0.1 
0.005 
o.ooc 7 
0.1 : 
o.cilc 2 
0.015 
0.m I6 
0.02 
- 

0.01 
0.004 
0.005 

- 

0.015 
0.02 
0.02 
0.003 
w 

0.05 
0.7 
0.7 
0.05 

2 
- 
- 
s 

4 
0.2 
0.03 
4 
0.06 
0.5 
0.002 
0.7 
- 

0.4 
0.1 
0.2 

- 

0.5 
0.7 
0.7 
0.1 
- 

0.01 

0.01 
* 

‘0.35 
m 

0.7 
0.04 

0.7 
0.05 
0.1 
_ 

0.06 
* 

0.003 
0.04 

- 
- 

0.1 
0.1 
0.02 
- 

0.6 
- 

0.07 o.002 0.07 0.001- - 

Cant3 
Grou 

0 
E 
82 
D 
C 
D 
02 
C 
B 
82 
C 
0 

82 
D 
D 
D 

82 

C 

Page 2 

er 
P 
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i Shndardr Health Advls xles 

Chemicals lo-kg Child 70-kg Adult Cancer 
status MCLG wi St&US Group 
.Rcgi own) mm) HA Longer- Longer- , 

One-day Tenday term term (rn: Zg, DWEL Llfetlme mgll at lo4 
own) hvm _ (men) (wn) di iy) (mm pew Cancer Risk 

Cyanqwn chloride . . r- - - - - 

*-cym-J P m s B D-.’ _ - - - - _ 
2,4-D F 0.07 0.07 F 1 0.3 , 0.1 0.4 0.0 0.4 0.07 D 
DCPA (Da&al) L I - F. .-60 60 5 .20 0.0.’ - * - D 
Dalapon F 0.2 0.2 F 3 3 0.3 0.9 I O.cx6 0.9 0.2 D 
Di[2+thylhexyl]adipate F 0.4 0.4 - 2.0 20 20 60 0.6 20 0.4 3 C 
Diazinon . - - - F 0.02 0.02 0.005 0.02 o.oloo9 0.003 o.ooo6 - E 

-Dibromoa+oni@ile I. - - D 2 2 2 6 0.0: : 0.6 
l Dibromochbropropane ~DBCP) 

0.02 C 
.’ F zero 0.0002 F 0.2 0.05 , - - - - - 0.003 ?B2 

Dibmmomethane L - - - m - - ^ ’ - ‘D 
Dibutyl phthalate (PAE) - - - - w 0.1 4 - D 
Diiamba L * ” F 0.3 0.3 0.3 1 0.(x* ( 1 0.2 D 

-Dichbroacetaldehyde L - - D - - . - - - - 
. .Dihloroacetic acid l : P zero 0.06+* D 1 1 1 * 4 o.ot 4 0.1 - -** a2 

~Diihloroacetonitrile ‘- D 1 1 0.6 3 0.016 0.3 0.006 - C 
Diihlorobanzeno o- 

L. 0; 
F . 0.6 F 9 9 9 30 o.ol 0 3 0.6 D 

Dichlorobenzene m- l B . 

;.a75 

F’ -.9 9’ 9 30 o.o! 3 0.6 - 0 
Diihiorobenzene p F \ 0.075 F 10 ‘10 10 40 0.1 * 4 0.075 c: 
Diihlorodiiuoromethane L - - F 40 40 9. 30 0.2. 5 1 r - D 

F zero: : .0.005 qchbroethano (!,2-) *, F . 0.7 0.7 0.7 : 2.6 - 0.04 82 
F .0.007 Dichbroethylene (l,l-) 0.007 F 2 1 1 

Dii!oroe~thy?ene (c&l ,?-) F 0.07 0.07 , F .’ 4 3 :,3 ,: 
4 0.M 9 0.4 0.007 c 

11 0.0 0.4 0.07 D 
Dichlorosthylene (trans;! ,?-) F O:l 9.1 F 20 ? s O:o: 0.6 0.1 D 
Qjj~@pgj+J~ ;,:. :, F “1.1 zero .‘., ,‘.CJ.W5 .’ F ..1q : 

j::. 
.; i ..‘. ‘* ..: t ., 0.a 2 - 0.5 82 

Diihlorophend (2,4-) - - D 0.03 0.03 0.03 0.1 o.ot 3 0.1 0.02 0 
-Diihbr&rop&e (1 ,%-) 

;. zero 

D -:.,. ... - ; T,i-... _ _ ., _ . - 
Diihloropropane (1,2-) 0.005 F - 0.09 - - - 0.06 82 

’ L ,.., _:: -Diihbropropane (1,3-) D . ..I . :. ” -. ” - w * - 

l The values for m-dichlorobenzene are based on data for odiihbrobenzene. 
tt A quantitative risk estimate has not been dotermin~. 
l * Total for all haloacetic acids cannot exceed 0.06 bvd. 
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Chemicals 

0.03 0.03 
o.ow5 o.ooo! 
- - 
- 

-Dichloropropane (2,2-) - D. ^ 

* Diohloropropene (1 , 1 -) a D 
Dichloropropene (1,3-) F 0.03 
Dieldrin - F 0.0005 
Diethyl phthalate (PAE) D 
Diithylene giycot dir&ate - * 

Di(2-ethylhexyl)phthalate (PAI .O.W8 D - 

Diisopropyi methylphosphonai . F ? 
Qimethrin F 10 
-Dimethyl methylphosphonate F 2 
Dimethyl phthalate (PAE) - 

! ,3-Dipitroberu~ne I F 0.04 
Dintotoluene (2,4-) - F 0.50 
Diiitrotolusne (26.) - . m F: 0.40 
tg 2,6 6 2,4 dinitrotoluene m - - 

Diib 0.007 F .‘0.3 
Diixane p- F 4. 
Diphonamid i’ 9.3 
Diphenylamine - F 1 
Dquat 0.02 c w 

Disulfoton s F 0.01 
DiiCne (1,4-) , - .F . . . 0.4. 
Diuron F 1 
Endothall . 0.1 F’ 0.8 
Endrin 0.002 F 0.02 
Epiohlorohydrin .n F. ‘0.1 
Ethylbenzene 0.7 F’ 30 

Ethylene dibromido (ED@] OMO! F: ‘, o.fJoq .’ 
Ethylene glycot - F 20 
ETo..y : .: -L... . . - ‘,: :.: e ‘. ‘: F. :: 0;3 : 

Fenamiphos F 
- 

l An HA will not be developed due to irwftkii data; a “Database Deficiency Report” “s been published. 
m tg = technical grade 

- - 

.8 6 
10 10 
2, 2 
- - 

0.04 0.04 
‘0.50 * 0.30 
0.40 0.40 

- 

‘0.3 6.01 
0.4 - . 
0.3 0.3 
1 0.3 
.“’ . 

0.01 0.003 
,:o.r!. 0.4 

1 0.3 
0.9 0.2 
0.02 0.003 
6.1 0.07 
3 ‘1 

.: o.go8 - 
6 6 

,. I ., 0.3 ; ‘, 0.1 
0.009 .0.009 0.005 

status MCLG SWW 

RLO- (mpn) HA 

Standards 

. 
Longc1 

term 
Owl4 1 (monj i (mgn~ 

lo-kg Child 

Health Advlsc fles 

70-kg Adult 

‘-iiiKiiX 

- 

30 
40 
6 

0.6 
2 
0.1 

0.001 
- 

s 

0.007 

0.2 
0.2 
0.02 
0.0603 
0.08 
0.01 
0,l 
0.002 

0.7 
* 
7 
e 

mgn at lo4 
Cancer Risk 

0.02 O.OOC 25 0.009 0.002 

- 
1 Cance !r 

Groul P 

82 
82 
D 
- 
82 
D 
D 
C 
D 
D 
82 
82 
82 
0 
82 
D 
D 
D 
E 
D 
0’ 
0 
D 
82 
D 
82 
D 
82 - 
0 - 
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Standards Health Advlsol les 

Chemicals 
: 

IO-kg Child 70-kg-Adult Cance 
Stahl Group 

HA Longcr- Longer- 
One-day Tenday term term cm; 01 DWEL Llfetime 

Ow@ Own) 
mg/lat 10” 

(me4 @WI) day OwN @x74 Cancer Risk 

Fluometron c * I F 2 2 2 5 0.01: 0.4 0.09 D 
Fluorene (PAH) - - - 0.04 - D 

-Fluorotrichioromethane F 7 7 3 10 0.3 10 2 D 
-Fog Oil 0 - - - I - 

Fonofos * ‘- . F 0.02 0.02 0.02 0.07 0.00; 0.07 0.01 - D 
Formaldehyde D - - D 10 5 5 20 0.15 5 1 aI*’ 

LGasoline, unleaded (benzene) - - e D - - 0.005 
Glyphosate F 0.7 0.7 F 20 26 1 1 0.1 ; 0.7 E. 
Heptachlor . F zero 0.0004 F 0.01 ,O.Ol ,0.005 0.005 O.OOiS 0.02 - O.ow8 82 
Heptachlor epoxide F; zero 0.0002 F 0.01 - O.oool O.OOBl 1 E-! o.ooo4 - 0.0004 82 
Hexachkxobenxene .: F tero O.aol F 0.05 0.05 0.05 0.2 o.ooc9 0.03 - 0.002 82 
Hexachlorobutadiene T 0.001 - F - 0.3 0.3 0.1 0.4 0.00; 0.07 0.001 C 
Hexachlorocyclopentadiene F 0.05 - 0.05 - * - - - 0.007 0.2 - D 
Hexachloroethane L. - F 5 5 0.1 0.5 0.001 0.04 0.001 C 

Hexane (n-) w w .F 10 4 4 10 w - - - D 
Hexazinone F 3 3 3 9 0 08” 1’ 0.7’ D 
HMX - - F 5 5 5 20 0:05 2 0.4 D 
.Indeno(l,2,3,-c,d)pyrene (PAH - - D - 

- - - -... 82 
&ophorone L - ” F 15 15 15 15 0.2 7 0.1 ~,. 4 C 

-Isopropyl methylphosphonate D 30 30. 30’ 100 0.1 4.0 0.7 ‘~ - D 
- Isopropylbenzene w -.. - D - - - a w - 

Lindane F o.ooo2 0.0002 F 1 1 0.03 0.1 o.&c 3 0.01 o.ooo2 f C 

Malathion .F 0.2 0.2. 0.2 0.8 0.02 0.8 0.2 - D 
Maleic hydratide F 10 10 5 20 0.5 20 4 D 
MCPA m I F. 0.1 0.1 0.1 0.4 0.0015 0.05 .‘O.Ol - E 

Methomyl L - - F 0.3 0.g 0.3 0.3 0.025 0.9 0.2 - 0 

Methoxyqhlor F 0.04 0.04 F w5 0.05. ‘.I o.lp . 0.2 0.005 0.2 0.04 * D 

Methyl ethyl ketone* F ’ - - - - - - - m D 
F 0.3 0.3 0.03 ., 0.1 O.OOG 25 ‘0.009 0.002 - D Methyl parathion 

I . . .C 

. 

October 1996 Page 5 

unuur renew. 
ti Carcinogenicky based on inhalation exposure. 
“‘We 40CFR Parts 141 and 142 

. 



Drinking Water Standards and Health Advisories 
October 1996 Page 6 

Chemicals 

Metribuzin L - - 0.013^” 0.5 
-Monochloroacetic acid L. - . 

&lonochlorobenzene 
Naphthalene _’ ’ - ! 0.004 

-Nitrocelluiose (non-toxic) 
Niioguanidine 0.1 - 4 
Nitrophenol p 

0.0045’ 0.2 

Rentachlorophenol 1 0.3 . 
Phenanthrene (PAH) 

- .L 

Pi&am 
Polychlorinated biphenyls 
(PCBs) 
Prom&o0 * L - - 

Pyrfm iPAn) 0.03 * - 
RDX 

l Under review. NOTE: Phenanthrene - not proposed. 
., 

m The RfD for metribuzin was revised Dec. 1994 to 0.013 mg/kg/day. Based on this revised RfD the Lifetime HA would be 0.1 mg/i assuming s 20°h relative source contribution for drinkin; water. This 
information has not been Incorporated in the Health Advisory document. 4 * 
- Tentative. 

. 

‘Ifthecancer pi ‘h&on c is accepted, the L&time HA is 0.02;‘otherwise it is 0.200 ma/L i 1 
j ,f 
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Drinking Water Standards and Nealth Advise wies 
October 1996 

Chemicals 

Tebuthiuron 
Terbadl 
Terbufos 
Tetrachtoroethane (1 ,l ,1.2-) 
Tetrachloroethane (1 ,1,2,2-) i 
Tetrachioroethytene 

-Tetranitrotnethane 
Tduene 
Toxaphene 
2,4,5-TP 
1,1,2-Trichlorel,2,2- 
trifluoroethane 

-Trichkxaacetic acid 
m Trichloroacetonitrile 

Trichlorobenzene (1,2,4-) 
-Trichtorobenzene (1,359 

Trichloroethans (l.l,l-) 
Trichloroethane (1,1,2-) - 

~Trkhloro&ha~l(2,2,2~) 
Trichlorcethylene 
Trichlorophd(2,4,8-) 

-Trichloropropane (1 , 1 , 1 -) 
Trichtompropane (1,239 
Trifiuralin 
Trimefhylbetwne (1,2,4-J 
Trimethylbenzene (1,359 

-T@troglycerd 
*Trinitrototuene 

Vinyl chloriie - 
Xylenes 

Standards’ 

status MCLG 

WI* : (man) 

MCL 

(man) 

e -. 
- 

zera 0.005 
- - 

1 1 
zero 0.003 

0.05 0.05 

s 

0.3 0.w 
- - 

0.07 0.07 
w 

0.2 0.2 . 
o.oq 0.005 

- ::.: .m 

zero 0.005 
? ‘. - 
- - 

- * 

.‘zero a;002 
F’ 10 10. .’ 

- 
r 

St&II 
HA 

F 
F 
F 
F 
D 
F 
.I 

F 
F 
F 

- 

D 
D 
F 
F 
F 
F 
w 

F 
‘0. 

D 
F 

’ F 
D 
D 
F 
F 
F 
F 

- 

- 

T 
lo-ka Child 

- 

4 
.?. 0.05 

0.1 
0.8 

loo 
0.8 
w 

. 
w 

0.8 '. 
0.08 
m 
- 

0.0[)5 
go2 
3 

0.3 
0.00; 
0.9 

2 
w 

2 

0.2 

1 
- 

2' 
- 

0.07 

- - 

4 4 
0.05 - 

0.1 0.1 
0.8 0.8 

40 40 
0.4 0.4 
-: - 

e 
- 

0.8 
0.08 
* 
- 

< 0.005 
0.02 
3 

* 
- 

0.8 
0.08 
I 
w 

q.005 
0.02 
0.01 

40 40 40 

, ., ’ Under review. - 
w A HA witl not be deiefoped due to insufficient data; a“‘D&&w Deficiency Report” has been published. 
.+ Total for all haloacetic acids cannot exceedO.08 mgIl level. : ., 

1 
t 

Health Advls xles 

I. 

T 

i - 

Page 7 

Cancc 
Grout 

D 
E 
D 
C 

D 
82 
D 

C 

D 
c 

D 
c 
- 

02 
82 

82 
C 



Drinking Wafer Sfandaids and Health Ad&&es 
October 1996 

Standards Health Advlsd *les 

Chemicals lo-kg Chlid - 70-kg Adult Cance 
status MCLG MCL status - Groq 

WJ. (mgfl) (mofl) HA Longer- Longer- 
One-day Ten-day term term (n$g DWEL Lifetime 

(mm 
mg/l at IO4 

(man) mfli (ms4 Ic av) (mgN (wll) Cancer Risk 

INORGANICS 

Aluminum L - - 
Ammonia 

0.006 ‘0.006 
0.002 A 

700 MFL A 

Beryllium 0.2 - O.ooo6 62 
Boron L,‘. _‘. O.Ol- 3 0.6 . D 

,&ornate . 
Cadmium 

Ghloramine 
- Chlorate L - - 

Chlorine ,O.l - 
Chlorine dioxide 0.0’ 0.35 

-Chlorite 0.1 0.06 D 
Chromium (total) ’ 

- 

CID)5 0.2 0.1 ; - 0 

Copper (at tap) 
Cyanide 
Fluoride’ O.l! - 

-Hypachtorits 
- Hypochlorous acid 

Lead (at tap) . _ EQ 
Manganese 

- - 

Merwy (inorganic) 0.002 - D 

Molybdenum 

l Under review. 
” Copper - action level 1.3 mg/L, Lead - action level 0.015 mgk 
m Measured as free chlorine. 
’ Regulated as chlorine. 
2 In food. 

,- .i . 

a In water. 
’ Being rema ) ’ 

i : 
I 

’ 1 
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Page 9 

Cance 
Grout 

. Drinking Wafer Standards and Health Advisories 
October 1996 

- 
T 

Chemlcalr 

Standards Health Advlsc #tes status MCLG -L Reg. h,w 
* 

lo-kfj Child 70-kg Adult 

Llfetlme mgn at loa 

St&l! 
HA 

MCL 
own 

di y) 1 (mall) 1 (me/l) 1 Ca&er Rlsl (mg/l) 1 

Nitrite (as N) 
Nitrate + Nitrite (both as N) 
Selenium 
Silver 
Sodium 
Strontium 
Sulfate 
Thallium 
Vanadium 
White phosphbrous 
Zinc 

-Zinc chloriie (measured as Zinc) 

1 
10 
0.05 

F 

F 

F 
P 

‘P 

F 
F 

D 
D 
cl 
D 
F 
D 
F 
D 
F 

6.2 
m 

25 
- 

0.007 

- 

6 
6 ’ 

1. 
e 
- 

0.2 
- 

25 
a 

0.007 
- 
^ 

6 
6 

- 

0.2 

90 

0.02 
- 
e. 

10 
10 

. 

” 

0.6 
- 

0.a 007 
- 

oat 002 
0.3 
0.3 

4 mremly 
15 pCilL 

20 pCi/L 
150 pCi/L 

I 

. 

. 

D 

D 

D 
0 
D 
D 

A 
A 

A 
A 

A 

- 0.2 0.1 
20- - 

99 17 
- - 

0.0023 o.wo5 ( 
- * 

O.WO5 O.oool 
10 2 
10 2 

. 

500 500 
0.m 0402 
w - 

- 
i - 
- 

RADIONUCLIDES 

-Beta particle and photnn 
activity (formerly 
man-made radiiuclides) 

Gross alpha particle activii 

Combhd Radium 226 & 228 
-Radon’ 

+? 4 mren 

++ . 15 
pCi/L 

t+ 5 pCill 
zero 300 

pCi/L 
zero 20 j.~g/l Uranium* 

Under review. w Guidance. 
+ 1991 Proposed National Primary Drinking Water Rule for Radionuclides 
++No final MCLG, but zero proposed In 1991.. 

‘, 
. . . 

. 



Secondary Maximum-Contaminant Levds . 
. 

October 1996 , 

Chemicals status SMCLs (mgr L) 

0.05 to 0.2 

250 

15 color uni* s 

1.0 ‘, 

non-corrosiW2 

2.0 . 

0..5 

Aluminum F 

C hloricje F 

Color F 

Copper F 

Corrosivity F 

Fluoride* F 

Foamivg agents -, F 

Iron F 

Manganese F 

()&Jr . ~ F 

PH F 

Si]ver’.<:Y.. ,: .,. ,’ 1. E I 
Sulfqte F 

Tbtal d&$ved solids (TDS) F 

Zinc F 

Status Codes: P - proposed, F - final 

0.3 

0.05 

3 threshold odor n.tmbers 

6.5 - 8.5 

0.1 

’ 250 

500 ’ 

5 

Page IO 

* Under review. 

Secondary Drinkihg Water Stand<:‘>ds are unenforceable federal guidelines re&ding s taste, odor, color and 
‘certain other non-aesthetic effects .of drinking’ water: ‘EPA, r&commends them to the I it&es as reasonable goals, ; I 

but ‘der’al law does not require water systems to Comp/~B 4th them. States may, ho!vever, adopt their own 
\ 

en,.. ieable regulations governing these concerns. TO L afe, check your State’s d, -inking water rules. 1 .* 
’ * 



. Micr6biology . 

October 1996 Paae 11 
- --a- - 

. . 

Cryptosporidium 

Giardia lamblia 
. 

Legionella 

Standard Plate Count 

Total Coliforms 

Turbidity , . 

Viruses 

status MCLG MCL 

L 

F zero TT 
F# zero TT 

F’ NA l-r 

F. T zero l * 

F NA’ PS 

, FX zero TT 

Key: PS, TT, F, defined as previously stated. 

’ Final for systerk using surface water; also being-considered fo l 

regulation under groundwater disinfection rule. 
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HmRh Mvisuy - Pmphvn 

2.2s 
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SO HIIlCh Ahbwy . SilnBxtr 2.1s 

!5I 

!I2 

!S3 

3.00 

2.00 

2.25 

ma&h Mvboay - I. 2. tmomo -3 . c~ompropma (MCP) 

D-261 ~e~~hMvbwy-1.2.O*Nocopm~me 1.75 

02as Woaich Advbmy . Lldu,, 

o-267 Hdth Wvkory . Ckaamfl 1.50 ,:, , 

O-268 Hedth Mvbo~ . kntechtorophanol 2ao 

D-20 Htaith Addmy - lom@mn 1.75 

o-270 a lkatlh Advboq .2.4, I. Trkhkroqhwwuysetk Add Mkrobklopk6l 3.00 

b272 lldth Mvkoq . Aldh t 3.00 

D-27J n*mhMvkady.&lm@nk 1.7s 
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290 
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,292 

-293 

*294 

II’ 
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Connecticut Final Regulations 

§19-13-B102. Standards for quality of public drinking water 

The following standards for the quality of drinking water, minimum treatment methods, and 
requirements for the design and operation of treatment works and water sources shall be met by 
all public water systems. 

(a) Definitions. As used in Section 19-13-B 102: 

(1) “Action Level” means the concentration of lead or copper in water specified in subsection 
(j)(6)(B) of th’s I section which determines, in some cases, the treatment requirements contained in 
subsection (i) (6) of this section that a water system is required to complete. 

(2) “Active Source Of Supply” means all springs, streams, watercourses, brooks, rivers, 
lakes, ponds, wells, or underground water from which water is taken on a regular or periodic 
basis for water supply purposes. A number of wells drawing water from a single aquifer or more 
than one surface water body or a combination of surface water and groundwater sources 
connected to a common distribution system may, at the discretion of the department, be 
considered a single source of supply. 

(3) “CFR” means code of federal regulations. 

(4) “Certified Distribution System Operator” means an operator who has met the education, 
experience, and examination requirements specified in Section 25-32-l 1 of the regulations of 
Connecticut State agencies. 

(5) “Certified Treatment Plant Operator” means an operator who has met the education, 
experience, and examination requirements of Section 25-32-9 of the regulations of Connecticut 
State agencies. 

(6) “Coagulation” means a process using coagulant chemicals and mixing by which colloidal 
and suspended materials are destabilized and agglomerated into floes. 

(7) “Community Water System” means a public water system that serves at least twenty-five 
(25) residents throughout the year. 

(8) “Complete Conventional Treatment” means coagulation, sedimentation, rapid granular 
filtration, and disinfection unless approved otherwise by the department. 

(9) “Compliance Period” means a three (3) calendar-year period within a compliance cycle. 
Each compliance cycle has three (3) three-year compliance periods. Within the first compliance 
cycle, the first compliance period runs from January 1, 1993 to December 31, 1995; the second 
from January 1, 1996 to December 3 1, 1998; the third from January 1, 1999 to December 3 1, 
2001. 

(10) “Compliance Cycle” means the nine (9) calendar-year cycle during which public water 
systems shall monitor. Each compliance cycle consists of three (3) three-year compliance 
periods. The first calendar year cycle begins January 1,1993 and ends December 3 1,200 1; the 
second begins January 1,2002 and ends December 3 1,20 10; the third begins January 1,20 11 
and ends December 3 1,20 19. 



Connecticut Final Regulations ,,--; 

(11) “Confluent Growth” means a continuous bacterial growth covering the entire filtration 
area of a membrane filter, or a portion thereof, in which bacterial colonies are not discrete. 

(12) “Consecutive Public Water System” means a public water system that purchases all of 
its water from another public water system and does not operate or control any other sources of 
supply. 

(13) “Consumer” means one that meetqthe requirements of section 25-32a of the Connecticut 
General Statutes. 

(14) “Contaminant” means any phy&l, chemical, biological, or radiological substance or 
matter in water as in section 1401 Title XIV of the Federal Public Health Service Act. ., 

(15) “Conventibnal Filtration Treatment” means a series of processes including coagulation, 
flocculation, sedimentation, and filtration resulting in substantial particulate removal. 

(16) “Corrosion Inhibitor” means 3 substance capable of reducing the corrosivity of water 
toward metal plumbing materials, especially lead and copper, by forming a protective film on the 
interior surface of those materials. 

(17) “CT” or “CT CALC” means the product of the “residual disinfectant concentration” (C) 
in milligrams per liter (mg/l) determined before or at the first customer, and the corresponding 
“disinfectant contact time” (T) in minutes (i.e., “C” X “T”). If a public water system applies 
disinfectants at more than one point prior to the first customer, it shall determine the CT of each 
disinfectant sequence before or at the first customer to determine the total percent inactivation. ‘-- 

(18) “Department” means Connecticut Department of Public Health. 

(19) “Diatomaceous Earth Filtration” means a process resulting in substantial particulate 
removal in which a precoat cake of diatomaceous earth filter media is deposited on a support 
membrane (septum), and while the water is filtered by passing through the cake on the septum, 
additional filter media known as body feed is continuously added to the feed water to maintain 
the permeability of the filter cake. 

(20) “Direct Filtration” means a series of processes including coagulation and filtration but 
excluding sedimentation resulting in substantial particulate removal. 

(21) “Disinfectant Contact Time” (“T” in CT calculations) means the time in minutes that it 
takes for water to move from the point of disinfectant application or the previous point of 
disinfectant residual measurement to a point before or at the point where residual disinfectant 
concentration (“C”) is measured. 

(A) Where only one “C” is measured (single application point), “T” is the time in minutes 
that it takes for water to move from the point of disinfectant application to a point before or at 
which residual disinfectant concentration (“C”) is measured. 

(B) Where more than one “C” is measured (multiple application points), “T” is: 

(i) for the first measurement of “C,” the time in minutes that it takes for water to move @OS 



,_ .,_ ,, .::. :ii,..;cr.-,.ii:-i.?i ‘..- <: LSS.ii’,>. ,, A,,:;<*&:. ,1.,, ( 3*-:. Ti) ..“, ; ,. 

Connecticut Final Regulations 

the first point of disinfectant application to a point before or at the point where the first “C” is 
measured, and 

(ii) for subsequent measurements of “C,” the time in minutes that it takes for water to move 
from the previous “C” measurement point to the “C” measurement point for which the 
subsequent “T” is being calculated. 

(C) Disinfectant contact time in pipelines shall be calculated by dividing the internal volume 
of the pipe by the maximum hourly flow rate through that pipe (plug flow). 

(D) Disinfectant contact time within mixing basins, clear wells, and storage reservoirs shall 
be determined by tracer studies or an equivalent demonstration. 

(22) “Disinfection” means a process which inactivates pathogenic organisms in water by 
chemical oxidants or equivalent agents. 

(23) “Domestic Or Other Non-Distribution System Plumbing Problem” means a coliform 
contamination problem in a public water system with more than one service connection that is 
limited to the specific service connection from which the coliform-positive sample was taken. 

(24) “EC Medium/Mug Tests” means analytical tests for waterborne bacteria as specified in 
40 CFR 141.21(f). 

(25) “Effective Corrosion Inhibitor Residual” means a concentration sufficient to form a 
passivating film on the interior walls of a pipe. 

(26) “End Of Distribution System” means: the last service connection on a dead-end water 
main. 

(27) “EPA” means the United States Environmental Protection Agency. 

(28) “Filtration” means a process for removing particulate matter from water by passage 
through porous media. 

(29) “First Draw Sample” means a one-liter sample of tap water, collected in accordance with 
subsection (e) (8) (B) (ii) of this section, that has been standing in plumbing pipes at least six (6) 
hours and is collected without flushing the tap. 

(30) “Flocculation” means a process to enhance agglomeration or collection of smaller floe 
particles into larger, more easily settleable particles through gentle stirring by hydraulic or 
mechanical means. 

(3 1) “Groundwater Under The Direct Influence Of Surface Water” means any water beneath 
the surface of the ground with either significant occurrence of insects or other macroorganisms, 
algae, or large-diameter pathogens such as giardia lamblia, or significant and relatively rapid 
shifts in water characteristics such as turbidity, temperature, conductivity, or pH which closely 
correlate to climatological or surface water conditions. Direct influence shall be determined for 
individual sources in accordance with criteria established by the department. The department 
determination of direct influence may be based on site-specific measurements of water quality 
and/or documentation of well construction characteristics and geology with field evaluation 
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according to “Department of Health Services criteria - determination of groundwater under the 
direct influence of surface water.” 

(32) “Initial Compliance Period” means the first full three-year compliance, period which 
begins at least eighteen (18) months after promulgation. Initial compliance period runs from 
January 1,1993 to December 3 1,1995. 

(33) “Large Water System” means a water system that serves more than fifty thousand 
(50,000) persons. 

(34) “Lead Service Line” means a service line made of lead that connects the water main to a 
building inlet and any lead pigtail, gooseneck or other fitting connected to such lead line. 

(35) “Legionella” means a genus of bacteria, some species of which have caused a type of 
pneumonia called legionnaires’ disease. 

(36) “Local director of health” means a city, town, borough, or district director of health or 
his authorized agent. 

(37) “mg/l” means milligrams per liter. 

(38) “Maximum Contaminant Level (MCL)” means the maximum permissible level of a 
contaminant in water that is delivered to any consumer of a public water system. 

(39) “Maximum Contaminant Level Goal” or “MCLG” means, the maximum level. ofa? _I ,- . “. .I (^\, > I 
contaminant in drinking water at which no known or anticipated adverse effect on the health of 
persons would occur, and which allows an adequate margin of safety. Maximum Contaminant 
Level Goals are non-enforceable health goals. 

(40) “Medium-Size Water System” means a water system that serves greater than three 
thousand three hundred (3,300) and less than or equal to fifty thousand (50,000) persons. 

(41) “Method Detection Limit (MDL)” means the minimum concentration of a substance, that 
can be measured and reported with ninety-nine percent (99%) confidence that the true value is 
greater than zero (0). 

(42) “Near The First Service Connection” means at one of the twenty percent (20%) of all 
service connections in the entire system that are nearest the water supply treatment facility, as 
measured by water transport time within the distribution system. 

(43) “Non-Community Water System” means a public water system that serves at least 
twenty-five (25) persons at least sixty (60) days out of the year and is not a community or a 
seasonal water system. 

(44) “Non-Transient Non-Community Water System” (NTNC) means a public water system 
that is not a community system and that regularly serves at least twenty-five (25) of the same 
persons over six (6) months per year. 

(45) “Notification Level” means the level of a contaminant that if e.xceeded%shall require 
public notification by a public water system to its consumers. 

,,- , . 
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(46) “Optimal Corrosion Control Treatment” means the corrosion control treatment that 
minimizes the lead and copper concentrations at users’ taps while ensuring that the treatment 
does not cause the water system to violate any drinking water statutes or regulations, 

(47) “Other Unregulated Contaminants” means contaminants that meet or exceed the 
departments action level or contaminant level for which the maximum contaminant goal has been 
proposed for drinking water by EPA. 

(48) “Physical Parameters” means color, turbidity, pH and odor. 

(49) “Point Of Disinfectant Application” is the point where the disinfectant is applied and 
water downstream of that point is not subject to recontamination by surface water. 

(50) “Point Of Entry” means a location on an active source of supply that is after any 
treatment and before entrance to the distribution system. 

(5 1) “Public Water System” or “System” means any water company supplying water to 
fifteen (15) or more consumers or twenty-five (25) or more persons, based on the “Design 
Population” as defined in Section 16-262m-8(a)(3) of the regulations of Connecticut State 
Agencies, jointly administered by the department and the Department of Public Utility Control, 
daily at least sixty days (60) of the year. 

(52) “Practical Quantification Level (PQL)” means the lowest concentration that can be 
reliably measured within specific limits of precision and accuracy during routine laboratory 
operating conditions. 

(53) “Repeat Compliance Period” means any subsequent compliance period after the initial 
compliance period. 

(54) “Repeat Sample” means a sample that is collected as a result of a total coliform-positive 
routine sample. 

(55) “Residual Disinfectant Concentration” (“C” in CT calculations) means the concentration 
of disinfectant measured in mg/l in a representative sample of water. 

(56) “Routine Sample” means a sample that is collected at a location and frequency as 
specified in the approved sample siting plan. 

(57) “Sanitarian” means a person who is trained in environmental health and who is qualified 
to carry out educational and investigational duties in the fields of environmental health such as 
investigation of air, water, sewage, foodstuffs, housing and refuse by observing, sampling, 
testing and reporting; and who is licensed pursuant to section 20-361 of the Connecticut General 
Statutes. 

(58) “Sanitary Survey” means an onsite inspection of the water source, facilities, equipment, 
operation and maintenance of a public water system for the purpose of evaluating the adequacy 
of such source, facilities, equipment, operation and maintenance, for producing and distributing 
safe drinking water. 



Connecticut Final Regulations i,a--b 

(59) “Seasonal Water System” means a public water system that operates on a seasonal basis 
for six (6) months or less per calendar year. 

(60) “Second Compliance Period” means the second full three-year compliance period in the 
first compliance cycle. Second compliance period runs from January 1, 1996 to December 3 1, 
1998. 

(61) “Sedimentation” means a process for removal of solids before filtration by gravity or 
separation. 

(62) “Service Line Sample” means a one (1) liter sample of water, collected in accordance 
with subsection (e) (8) (B) (iii) of this section, that has been standing for at least six (6) hours in 
a service line. 

(63) “Single Family Structure” means a building constructed as a single-family residence that 
is currently used as either a residence or a place of business. 

(64) “Slow Sand Filtration” means a process involving passage of raw water through a bed of 
sand at low velocity (generally less than 0.16 gallons per minute per square foot, gpm/sq. ft.) 
resulting in substantial particulate removal by physical and biological mechanisms; 

(65) “Small Water System” means a water system that serves three thousand three hundred 
(3,300) persons or fewer. 

(66) “Source Water” means raw water before any kind or type of treatment at the source of 
supply. 

(67) “Special Purpose Sample” means a sample that is taken to determine whether 
disinfection practices are sufficient following routine maintenance work on the distribution 
system. 

(68) “Surface Water” means all water that is open to the atmosphere and subject to surface 
runoff. 

(69) “System With A Single Service Connection” means a system that supplies drinking 
water to consumers via a single service line. 

(70) “Tier I Violation” means a public water system has failed to comply with requirements 
for any of the following: 

(A) an applicable maximum contaminant level (MCL) or Action Level; 

(B) regulations concerning quality and quantity of drinking water ready for consumption with 
the exception of odor, color, pH and sodium content; 

(C) applicable treatment technique or any schedule prescribed pursuant to a variance or 
exemption. 

(71) “Tier II Violation” means a public water system which: 
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(A) has failed to perform monitoring requirements according to this section; or 

(B) has failed to comply with a current testing procedure established by EPA; or 

(C) is subject to a variance or an exemption. 

(72) “Too Numerous To Count” means that the total number of bacterial colonies exceeds 
two hundred (200) on a forty-seven (47) mm diameter membrane filter used for coliform 
detection. 

(73) “Transient Non-Community Water System” means a non-community water system that 
does not meet the definition of a non-transient non-community water system. 

(74) “Virus” means a microorganism of fecal origin which is infectious to humans by 
waterborne transmission. 

(75) “Water Company” means one that meets the requirements of Section 25-32a of the 
Connecticut General Statutes. 

(76) “Water System” means all community water systems, non-transient non-community 
water systems and seasonal water systems. 

(77) “Waterborne Disease Outbreak” means the significant occurrence of acute infectious 
illness, epidemiologically associated with the ingestion of water from a public water system as 
determined by the department. 

(78) “Zone of Influence” means the land area that directly overlies and has the same 
horizontal extent as the part of the water table or other potentiometric surface that is perceptibly 
lowered by the withdrawal of water. The zone of influence delineated by the use of modeling is 
that area of land in which the water table or potentiometric surface is lowered by at least one-half 
(0.5) foot. In the event of inadequate information and data to delineate the zone of influence, a 
radius of one (1) mile shall be utilized for unconsolidated aquifer groundwater sources and a 
radius of one thousand (1000) feet shall be utilized for confined and bedrock aquifer groundwater 
sources. 

(b) Watershed survey. A water utility having an active surface water source of supply under 
its control shall make a sanitary survey of the watershed to the intake at least annually. A report 
on the survey shall be submitted to the State Health Department by March 1 each year covering 
the preceding calendar year. 

(c) Standards for quality of untreated water prior to treatment. All parameters shall be tested 
for each surface source at least annually, except bacteriological and physical tests which shall be 
done quarterly. 

Groundwater sources shall-be tested for these parameters when the department determines 
that the source is vulnerable to contamination. 
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Parameter 

(1) BACTERIOLOGICAL 
Coliform Organisms* (1) 

(2) PHYSICAL 
Color 

Turbidity 

Degree of Treatment 
Disinfection and Chemical 
Treatment Filtration 

Not to exceed lOO/lOO ml monthly Not to exceed 20,O 
-measured by a monthly 

mean 
average, based on a running 
arithmetic average for the most 
recent twelve month period. No 
individual sample is to exceed 
500/100 ml 

Not to exceed twenty (20) 
standard units in more than ten 
percent (10%) of samples for 
most recent twelve (12) month 
period 
The turbidity level as specified 
in 40 CFR 141.74 (a) (4), in a 
representative sample of the 
source water immediately prior 
to the first or only point of 
disinfection application shall 
not exceed (5) Nephelometric 
Turbidity Units (NTU) . 

Not to exceed two hun' 
(250) standard units 

by a monthly geometri 

Not to exceed two hun 
(250) standard units 

by a monthly geometri 

* If coliform organisms are demonstrated to be not associated with a fecal source on t 

/ --% 

Parameter 

(3) INORGANIC CHEMI- 
CALS 

Arsenic 
Barium 
Cadmium 
Chloride 
Chromium 
Copper 
Cyanide 
Fluoride 

Lead 
MBAS (methylene 
blue active sub- 
stance) 
Mercury 
Nitrate plus 
Nitrite as N 

Degree of 
Treatment 

Disinfection and 
Chemical 

Treatment Level 
w/l 

Filtration Level 
mg/l 

.05 
1 

.oi 
250 

.05 

.05 
- 01 

2.0 
.05 

0.5 

.002 

-05 
1 

-01 
250 

.05 
1.0 
0.2 

2.0 

0.; 
05 

10 10 

.005 



Selenium 
Silver 

(4) PESTICIDES 

Endrin 
Lindane 
Methoxychlor 
Toxaphene 
2, 4-D 
2, 4, 5-TP (silvex) 
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01 
:05 

All Degrees of 
Treament Level 

w/l 

.Ol 

.05 

0.002 
0.0002 
0.04 
0.003 
0.07 
0.05 

(d) Facility location. Such as but not limited to treatment plants, pumping stations, storage 
tanks, etc., but not including water intakes and connecting pipelines. 

(1) New facilities are to be located: (A) Above the level of the one hundred year flood. (B) 
Where chlorine gas will not be stored or used within three hundred feet of any residence. (C) 
Where the facility is not likely to be subject to fires or other natural or manmade disasters. 

(2) The state health department must be notified before entering into a financial commitment 
for a new public water system or increasing the capacity of an existing public water system, and 
the approval of the state health department must be obtained before any construction is begun. 
This includes construction of supply and treatment works, transmission lines, storage tanks, 
pumping stations and other works of sanitary significance. It does not include the routine 
extension of laterals or tapping of new service connections. 

(e) Water ready for consumption. 

(1) Physical Tests. Color is not to exceed fifteen (15) standard units leaving the treatment 
plant nor at representative sampling points in the distribution system. 

Turbidity is not to exceed five (5) standard units at representative sampling points in the 
distribution system. 

Odor is not to exceed a value of two (2) in the treatment plant effluent on a scale of O-5 as 
follows: 

O-None 

1 -Very Faint 

2-Faint 

3-Distinct 

4-Decided 

S-Strong 
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For systems that are not required to install optimal corrosion control treatment under 
subsection (j)(7) of this section, the pH value is not to be less than 6.4 nor to exceed 10.0 
entering the distribution system. 

(2) Inorganic Chemicals 

Community, non-transient non-community and seasonal water systems shall test for 
inorganic chemicals specified below. Transient non-community water systems shall test for 
nitrate and nitrite only. 

Inorganic chemicals@) and their limits 

Chemical 
Antimony 
Arsenic 
Asbestos 
Barium 
Beryllium 
Cadmium 
Chromium 
Cyanide 
Fluoride 
Mercury 
Nickel 
Nitrate nitrogen 
Nitrite nitrogen 
Nitrate nitrogen 

plus nitrite 
nitrogen 

Selenium 
Silver 
Sulfate 
Chloride 
Thallium 
Lead 
Copper 

Sodium 

Maximum Comtaminant Level Maximum Contaminant Level 
(rag/l 1 Goal (mg/l) 
0.006 

0.05 
7.0 MFLl (3) 

2.0 
0.004 
0.005 

0.1 
0.2 
4.0 

0.002 
0.1 

10.0 (as N) 
1.0 (as N) 

10.0 (as N) 

0.05 
0.05 

** (4) 
250 

0.002 
*** (5) 
*** (6) 

Notification Level (mg/l) 
28.0 

(0) 
1.3 

Notes 
** MCL has not been established for this chemical. 
*** See Section 19-13-B102(j) (6). 
1 MFL = million fibers per liter longer than ten (10) micrometers. 

(3) Pesticides, Herbicides and PCBs. Community, non-transient non-community and seasonal 

F---X 
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water systems shall test for pesticides, herbicides and PCB specified below. 

Pesticides, Herbicides, PCB, and their limits 

Maximum Contaminant 
Chemical1 (7) 
Alachlor 
Aldicarb 
Aldicarb sulfoxide 
Aldicarb sulfone 
Aldrin 
Atrazine 
Benzo(A)pyrene 
Butachlor 
Carbaryl 
Carbofuran 
Chlordane 
Dalapon 
Di(2-ethylhexyljadipate 
Di(2-ethylhexyl)phthalates 
Dicamba 
Dieldrin 
Dinoseb 
Diquat 
Dibromochloropropane (DBCP) 

4-D 
$hylene dibromide (EDB) 
Endrin 
Endothall 
Glyphosate 
Heptachlor 
Heptachlor expoxide 
Hexachlorobenzene 
Hexachlorocyclopentadiene 
3-Hydroxycarbofuran 
Lindane 
Methoxychlor 
Methomyl 
Metolachlor 
Metribuzin 
Oxamyl (vydate) 
Picloram 
Propachlor 
Simazine 
2, 3, 7, 8-TCDD (dioxin) 
Polychlorinated biphenyls 
(PCB) 
Pentachlorophenol 
Toxaphene 

Level (mg/l) 
0.002 

** (8) 
** (9) 
** (10) 
** (11) 

0.003 
0.0002 

** (12) 

** (13) 
0.04 
0.002 

0.2 
0.4 

0.006 

** (14) 

** (15) 
0.007 
0.02 

0.0002 
0.07 

0.00005 
0.002 

0.1 
0.7 

0.0004* (16) 

0.0002* (17) 
0.001 
0.05 

** (18) 
0.0002 

0.04 

** (19) 
** (20) 

** (21) 
0.2 
0.5 

** (22) 
0.004 

0.00000003 
0.0005 

0.001 
0.003 
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2, 4, 5-TP (silvex) 

Notes: 

0.05 

1 The method detection limits for all pesticides, herbicides and PCB shall conform to 
** MCL has not been established for this chemical. 
* If monitoring results in detection of one (I) or more of these contaminants, 'then su 

(4) Organic Chemicals. Community, non-transient non-community (NTNC) and seasonal 
water systems shall test for organic chemicals specified below. 

Organic chemicals(c) and their limits. 

Chemicalg(b) < 
Benzene 
Bromobenzene 
Bromomethane 
n-Butyl Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroethane 
Chloromethane 
o-Chlorotoluene 
p-Chlorotoluene 
Dibromomethane 
m-Dichlorobenzene 
o-Dichlorobenzene 
p-Dichlorobenzene 
1, l-Dichloroethane 
1, 2-Dichloroethane (EDC) 
1, 1-Dichloroethylene 
cis-1, 2-Dichloroethylene 
Trans-1, 2-Dichloroethylene 
Dichloromethane (Methylene 
chloride) 
1, 2-Dichloropropane 
1, 3-Dichloropropane 
2, 2-Dichloropropane 
1, 1-Dichloropropene 
1, 3-Dichloropropene 
Ethylbenzene 

Maximum Contaminant Level 
(mg/l) 
0.005 
** (23) 
** (24) 
** (25) 
0.005 

0.1 
** (26) 
** (27) 
** (28) 
** (29) 
** (30) 
** (31) 

0.6 
0.075 
** (32) 
0.005 
0.007 

0.07 
0.1 

0.005 

0.005 
** (33) 
** (34) 
** (35) 
** (36) 

0.7 

,“---. 
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Methyl Tert Butyl Ether (MTBE) 
Naphthalene 
n-Propyl Benzene 
Styrene 
1, 1, 1, 2-Tetrachloroethane 
1, 1, 2, 2-Tetrachloroethane 
Tetrachloroethylene 
Toluene 
Total Trihalomethanes (TTHM) 
Bromodichloromethane 
Bromoform 
Chlorodibromomethane 
Chloroform 
1, 1, 1-Trichloroethane 
1, 1, 2-Trichloroethane 
1, 2, 4-Trichlorobenzene 
Trichloroethylene 

Chemicalgtb) < 
1, 2, 3-Trichloropropane 
1, 2, 4-Trimethylbenzene 
1, 3, 5-Trimethylbenzene 
Vinyl Chlorides(c)< 
Xylenes (total) 
m-Xylene 
o-Xylene 
p-Xylene 
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** (37) 

** (38) 

1 ** (39 
0.1 

** (40 

** (41 
0.005 

1.0 
0.100 
* (42) 
* (43) 

* (44) 

* (45) 
0.200 
0.005 

0.07 
0.005 

Maximum Contaminant Level 
(mg/l) 
** (46) 

** (47) 

** (48) 
0.002 

10.0 
*** (49) 
*** (50) 

*** (51) 

Notes: 
* The MCL for Total Trihalomethanes (TTHM) is 0.100 mg/l, this is the sum of the four 
** MCL has not been established for this chemical. 
*** The MCL for Xylenes (total) is 10.0 mg/l, this is the sum of the three (3) constit 

(i) The method detection limit (MDL) for all organic chemicals is 0.0005 mg/l with the 
exception of MTBE which has an MDL of 0.002 mg/l. 

(ii) The department may require the testing of other chemicals for which a Maximum 
Contaminant Level Goal has been proposed by EPA or which the department has reason to 
believe may be health threatening. 

(iii) Quarterly analysis for vinyl chloride is required for ground water systems only when one 
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or more of the following compounds are detected: trichloroethylene, 1,2 Tetrachloroethylene, 1, 
2 Dichloroethane, 1, 1, 1 Trichloroethane, Cis 1,2 Dichloroethylene, Trans 1,2 
Dichloroethylene, or 1, 1 Dichloroethylene. If the first analysis does not detect vinyl chloride, the 
Department may reduce the frequency of vinyl chloride monitoring to once every three (3) years. 

(5) Radioactivity. 

Natural Radioactivity 
Maximum Allowable Level 

Picocuries Per Liter 
Contaminant (pCi/l) 
Combined radium-226 and 5 
radium-228 
Gross alpha particle activity 15 

(including radium-226 but 
excluding radon and uranium) 

Procedure. Community systems are to test gross alpha by June 1, 1979. They are to test a 
composite sample of four (4) quarterly samples, or tests may be made on each of four (4) 
quarterly samples and the results averaged for reporting purposes. 

When gross alpha is more than five (5) pCi/l, the sample is to be tested for radium-226 also. 
When radium-226 exceeds three (3) pCi/l, the sample shall then be tested for radium-228 in 
addition. 

.I./ 

Tests are to be repeated every four (4) years for ground water supplies and every four (4) 
years for surface water supplies. 

Non-community supplies are not required to test. 

Man-Made Radioactivity 
Annual Average Maximum 

Contaminant Allowable Level 
Dose equivalent of beta 4 millirems 

particles plus photon 
radioactivity 

or 
Gross beta particle activity 50 pCi per liter 

Tritium 20,000 pCi per liter 
Strontium-90 8 pCi per liter 

Dose equivalent of Tritium 
plus 

Strontium-90 4 millirems 
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Systems utilizing surface water and serving more than 100,000 persons are to test a. 
composite of four (4) quarterly samples or are to average the results of individual tests on four 
(4) quarterly samples by June 1, 1979. Tests are to be repeated every four (4) years. 

Systems using only groundwater shall not test. Systems serving less than 100,000 persons 
shall not test. 

(6) Total coliforms. 

(A) The MCLG for microbiological contaminants which includes E. coli and fecal coliforms 
is zero (0). 

(B) The maximum contaminant level (MCL) is based on the presence or absence of total 
coliforms in a sample, rather than coliform density. Compliance shall be based on a monthly 
MCL for total coliforms. 

(i) For a system which collects at least forty (40) samples per month, if more than five 
percent (5.0%) of the samples collected during a month are total coliform-positive, the system is 
in violation of the MCL for total coliforms. 

(ii) For a system which collects few,er than forty (40) samples per month, if more than one (1) 
sample collected during a month is total coliform-positive, the system is in violation of the MCL 
for total coliforms. 

(C) A system shall determine compliance with the MCL for total coli’forms for each month in 
which it is required to monitor for total coliforms. 

(D) Analytical methodology. 

(i) Analytical methods for total coliform. The analysis for total coliform should be conducted 
using either the membrane filter (MF) technique, or the lo-tube multiple tube fermentation 
(MTF) technique (five (5) tubes may be utilized provided they collectively equal one hundred 
(100) ml), or the presence-absence (P-A) coliform test, or the colilert system as approved and 
specified in 40 CFR 141.2 1 (f). The standard sample volume required for total coliform analysis, 
regardless of analytical method used, is one hundred (100) ml. 

(ii) Analytical methods for fecal coliforms. The use of EC medium for determining the 
presence of fecal coliform in a total coliform-positive culture is required. The procedure for fecal 
coliform analysis shall conform to those approved by EPA. 

(iii) Analytical methods for E. Coli. The analysis for E. Coli shall be conducted using either 
the EC medium plus MUG (4-methylumbelliferyl-B-D-glucoronice), the nutrient agar plus MUG 
test or other testing methods which conform to those approved by EPA. 

(7) Monitoring requirements 

(A) The monitoring frequency for total coliforms and physical parameters for a community 
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water system (CWS) is based on the population served by the system, and the frequency is as 
follows: 

Table 1 

Population Served 
25 to 1,000 

1,001 to 2,500 
2,501 to 3,300 
3,301 to 4,100 
4,101 to 4,900 
4,901 to 5,800 
5,801 to 6,700 
6,701 to 7,600 
7,601 to 8,500 

8,501 to 12,900 
12,901 to 17,200 
17,201 to 21,500 
21,501 to 25,000 
25,001 to 33,000 
33,001 to 41,000 
41,001 to 50,000 
50,001 to 59,000 
59,001 to 70,000 
70,001 to 83,000 
83,001 to 96,000 

96,001 to 130,000 
130,001 to 220,000 
220,001 to 320,000 
320,001 to 450,000 
450,001 to 600,000 
600,001 to 780,000 
780,001 to 970,000 

Minimum Number of 
Routine Samples 

Per Month 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
15 
20 
25 
30 
40 
50 
60 
70 
80 
90 

100 
120 
150 
180 
210 
240 
270 

If a CWS serving twenty five (25) to one thousand (1,000) persons has no history of total 
coliform violation in its current configuration, and a sanitary survey conducted in the past five 
(5) years shows that the system is supplied solely by a protected ground water source, and is free 
of sanitary defects pursuant to sections 19- 13-B5 1 a through 19- 13-B5 1 m of the Regulations of 
Connecticut State Agencies; the department may, if it is satisfied that this water is safe for 
consumption, reduce the monitoring frequency specified to no less than. one-( 1) sample per 
quarter. Department approval of the reduced monitoring frequency shall be m writmg. Water 
samples shall be collected by technical personnel employed by an environmental laboratory 
approved by the department under section 25-40 of the Connecticut General St@ttes, or a 
certified distribution system operator, or a certified treatment plant operator, or a’ sanitarian, or an 
employee of the department, or a person under the direct supervision of either a certified 
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distribution system, or a certified treatment plant operator. 

(B) The monitoring frequency for total coliforms and physical parameters for 
non-community water systems is as follows: 

(i) A non-community water system using only ground water sources that are not under the 
direct influence of surface water and serving one thousand (1,000) persons or fewer shall monitor 
during each calendar quarter that the system provides water to the public, except that the 
department may reduce this monitoring frequency, in writing, to no less than once a year if a 
sanitary survey shows that the system is free of sanitary defects pursuant to sections 19- 13-B5 la 
through 19- 13-B5 1 m of the Regulations of Connecticut State Agencies. 

(ii) A non-community water system using only ground water sources that are not under the 
direct influence of surface water and serving more than one thousand (1,000) persons shall 
monitor as specified in Table 1. Monitoring shall begin no later than December 3 1, 1990. 

(iii) A non-community water system using surface water, in total or in part, shall monitor at 
the frequency specified in Table 1, regardless of the number of persons it serves. Monitoring 
shall begin no later than December 3 1, 1990. 

(iv) A non-community water system using groundwater under the direct influence of surface 
water, shall monitor at the frequency specified in Table 1. Monitoring shall begin six (6) months 
after the department determines that the ground water is under direct influence of surface water. 

(C) Community, non-transient non-community and seasonal water systems shall conduct 
monitoring beginning in the initial compliance period to determine compliance with the MCLs 
specified in subdivisions 2, 3, and 4 of subsection 19-13-B 102(e) of the regulations of 
Connecticut State Agencies. Systems serving fewer than one hundred and fifty (150) service 
connections shall begin monitoring in the second compliance period for the following chemicals: 
Benzo(a)pyrene, Dalapon, Di(2-ethylhexyl) adipate, Di(2-ethylhexyl)phthalate, Dinoseb, Diquat, 
Endothall, Endrin, glyphosate, Hexachlorobenzene, Hexachlorocyclopentadiene, 
oxamyl(vydate), Picloram, Simazine, 2,3,7,8-TCDD (Dioxin). 

(i) Monitoring frequency for community, non-transient non-community and seasonal water 
systems 

BASE SAMPLING REQUIREMENT 
Contaminant REDUCED SAMPLING 

Ground water Surface water14 (53)) Ground water 
systems systems systems 

------___---------------------------------------------------------------------------- 
Asbestos Every 9 yrs. Every 9 yrs. Not Applicable 
_-__-____--______-------------------------------------------------------------------- 

Nitratell (55)) 
& 
Nitrite(l (56)) Annually Quarterly Not Applicak 
______-_------___-------------------------------------------------------------------- 
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Inorganic 
Chemicals Every 3 yrs. Annually Not Applicable 
------------------------------------r 

-_-r,------------------------------------- 
------ 

+* .* ) .., “, _ 

Organic 
Chemicals Quarterly(6 (58)) Quarterlyt6 (59)) Annually 
___-_-__-______-__--_ 

___________________--------------- 
------“---.--------------------- 

Systems serving - 
Pesticides, two quarters per 
Herbicides Systems serving 

and PCBs Quarterly16 (64)) Quarterlyc6 (65)) every 3 
____________________--------------------- -------------------------------------------- . ." 

1 Each transient. non-community water system shall monitor annually for nitrate and nit 

2 Applicable only if all analytical results from four consecutive quarters are less th 

3 Applicable only if no single contaminant is detected in the results of the base samp 

* Reduce to once every three (3) years after three (3) years of no detection of any co 

4 Or groundwater under the influence of surface water systems. 

5 Applicable only if granted in writing by the department. 
6 See sections 19-13-B102(e) (7) (C) (x1, (xiv) and (xvi) for exception. 
Notes: 

(ii) A system shall monitor quarterly beginning in the next quarter, if in any one sample: 
inorganic chemical, with the exception of nitrate and nitrite, exceeds the MCL; organic chemical, 
pesticide, herbicide or PCB, is, detected at,a level exceeding the MDL; or nitrate or nitrite exceeds 
or equals fifty percent (50%) of the MCL. 

I **L, ‘. I_< 
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Endnotes 

1 (PoPuP) 

* If coliform organisms are demonstrated to be not associated with a fecal source on the 
basis sanitary survey and differential tests, exception may be made. 

2 (PoPuP) 

a 

(a) The method detection limits for inorganic chemicals shall conform to those accepted and 
approved by EPA. 

3 (PoPuP) 

1 MFL = million fibers per liter longer than ten (10) micrometers. 

4 (PoPuP) 

** MCL has not been established for this chemical. 

5 (PoPuP) 

*** See Section 19-13-B102(j)(6). 

6 (P~PuP) 

*** See Section 19-13-B102(j)(6). 

7 (PoPuP) 

1 The method detection limits for all pesticides, herbicides and PCB shall conform to 
those accepted and approved by EPA. 

8 (PoPuP) 

** MCL has not been established for this chemical. 

9 (PoPuP) 

** MCL has not been established for this chemical. 

10 (PoPuP) 

** MCL has not been established for this chemical. 
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11 (POPUP) 

** MCL has not been established for this chemical. 

12 (POPUP) 

** MCL has not been established for this chemical. 

I3 (POPUP) 

** MCL has not been established for ,this chemical. 

I4 (POPUP) 

** MCL has not been established for this chemical. 

15 @PUP) 

** MCL has not been established for this chemical. 

16 (POPUP) 

* If monitoring results in detection of one (1) or more of these contaminants, then 
subsequent monitoring shall analyze for all these contaminants. 

I7 @PUP) 

* If monitoring results in detection of one (1) or more of these contaminants, then 
subsequent monitoring shall analyze for all these contaminants. 

18 (POPUP) 

** MCL has not been established for this chemical. 

I9 (POPUP) 

** MCL has not been established for this chemical. 

20 (POPUP) 

** MCL has not been established for this chemical. 

21 (POPUP) 

** MCL has not been established for this chemical. 

22 (POPUP) 

** MCL has not been established for this chemical! 

23 (POPUP) 
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** MCL has not been established for this chemical. 

24 (POPUP) 

** MCL has not been established for this chemical. 

25 (POPUP) 

** MCL has not been established for this chemical. 

26 (POPUP) 

** MCL has not been established for this chemical. 

27 (POPUP) 

** MCL has not been established for this chemical. 

28 (POPUP) 

** MCL has not been established for this chemical. 

29 (POPUP) 

** MCL has not been established for this chemical. 

30 @PUP) 

** MCL has not been established for this chemical. 

31 (POPUP) 

** MCL has not been established for this chemical. 

32 (POPUP) 

** MCL has not been established for this chemical. 

33 (Popup) 

** MCL has not been established for this chemical. 

34 (POPUP) 

** MCL has not been established for this chemical. 

35 (POPUP) 

** MCL has not been established for this chemical. 

36 (POPUP) 
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** MCL has not been established for this chemical. 

37 (POPUP) 

** MCL has not been established for this chemical. 

38 (POPUP) 

** MCL has not been established for this chemical. 

39 (POPUP) 

** MCL has not been established for this chemical. 

40 (POPUP) 

** MCL has not been established for this chemical. 

41 (POPUP) 

** MCL has not been established.for this chemical. 

42 (POPUP) 

* The MCL for Total Trihalomethanes (TTHM) is 0.100 mg/l, this is the sum of the four 
(4) constituent Trihalomethanes. 

43 (POPUP) 

* The MCL for Total Trihalomethanes (TTHM) is 0.100 mg/l, this is the sum of the four 
(4) constituent Trihalomethanes. 

44 (POPUP) 

* The MCL for Total Trihalomethanes (TTHM) is 0.100 mg/l, this is the sum of the four 
(4) constituent Trihalomethanes. 

45 (POPUP) 

* The MCL for Total Trihalomethanes (TTHM) is 0.100 mg/l, this is the sum of the four 
(4) constituent Trihalomethanes. 

46 (POPUP) 

** MCL has not been established for this chemical. 

47 (POPUP) 

** MCL has not been established for this chemical. 

48 @PUP) 
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** MCL has not been established for this chemical. 

49 (POPUP) 

*** The MCL for Xylenes (total) is 10.0 mg/l, this is the sum of the three (3) constituent 
Xylenes. 

50 (POPUP) 

*** The MCL for Xylenes (total) is 10.0 mg/l, this is the sum of the three (3) constituent 
Xylenes. 

51 (POPUP) 

*** The MCL for Xylenes (total) is 10.0 mg/l, this is the sum of the three (3) constituent 
Xylenes. 

52 @PUP) 

5 Applicable only if granted in writing by the department. 

53 @PUP) 

4 Or groundwater under the influence of surface water systems. 

54 @PUP) 

4 Or groundwater under the influence of surface water systems. 

55 (POPUP) 

1 Each transient non-community water system shall monitor annually for nitrate and 
nitrite beginning January 1, 1993. 

56 (POPUP) 

1 Each transient non-community water system shall monitor annually for nitrate and 
nitrite beginning January 1, 1993. 

57 @PUP) 

2 Applicable only if all analytical results from four consecutive quarters are less than 
fifty percent (50%) of the MCL. 

58 (POPUP) 

6 See sections 19-l 3-B 102(e) (7) (C) (x), (xiv) and (xvi) for exception. 

59 (POPUP) 

6 See sections 19-13-B102(e) (7) (C) (x), (xiv) and (xvi) for exception. 
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60 (POPUP) 

* Reduce to once every three (3) years after three (3) years of no detection of any 
contaminant in annual sampling. 

61 (POPUP) 

3 Applicable only if no single contaminant is detected in the results of the base sampling 
requirement. 

62 (POPUP) 

3 Applicable only if no single contaminant is detected in the results of the base sampling 
requirement. 

63 (POPUP) 

3 Applicable only if no single contaminant is detected in the results of the base sampling 
requirement. 

64 (POPUP) 

6 See sections 19-13-B102(e) (7) (C) (x), (xiv) and (xvi) for exception. 
..- 

65 (POPUP) 

6 See sections 19-13-B102(e) (7) (C) (x), (xiv) and (xvi) for exception. 

66 (Popup). 

3 Applicable only if no single contaminant is detected in the results of the base sampling 
requirement. 
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_, PREFACE 

The Water Quality Standards and Criteria (WQS) set forth in this publication are an important element in Connecticut’s 
clean water program. The WQS set an overall policy for management of water quaI@ in accordance with the directive 
of Section 22a-426 of the General Statutes. In simple terms the policies can be summarized by saying that the 
Deparhnent of Environmental Protection shall: 

0 Protect surface and ground waters of high quality from degradation. 

0 Segregate waters used for drinking from those that play a role in waste assimilation. 

0 Restore surface waters that have been used for waste assimilation to conditions suitable for fishing and 
swimming. 

I 
0 Restore degraded ground water to protect existing and designated uses. 

l Provide a framework for establishing priorities for pollution abatement and State fi.mdi.ng for clean up. 

0 Adopt standards that promote the State’s economy in harmony with the environment, 

There are three elements that make up the WQS. The first of these are the Standards themselves. This is the text of the 
policy statements (pages 5 through 10) which discuss issues such as classification of different water resources according 
to the desirable use, anti-degradation, allowable types of discharges, the fundamental principles of waste assimilation, 
and a variety of other subjects. The second element, also contained in this document, are the Criteria (pages 10 through 
2 1). These are descriptive and numerical standards that describe the allowable parameters and goals for the various 
water quality classifications. The final elements are the WQS and Classification Maps which show the classification - 
assigned to’eacb surface and groundwater &so&e throughout the State. These maps also show the goals for the water . 
resources, and in that manner provide a biueprint and set of priorities for our efforts to restore wafer quality. 

These three elements comprise the WQS and are adopted using the public participation procedures contained in Section 
22a-426 of the General Statutes. The Standards, Criteria and Maps are reviewed and revised roughly every three years. 
Any change is considered a revision requiring public participation. The public participatio? process consists of public 
meetings held at various locations around the State, notification of all chief elected offtcials, notice in the Connecticut 
Law Journal and a public hearing. The Classification Maps are the subject of separate public hearings which are held 
for the adoption of the map covering each major drainage basin in the State. 

As with any complex program, it is always difficult to anticipate the questions that the public may have about either 
proposed or adopted standards. The staffof the Planning and Standards Division of the Bureau of Water Management 
are the best source of information about these WQS and are always willing to provide answers to your questions. They 
may be contacted by writing to: 

Assistant Director 
Planning and Standards Division 
Bureau of Water Management 

Depanment of Environmental Protection 
79 Elm Street 

Hartford, Connecticut 06 106-S 127 

The WQS do not stand alone; rather, they are one critical element in our program to protect and improve water quality. 
The WQS are written in response to, and in concert with, the principles of Connecticut’s Clean Water Act, which is in 
Chapter 446k of the General Statutes. The Statutes set the broad outline and legal framework for our entire program. 
They establish the authorities and procedures for the WQS, for permitting discharges to the waters of the State and for 
the abatement of pollution. Within the Gramework of the Statutes, the WQS establish broad policy and objectives to 
meet the statutory goals. These ob;jectives are then carried out by means of specific procedures and requirements of 

3 



statutory sections and even more detailed regulations. These include Statutes and Regulations for the permitting o’~“-“” 
discharges to the waters of the State, hazardous materials managemen< solid waste management, water diversions. 
mm, &edging, wetlands and others. 

AS m exan@e of how these pieces fit together the following may be of assistance. 

0 Section 22a-430 of the General Statutes allows and sets procedures for the permitting of discharges 
of treated wastewater to the waters of the State. 

0 The WQS set forth the types of treated wastewater discharges that can be allowed in various water 
quality classifications in order to meet the statutory goals. In addition, the WQS provide the 
principles of waste assimilation and the ‘goals for the receiving waters. 

0 If the type of discharge is allowed, then the details of application procedures and requirements for 
treatment, monitoring and reporting of the specific discharge are provided by Sections 22a-430-1 
through 4 of the Regulations of Connecticut State Agencies. 

The WQS provide policy guidance in many different areas, all of which are subject to detailed statutory and regulatory 
requirements. Some examples are as follows: 

0 Decisions on the acceptability of a type of discharie to a specific water resource. 

0 Any decision on the siting of a landfill. 

0 Decisions on the type of remediation and priority for the cleanup of hazardous waste sites. 
,‘“‘-a 

0 Decisions on the priority assigned to ‘improvements of municipal sewerage systems and the priori; 
for funding such projects. 

a Decisions on Water Quality Certification pursuant to Section 401 of the Federal Clean Water Act, 
which are required for any federally permitted activity which results in a point or nonpoint source 
discharge to a surface water resource. 

If you have f&her questions about the Water Quaky Standards please do not hesitate to contact the staff. 

I. INTRODUCTION 

Section 22a-426 of the General Statutes requires that the Commissioner of Environmental Protection adopt standards 
ofwater quality for all the State’s waters. The purpose of these standards is to provide clear and objective statements 
for existing and projected water quality and the general program to improve Connecticut’s water resources. They also 
serve to qualify the state and its municipalities for available federal grants for water pollution control. 
Section 22a-426 mandates these standards shall: 

(1) 

(2) 

(3) 

(4) 

Apply to interstate waters or portions thereof within the State. 

Apply to such other waters within the State as the Commissioner may determine is necessary. 

Protect the public health and welfare and promote the economic development of the State. 

Preserve and enhance the quality of State waters for present and prospective future use for public 
water supplies, propagation of fish and aquatic life and wildlife, recreational purposes a$ 
agricultural, industrial and other legitimate uses. 
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, (5) Be consistent with the health standards as established by the Department of Public Health Services. 

Water Quality Classifications, based on the adopted Water Quality Standards (WQS), esmblish designated uses for 
surface and ground waters and identify the criteria necessary to support those uses. The designated use and criteria goals 
serve to focus the department’s water quality management activities, including establishment of water quality baaed 
treatment controls and strategies required by the Federal Clean Water Act. 

Section 303 of the Federal Clean Water Act requires state adoption of surface WQS and their review and modification 
at least once every three years. Federal law defines WQS as the identification of water quality goals of a water resource 
through the assignment of designated uses to be made of the water and by setting criteria necessary to protect the uses. 

Federal regulations specify that WQS should, wherever attainable, provide water quality for the protection and 
propagation of fish, shellfish and wildlife and’foi recmation in and on the water, taking into consideration their use and 
value for public water supplies, propagation of fish, shellfsh and wildlife, recreation in and on the water and 
agricultural, industrial and other purposes including navigation. 

Although federal law requires adoption of WQS for surface waters, WQS for ground waters are not subject to federal 
review and approval. Connecticut’s WQS recognize that surface and ground water are’interrelated and address the issue 
of competing use of ground waters for drinking and for waste water assimilation. These standards specifically identify 
ground water quality goals, designated uses and those measures necessary for protection of public and private drinking 
water supplies; the principal use of Connecticut’s ground waters. 

II. 

1. 

2. 

SURFACE WATERS STANDARDS 

It is the State’s goal to restore or maintain all surface water resources, including wetlands, to a quality 
consistent with their existing and designated uses and supportive criteria. 

Existing water uses and the level of water quality necessary to protect the existing and designated uses shall 
be maintained and protected. / 

3. Surface waters with a classification goal of B or SB and with an existing quality better than established 
standards shall be maintained at their existing high quality, unless the Commissioner finds, after adequate 
opportunity for intergovernmental review and public participation, that allowing lower water quality is 
necessary to accommodate overriding statewide economic or social development, and that existing and 
designated uses will be fully protected. The implementation procedures for the anti-degredation provisions of 
the State Water Quality Standards are provided in full in Appendix A. 

4. For new or expanded discharges to high quality waters, the Commissioner shall, at a minimum, require of 
discharge permit applicants a level of treatment meeting the highest applicable standards of performance 
promulgated pursuant to the Federal Clean Water Act as well as Sections 22a-426,22a-430 and 22a-436 of 
the General Statutes, and require additional treatment measures deemed necessary to prevent pollution and 
maintain high water quality. The Commissioner shall also require the use of appropriate Best Management 
Practices for control of point and nonpoint source discharges to high quality waters. 

5. Where high quality waters constitute an outstanding National resource, such as waters of National and State 
parks and forests and wildlife refuges and waters of exceptionai recreational or ecological significance, that 
water quality shall be maintained and protected. The lowering of water quality is prohibited for such waters 
except where limited activities will result in only temporary and insignificant changes in water quality. 

6. Standard (1) shall be met except where a Use Attainability Analysis demonstrates that the water resource has 
been irreparably altered to the extent certain designated uses have been permanently lost. The determination 
of where these exceptions exist, including identification of the specific uses which have been permanently lost 
and designation of quality criteria necessary to protect all other existing, designated and potential future uses 
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of the water resource, shall be made by the Commissioner as a revision to the Water Quality Standards in Y-“~ 

accordance with Section 22a-426 and shah be subject to the approval of the Federal Environmental Protection 
Agency. 

7. Any person or municipality requesting a change in Water Quality Classification shall demonstrate to the 
Commissioner that the proposed new Clay designation is consistent with.ajl existing or designated uses made 
of, or presently possible in, such waters. Any such change in a water quality classification shall be considered 
a revision of the Water Quality Standards and subject to the public participation requirements of Section 
22a-426 of the General Statutes. Wii regard to any such change in Water Quality Classification the provisions 
of Standards (3) and (4) of this Standard shah be met. 

8. Water quality criteria do not apply to conditions brought about by natura.l causes. Natural hydrologic and 
geologic conditions may cause excursions from esmb@hed ~riteri+~ ph.ne,a$ing of the word ‘natural’ is not 
limited to only those conditions which would exist in water draining from p&me land. Condjtions which exist 
in the water, in part due to normal uses of the land, may be considered natural. It shall not be considered 
normal use of the land if excursions from established criteria result in the loss of an existing or designated use. 

9. Discharges to surface waters shah be limited as follows: 

(A) Class AA. A and SA surface waters: discharges may be permitted by the Commissioner from public 
or private drinking water treatment systems; dredging and dredge material dewatering operations and 
other clean water discharges. In Class AA surface waters such discharges shall be subject to the 
approval of the Commissioner of Health Services. The Commissioner may authorize other discharges 
to waters with a water quality goal of SA, A or AA provided the Commissioner finds such discharge 
will be of short duration and is neccsary to remediate surface water or ground water pollution. Any 
such discharge must be treated or conuol!ed to a Jevel which in me judgement of the Commissioner, --I 
protects aquatic life and public health. - 

03 C-B discharges may be permitted for all those allowed in Class AA, A and 
SA waters, cooling water discharges, discharges fkom municipal and industrial wastewater treatment 
systems and other discharges subject to the provisions of Section 22a-430,. 

((7 . The designation of surface waters as Class C/B, D/B, SC/SB or SD& shall not be a reason for 
authorizing a new discharge that would not allow the receiving &ace waters to attain Class B or 
Class SB designated uses and quality criteria. 

CD) The designation of surface waters as Class B/AA, B/A, CIA, SBISA, or SCLSA shall not be a reason 
for authorizing a new discharge that would be inconsistent with Class AA, A or SA water quality 
goals. 

10. The Commissioner may, on a case-by-case basis, establish zones of influence when permitting discharges to 
surface waters to allocate a portion of the receiving water resource for mixing and assimilation of a discharge 
effluent. Unless otherwise ~mdicated inthese Standards, the water quality criteria for a given class apply outside -.ir.d...- 
a zone of influence for a discharge permitted pursuant to Section 22a-430 of the General Statutes. The zone 
of influence shall not preclude attainment of any existing or designated uses of the receiving water resource. 
The spatial dimensions and/or volume of receiving water allocated to zones of influence will be established 
based on the unique physical, chemical and biological characteristics of the receiving waterbody. The 
Commissioner may require Permit applicants to provide information on receiving water and waste water 
characteristics including the volume of flow and spatial dimensions required for mixing and assimilation of 
waste. Considerations to be used in establishing zones of influence include, but are not limited to: 

(4 Characteristics of the discharge, such as the volume, strength and persistence of any substances in 
/---,>- 

the discharge effluenS potential bioaccumulation or.bioconcentration of these substances in aquatic 
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i orga&ms, the temperature of the discharge and the potential for any substances, either singly or in 
combii&on”‘iVith other’ &&nct~‘@&iit in the effluent or receiving waterbody, to result in an 
unacceptable risk to human health or the environment. 

@I 

(C) 

Allowance for a continuous zone of passage for free swimming and drifting organisms. 

impingement upon spawning grounds or nursery areas of sensitive aquatic organisms or areas utilized 
by aquatic organisms for shelter and living space to the extent that the environmental value of the 
receiving waterbody is significantly reduced. 

@I The location of other discharges to the receiving waterbody to insure that the cumulative effect of 
adjacent zones of influence will not significantly reduce the environmental value or preclude any 
existing or designated uses of the receiving waterbody. 

Assessment of environmental value will be based on a number of receiving water characteristics, 
including but not limited to: type of waterbody, velocity, depth, number and type of aquatic habitats, 
migration patterns, nature of the food chain, level of productivity, water temperature, ability of 
tributaries to provide recruitment, presence of endangered species and value to human uses (aesthetic, 
cotimercial and sport fshing and recreational uses). As a guideline, zones of influence for 
assimilation of thennal discharges shall be limited to no more than 25% of the cross-sectional area 
or volume of flow. 

11. The minimum average daily flow for seven consecutive days that can be expected to occur once in ten years 
under natural conditions (7410) is the minimum flow to which the standard for surface waters apply, except 
when a stream has been historically regulated to result in low flows below that level, in which case the 
standards apply to that low flow determined by the Depamnent of Environmental Protection’s Minimum Flow 
Regulations as amended (Connecticut General Statutes Section 26- 14 1 a); the Depamnent’s Diversion Permit 
Program (Section 22a-365 through 22a-378); or the Federal Energy Regulatory Commission’s hydropower 
licensing process (Federal Power Act 18 .USC SEC 791). Maintaining a long-term flow of 7410 or less may 
result in significant stress on the physical and biological quality of surface waters. In those surface waters 
having regulated flows at, near or below t$e naturally occurring 7410 flow, more stringent water quality 
criteria may be required to achieve and maintain existing and designated uses, The Commissioner may 
approve limitations based on minimum average daily flow in excess of 7410 conditions, provided the 
Commissioner is satisfied that special measures will be implemented during low flow conditions which provide 
protection to the environment at least as effective as that protection which would pertain if limitations were 
based on 7410 conditions alone. 

Water resources which are influenced by tidal forces or which experience short-term variation in flow due to 
periodic or irregular water release from upstream diversions or other causes may require special consideration 
with regard fo protecting existing and designated uses, including consideration of the minimum flow to which 
Standards apply. 

12. The Commissioner, pursuant to Chapter 446k of the Connecticut General Statutes and regulations adopted 
thereunder, will regulate discharges to the waters of the State to assure that such discharges do not cause 
pollution due to acute or chronic toxicity to aquatic and marine life, impair the biological integrity of aquatic 
or marine ecosystems or result in an unacceptable risk to human health. 

(A) In making a determination under Chapter 446k of the Connecticut General Statutes as to whether a 
discharge or other activity will or can reasonable be expected to cause pollution of the waters of the 
State, theCommissionershallconsiderthe numeric criteriaforthe toxic pollutants listed in Appendix D. 

,.“. ,_ ., ,(B) The Commissioner may amend the numeric criteria for the toxic pollutants listed in Appendix D of 
t&se “&& ‘@&@&&.& in ‘au&d&&& wiih the procedures specified in Section 22a-426 of the 
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13. 

14. 

1.5. 

16. 

17. 

18. 

19. 

20. 

21. 

Connecticut General Statutes on his or her own initiative, or upon request of any person or 1 ‘. (. .7- *u 8 ” Id ** *-,,, .I I 
municipality that site-spd’ic &iteria be adopted, provrded such request is supported by sound 
scientific and technical evidence demonstrating the following: 

~“--“% 

1. Local conditions at the site differ significantly from those used in establishing the statewide 
criteria. 

2. 

3. 

The site-specific criteria will be sufficiently stringent to protect all existing and designated 
uses of the waterbody. 

The site-specific criteria were derived consistent with sound scientific and technical 
principles, giving consideration tc all “applicable federal guidance. 

Surface waters and sediments shall be ,$ee from chemical constituents in concentrations or combinations which 
will or can reasonably be expected to result in acute% chronic toxicity to aquatic organisms or impair the 
biological integrity of aquatic or marine,ecosystems okside~dfan$ allocated zone of influence or which will 
or can reasonablely be expected to bioconcentrate or bioaccumulate in tissues of fish, shellfish and other 
aquatic organisms to levels which will impair the health of aquatic organisms or wildlife or result in 
unacceptable tastes, odors or health risks to human consumers~of~aquatic life. In determining consistency with 
this Standard, the Commissioner shall at a minimum considerthe specific numeric criteria listed in Appendix 
D and any other information he or she deems relevant. 

Benthic invertebrate criteria may be utilized where appropriate for assessment of the biological integriry of 
surface waters. The criteria apply to the fauna of erosional or riffle habitats in flowing waters which are not 
subject to tidal influences. 

The discharge of radioactive materials in concentrations or combinations which would be harmful to human, i 
_- % 

animal or aquatic life shall not be allowed. The~~pph~~ble’critkria cari be found in Title 10 Part 20 ‘of the Code 
of Federal Regulations. 

Reasonable controls or Best Management Practices for control of nonpoint source pollutants may be required 
by the Commissioner on a case-by-case basis. 

Controls on point and nonpoint sources of phosphorus and nitrogen which contribute to the eutrophication of 
any surface water including streams, rivers, lakes, ponds, impoundments and Long Island Sound may be 
required on a case-by-case basis. 

Use of Best Management Practices and other reasonable controls of nonpoint sources of nutrients and sediment 
is preferable to the use of biocides for correction of eutrophic conditions. 

Potential &-i&hg water supplies identified in the 3 
prepared and adopted pursuant to Section 22a-352 or in an individual water supply plan approved in .-.. ̂ e .“. ., .,,_ I “y!!7?“” 2-Z y-y _ “*” 
accordance with Section 22a-32d of the Connecticut General Statutes shall!be designated as Class AA surface 
waters. 

Section 22a-4 17 of the Connecticut General Statutes imposes an absolute restriction on the discharge of 
sewage to Class AA reservoirs and their tributaries.;A discharge outside the State shall not be a valid reason 
for either relaxing the restriction in Connecticut or ch,$ng the Class AA designation. It is a State policy to 
pursue the adoption of compatible Water Quality Standards in neighboring states to assure the protection of 
Connecticut drinking water supplies. 

Disinfection shall be required for all treated domestic sewage discharges to surface waters.’ The period of “Y 
disinfection shall vary depending on the nature of the receiving waterbody as described below: 



22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

1. 

2. 

Contirmous disinfection $rall,~,,~@ed at all domestic sewage trearment piants located south of 
Iuterstate Highway 95 (I-95) to protect the sanitary quality of shellfish resources. 

Disinfection shall be required during the period from May 1 to October 1 at all domestic sewage 
treatment plants located north of I-95. Seasonal disinfection is intended to protect the sanitary quality 
of bathing waters and minimize adverse impacts to aquatic life associated with disinfection. An 
alternative schedule, including continuous disinfection, may be required if found necessary by the 
Commissioner to protect existing and designated uses. 

It is recognized that criteria for indicator bacteria may not be met during periods when disinfection 
of sewage treatment plant effluent is not required. 

The discharge of sewage, sink and galley wastes from boats, whether or not treated by any marine sanitation 
device, is prohibited in all inland freshwaters not capable of interstate navigation and in marine waters 
identified in accordance with Regulations developed through the authority of Public Act 90-173. 

Indicator bacteria are used to detect the presence of contamination by human or animal wastes. Due to the 
inherent uncertainty involved in sampling and analytical determination of bacteria levels, excursions from 
established ambient criteria should be investigated by means of a field survey of sanitary conditions or other 
appropriate means to determine sanitary quality (see also Appendix B). 

Physical obstructions such as dams, which prevent fish reaching an area suitable for spawning and growth, 
shall not be considered a valid reason for not achieving and maintaining water quality conditions necessary 
to support all existing and, designated uses for a waterbody unless the Commissioner has approved a Use 
Attainabihty Analysis in accordance with all applicable State and Federal statutes and regulations, consistent 
with the Department’s anti-degredation policy. 

In the estuarine segments (Class SB) of the Housatonic, Connecticut and Thames Rivers, the allowable 
temperature increase from discharges shall be consistent with the criteria for the non-tidal segments (Class B). 

Except within designated &edged material disposal areas or areas approved .by the Commissioner for 
placement of fill under the authority of Section 22a-32, surface waters and sediments shall be substantially f&e 
of pollutants that: a) unduly affect the composition of bottom fauna; b) unduly affect the physical or chemical 
nature of the bottom; or c) interfere with the propagation and habitats of shellfish, finfish and wildlife. Dredged 
materials dumped at approved disposal areas shall not pollute the waters of the state and shall not result in: a) 
floating residues of any sort; b) reiease of any substance which may result in long-term or permanent 
degradation of water quality in waters overlying or adjacent to the disposal areas; c) dispersal of sediments 
outside a zone of influence enclosing the designated disposal points; or d) biological mobilization and 
subsequent transport of toxic substances to food chains. 

Surface water quality monitoring methods shall conform to me Department of Environmental Protection, Water 
Management Bureau’s Oualitv Assurance Proiect Plan, consistent with 40 CFR Part 30. Other different but 
equivalent or better methods may be utilized if they have received the Commissioner’s prior approval. 

As part of the Commission&s continuing efforts to further define WQS, other criteria will be considered. The 
Commissioner reserves the right to amend or extend the criteria for each Class of waters as new information 
or improved or more stringent criteria relative to water quality impacts are developed and justified subject to 
the legal and procedural requirements of State and Federal laws or regulations. 

Surface waters, including wetlands which are not otherwise designated, shall be considered as Class A or Class 
SA. 
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30. Watercourses which are fully enclosed in drainage conduits or pipes and not assigned a specific Class may be .-“- 
considered, on a case-by-case basis, to be the Class ofthe stream segment to which they discharge. 

31. 

32. 

Where existing water quality does not meet the designated use and quality criteria goals, the existing qua@ 
will be identified, followed by the use goal (e.g., C/B). 

Revisions to the WQS, including but not iirnited to the following, shall be subject to the public participation 
process provided for in Section 22a-426 of the General Statutes: 

(A) The adoption of a map which depicts the Water Quality Goals and Classifications assigned to any 
water resource. 

Any decisions regarding the lowering of water quality in existing high quality Class B or SB waters 
or a change in the Water Quality Classification of any water resource. 

, 

0 The adoption of any Use Attainability Analysis. 

33. The surface WQS shall apply to all tidal waters, harbors, estuaries, rivers, brooks, watercourses, waterways, 
lakes, ponds, marshes, bogs, those portions of inland wetlands which are inundated or saturated by surface or 
ground waters at a frequency and duration sufficient to support, and that under normal circumstances do 
support, prevalence of vegetation typically adapted for life in saturated soil conditions and those portions of 
tidal wetlands below mean.high water. 

III. SURFACE WATER CLASSIFICATIONS 

INLAND SURFACE WATERS ...--^_l_ 
- 

CLASS AA 

Designated Use - Existing or proposed drinking water supply; fish and wildlife habitat; recreational use; 
agricultural, industrial supply and other purposes, (recreational uses may be restricted). 

CRITERIA 

Parameter 

1. Aesthetics 

2. Dissolved oxygen 

3. Sludge deposits-solid refuse- 
floating solids-oils and 
grease-scum 

Standard 

Uniformly excellent 

Not less than 5 mg/l at any time. 

None other than of natural origin. 

4. Color None other than of natural origin. 

5. Suspended and settleable solids None in concentrations or co~mbmations which would impair the -,, I. .-is,iz i.i 
most sensitive designated use; none aesthetically objectionable; 
none which would significantly alter the physical or chemical 
composition of the bottom; none which would adveiseiy impact 
aquatic organisms living in or on the bottom substrate. 

.-* 
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7. Turbidity 

8. Indicator bacteria 

9. 

10. 

11. 

12. 

13. 

-AA 

Silt or sand deposits 

Taste and odor 

PH 

Allowable temperature increase 

Chemical constituents 

Phosphorus 
Sodium 

Benthic Invertebrates which 
inhabit lotic waters 

None other than of natural origin except as may result from 
normal agricultural, road maintenance, construction activity or 
dredging provided all reasonable controls or Best Management 
Practices are used. 

Shall not exceed 5 NTU over ambient levels. All reasonable 
controls or Best Management Practices are to be used. 

Total colifoxm organisms (MF) shall not exceed a monthly 
moving arithmetic mean of lOO/lOO ml for the most recent 12 
months. No individual sample shall exceed 500/100 ml. Refer 
to Standard number 23 and Appendix B. 

None other than of natural origin. 

As naturally occurs. 

None other than of natural origin except when it can be 
demonstrated that fib spawning and growth will not bk 
impaired, in which case Class B Standards and Criteria apply. 

None in concentrations or combinations which would be 
harmful to the most sensitive designated water use. Refer to 
Standards numbers 10, 11,12,13, and 17. 
None other than of natural origin 
Not to exceed 20 mg/l 

A wide variety of macroinvertebrate taxa should normally be 
present and all functional feeding groups should normally be 
well represented. Presence and productivity of aquatic species 
is not limited except by natural conditions, permitted flow 
regulation or irreversible cultural impacts. Water quality shall. 
be sufficient to sustain a diverse macroinveflebrate community 
of indigenous species. Taxa within the Orders Plecoptera 
(stoneflies), Ephemeroptera (mayflies), Coieoptera (beetles) and 
Trichoptera (caddisflies) should be well represented. 

CLASSIFICATIONS 

Known or presumed to meet Water Quality Criteria which support the designated 
uses. 

-B/AA or C/AA May not be meeting Class AA Water Quality Criteria or dksignated uses. The 
water quality goal is achievement of Class AA Criteria and attainment of Class AA 
designated uses. 

INLAND SURFACE WATERS 

CLASS A 

Designated Uses - Potential drinking water supply; fish and wildlife habitat; recreational use; agricultural, 
industrial supply and other Idgitimate uses, including navigation. 

.,,,. ,. .1 i . .: ,-.__ ‘I’, ), 
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Parameter 

1. 

2. 

3. 

4. 

5. 

6. Silt or sand deposits 

7. 

8. indicator Bacteria 

9. 

10. 

11. 

12. 

13. 

Aesthetics 

Dissolved oxygen 

Sludge deposits-solid 
refuse - floating 
solids -oiIs and . 
grease-scum. 

Color 

Suspended and 
settleable solids 

Turbidity 

Taste and odor 

PH 

Allowable 
temperature increase 

Chemical None in concentrations or combinations which would be harmful to the most 
constituents sensitive designated water use. Refer to Standards numbers IO, 11, 12, 13 and 17. 

(4 Phosphorus 

Benthic Invertebrates 
which inhabit lotic 
waters. 

Standard 

Uniformly excellent 

Not less than 5 mg/l at any time. 

None other than of natural origin. 

None other than of natural origin 

None in concentrations or combinations which would impair the most sensitive 
designated use; none aesthetically objectionable; none which would significantly 
alter the physical or chemical composition of the bottom; none which would 
adversely impact aquatic organisms living in or on the bottom substrate. 

None other than of natural origin except as may result from normal agricultural, 
road maintenance, construction activity or dredging provided all reasonable 
controls or Best Management Practices are used. 

Shall not exceed 5 NTU,over ambient levels. All reasonable controls or Best 
Management Practices to be used. .C--% 

Total coliform organisms (MF) shall not exceed a monthly moving arithmetic 
mean of 1001100 ml for the most recent I2 months. No individual sample shall 
exceed 500/100 ml. For established bathing waters, enterococcal organisms shall 
not exceed a geometric mean of 33000 ml and no sample shall exceed 61/100 
ml. Refer to Standard number 23 and Appendix B. _ 

None other than of natural origin. 

As naturally occurs. 

None other than of natural origin except when it can be demonstrated that fish 
spawning and growth will not be impaired, in which case Class B Standards and 
Criteria apply. 

None other than of natural origin. 

A wide variety of macroinvertebrate taxa should normally be present and all 
functional feeding groups should normally be well represented. Presence and 
productivity of aquatic species is not limited except by natural conditions, 
permitted flow regulation or irreversible cultural impacts. Water quality shall be 
sufficient to sustain a diverse macroinvertebrate cortynunity of indigenous 
species. Taxa within the ‘Orders Plecoptera (stoneflies), Ephemeroptera 
(mayflies), Coleoptera (beetles) and Trichoptera (caddisflies) should be well *_ 
represented. 
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-A Known or presumed to meet Water Quality Criteria which support designated uses. 

, ., :. ., _, 

IFICATIONS 

May not be meeting Water Quality Criteria or one or more designated uses. The water 
quality goal is achievement of class A Criteria and attainment of Class A designated uses. 

INLAND SURFACE WATERS 

CLASS B 

Designated Use - Recreational use;. fish and wildlife habitat; agricultural and industrial supply and other 
legitimate uses including navigation. 

CRITERIA 

Parameter Standard 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Aesthetics 

Dissolved oxygen 

Sludge deposits - solid 
refuse - floating solids - 
oilandgrease-scum 

Color 

Suspended and 
settleable solids 

Silt or sand deposits 

Turbidity 

Indicator bacteria 

Taste and odor 

PH 

Allowable temperature 
increase 

“. . I <.A( 1 .>c 

Good to excellent 

Not less than 5 mg/l at any time. 

None except for small ambunts that may resuh corn the discharge from a 
waste treatment facility providing appropriate treatment. 

None which causes visible discoloration of the receiving stream outside of 
any designated zone of influence. 

None in concentrations of combinations which would impair the most 
sensitive designated use; none aesthetically objectionable; none which would 
significantly alter the physical or chemical composition of the bottom; and 
none which would adversely impact aquatic organisms living in or on the 
bottom sediments; shall not exceed 10 mg/l over ambient concentrations. 

None other than of natural origin except as may result from normal 
agricultural, road maintenance, construction activity or dredging activity 
provided all Jeasonable controls or Best Management Practices are used. 

Shall not exceed 5 NTU over tibient levils. All reaskble controls and Best 
Management Practices to be used. 

As an indicator of general sanitary quality Fecal coliform shall not exceed a 
geometric mean of 200 organisms000 ml in any group of samples nor shall 
10% of the samples exceed 400 organisms000 ml. 
For established bathing waters, enterococcal organisms shall not exceed a 
geometric mean of 33 organisms/100 ml, and no single sample shall exceed 
6 l/l00 ml. Refer to Standard number 23 and Appendix B. 

None that would impair any usages specifically assigned to this Class. 

6.5 - 8.0 

None except where the increase will not exceed the recommended limit on the 
most se?$$v$ receiving water use and in no case exceed 85”F, or in any case 

‘ raise $e normal temperature-df the receiving water more than 4°F. 
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12. Chemical constituems 

,r’-\ib 

None in concentrations or combinations which would be harmful to the mo 
sensitive designated water use. Refer to Standards numbers 10, 11, 12, 13, 
and 17. 

13. Benthic Invertebrates 
which inhabit lotic 
waters 

Water quality shall be sufficient to sustain a diverse macroinvenebr-ate 
community of indigenous species. All functional feeding groups and a wide 
variety of macroinvertebrate taxa shall be present, however one or more may 
be disproportionate in abundance. Waters which currently support a high 
quality aquatic community shall be maintained at that high quality. Presence 
and productivity of taxa within the Orders Plecoptera (stoneflies), 
Ephemeroptera (mayflies); and pollution intolerant Cojcoptera (beetles) and 
Trichoptera (caddis- flies) may be limited due to cultural activities. 
Macroinvertebrate communities in waters impaired by cultural activities shall 
be restored to the extent practical through implementation of the department’s 
procedures for control of pollutant discharges to surface waters and through 
Best Management Practices for non-point sources of pollution. 

CLASSTFICATTONS 

-Is 

-C/Berm 

Known or presumed to meet Water Quality Criteria which support designated uses. 

Due to point or nonpoint sources of pollution, certain Water Quality Criteria or one or more 
designated uses assigned to Class B waters are not currently met. The water quality goal is 
achievement of Class B Criteria and attainment of Class B designated uses. 

.“---q. 
INLAND SURFACE WATERS 

CLASS C 

Present water quality conditions preclude the full attainment of one or more designated uses for Class B waters some 
or all of the time. One di more Water Quality Criteria for Class B waters are not being consistently achieved. Class C 
waters may be suitable for certain fish and wildlife habitat, certain recreational activities, industrial use and other 
legitimate uses,-including navigation. Class C waters may have good aesthetic value. Class C water quality results from 
conditions which are usually correctable through implementation of established water quality management prom-s 
to control point and nonpoint sources of pollution. Examples of conditions which warrant a Class C designation include; 
combined sewer,overflows, urban runoff, inadequate municipal or industrial wastewater treatment, and community-wide _,. 
septic system failures. The minimurn,acceptable class goal is Class B unless a DEP and EPA approved Use Attainability 
Analysis demonstrates that one of more uses are not attainable. In those situations, site-specific Quality Criteria will be 
employed in the analysis to insure that all e,xisting uses are maintained. Refer to Standard Nu,mber 6. 

CLASSIFICATIONS 

-C_/B,C/Aorm Presently not meeting Water Quality Criteria or not supporting one or more assigned 
designated uses due to pollution. The goal for such waters may be Class AA, A or Class B. 

MLAND SURFACE WATERS 

CLASS D 

Resent water quality conditions persistently preclude the attainment of one or mpre designated uses for Class B waters. 
One or more Water Quality Criteria for Class B waters are not being achieved most or all of the time. Class D wr.*ll‘ _, m,” ‘, I * ,I 
may be suitable for bathing or other recreational purposes, certain fish and wildlife habitat, indusuial or other legitin.. 
uses, including navigation. Class D waters may have good aesthetic value. Class D water quality results from sources 
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of pollution which are not readily correctable. Examples of conditions which warrant a Class D desi,qation include 
ccntemination of bottom sediments, contamination of fish or shellfish with toxic compounds, and pollution caused by 
out-of-state sources. The water quality goal is restoration to Class B or Class A conditions. The minimum acceptable 
cle+ss god is Class B unless a DEP and EPA approved Use Attainability Analysis demonstrates that one or more uses 
are not attainable. In those situations, site-specific Quality Criteria will be employed in the analysis to insure that all 
existing uses are maintained. Refer to Standard Number 6. 

WI&l- Presently not meeting Water Quality Criteria or not supporting one or more assigned designated uses 
due to severe pollution. The goal for such waters may be Class A or Class B. 

LAKE TROPHK CLASSIFICATIONS 

OLIGO’l-ROPHlC 

May be Class AA, Class A, or Class B water. Low in plant nutrients. Low biological productivity characterized by the 
absence of nuisance macrophyte beds. Excellent opportunities for water contact recreation. 

CRITERIA 

Parameters Standard 

1. Total Phosphorus 0- 10 ug/l spring and summer 
2. Total Nitrogen O-200 ug/l spring and summer 
3. Chlorophyll-a O-2 ug/l mid-summer 
4. Secchi Disk Transparency 6 + meters mid-summer 

MESOTROPHIC 

May be Class AA, Class A, or Class B water. Moderately enriched with plant nutrients. Moderate biological 
productivity characterized by occasional nuisance blooms of algae and/or small areas of nuisance macrophyte beds. 
Good opportunities for water contact recreation. 

CRITERIA 

Parameters Standard 

1. 
7 -. 
3. 
4. 

Total Phosphorus 1 O-30 ug/l spring and summer 
Total Nitrogen 200-600 ug/l spring and summer 
Chlorophyll-a 2- 15 ug/l mid-summer 
Secchi Disk Transparency 2-6 meters mid-summer 

EUTROPHIC 

May be Class AA, Class A, or Class B water. Highly enriched with plant nutrients. High biological productivity 
characterized by frequent nuisance blooms of algae and/or extensive areas of dense macrophyte beds. Water contact 
recreation opportunities may be limited. 
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Parameter$ Smdar4 

1. Total Phosphorus 30-50 ug/l spring and summer 
2. Total Nitrogen 600-l 000 ug4 spring and summer 
3. Chlorophyll-a 1530- t&l mid-summer 
4. Secchi Disk Transparency l-2 meters mid-summer 

HIGHLY EUTROPHIC 

May be Class AA, Class A, or Class B water. Excessive enrichment with plant nutrients. High biological 
productivity, characterized by severe nuisance blooms of algae and/or extensivd areas of dense macrophyte beds. Water 

contact recreation may be extremely limited. 

CRITERIA 

Parameters Standard 

1. 
3 -. 
3. 
4. 

Total Phosphorus 50 + I.@ spring and summer 
Total Nitrogen 1000 + ug.4 spring and summer 
Chlorophyll-a 30 + ug/l mid-summer 
Secchi Disk Transparency 0- 1 meters mid-summer 

TROPHIC CLASSIFICATION OF LAKES 
,.--._ .* 

OLIGOTROPHIC’LAKES 

Location 

Beach 
Biilings 
Mashapaug 
Riga 
Uncas 
West Hill 

MESOTROPHIC LAKES 

Alexander 
Anderson’s Pond 
Ball 
Beseck 
Bigelow 
Black 
Black 
Burr 
Candlewood 
Cedar 
Columbia 

East Haddam 
Voluntown 
North Stonington 
Union ’ 
Salisbury 
Lyme 
New Hartford 

Location 

Killingly 
North Stonington 
New Fairfield 
Middlefield 
Union 
Meriden and Middlefield . _,. _ _, , 
Woodstock 
Torrington 
N. Fairfield, Sherman, Danbury, N. Milford, Brookfield 
Chester 
Columbia 
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Cream Hill 
Crystal 
Dodge 
East Twin 
Fitchville 
Gardner 
Glasgo 
Gorton 
Green Falls 
Halls 
Hatch Pond 
Hayward 
Higganum Reservoir 
Highland 
Hitchcock 
Killingly Pond 
Little Schoolhouse 
Long 
Lower Bolton 
Mamanasco 
Middle Bolton 
Mohawk Pond 
Moodus 
Morey 
Mount Tom 
Norwich 
Mudge 
Pachaug 
Park 
Pataganset 
Pattaconk Reservoir 
Pocotopaug 
Powers 
Quaddick 
Quonnipaug 
Rogers 
Shenipsit 
South Spectacle 
squantz 
Taunton 
Terramuggus 
Tyler 
Wangumbaug 
Waramaug 
Wauregan Reservoir 
West Side 
Winchester 
Wononscopomuc 
Wright’s Pond 
wyarsup 

. . ., 

,I I I i! 

Cornwall 
Ellington, Stafford 
East Lyme 
Salisbury 
Fitchville 
Salem, Bozrah, Montville 
Griswold 
EastLyme 
v01unt0wn 
Eastford 
Kent 
East Haddam 
Haddam 
Winchester 
Wolcott 
Killingly 
Thompson 
Ledyard, North Stonington 
Bolton, Vernon 
Ridgefield 
Vernon 
Goshen 
East Haddam 
Ashford 
Litchfield, Morris, Goshen 
Lyme 
Sharon - 
Griswold 
Winchester 
East Lyme 
Chester 
East Hampton 
East Lyme 
Thompson 
Guilford 
Lyme, Old Lyme 
Vernon, Ellington, Tolland 
Kent 
New Fairfield, Sherman 
Newtown 
Marlborough 
Goshen 
Coventry 
Warren, Washington, Kent 
Killingly 
Goshen 
Winchester 
Salisbury 
Westbrook, Essex, Deep River 
North Stonington 
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EUTROPHIC LAKES 

ldk Location 

Amos 
Aspinook 
Avery 
Bantam 
Batterson Park 
crystal 
Dog 
Eagleville 
Housatonic 
Howell 
Kenosia 
Leonard 
Lillinonah 
Linsley 
Long Meadow 
Moosup 
Rainbow Reservoir 
Red Cedar 
Roseland 
Wononpakook 
zoar 

Preston 
Lisbon and Canterbury 
Preston 
Litchfield, Morris 
Farmington, New Britain 
Middletown 
Goshen 
Mansfield 
Shelton 
Hartland 
Danbury 
Kent 
Bridgewater, Brookfield 
Branford, North Branford 
Bethlehem 
Plainfield 
Windsor 
Lebanon 
Woodstock 
Salisbury 
Newtown, Monroe, Oxford, Southbury 

HIGHLY EUTROPHIC LAKES 

Location 

Beachdale Voluntown 
Cedar North Branford 
Dooley’s Middletown 
1860 Reservoir Wethersfield 
Hanover Pond Meriden 
Holbrook Hebron 
Hopeville Griswold 
Lake of Isles North Stonington 
Lantern Hill Ledyard, North Stonington 
Messerschmidt’s Westbrook, Deep River 
North Farms Wallingford 
Pickerel Colchester 
Silver Berlin, Meriden 
West Thompson Thompson 
Wiiemaug Watertown 
Wood Creek Norfolk 

COASTAL AND MAFUNE SW&Z& WATERS / 

CLASS SA 

Designated Use - Marine fish, shellfish and wildlife habitat, shellfish harvesting for direct human consumpti 
recreation, and all other legitimate uses including navigation. 
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3. 

4. 

5. 

6. Silt dr sand deposits 

7. Turbidity 

8. 
f 

9. 

10. 

11. 

12. 

-sA 

Aesthetics 

Dissolved oxygen 

Sludge depotiits-solid 
refuse-floating 
solids-oils and 
grease-scum 

Uniformly excellent 

Not leti than 6.0 mgil at any time. 

None other than of natural origin 

Color None other than of natural origin 

Suspended and 
settleable solids 

Indicator bacteria 

Taste and odor As naturally occurs. 

PH . 6.8 - 8.5 

Allowable 
temperature increase 

Chemical 
constituents 

Standard 

None other than of natural origin 

None other than of natural origin except as may result fkom normal 
agricultural, road maintenance, construction activity, or dredge material 
disposal provided all reasonable controls and Best Management Practices 
are used. 

None other than of natural origin except as may result from normal 
agriculturaI, road maintenance, construction activity, or dredging provided 
all reasonable controls and Best Management Practices are used. 

Fecal Tolifotm organisms shall not exceed a geometric mean of 14 
MPN/I 00 ml n& ThaIi greater than 10% of samples exceed 43 MPN/I 00 
ml. For established bathing waters enterococcal organisms shall not exceed 
a geometric mean of 331100 ml and no single sample shall exceed 61000 
ml. Refer to standard number 23 and Appendix B. 

None except where the increase will not exceed the recommended limit on 
the most sensitive receiving water use and in no we exceed 83°F or in any 
case raise the normal temperature of the receiving water more than 4OF. 
During the period including July, August and September, the normal 
temperature of the receiving water shall not be raised more than 1.5”F 
unless it can be shown that spawning and growth of indigenous organisms 
will not be significantly affected. 

None in concentrations or combinations which would be harmfirl to the 
most sensitive designated water use. Refer to Standards numbers 10, 11, 
12, 13 and 17. 

CLASSIFICATIONS 

Know or presumed to meet Water Quality Criteria which support designated uses. 

- SBfSA or SCfSA Presently not meeting Water Quality Criteria or one or more designated uses. The water 
quality goal is achikement of Class SA Criteria and attainment of Class SA designated uses. 
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COASTAL AND MARINE SURFACE WATERS .---% 
. 

CLASS SB 

Designated Uses - Marine fish, sheilfsh and wildlife habitat, shellfish harvesting for transfer to a depuration 
plant or relay (transplant) to approved areas for purification prior to human consumption, 
recreation, industrial and other legitimate uses including navigation. 

CRITERIA 

Parameter Standard 

1. Aesthetic Good to excellent 

2. 

3. 

Dissolved oxygen 

Sludge deposits - 
solid refuse 

4. Color 

5. Suspendedand 
settleable solids 

6. Sand or silt 
deposits 

7. Turbidity 

8. Indicator bacteria 

9. Taste and odor 

10. pH 6.8 - 8.5 

11. Allowable 
temperature 
increase 

Not less than 5.0 mg/l at any time. 

None except for small amounts that floating solids-oils and may result from the 
discharge from a grease-scum-waste treatment facility providing appropriate 
treatment. 

None resulting in obvious discoloration of the receiving water outside of any 
designated zone of influence. 

None”~in concentrations or combinations which would impair the most sensitive * e , s/ *,bi”,-“,ud,, 
designated use; none aesthetically objectionable; none which would significantly alter 
the physical or chemical composition of bottom sediments; none which would 
adversely impact organisms living in or on the bottom sediments. ---w “, 

None other than of natural origin except as may result from normal agricultural, rosa i *<,, 1 I’*:‘: 
maintenance, construction activity, or dredging provided all reasonable controls and 
Best Management Practices are used. 

None other than of natural origin except for small amounts that may result from the 
discharge from a waste treatment facility providing appropriate treatment. All 
reasonable controls and Best Management Practices to be used. 

As an indicator of general sanitary quality, Fecal coliform shall not exceed a 
geometric mean of 200 organisms/lOOml nor shall 10% of the samples exceed 400 
organisms000 ml. For designated shellfish harvesting areas fecal coliform organisms 
shall not exceed a geometric mean of 88 MPN/lOO ml nor shall greater than 10% of 
samples exceed 260 MPN/lOO ml. For established bathing waters, enterococcal 
organisms shall not exceed a geometric mean of 33/100 ml and no single sample shall 
exceed 6 J/l 00 ml. Refer to Staqiar~ number 23 and Appendix B. 

As naturally occurs. None that would impair any usages specifically assigned to this 
Class. 

None except where the increase will not exceed the recommended limit on the most 
sensitive receiving water use and in no case exceed 83*F or in any case raise the 
normal temperature of the receiving water more than 4°F. During the period includmg 
July, August and September, the normal temperature of the receiving water shall not 
be raised more than 1.5OF unless it can be shown that spawning and growth of 
indigenous organisms will not be signifkantly affected. 
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c- 
12. Chemical ’ 

constituents 
N&e in concen~ons or combinations wWvv$dbe Awful to the most sensitive 
designated water use. Refer to Standards numbers 10,11,12,13 and 17. 

CJ .ASSIFlCATlONS 

-sB 

- SC/SB or SD/Se 

Known or presumed to meet Water Quality Criteria which support designated uses. 

Due to point or nonpoint sources of pollution, certain Water Quality Criteria or one or more 
designated uses assigned to Class SB waters are not currently met. The water quaky goal 
is achievement of Class SB criteria and attainment of Class SB designated uses. 

COASTAL AND MARlNE SURFACE WATERS 

CLASS SC 

May be suitable for fish, shellfish, and wildlife habita& certain aquaculture operations, recreational uses, industrial and 
other legitimate’nses including navigation. Present water quality conditions preclude the full attainment of one of more 
designated uses some of all of the time. One or more Water Quality Criteria are not being consistently achieved. 
Examples of conditions which warrant a Class SC designation include conditions such as combined sewer overflows, 
urhan runoff, inadequate municipal or industrial wastewater treatment, or community-wide septic system failures which 
can be corrected through implementation of established water quality management pro,grams. Where the water quality 
goal is Class SA or SB, a DEP and EPA approved Use Attainability Analysis may be performed to demonstrate that one 
or more uses are not attainable. In those situations, site specific Quality Criteria will be employed in the analysis to 
insure that all existing uses are maintained. Refer to Standard Number 6. 

\. :, 
I CLASSIFICATIONS 

- SCISB or SC&A Presently not meeting Water Quality Criteria or not supporting one or more assigned 
designated uses due to pollution. The goal for such waters may be Class SB, or Class SA. 

COASTAL WATERS 

CLASS SD 

Present water quality conditions persistently preclude the atrainment of one or more designated uses for Class SB waters. 
One of more Water Quality Criteria for Class SB waters are not being achieved most or all or the time. Class SD waters 
may be suitable for bathing or other recreational purposes, certain fish and wildlife habitat, industrial or other legitimate 
uses, including navigation, may have good aesthetic value. Class SD water quality results from sources of pollution 
which are not readily correctable through implementation of established State water quality management programs to 
control point and nonpoint sources of pollution. Examples of conditions which warrant a Class SD designation include 
contamination of bottom sediments, contamination of fish or shellfish with toxic compounds, and pollution caused by 
out-of-state sources. The water quality goal is restoration to Class SB or Class SA conditions: Where the water quality 
goal is Class SA or SB, a DEP and EPA approved Use Attainability Analysis may be performed to demonstrate that one 
or more uses are not attainable. In those situations, site specific Quality Criteria will be employed in the analysis to 
insure that all existing uses are maintained. Refer to Standard Number 6. 

CLASSIFICATTONS 

- SD/SB SD/SA -?- Presently not meeting Water Quality Criteria or not supporting one or more 
assigned designated uses due to severe pollution. The goal for such waters may be 
Class SA or C!ass SB * 

I ., . 
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GWl. 

GW2. 

(A) 

((3 

GW3. 

GW4. 

6) 

03 

(Cl 

0) 

GWS. 

(A) 

The policy of the Department in areas that are classified as GAA, GAA,, or GA is to maintain or 
restore all ground water in such~areas to its natural quality. 

If the Commissioner determines that., with respect to a particular pollutant, restoring or maintaining 
natural quality at a G&4, GAA,, or GA level is not technically practicable, the Department’s policy 
is to: 

Maintain or restore quality such that the ground water is suitable for drinking and other domestic uses 
without treatment, and 

Maintain or restore quality such that the ground water will not adversely affect surface water quality 
or prevent the maintenance or attainment or any designated uses of surface waters to which that 
ground water discharges, and 

Ehminate sources of pollution to such ground water to the, extent that the Commissioner determines ,LI Y. _l”.. iI1i~“...‘* ls**,wb 
to be technically practicable, and regulate discharges to such groundwater so as to prevent pollution: 

Ground water is deemed suitable for drinking and other domestic uses .without treatment when no . Il~,-,\..~,.~.*~l*l x 
pollutant in such groundwater (A) exceeds a level which the Commissioner of Public Health has _. / _ ,L.- .j.IUX(*ie L..” _.*_ *xI,“*, 
determined, pursuant to Section 22a-47 1 of the General Statues, creates or reasonably can be expected ,-, 1 . . - -,. ,” _. . __ l,_ 
to create an unacceptable risk of injury to the health or safety of persons using such ground water for 
drinking or other personal or domestic..use, (B) is a carcinogen present at a concentration associated 
with a l-x-lo4 excess cancer risk, (C) is a non-carcinogen present at a level exceeding that to which 
the human population, including_sensitive subgroups, can be exposed on a daily basis with,‘-* 
appreciable risk of adverse health effects during a lifetime, or @) exceeds a level which L 
Commissioner determines, in consultation with the Commissioner of Public Health, renders the iv- ie,“, *e ” jib &. 
ground water so aesthetically impaired that a person cannot reasonably be expected to consume or 
otherwise use it. 

The policy of the Department in areas classified as GB is: 

To eliminate or reduce in the ground water any pollutant which presents a hazard of fire, explosion, 
or toxic or hazardous em&ion to t&e environment or otherwise poses a threat to public safety or an - “,*.“,.‘*n .“S _*/ 
unacceptable risk to public health, and 

To maintain the ground water at a quality that will not adversely affect the quality of surface waters 
to which such ground water discharges or prevent the maintenance or attainment of any designated 
or existing uses in such surface waters, and 

To maintain a quality consistent with all designated and existing uses of the ground water, including 
its use for drinking without treatment,jf such ground water has, prior to me adoption of these Water 
Quality Standards, been utilized for, and continues to be utilized, for drinking water, and 

To regulate discharges to the ground water in order to prevent further degradation of ground water 
quality. 

The policy of the Department in areas classified as GC is: 

To eliminate or reduce in the ground water any pollutant which presents a hazard of fire, explos:“-- 
or toxic or hazardous emission to the air or otherwise poses a threat to public safety or 
unacceptable threat to public health, and 
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_ .@I To maintain the ground water at a quality that will not adversely affect the quality of surface waters 
to which such ground water discharges or prevent the maintenance or attainment of any designated 
or existing uses in such surface waters, and 

cc> To limit the impacts of waste discharges on ground water quality to those which, despite the use of 
treatment technology, cannot be avoided and which iesult from a discharge which is authorized by 
a permit under Section 22a-430 of the General Statutes. 

GW6. With respect to ground water whose quality is actually higher than that reflected by the assigned 
classification, the Depaxtment’s policy is that such ground water should be maintained at its existing 
high quality. To maintain such quality, the Commissioner may require that: 

(A> A new, increased, or otherwise modified discharge to such ground water shall be given treatment such 
that, notwithstanding such classification, the actual higher quality is maintained. 

(B) If after the adoption of these Water Quality Standards there is an unpermitted release of pollutants 
to ground water which is classified GB but whose quality is actually GA oi GAA, such groundwater 
shall be remediated to the standards for Class GA or GAA. 

GW7. The Commissioner may raise the ground water classification of any area if he finds that such ground 
water meets the standards for the higher classification. 

GW8. (A) The Commissioner may consider an application to lower a ground water classification to GB. Such 
application shall be subject to the public participation requirements of Section 22a-426 of the General 
Statutes and shall: - .~ 

(9 describe the nat&e and extent and date of commencement of pollution of the ground water 
proposed to be reclassified, 

(ii) 

(iii) 

identify all sources of drinking water in the area whose ground water is proposed to be 
reclassified and identify all existing uses of ground water within and down gradient of such 
atea, 
assess the potential of the subject area to produce ground water in an amount suitable for a 
public water supply, 

(iv) describe all past and present land uses in the subject area, with dates, and 

(v) provide such other hfbnnation tbk Cominissionei may reasonably require to determine the 
most appropriate ground water classification. 

CB) A ground water classification shall not be lowered to GB unless the applicant has satisfactorily 
demonstrated that; any person withk or down gradient of the area to be reclassified and extending 
to an area previously classified as GB or to a surface water body to which the groundwater discharges 
will be provided with an adequate public water supply, and thit lowering of a ground water 
classification will not prevent attainment of adjacent surface water quality goals or present 
unacceptable health risks, and 

(3 That the ground water to be reclassified is polluted as a result of intense urban, commercial, 
or industrial development which occurred prior to 198 1, and the hydrologic conditions of 
the subject area are not suitable for the development of a significant public water supply, or 

\ 
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(ii) The ground water proposed to be reclassified is polhated and remediation of such ground I ,-I* 

water to a quality suitable for drinking without treatment is not technically practicable, or 

(iii) There is an ov&&g social or economic justification for reclassifying the ground water to 
GB and the proposed reclassification is supported by the affected municipality or 
mtm@ahti~, as af&med, in writing, by the chief executive officer(s) of the municipality 

’ or municipalities. For the purpose of this Standard an “affected municipality” is one in 
which ground water classifications are to be altered, “social justification” means a specific 
social need of the &fected municipality or the state and “economic justification” means 
avoidance of an economic impact mat would substantially impair or otherwise detrimentally 
affect the economy of the community or the state. The applicant must also demonstrate that 
the purposes for the reclassification will not result in development that is inconsistent with 
the State Policies Plan for Conservation and Development as adopted pursuant to Section 
16a-30 of the General Statutes. 

GW9. The Commissioner,may consider an application to lower a ground water classification to GC. Any such 
application shall be subject to the public participation requirements of Section 22a-426 of the General Statutes 
and: 

(4 Such application shall be-accompanied by a completed application under Section 22a-430 of the General 
Statutes for a permit to discharge leachate from a solid waste land disposal facility to the subject ground water. 

@> A ground water classification sha!l not be lowered to GC unless the applicant has satisfactorily demonstrated . ._ 
that: 

_.I 

(0 there is an overriding social or economic justification for reclassifying the ground water to GC and ;,..-4x. 
the affected municipality or municipaliiies have been notified of the proposed reclassification; and 

(ii) the ground water proposed to be reclassified is not suitable for development of a significant public 
water supply and is suitable for waste treatment; and 

(iii) the subject area is adjacent to and hydraulically connected with a surface water body classified B or 
SB; and 

(iv) in a Section 22a-430 permit application the applicant has delineated the zone of influence (see 
standard GWlO) of the ground water proposed to be reclassified as extending from the proposed solid 
waste land disposal facility to the receiving surface water body, and the applicant owns the land 
overlying such zone of influence, or has an easement with respect to such land which easement is 
properly recorded and provides protections. as described in subsection D( 1) and D(2) of Standard 
GW 10, or otherwise controls the zone of influence to the satisfaction of the Commissioner. 

GWIO. Zones of influence. ?re,,Commissioner may establish zones of influence when, in the course of permitting ., .,i”-. -I .‘.I. . i 
discharges to the ground water under Section‘@&430 of the General Statutes, he allocates ground water and -. 
soil resources for the treatment of pollutants. Within that zone of i&cinCe the Section 22a-430 permittee will 
be allowed to degrade the ground water such that it-may not meet the standards for the assigned classification 
or be suitable for uses designated by these Water Quality Standards for such classification. 

A. For a subsurface sewage disposal system permitted under authority delegated pursuant to Section 22a- 
430- 1 of the Regulations of Connecticut $ate Agencies to the Commissioner of Health and Addiction 
Services, the zone of influence shall be that area required by the minimum separating distances 
estabhshed in Section 19-13-B 103d ofthe Reguiations of Connecticut State Agencies. /“‘.” 
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c---’ 
,‘. B. For discharges to vund water of treated domestic sewage Oh' than discharges of domestic sewage 

identified in subparagraph GWlO(A), agricultural wastes, and S[O~ water, the zone of influence shall 
be the area in which such discharge causes the ground water to be 1) altered in quality from its natural 
condition, or 2) lowered in quality from that which is suitable for drinking and other domestic uses 
without treatment The Commissioner may require the applicant for a permit under Section 22a-430 
of the General Statutes to submit for the Commissioner’s approval an engineering plan showing the 
ared extent of any such zone of influence. 

C. The applicant for a permit under Section 22a-430 of the General Statutes authorizing a discharge 
other than a discharge of treated domestic sewage, agricultural waste, or storm water shall delineate 
the zone of influence associated with the proposed discharge. Such zone of influence shall include 
all areas beneath which, the ground water which is or may be affected in quality by such discharge. 
The Commissioner may require that such zone of influence extend to a receiving water body with a 
classification of B or SB. 

D. The Commissioner may require the applicant for a permit under Section 22a-430 of the General 
Statutes to demonstrate that he has acquired rights to the zone of influence of the proposed discharge. 
Acquisition of such rights means that the applicant owns the land overlying such zone, has obtained 
an easement with respect to such land and has recorded such easement in the applicable Town Clerk’s 
office, or otherwise controls such zone to the Commissioner’s satisfaction. Any such easement or 
other control mechanism shall: 1) provide the applicant with the exclusive right to use the ground 
water in such zone and such right to enter the land overlying such zone as the Commissioner deems 
necessary to accommodate monitoring or remediation, and 2) assure that the ground water within 
such zone will not be used for potable water supply. 

E. The delineation by a Section 22a-430 permit applicant of the zone of influence of a proposed waste 
discharge indicates that the underlyin- g ground water may not be suitable for human consumption or 
other uses. Installation of a withdrawal well in or near such a zone of influence may result in an 
induced flow of polluted ground water to such well. When reviewing an application to withdraw 
groundwater pursuant to Connecticut’s Water Diversion Policy Act, General Statutes Sections 22a- 
365 et sea., the Commissioner considers the potential impacts on water quality attributable to induced 
flow of polluted water from a zone of influence associated with a waste discharge. 

GWl 1. The Department’s classification of ground’water, whether as GB, GC, or otherwise, conveys no right to degrade 
that ground water or to utilize less effective treatment measures than those utilized for discharges to 
groundwater designated for use as potable water. Domestic sewage shall be given the same treatment 
regardless of the classification of the goundwater to which such sewage is discharged. 

GWlt. The Commissioner applies the following policies in reviewing applications under Section 22a-430 of the 
General Statutes to discharge waste to ground water: 

A. Clurs GAA Ground Waters: The Commissioner does not issue permits authorizing a discharge to class 
GA4 ground water unless such discharge is of treated domestic sewage as defined in Section 22a- 
430-l of the Regulations of Connecticut State Agencies, waste generated by certain agricultural 
practices, certain water treatment waste waters Tom public water supply treatment systems, or certain 
minor cooling waters or clean waters. If a GAA area is within an Aquifer Protection Area designated 
in accordance with Section Ua-354 of the General Statutes, the Commissioner does not issue permits 
authorizing a groundwater discharge that conflicts with any regulation adopted pursuant to Section 
22a-354(i) of the General Statutes. 

B. Class GAA, Ground Wuters: The Commissioner does not issue permits authorizing a discharge to 
class GA& ground water unless such discharge is of treated domestic sewage as defined in Section 
22a-430- 1 of the Regulations of Connecticut State Agencies, waste generated by certain agricultural 
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practices, certain water treatment waste waters from public water supply treatment systems, or terrain +-* 
minor cooling waters or clean waters. If a GAA, arka is within an Aquifer Protection Area designated 
in accordance w-i@ Section 22a-354 of the General Statutes, the Commissioner does not issue permits ‘. ,., _,.^_ 
authorizing a groundwater discharge &at chflicts with any regulation adopted pursuant to Section 
22a-354(i) of the General Statutes. 

C. C%ZB GA Ground W~J@~: The Commissioner does not issue permits authorizing a discharge to class 
GA ground water unless such discharge is allowed under subparagraph (A) of this standard or is a 
discharge &om a septage ueatment system or of other wastes that are predominantiy human, plant, 
or animal in origin so long as any such wastes are of natural origin, easily biodegradable and, if 
properly managed, pose no threat of pollution to the ground water. The ground water plume 
generated by a discharge of septage treatment system must terminate in a stream with classification 
of B or SB unless the pen&tee treats the discharge in a manner which the Commissioner determines 
is adequate to maintain class A water in the receiving stream. 

D. CIass GB Grotld Wurez The Commissioner may issue permits authorizing a waste discharge to 
class GB ground water if such dischaige would be allowable in a GA area under subparagraph (C) 
of this standard or if such discharge meets all of the following criteria: .- .._ _ _ 1 .~.,/ .- )_ _. 

/ 
(0 The Commissioner has determined that such waste is generated by a source which is unlikely 

to produce persistent pollutants o~pollutants that do not biodegrade in soil. 

(ii) The waste will be treated as necessary to render it amenable to attenuation by the receiving 
soil so that the groundwater will not be impaired. 

(iii) Such discharge otherwise conforms with all applicable legal requirements and standards.- ~-a - 

E. Class GC Ground Wafers: The Commissioner may issue permits authorizing a discharge to class GC 
ground water of any material, provided such’discharge otherwise conforms with all applicable legal 
requirements and standards. 

GW13. The Commissioner may issue a permit authorizing a discharge of material to ground water, even if such 
discharge would be inconsistent with subparagraph (A), (B), (C), or(D) of Standard GW12, provided such 
discharge otherwise conforms with all applicable legal requirements and standards, is necessary to remediate 
groundwater pollution, and is treated or managed such that, to the maximum extent practicable, the discharge 
does not impair public health or the environment. 

V. GROUND WATER CLASSIFICATIONS AND CRITERIA ..( / ../ *, “*li.%~..,‘-~. _e,,. , ,i ” , “j ._ ,~ 
CLASS GAA 

Designated Uses: Existing or potential public supply of water suitable for drinking without treatment: baseflow 
for hydraulically-connected surface water bodies. 

Parameter 
1. Dissolved Oxygen 
2. Oils and grease 
- 3. Color and turbidity 
4. Coliform bacteria 
5. Taste and odor 
6. PH 
7. Chemical constituents 

CRITERIA 
Criterion 
As naturally occurs. 
None other than of natural origin. 
None other than of natural origin. 
None other than of natural origin. 
None other than of natural origin. 
As naturally occurs. 
As natyrally occurs. 

- 
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Sub-Classifications of Class GA4 

Ground water used or which may be used for public supplies of water suitable for drinking 
without treatment; ground water in the area that contributes to a public drinking water supply 
well; and ground water in areas that have been designated as a future water supply in an 
individual water utility supply plan or in the Area wide Supplement prepared by a Water 
UtiIity Coordinating Committee pursuant to Title 25 of the General Statutes. 

Ground water that is tributary to a public water supply reservoir. 

CLASS GA 

Designated Uses: . 
Existing private and potential public or private supplies of water suitable for drinking 
without treatment; baseflow for hydraulically-connected surface water bodies. 

CRITERIA 

Parameter 

1. Dissolved oxygen 

2. Oils and grease 

3. Color and turbidity 

4. Coliform bacteria 

5. Taste and odor 

6. PI-I 
7. Chemical constituems 

gkbri0~ 

As naturally occurs. 

None other than of natural origin. 

None other than of natural origin. 

None other than of natural origin. 

None other than of natural origin. 
As naturally occurs. 

As naturally occurs. 
.- 

CLASSIFICATIONS 

GA Ground water within the area of existing private water supply wells or an area with the 
potential to provide water to public or private water supply wells. The Department presumes 
that ground water in such an area is, at a minimum, suitable for drinking or other domestic 
uses without treatment. 

CLASS GB 

Designated Uses: Industrial process water and cooling waters; baseflow for hydraulically-connected surface 
water bodies; presumed not suitable for human consumption without treatment. 

CRITERIA 

Ground waters of this class are assumed by the Depamnent to be degraded due to a variety of pollution sources. No 
specific groundwater quality criteria apply except those that may be promulgated as part of the Site Remediation 
Regulations required by Section 22a-133k of the General Statutes 

CLASSlFlCATlONS 

GB Ground water within a historically highly urbanized area or an area of intense industrial 
activity and where public water supply service is available. Such ground water may 
not be suitable for human consumption without treatment due to waste discharges, 
spills or leaks of chemicals or land use impacts. 

‘, _. 

27 



ASS GC 
.---k 

Designated Uses: Assimilation of discharges authorized by the Commissioner pursuant to Section 22a-430 of 
the General Statutes. 

CRITERIA 

No quantitative criteria are specifically determined until such time as a person applies to the Department under Section 
22a-430 of the General Statutes to discharge leachate to ground water. The most important consideration in making 
a determination to classify ground water as GC is the impact of any authorized ground water discharges on adjacent 
surface waters. 

CLASSIFICATIQNS 

GC Ground water to which the Commissioner has authorized a discharge under Section §22a- 
430 of the General Statutes. In the course of applying for Section 322a-430 
authorization, the pennittee performed all necessary hydrogeologic studies, secured legal 
rights to all affected ground waters, and complied with all other requirements of 
Connecticut’s Water Quality Standards and any other applicable law. Ground waters 
classified as GC are not suitable for development of public supplies of potable water. 

APPENDIX A 

I. PURPOS& The purpose of this document is to establish implementation procedures to carry out Connecticut s 
anti-degradation policy as required by the Federal Clean Water Act (40 CFR 13 1.12) and stated in Connecticut Water 
Quality Standards 2 through 5. The anti-degradation policy requires the maintenance and protection of water quality 
in high quaIity waters. 

Il. APPLICABILITY. The procedures outlined in this policy would apply to any proposed new or increased discharge 
to the surface waters of the state or any activity requiring a permit pursuant to Chapters 440, 446i-k, and 368 of the 
Connecticut General Statutes or requiring Water Quality Certification pursuant to Section 40 1 of the Clean Water Act. 

III. SURFACE WATER RESOURCES TO BE MAINTAINED AT EXISTING HIGH OUALTTY. No permit or 
certification may be issued for any discharge or activity in the following waters: 

1) Outstanding National Resource Waters 

Where high quality waters constitute an outstanding National resource, such as waters of National and State 
parks, wildlife refuges, and waters of exceptional recreational or ecological significance, that water quality 
shall be maintained and protected. The lowering of water quality is prohibited in Outstanding National 
Resource Waters except where limited activities will result in only temporary or short term insignificant 
changes in water quality. 

2) Class A or AA waters 

unless. -* 

(a)(l) a temporary discharge is necessary to remediate an existing surface or groundwater pollution prd ‘-’ t 
or 
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(a)(2) the discharge consists of clean water, treated backwash waters from public or private drinking water 
treatment sys?ems or dredging and dredged material dewatering operations and does not result in 
violation of Class A or AA standards; 

00 for nonpoint source discharges, appropriate Best Management Practices as determined by the 
Commissioner are employed, and 

(cl in all cases the Commissioner finds that existing or designated uses will be protected fully. Existing 
uses are defined in 40 CFR 13 1.12 those which have occurred on or after November 28,1975. 

3) High quality Class B or SB water resources are those with existing quality better than established standards 
for that class and which meet all designated use goals. These waters will be maintained at their existing high 
quality, 

unless 

(a) the Commissioner finds, after adequate opportunity for intergovernmental and public participation, 
that allowing lower water quality is neceswy to accommodate overriding State economic or social 
development in accordance with paragraph IV.2 of this document or 

(b) the Commissioner finds that’the resulting change in water quality is not significant in accordance with 
paragraph IV. 1 of this document; and, 

(cl in all cases, the Commissioner finds that existing and designated uses will be protected fully. 

IUAN’D-DEGRADATION EVALUATION PROCEDURES FOR CLASS B AND SB WA’I-ER RESOwa% 
.L ,, __, ” *. : .. P:^“’ ., I 

1) Determination of sienif’icant lowerino of water aualitv - The Commissioner will make a determination of 
whether a proposed discharge or activity will result in a significant change in water quality by utilizing all 
available data and the best professional judgement of Department staff. Factors to be considered in making 
this determination include, but are not limited to: 

(a) percent change in a water quality parameter; 

(b) quality and value of the resource; 

(cl cumulative impact of discharges and/or activities on water quality; 

(4 impact on aquatic biota and habitat; 

(e> eutrophic impacts; 

(0 impact on existing, designated, and potential uses; and 

(73) percent of remaining assimilative capacity for the water resource. 

2) 3 Dete ’ ati 
deveioDment - If it is determined that a proposed discharge or activity will result in a significant lowering of 
water quality in a high quality Class B or SB water resource, no permit or certification will be issued unless 
the Commissioner finds that allowing lower water quality is necessary to accommodate overridine economic 
and social develooment which the Commissioner has determined is clearly in the public interest, and that 
existing uses will be protected fully. 
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(a) The proposed lowering of water quality will be found to be pecessary only if the applic ^_& 
demonstrates to the satisfaction of the Commissioner that: 

0 alternatives are not technologically feasible, or 

a applicable pollution control alternatives are prohibitively expensive. 

Alternatives studied should include but are not necessarily limited to: 

0 alternative discharge locations 

0 reduction in scale of the project 

0 pollution prevention measures 

l water recycle or reuse 

l process changes and/or innovative technology 

l improved operation and maintenance of exist&g facilities 

(b) The burden of proof is on the applicant to show the overriding economic or social benefits to the 
State which will result fkom the proposed activity, including any mitigation. The applicant shall also 
discuss the loss or reduction of natural resource benefits associated with lower water quality. These 
benefits include but are not &-$$<z,~o,@~e and passive recreation, aquatic life, aquatic habitat x /- ., : . . ’ 1.7- : :. ~ . _ > ..( ,. 
including riparian vegetation and intrinsic vaIues such as aesthenc appreciation of the water resour*+. 

.- 

3) As required by WQS (4), the Commissioner shall require the highest statutory and regulatory requirements for 
all new and exi$ing point sources. All cost-effective and reasonable Best Management Practices for nonpoint . *. 
source discharges must be utilized. 

4) The Commissioner may periodically review available treatment technology and reconsider any prior decisions 
in accordance with Section 22a-43 1 of the General Statutes. 

5) Public Particiuation - Anti-de_p;radation issues will be evaluated in conjunction with permit or certification 
issuance described in Section 11 above. For activities where anti-degradation applies, the Public Notice for the 
proposed activity will contain the Commissioner’s’ fmding regarding compliance with the anti-degradation 
policy. 

6) The Commissiciner may take into consideration all other mitigating factors not included within these 
procedures in making a decision. 
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APPENDIX B 

GUIDELINES FOR USE OF CRITERIA FOR INDICATOR BACTERIA 

‘Ihe indicator bacteria criteria established in Connecticut Water Quality Standards identify the minimum requirements 
for sanitary quality necessary to support the uses designated for each Class of waters. Three uses in particular are 
sensitive to bacterial contamination; &j&&water e Shellfish harvesna and contact recreation Cbathina.T’hree 

. 
groups of indicator bacteria, total colifonn. fecal colrform, and Fnterococci are used in Connecticut Water Quality 
Standards to establish the sanitary quality of wgters relative to the support of these designated uses. The results of 
bact&iological analysis of a water sampie also depends to a degree on the methodology used to determine bacterial 
densities. In practice, both the indicator organism and the method of measurement must be known to make valid 
assessments of sanimry quality. 

Water Quality Classifications for individual waterbodies are reviewed approximately every three years at which time 
all available water quality monitoring data is considered. Public input is also solicited and considered in determining 
the appropriate Classification to identify current quality and fimu-e quality goals. Nevertheless, the Water Quality 
Classification mm be an accurate representation of the current water quality conditions at any particular site. For 
this reason, the Water Quality Classification should not be considered as a certification of quality by the State or an 
approval to engage in certain activities such as swimming or shellfish harvesting. 

Total colifonn bacteria have traditionally been widely used as surrogates for pathogenic organisms normally associated 
with sewage to indicate the possible contamination of surface.and ground waters including evaluation of the sanitary 
quality of drinking water . However, total coliform bacteria al?? originate in the intestines of other warm blooded 
animals, as well as sources which have little sanitary sig&icance such as plants and soils (see also Standard 22). The 
Public Health Code, adopted pursuant to Section 19-13 ofthe Connecticut General Statutes, establishes sanitary criteria 
for untreated drinking water supplies based on total coliform densities determined using the Membrane Filter method 
described in the most recent edition of Standard &hods. The Connecticut Department of Health Services is designated 
as the lead agency with the authority to regulate the sanitary quality of public drinking water supplies and certify 
laboratories for analysis of the sanitary quality of surface and ground waters. 

Fecal coliform bacteria comprise a potion of the total colifoxm group and may be more specific to bacteria of sanitary 
significance. Fecal coliform density as determined using the Multiple Tube Fermentation method has been designated 
as the preferred means of assessing the sanitary quality of marine waters with respect to shellfish harvesting. Public Act 
89-321 assigns to the Department of Agriculture, Aquaculture Division (DA/AD) the responsibility for regulating the 
harvesting of shellfish in Connecticut waters. Consistent with this authority, the DA/AD has begun the process of 
classifying shellfish growing areas with respect to authorized use and sanitary quality in accordance with Federal 
regulations. The DA/AD has established shellfish growing area classifications (following table) based in part on 
monitoring of fecal coiiform densities consistent with Interstate Shellfish Sanitation Conference (ISSC) National 
Shellfish Sanitation Prom-am Manual of Ooerations. Parts I and II. 

Additional information on the shellfish growing area classifications used by DA/AD for regulation of shellfish 
harvesting is provided in the tables which follow. Due to differences in the procedures used to classify waters, some 
inconsistencies may exist between the Connecticut Water Quality Classification adopted by DEP and the DJVAD 
Classification of shellfish growing areas. For example, the DA/AD may classify an area as PROHIBITED due to a lack 
of sufficient monitoring data to satisfy federal/ISSC mandates when, in fact, actual water quality would not result in 
contamination of the shellfti resource. In this instance, the shellfish classification does not accurately reflect tnre water 
quality conditions but rather indicates a shortfall in State and local resources to conduct monitoring. Situations may also 
arise in which monitoring to verify sanitary quality conducted by DA/AD and 1ocaI authorities may uncover an area of 
previously unknown contamination: Here the DEP Water Quality Classification must be revised to reflect actual quality 
and corrective actions implemented to restore the use of the area for shellfishing. Each triennial revision of the Water 
Quality Classifications for marine waters will reduce the number of both types of inconsistencies as more direct and 
intensive monitoring data for Long Island Sound waters is available. 
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I5rllw . have been adopted by the DEP and the Department of Health Services (DHS) as the preferred indicator for ‘-.* 
evaluation of the sanitary quality of established bathing waters. Enterococci are a subgroup of the fecal srreptococci 
group and are more fecal specific than other commonly used indicators such ~Jotal~coliform or fecal coliform bacteria. 
However, they also can be found in domestic animals and birds as well as h&n&~.” s;ioczBitor ofHealth is 
responsible for determining the sanitary quality of bathing waters and closure of w.at$?s fo!ur&po~ to meet minimum 
criteria. Enmrococc i densities are determined using the Membrane filter me@ocl usmg rnE agar as described in Test 

Monitorinp Bathiw Waters and Closure Protocol, adopted jointly by DEP and DHS in May 1989. * 

Prior to this revision, the Water Quality Standards included a fecal colifonn criteria for evaluation,of~e sanitary quality 
of fresh waters as related to use for contact recreation. This criteria is now being replaced with a criteria for established 
bathing areas which utilizes Enterococci as indicator organism. The old fecal coliform criteria, however, is being 
retained as a guideline for evaluation of the general sanitary quali~ of waters relative to maintaiqing all designated uses 
for Class B waters: 

Fecal coliform shall not exceed a geometric mean indicator density of 200/100ml in any group of samples nor 
shall greater than 10% of samples exceed 4OO/lOOml. 

A fecal coliform guideline is desirable for several reasons. First, fecal coiiform is a more general, broad-based indicator 
of sanimry quality than Enterococci and may be more useful in identi@ing and locating sources of sewage contamination 
in certain situations. Also, there exists a large body of historical monitoring data for fecal coliform ,densities in surface 
waters which can be useful in monitoring trends in surface water quality. Facilities which treat sanitary waste use fecal 
coliform density as a measure of disinfection effkiency. Currently the NPDES discharge permits for all sewage 
treatment plants in Connecticut include limits on fecal coliform density in the effluent as a means of ensuring that 
adequate disinfection has taken place prior to discharge. Finally, due to the more widespread past use of the fecal -” 
coliform analysis in comparison to the Enterococcal t&t, the Fecal coliform guidehne provides a useful monitor& 
device during the transition period to greater reliance on the Enterococcial test for sanitary quality. 

BACTERIAL INDICATORS OF SANITARY QUALIZY FOR DESIGNATED USES 
ESTABLISHED IN CONNECTICUT WATER QUALITY STANDARDS 

DESIGNATED USE Q&Jgs 

Drinking Water Supply Suitable AA A 
for drinking following disinfection 
and chemical treatment. 

Contact Recreation Established A B 
bathing waters SA SB 

Shellfish Growing Areas for Direct SA 
Consumption (DA/AD Classified 
as APPROVED) 

Shellfish Growing Areas for SB 
Indirect Comsurnption following SB/SA 
transfer to a Depuration Plant or 
DA/AD approved Area for 
purification. (DA/AD Classified as 
RESTRICTED-DEPURATION) 

INDTCATOR “.j.*. 

Total Coliform 
WV 

Enterococci 
WI 

Fecal Coliform 
WN) 

Fecal Coliform 
(MPN) 

Shall not exceed a monthly moving average of 
lOO/lOO ml for the most recent 12 months. No 
individual sample shall exceed 500/100 ml. 

Shall not exceed a geometric mean indicator 
densiry of 33/100 ml. No single sample shall 
exceed 61/100 ml. 

Shall not exceed a geometric mean of 14 MPN/lOO 
ml. No more than 10% of s+nples shall exceed 43 
MPN/lOO ml. 

Shall notexceedla geometric mean of 88 MPN/lOO 
ml. No more than lOoh of samples shall exceed 
260 MPN/lOO ml. 
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Shellfish Growing Areas for SB Fecal Coliform 
Indirect Consumption following SB/SA (MPN) 
transfer to an DA/AD Approved 
area for purification. (DA/AD 
Classified as REsTR,lcTED- 
RELAY) s 

Shellfish Growing Areas for SCfSA Fecal Coliform 
certain aquaculture operations SC&B (MPN) 
only. @A/AD Classified as SDISA 
PROHIBITED) SDISB 

ICATOR BACTERIA CRTTERIA 

Criteria established on a site-specific 
DA/AD following a sanitary survey. 

Anproved 

Restricted- 
Deouration 

Restricted- 
&&y 

Prohibited 

basis by 

Does not meet SB criteria. Sanitary survey 
indicates that transfer of shellfish to DA/AD 
Approved Area will not be an effective means of 
protecting human health from possible adverse 
effects. 

SHELLFISH GROWING AREA CLASSIFICATIONS 
ESTABLISHED BY 

THE CONNECTICUT DEPARTMENT OF AGRICULTURE / AQUACULTURE DIVISION 

Approved by the DA/AD for growing or harvesting shellfish for direct marketing as licensed by 
DA/AD and recreational shellf=hing. Classification is determined through a sanitary survey’ 
conducted by DA/AD with local assistance. May be temporarily closed during a public health 
emergency is declared resulting from, for example, a hurricane or flooding. 

Use is restricted to harvesting of shellfish by DA/AD licensed 
operators for transfer to a DepurationPlant or to an Approved Area for purification. These shellfish 
may not be directly marketed or consumed prior to the purification process. These areas require 
sanitary surveys and must meet specified bacteriological standards. 

Use is restricted to harvesting of shellfish by DA/AD licensed 
operators. Shellfish must be transfe.rred to an Approved Area for natural purification prior to 
marketing and consumption. Transfer to a depuration plant is not allowed. A sanitary survey is 
required. 

Harvesting of shellfish is prohibited except for certain aquaculture operations licensed by DA/AD 
such as harvesting of seed oysters for transplant to clean growing areas. This classification results 
from the presence of conditions that could pose a health hazard such as severe pollution or marine 
biotoxins. The DA/AD may also prohibit shellfshing in areas where insufficient sanitary survey and 
water quality information exist to establish~an appropriate classification. 

. . 
Condmonal Use 

The DA/AD may classify certain shellfishing areas as Conditionally Approved or Conditionally Restricted if it is 
determined by the DA/AD that the area will meet the criteria established for an Approved or Restricted classification 
for a predictable period. A conditional classification may be based on seasonal, meteorological or wastewater treatment 
plant performance characteristics which can be related in a predictable way to the sanitary quality of the shellfish 
growing area. If the conditions established by DA/AD are met, the area can be used for shellfish harvesting (either 
Approved or Restricted as Classified); if the conditions are not me& shellfish harvesting in the area would be prohibited 
until conditions improve. Water Quality Classifications for marine waters which are conditionally classified by DA/AD 
are determined on a case-by-case basis by DEP taking into consideration the cause and frequency of any resuictions 
on use. 
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0 A sanimry survey, as referenced here, consists of a shoreline survey to identify and assess potential - 

pollution sources, meteorological ef%cts, water quality examination and assessment using prescribed 
standards, and corrective action where necessary. Sanitary surveys are required for all shellfish 
growing area classifications with the exception of PROHIBITED. 

APPENDIX C 

DEFINITIONS 

Acute Toxicity 

Ambient 

Anti-degradation 

Arithmetic Mean 

Benthic 

Benthic Macroinvertebrates a,. 

Best Management Practices 

Bioaccumulate 

Bioconcentrate 

Chronic Toxicity 

,_. 

Adverse effect such as mortality or debilitation caused by a brief exposure to a 
relatively high concentration of a toxic substance. 

Normally occurring conditions in a waterbody. 

A statement of practice required by federal law which prohibits a state from 
lowering surface water quality classifications or standards in order to 
accommodate new or increased wastewater discharges or land use practices 
which impact a particular water course. The.smte.must attain, and maintain the 
most sensitive existing and potential use for a respective waterbody. 

The average, calculated by dividing the sum of all values by the number of values 
to be averaged. 

Refers to organisms or material associated with the bottom of watercourses. 

Animals large enough to be seen by the unaided eye and can be retained by a U. -. . G ” ./ .#,.A 
S. standard No. 30 sieve (28 meshes per inch, 0.595 mm openings). They must -,.+. 
live at least part of their life cycle within or upon submerged substrates in a body 
of water. These animals usually consist of the aquatic life stages of various 
insects and arthropods, molluscs. leeches and worms. The benthic community is 
widely used for the environmental assessment of flov$ng waters. The structure 
of this community is a function of environmental conditions during the life span , _.- ..^ 
of the organisms. Consequently, community structure can be altered by the 
effects of pollution, including intermittent events which could be easily missed 
by conventional chemicaVphysica1 indicators. The well-being of the benthic 
community is frequently reflected in the well-being of higher forms of aquatic 
life, such as fsh. 

Those practices which reduce pollution of the waters of the state and which have 
been determined by the Commissioner to be acceptable based on, but not limited 
to, technical, economic and institutional feasibility. 

The uptake and retention of substances by an organism from its surrounding 
medium andior from food. .,-. 

The uptake and retention of substances by an organism from its surrounding 
medium to levels which exceed the concentration of that substance in the ,_ ti.1 -._. ,. __ . . jj ._ _., . . ,.I..~ _ -“~ ,:, ..““,_ _, 
medium. 

Adverse effect, such as reduced reproductke success or growth, poor survival of 
sensitive life stages which occurs as a result of exposure to relatively low 
concentrations of a toxic substance. 
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Classifications 

Clean Water 

Coastal and Marine Waters 

Commissioner 

Department 

Depuration 

i Designated Use r ,- .-. . I 

Discharge 

Discharge Toxicity 
Evaluation . 

Domestic Sewage 

Dredging 

Effluent 

Eutrophication 

I v . ‘ . 

_’ , ., *“‘- _/. ,,._ i 

Designation of the proposed uses Of surface and ground waters with alphabetic 
character. Where classifications appear in two sections separated by a diagonal 
line, the fint classification indicates existing use or general quality and the 
second classification indicates the water use goal. 

Water, which in the judgement of the Commissioner, is of a quality substantially 
similar to that &g naMaily in the receiving stream under consideration; 
e.g., Clean water may include minor cooling waters, residential swimming pool 
water, and stormwater. Best Management Practices or other treatment may be 
required. 

Those waters generally subject to the rise and fall of the tide and as defined by 
Section 22a-93 of the Connecticut General Statutes as amended. 

Commissioner of Environmental Protection 

Elements of Connecticut’s Water Quality Standards, expressed in parameters and 
their constituent concentrations, levels, or by narrative statements, representing 
a quality of water that supports a particular designated use. 

The Connecticut Department of Environmenta Protection. 

Controlled shellfish purification process where a controlled environment is used 
to reduce the level of bacteria and viruses in shellfish. The process usually 
includes a futed structure having a specified water circulation and disinfection 
system, together with designed tanks and racks. 

Those uses specifEd in Connecticut’s Water Quality Standards for each surface 
tiatercktie or’gkund water area, whether or not they are being attained. 

Defined in Sec. 22a-923 as ” . . . the emission of any water, substance or material 
into the waters of the state, whether or not such substance causes pollution.” 

A structured scientific analysis of the toxic sue&h and discharge rate of a 
treated wtitewater effluent relative to available dilution in the receiving water. 
Prepared as described in the Department’s guidance document, Guidelines for 
Preoaration of Discharge Toxicitv Evaluations. An analysis typically contains 
data and supporting information on receiving waterbody characteristics and 
recommendations regarding possible approaches to reduce effluent toxicity and 
in-stream toxic impacts resulting from the discharge. 

Waste water which consists of wafer and human excretions or other waterborne 
wastes incidental to the occupancy of a residential building or a non-residential 
building but not including manufacturing process water, cooling water, 
wastewater from water softening equipment, commercial laundry wastewater, 
blowdown fkom heating or cooling equipment, water from cellar or floor drains 
or surface water from roofs, paved surfaces, or yard drains. 

The excavation, removal or dispersal of sediments. 

Treated waste process waters or cooling waters discharged from a waste 
treatment or manufacturing facility. 

The process of enrichment of surface waters with plant nutrients which may 
cause nuisance algae blooms and excessive growth of aquatic weeds. 
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Existing Uses 

Functional Feeding Group 

Geometric Mean 

Ground Waters 

Ground Water of Natural 
Q=W 

High Quality Waters 

Lndigenous 

Invertebrates 

Lentic 

Lotic 

Most Sensitive Use 

Moving Average 

MSD 

Natural Origin 

Non-point Source 

Point Sources 

Prudent 

Those uses aqaj]y armix& in the water body on or after November 28, 197!’ c-c’ 
whether or not they are included in the Water Quality Standards. 

General category ofbenthic macroinvertebrates based on feeding mechanisms. 

Ah referred to as the log mean, it is a measure of central tendency calculated by 
eg the a&log of the mean of the logarithms of the values to be averaged. 

Wat2rs flowing through earth materials, beneath the ground surface. 

Means ground water which is free from pollution by solid waste, wastewater 
discharges, chemical spills and leaks, pesticides or other anthropogenic sources 
of water pollution except for acid rain. 

Waters of a quality which exceed established standards for the respective Class. 
May sustain a sensitive use which is designated for a higher Class. Refer to 
Standard number 2. 

Animal or plant life which are naturally occurring inhabitants of a certain 
geographic region. 

Animals lacking a backbone. 

Standing water environments, such as lakes and ponds. 

Refers to flowing water habitats, as in streams or rivers. 

The water use (drinking, swimming, boating, fish and aquatic life propagatiou- 
irrigation etc.)-which is most susceptible to degradation by a specific pollutz’ 
(e.g. Bacterial contamination can preclude swimming but not fish production, 
copper concentrations as low as 20 parts per billion (ppb) may adversely affect 
sensitive species of fish and aquatic life while drinking water quality is not 
affected until copper concentrations approach the secondary drinking water 
Maximum Concentration Level (MCL) of 1,000 parts per billion). 

Mean of consecutive values in a time series of a specified duration. For example, 
a 12 month moving average is calculated by averaging the monthly values for a 
parameter for the most recent 12 consecutive months. It is called a moving 
average since as time progresses and more new values are available, old values 
are dropped resulting in an average which is always based on 12 consecutive 
monthly values. 

Marine Sanitation Device. Devices installed or used on watercraft for the 
collection, ueatment and disposal of human wastes. 

The natural ambient background level that has been measured. 

Wastewaters, leachate or runoff which originate from diffuse sources or 
widespread areas. For example; soil erosion from construction sites. 

Treated or untreated wastewater discharges from manufacturing or sewage 
treatment works which are conveyed to their discharge point within discrete, 
readily identifiable pipes or conduits or are emitted through some other similar 
single point. For example, an outfall pipe from a sewage treatment plant. 

.-*e. 

Means reasonable, after taking into consideration cost, in light of the social 
environmental benefits. 
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RemtiOIlal Use 

Sediments 

sewage 

Streamflow Regulation 

Taxon @I. Taxa) 

Technically Practicable 

Based Treatment 

Tidal Wetlands and Creeks 

Toxic Substance 

Transplantation 

Trophic Conditions The state of enrichment of a waterbody with plant nutrients. 

Use Attainability Analysis A structured scientific assessment of the factors affecting the attainment of a 
watercourse designated use which may include physical, chemical, biological and 
economic factors. The analysis process is defined in: the Revised Water Quality 
Standards Regulations published in the Federal Register (48 FR 5 1400, 
November 8, 1983). Additional guidance regarding preparation of Use 
Attainability Analyses is contained in Chapter 3 of the Water Quality Standards 
Handbook (EPA - 1983) and Technical Support Manual: Water Body Surveys 
and Assessments for Conducting Use Attainability Analyses (EPA Office of 
Water, November 1983). 

Waters of the State 

Water Quality 

.: ..!“I< ‘> .,~. 

Water use which involves active or passive leisure activities such as fishing, 
swimming, boating, and aesthetic appreciation. 

Any natural or artificial materials which constitute all or part of the banks. bed 
or bottom of an intermittent or perennial watercourse. 

Defined in Sec. 22a-423 as, “human and animal excretions and all domestic and 
such manufacturing wastes as may tend to be detrimental to the public health.” 

Control of the rate of stream discharge by means of dams withdrawals, or 
diversion of water which might otherwise impede the flow of water in a 
watercourse. 

Refers to a biological classification category, usually the finest division attainable 
in current taxonomy. Most benthic organisms are identified to genus or species. 

Means, with respect to remediation, the greatest degree of remediation that can 
be achieved using sound engineering and hydro geologic practices. 

301(b) and 304(b) of the Federal Water Pollution Control (Clean Water) Act. 
The level and type of treatment required is based on the manufacturing process 
used and type of waste generated. 

Defined in Section 22a-29 of the Connecticut General Statutes as those areas 
which border on or lie beneath tidal waters. 

Any substance which can adversely affect the survival, growth or reproduction 
of fish, other forms of aquatic life or humans exposed to the substance either by 
direct contact or through consumption of aquatic organisms. 

Harvesting shellfish from designated closed areas, transporting and placing the 
shellfish onto other designated areas for propagation, growth, purification or 
transfer to an approved deputation plant. 

Defmed in Sec. 22a-423 as, ” . . . all tidal waters, harbors, estuaries, rivers, 
brooks, watercourses, waterways. wells, springs, lakes, ponds, marshes, drainage 
systems, and all other surface or underground sueams, bodies or accumulations 
of water, natural or artificial, public or private, which are contained within, flow 
through or border upon this state or any portion thereof.” 

A statement of the physical, chemical and biological characteristics of surface or 
ground waters. 
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Water Quality Based 
Treatment 

F=-b. 

Additiona waste ueabnent defined under the provisions of Section 302 of tJ 
Clean Water Act when technology based treatment is not suffkient to protect 
water quality. 

Water Quality Limited 
Segment 

AUY segment of a watercourse where it is known that water quality does not meet 
applicable standards and/or is not expected to meet applicable water quality 
standards eve! after-the application of technology based effluent limitations. 

Water Quality Standards Provisions of state and federal law which consist of designated use or uses for the 
state’s waters and water quality criteria which will’support those uses. 

Zone of Influence Spatial area or volume of receiving water flow within which some degradation 
of water quality or use impairment is anticipated to occur as a result of a pollutant 

. discharge. May be used to describe an area impacted by thermal, conventional, 
or toxic pollutants. 

Zone of Passage Spatial area or volume of flow within which the concentration of toxic chemicals 
and/or temperature elevations are below levels which would impede or prohibit 
the passage of free swimming and drifting aquatic organisms. 

7410 (Seven-day, Ten-year low flow) - lowest 7 consecutive .day mean stream 
discharge with a recurrence interval of ten (10) years. 
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APPENDIX D 

NUMERICAL CRITERIA FOR TOXIC POLLUTANTS 



REVISED APRI 
APPENDIX D 

NUMERICAL WATER QUALITY CRITERIA FOR CHEMICAL CONSTITUENTS (*I 

Concentrations in i&L 

Aauatic Life Criteria khnnan Health Criteria 

Freshwater Saltwater Consumption of: 

Compound 

Antimony 

Arsenic (Tri) 

1 Beryllium 
i. 
’ Cadmium 

I 
I Chromium (hex) 

Chromium (tri) 

Copper 

Copper (site-specific)(8) 

Cyanide (HCN + CN*) 

Lead 

Mercury 
* 

Nickel 

Selenium _ 

Silver 

Thallium 

Zinc 

f 

Acute (*I Chronic (” Acu tc, (2’ Chronic (‘I 

I 

Organisms Only Water and Health 
Organisms Designati 

m-e se- --- 4300 14 7-T 

360 190 69 36 .I4 .018 A 

--- _-- - - - me- .I3 .0077 T-r 

I Ilo .62 42 9.3 170 16 77 

I5 IO II00 SO I 3,400 170 TT 

310 103 --- I 670,000 33,000 Tr 

14.3 @’ 4.8 (” 2.4 2.4 I --- 1300 IT 

25.7 18.1 --_ I v-e I300 3-r 

22 5.20 1 1 -I 220,000 700 l-T 

30 1.2 210 8.1 --- 50 Tr 
I 

2.1 .O I2 (total) 1.8 .025 (total) .I5 .I4 TT-I-IB 

788 88 74 8.2 4,600 610 IT 

20 (total) 5 (total) 290 . 

I.02 --- I .96 --- I 65,000 105 I-T 

--- --- --- 1 6.3 I .7 7-r 

63.6 58.2 90 81 



Compound Acute Chronic Acute Chronic Organisms Only Water and Health 

Acrolein - - - 1 780 320 TT 

Acrylonitrile I --- --- --- --- I 66 .059 C 

Benzene 

Bromoform I --- --- --- -me I 360 4.3 C 

Carbon Tetrachloride I - - - --w --- --- I 4.4 .25 C 

I 
~~____~ ~~~~ 

Chlorobenzene --- --- --- -*- I 2 1,000 680 TT 

Chlorodibromomethane I - - - --- --- ^-- I 34 .4 I C x 

Chloroethane I --- --- --- --- I -e- --- --- 

..- ._--- ---- -_-. -..- 

Awatic Life Criteria 

Freshwater Saltwater 
Human Hea\tb Criteria 

Consumption of: 

Chloroform I --- --- --_ _-- I 470 5.7 C 

Dichlorobromomethane I - - - --- --- --- I 22 .27 C 

I, I Dichloroethane I --- --- --- --- I --- --- w-w 
I-2-Dichloroethane I --- _-- _-- --- I 99 .38 C 

I, I -Dichloroethylene - - - 

I ,2,T-Dichloroethylene - - - ___ --- --- 

I ,2-Dichloropropane - - - --- --- ___ 

I ,3-Dichloropropylene - - - -*- --- ___ 

Ethylbenzene _-- -*- _-- * --- 

Methyl Bromide --_ --_ ___ --- 

39 

1,700 IO TT 

29,000 3,100 T”r 

4,000 48 n 

Methyl Chloride --- --- --_ -w- 470 5.7 . TT 

Methylene Chloride - - - --- -_- --- 1,600 4.7 C 

I ,I ,2,2-Tetrachloroethane - - - --- --- __- II .I7 C-FIB 

Tetrachloroethylene -me --_ --- 8.85 .8 Tl‘ 



I Compound 

Trichoroethylene 

Vinyl Chloride 

2-Chlorophenol 

2,4-Dichlorophenol 

2,4-Dimethylphenol 

3-Methyl-4-chlorophenol 

2-Methyl-4,6- 

Dintrophenol 

(=4,6 Dinitro-o-cresol) 

2,4-Dinitrophenol 

2-Nitrophenol 

Pentachlorophenol 

Phenol 

2,4,6Trichforophenol 

Acenaphthene 

Acenapthylene 

Anthracene 

Benzidine 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluorr be 

Auuatic Life Criteria f&man Healfh Critg,r& 
Freshwater 1 Saltwater Consumption of: 

Acute Chronic Acute Chronic 

I 

Organisms Only Water and Ilealth 

Organisms Designation 

_-- --- 

--- a-- --- _-- 

I 

765 13.4 TT 

--- --- -_- --- , I 14,000 70 TT 

--- --- _-- --- e-e __- --- 

9.07 5.73 I3 7.9 8.2 .28 C-ffB 

-em --- 
I 4,600,OOO 21,000 TT 

--- --- me- --- I 6.5 2.1 C-HB 
I 
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Aauatic Life Criteria 
Freshwater Saltwater 

Human Health Criteria 
Consumption of: 

Compound I Acute Chronic Acute Chronic 

I3enzo(k)fluoranthene - - - . . . . . . . . . 

lIis(2- . . . . . . . . . . . . 

chloroethoxy)Methane 

Ifis(2-Chloroethyl)E(her - - - ..- . . . . . . 

lfis(2- 

Chloroisopropyl)Ether 

. . . . . . - . . --. 

I3is(2-Ethylhexyl)phthalate - - - . . . -.. . . . 

4-Bromophenyl ether - - - . . . . . . . . . 

IWyl benzl phthalate - - - ..- -.. . . . 

2-Chloronapthalene 

2-chlorophenyl phenyl 

ether 

- - - 

- - - 

. . . -.. -r- 

-.- . . . . . . 

Chrysene -.. . . . -.. . . . 

Dibenzo(a,h)anthracene - - - 

I ,2-Dichlorobenzene - - - -.- . . . . . . 

I ,3-Dichlorobenzene - - - . . . . . . . . . 

I ,4-Dichlorobenzene - - - . . . ..- . . . 

3,3-Dichlorobenzidines - - - . . . . . . . . . 

Diethyl Phthalate . . . . . . -.. -.. 

Dimethyl Phthalate . . . . . . . . . . . . 

Di-n-butyl Phthalate ............ 

Di-n-octyp phthalate ester - - - ......... 

2,4-Dinitrotoluene ............ 

Organisms Only 

.03 I 

Water and 
Organisms 

.0028 

Ilealth 
Designation 

C-HB 

. . . -.. . . . 

I.4 .03 I C 

I70*000 1,400 T-r 

5.9 I.8 C-HB 

-.- . . . . . . 

5200 3000 IT-HB 

4300 I700 ‘I-T-HB 

. . . . . . . . . 

.03 I .0028 C-IIB 

.03 I .0028 C-HB 

i 7,000 2,700 ‘f-l--If9 

2,600 400 I-f-A-19 

2,600 400 TT-HB 

.077 .04 C-1fB 

120,000 23,000 TT 

2,900,OOO 3 13,000 7-r 

12,000 2,700 IT-IIB 

. . . . . . ..- 

9.1 .II C 

. . . _.. --. 



Aauatic Life Criteria 
Freshwater Saltwater 

Human Health Criteria 
Consumption of: 

Conrpaund 

I ,2-Diphenylhydrazine 

I:hroranthene 

Fluorene 

I lexachlorobenzene 

I lexachlorobutadiene 

I Iexachlorocycopentadiene 

I lexachloroethane 

Indeno( I ,2,3-cd)pyrene 

lsophorone 

Napltthalene 

Nitrobenzene 

N-Nitrosodimethylamine 

N-Nitrosodi-n- 

propylamine 

N-Nitrosodiphenylamine 

I’henanthrene 

Pyrene i 

I ,2,4-Trichlorobenzene 

Aldrin 

Chlordane 

I)DT I 
- ; 
r-tnn 

Acute Chronic Acute Chronic 

--- --- --_ 

_-- - - . --- --- 

--- --- --* 

--- m-e _-- 

117,000 --- --- _-- 

--_ _-- --- --- 

.’ --- --- v-e 

--- --- _-- --- 

--- e-e --- 

--- m-- v-e 

_-- - - _ _-- e-m 

--- --- m-- --- 

--- --- _-- _-- 

I so -mm .65 --- 

I .20 .0043. .045 .004 

.55 .OOl ,065 “91 

5 
--w _-- --- . 

Organisms Only Water and 
Organisms 

llealth 

Designation 

.54 .04 C 

370 300 TT-HB 

14,000 1,300 C-HB 

.00077 .00075 C-116 

50 .44 C-HB 

17,000 240 TT-HB 

8.9 I .9 C-HB 

.03 I .0028 C-HB 

600 8.4 ‘IT 

m-v --- --- 

I.900 I7 ‘II- 

8.1 .00069 C 

1.4 0.005 c 

I6 5 c 

.03 I .0028 C-HB 

I 1,000 960 C-IIB 

.00014 ,000 I 3 C-IIB 

.00059 .00057 c-HU 

.00059 .00059 C-l IT.3 

.00084 .00083 (, r--- 



Compound 

Freshwater 

Acute Chronic 

Saltwater 

Acute Chronic 

Consumption of: 

Organisms Only Water and Health 

M Life Criteria . . Iluman Hea\h w 

Dieldrin I I .25 .OOl9 .355 .OOl9 I .00014 .00014 C I 

Endosulfan(atpha) I .I I .056 .017 .0087 I 2.0 .93 TT I 
iindosulfan (beta) 1 .II .056 .Ol7 * .0087 1 2.0 .93 TT I 

Endosutfan Sulfate _-_ I 2.0 .93 “l-r I 
Endrin I 9 .0023 .Ol85 .0023 I .81 .76 TT I 
Endrin Atdehyde 

I Ieptachlor 

I leptachlor epoxide .0038 .0265 .0036 I .ooo I I .00010 C I 
I-lexact~lorocyctohexane 

I 

- - - --- --- __- 

(Alpha) I 

.Ol3 .0039 C-I1B 

I 

I lexachlorocyctohexane I - - - --- _“_ -“” 
I .046 .Ol4 C-HB I 
I I 

I lexachlorocyclohexane - - - ___ ___ ___ mm- -..- --- 

(delta) 

I lexachlorocyctohexane 

(Gamma) ‘Lindane’ 

I .O .08 .08 --a .063 .Ol9 TT-HB 

Polychtorinated Biphenyls - - - ,014 w-m .03 .00017 .00017 C-HB 

2,3,7,8-TCDD --- --- “-- “__ .ooooooo I4 .ooooooo I 3 C-i IB 
\ 

Toxaphene .73 .0002 .2t .0002 -00075 .00073 C-HB 

~~~~ 
‘.‘.“.‘~“~.‘:‘.‘........,:.: . . . . . . . . . . . ..,. . . . . . : : : : : . . . . . . . . . . . . . :. . . . . . . :.: . . . . . ..A .A..:. .A.. . . . . . . . . . .._......... 

Ammonia I See Table”’ See Table(‘) See Tablef9) See Table(‘) I --- “-- ““_ I 

Asbestos I --- --- --_ --- I “-- 7,000,OOO fibers/titer A I 

Chlorine I9 II I3 7.5 “__ ““_ 



TABLE NOTES: 

I. The minimum data necessary to determine co11sistency with Corlnecticut Water Quality Standards shall be subject to the Commissioner’s discretion and 

may not be li111ited to or include chemical analysis results for all of the constituents listed in Appendix D. 

2.. Biological integrity is impaired by an exposure of one hour or longer to a concentration which exceeds the acute criteria more frequently than once 

every three years on average. 

3. Biological integrity is i1npaired when the four-day average concentration exceeds the chronic criteria more frequently than once every three years on 

average. 

4. The Commissioner will consider the following human health designations in allocating zones of influence for point source discharges: 

A: Class A carcinogen (known human carcinogen) 

I-T: Threshold Toxicant, not carcinogenic 

c: Carcinogenic (probable or possible carcinogen) 

HB: High potential to bioaccumulate or bioconcentrate. 

5. Criteria apply to the dissolved fraction unless otherwise noted. 

6. Biological integrity is impaired when the ambient concentration exceeds this value on more than 5% of days in any year. 
1 

7. Biological integrity is impaired when the ambient concentration exceeds this value on more than 50% of days in any year. 

8. Site specific criteria for copper apply for the following waters: 

Bantam River 

Blackberry River 

Factory Brook 

Five Mile River 

Hockanum River 

Mill Brook 

Naugatuck River 

Norwalk River 

Pequabuck River 

Quinnipiac River 

Still River 

Still River 

Williams Brook 

Willimantic River 

Lit&field POTW to confluence with Shepaug River 

Norfolk POTW to confluence with Roaring Brook 

North Canaan POTW to confluence with Housatonic River 

Salisbury POTW to mouth 

New Canaan POTW to mouth 

Vernon POTW to confluence with Connecticut River 

Plainfield Village POTW to mouth 

Torrington POTW to confluence with Housatonic River 

Ridgefield Brook to Branchville 

Plymouth POTW to confluence with Farmington River 

Southington POTW to Broadway, North Haven 

Winsted POTW to confluence with Farmington River 

Limekiln Brook to confluence with Housatonic River 

Ledyard POTW to mouth 

Stafford Springs POTW to Trout Management Area (Willington) 

Eagleville Dam to confluence wit& otucket River 



_ 

9. Criteria for anlinonia may be adjusted to account for seasonal variation in temperature as indicated below. Criteria values are expressed in mg/L Nl\ ,- 1 

N. 

Acute Toxicity 

0 5 IO 

Temperature ‘C 

I5 20 25 30 

Freshwater (general) 23.1 21.4 20.6 19.8 18.9 13.2 9.9 

Freshwater (Sahnon spawning) 23.1 2 I .4 20.6 19.8 18.9 13.2 9.9 

Estuarine (20 mg/Kg salinity) 29.0 20.0 14.0 9.8 6.7 4.8 3.3 

Marine (30 mg/Kg salinity) 31.0 21.0 15.0 10.0 7.3 5.0 3.5 

Chronic Toxicity 

Freshwater (general) 2.47 2.30 2.22 2.14 2.06 I.43 I.01 

Freshwater (Salmon spawning) 2.47 2.30 2.22 2.14 I .45 I.01 0.72 

Estuarine (20 mg/Kg salinity) 4.40 3.00 2.10 I so- l .oo 0.72 0.31 

Marine (3.0 mg/Kg salinity) 4.70 3.10 2.20 I .60 I.10 0.75 0.53 

0 5 

Temperature OC 

IO I5 20 25 30 





. 

TABLE l-l 

SAMPLE SUMMARY TABLE 
BASEWIDE GROUNDWATER OU RI 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 1 OF 2 

NORTHERN REGION 
Number of Samples 

1 CENTRAL REGION 1 SOUTHERN REGION I I 
Matrix Parameters ! Sites 1,2A, Back- 

2B,4 Site 3 Site 7 Site 14 Site 20 Site 16 Site 8 Site 15 Site 18 Site 23 groundt3’ Total 

n r 

I .- - I 

ITCL VOC 1 - ’ 
” 

n I I , I __ _- 

SHALLOW SOILS”’ 

ISubtotal I 0 1 0 I 6A 

METALd4’ 11 22 21 1 4 4 10 5 3 14 15 110 
TAL DISSOLVED 

M ETALSf4’ __ 3 2 -- 1 _- 1 __ __ 2 15 24 



TABLE l-1 

SAMPLE SUMMARY TABLE 
BASEWIDE GROUNDWATER OU RI 

NSB-NLON, GROTON, CONNECTICUT 
PAGE 2 OF 2 

Parameters 

1 Shallow soils are defined as samples collected from depths of 0 to 1 foot below ground surface. 
2 Deep soils are defined as samples collected from depths greater than 1 foot below ground surface. 
3 Two rounds of background samples will be collected. Each round will consist of 15 samples. 
4 TAL metals analysis does not include cyanide. 
5 Includes 9 samples to be collected from temporary well points which will have quick-turn VOC analysis. Depending on the results, additional temporary well samples 

may be collected. 
6 Includes 7 samples to be collected from temporary well points which will have quick-turn VOC analysis. 
7 Water quality parameters of pH, temperature, dissolved oxygen, oxidation reduction potential (ORP or REDOX), salinity, turbidity, and specific conductivity will be measured 

in the field for all groundwater samples. 
8 Natural attenuation parameters include total organic carbon (TOC), dissolved oxygen, salinity, oxidation-reduction potential, pH, alkalinity, hardness, divalent iron, 

chloride, nitrate, sulfide, sulfate, ammonia, methane, ethene, soluble manganese [Mn (II)], temperature, and specific conductivity. 
9 The TCL and TAC constituents are defined in Tables 1-I through 1-3 of the QAPP (Appendix C). 



. . . . 

TABLE 2-1 

SUMMARY OF SAMPLING ACTIVITIES 
NSB-NLON, GROTON, CONNECTICUT 

PAGE 1 OF 24 

Sample I.D. Sample Sample Depth Analytical Parameters Sample Rationale 
Location W) 

GROUNDWATER MONITORING PLAN FOR THE AREA A LANDFILL - SITE 1, SITE 2A, SITE 2B, and SITE 4 

Groundwater Samples 

2LGW3MW37S”’ 3MW37S OVERBURDEN VOCs, SVOCs, metals, Monitor groundwater downgradient of the western 
TOC, TSS, TDS, COD, portion of the landfill. 
alkalinity, hardness, 
chlorides, sulfates 

2LGW2WMW38DS”’ 2WMW38DS OVERBURDEN VOCs, SVOCs, metals, Monitor groundwater downgradient of the western 
TOC, TSS, TDS, COD, portion of the landfill. 
alkalinity, hardness, 
chlorides, sulfates 

2LGW2WMW39DS”’ 2WMW39DS OVERBURDEN VOCs, SVOCs, metals, Monitor groundwater along wetland boundary. 
TOC, TSS, TDS, COD, 
alkalinity, hardness, 
chlorides, sulfates 

2LGW2WMW40DS”’ 2WMW40DS OVERBURDEN VOCs, SVOCs, metals, Monitor groundwater along wetland boundary. 
TOC, TSS, TDS, COD, 
alkalinity, hardness, 
chlorides, sulfates 

2LGW2WMW41 DS”’ 2WMW41 DS OVERBURDEN VOCs, SVOCs, metals, Monitor groundwater along wetland boundary. 
TOC, TSS, TDS, COD, 
alkalinity, hardness, 
chlorides, sulfates 

2LGW2WMW42DS”’ 2WMW42DS OVERBURDEN VOCs, SVOCs, metals, Monitor groundwater along wetland boundary. 
TOC, TSS, TDS, COD, 
alkalinity, hardness, 
chlorides, sulfates 



TABLE 2-1 

. 

SUMMARY OF SAMPLING ACTIVITIES 
NSB-NLON, GROTON, CONNECTICUT 

PAGE 2 OF 24 

Sample I.D. Sample Sample Depth Analytical Parameters Sample Rationale 
Location m 

2LGW2WMW43DS”’ 2WMW43DS OVERBURDEN VOCs, SVOCs, metals, Monitor groundwater along wetland boundary. 
TOC, TSS, TDS, COD, 
alkalinity, hardness, 
chlorides, sulfates 

2LGW2WMW44DS”’ 2WMW44DS OVERBURDEN VOCs, SVOCs, metals, Monitor groundwater along wetland boundary. 
TOC, TSS, TDS, COD, 
alkalinity, hardness, 
chlorides, sulfates 

2LGW2WMW45DS”’ 2WMW45DS OVERBURDEN VOCs, SVOCs, metals, Monitor groundwater along wetland boundary. 
TOC, TSS, TDS, COD, 
alkalinity, hardness, 
chlorides, sulfates 

2LGW2WMW46DS”’ 2WMW46DS OVERBURDEN VOCs, SVOCs, metals, Monitor groundwater along wetland boundary. 
TOC, TSS, TDS, COD, 
alkalinity, hardness, 
chlorides, sulfates 

2LGW2WMW47DS”’ 2WMW47DS OVERBURDEN VOCs, SVOCs, metals, Monitor groundwater along wetland boundary. 
TOC, TSS, TDS, COD, 
alkalinity, hardness, 
chlorides, sulfates 

SITE 3 -AREA A DOWNSTREAM WATERCOURSES AND OBDA 

Soil Samples 

S3SB3MW 14SOl 3MW14S TBD TOC, Bulk Density, pH, 
Porosity 

Determine TOC, Bulk Density, pH, and porosity in 
overburden aquifer for use in groundwater modeling. 



TABLE 2-l 

SUMMARY OF SAMPLING ACTIVITIES 
NSB-NLON, GROTON, CONNECTICUT 

PAGE 3 OF 24 

Sample I.D. Sample Sample Depth Analytical Parameters Sample Rationale 
Location @I 

Groundwater Samples 

S3GW3TWlOl 3TWl OVERBURDEN VOCs - quick turn Determine lateral extent and source of VOC 
contamination. 

S3GW3TW201 3TW2 OVERBURDEN VOCs - quick turn Determine lateral extent and source of VOC 
(Tentative) contamination. 

S3GW3TW301 
(Tentative) 

S3GW3TW401 

3TW3 OVERBURDEN VOCs -quick turn Determine lateral extent and source of VOC 
contamination. 

I 3-rW4 OVERBURDEN VOCs - quick turn Determine lateral extent and source of VOC 
contamination. 

S3GW3TW501 1 3TW5 1 OVERBURDEN 1 VOCs - quick turn 1 Determine lateral extent and source of VOC 
(Tentative) 

S3GW3TW601 
(Tentative) 

3TW6 

contamination. 

OVERBURDEN VOCs - quick turn Determine lateral extent and source of VOC 
contamination. 

S3GW3TW701 
(Tentative) 

S3GW3TW801 
(Tentative) 

I 
3TW7 OVERBURDEN VOCs - quick turn 

I 
Determine lateral extent and source of VOC 
contamination. I 

3TW8 OVERBURDEN VOCs - quick turn Determine lateral extent and source of VOC 
contamination. 

S3GW3TW901 
(Tentative) 

S3GW3TWlOOl _ 

S3GW3TWllOl 
(Tentative) 

I 
3Tw9 OVERBURDEN VOCs - quick turn Determine lateral extent and source of VOC 

contamination. I 

3TWlO 

3TWll 

OVERBURDEN VOCs - quick turn Determine lateral extent and source of VOC 
contamination. 

OVERBURDEN VOCs - quick turn Determine lateral extent and source of VOC 
contamination. 

S3GW3TWl201 
(Tentative) 

S3GW3TWl301 
(Tentative) 

3TWl2 

3TWl3 

OVERBURDEN VOCs -quick turn Determine lateral extent and source of VOC 
contamination. 

OVERBURDEN VOCs - quick turn Determine lateral extent and source of VOC 
contamination. 

S3GW3TWl401 
(Tentative) 

3TWl4 OVERBURDEN VOCs -quick turn Determine lateral extent and source of VOC 
contamination. 



TABLE 2-1 

SUMMARY OF SAMPLING ACTIVITIES 
NSB-NLON. GROTON, CONNECTICUT 

’ PAGE 4 0-F 24 

Sample I.D. Sample 
Location 

S3GW3TW1501 1 3TWl5 

S3GW3TW2001 
(Tentative) 

3TW20 

S3GW3TW2101 I 3TW21 
(Tentative) 

S3GW3TbV2201 3TW22 

S3GW3TW2301 1 3TW23 

S3GW3lW2501. 3TW25 

S3GW3TW2601., 3TW26 

S3GW3TW2701 
(Tentative) 

3TW27 

S3GW3TW2801 
(Tentative) 

3TW28 

Sample Depth 
(ft) 

Analytical Parameters 

OVERBURDEN VOCs - quick turn 

OVERBURDEN VOCs - quick turn 

OVERBURDEN VOCs - quick turn 

OVERBURDEN VOCs - quick turn 

OVERBURDEN VOCs -quick turn 

OVERBURDEN VOCs - quick turn 

OVERBURDEN VOCs - qtiick turn 

OVERBURDEN VOCs - quick turn 

OVERBURDEN VOCs - quick turn 

OVERBURDEN VOCs -quick turn 

OVERBURDEN VOCs -quick turn 

OVERBURDEN VOCs - quick turn 

Sample Rationale 

Determine lateral extent and source of VOC 
contamination. 

Determine lateral extent and source of VOC 
contamination. 

Determine lateral extent and source of VOC 
contamination. 

Determine lateral extent and source of VOC 
contamination. 

Determine lateral extent and source of VOC 
contamination. 

Determine lateral extent and source of VOC 
contamination. 

Determine lateral extent and source of VOC 
contamination. 

Determine lateral extent and source of VOC 
contamination. 

Determine lateral extent and source of VOC 
contamination. 

Determine lateral extent and source of VOC 
contamination. 

Determine lateral extent and source of VOC 
contamination. 

Determine lateral extenf and source of VOC 
contamination. 

Determine lateral extent and source of VOC 
contamination. 

Determine lateral extent and source of VOC 
contamination. 



TABLE 2-l 

SUMMARY OF SAMPLING ACTIVITIES 
NSB-NLON, GROTON, CONNECTICUT 

PAGE 5 OF 24 

Sample I.D. Sample Sample Depth Analytical Parameters Sample Rationale 
Location m 

S3GW3MWl3DOl 3MWl3D BEDROCK VOCs, SVOCs, metals Determine lateral extent of VOC, SVOC, metals, and 
(total and dissolved), pesticide contamination at OBDA pond. 
pesticides, natural 
attenuation parameters, 

. TSS, TDS 

S3GW3MW 14501 3MWl4S OVERBURDEN VOCs, natural attenuation Determine lateral extent of VOC contamination. 
parameters 

S3GW3MW 14DOl 3MWl4D BEDROCK VOCs, natural attenuation Determine lateral and vertical extent of VOC 
parameters contamination. 

S3GW3MW 15SOl 3MWl5S OVERBURDEN VOCs, natural attenuation Determine lateral extent of VOC contamination. 
parameters 

S3GW3MWl5DOl 3MWl5D BEDROCK VOCs, natural attenuation Determine lateral and vertical extent of VOC 
parameters contamination. 

S3GW3MWl6SOl 3MWl6S OVERBURDEN VOCs, natural attenuation Determine lateral extent of VOC contamination. 
parameters 

S3GW3MW 16DOl 3MWl6D BEDROCK VOCs, natural attenuation Determine lateral and vertical extent of VOC 
parameters contamination. 

S3GW3MWl7SOl 3MW17S OVERBURDEN VOCs, natural attenuation Determine lateral extent of VOC contamination. 
parameters 

S3GW3MW 17DOl 3MWl7D BEDROCK VOCs, natural attenuation Determine lateral and vertical extent of VOC 
parameters contaminatidn. 

S3GW3MWl8SOl 3MWl8S OVERBURDEN VOCs, natural attenuation Determine lateral extent of VOC contamination, 
parameters 

S3GW3MWl8DOl 3MW18D BEDROCK VOCs, natural attenuation Determine lateral and vertical extent of VOC 
parameters contamination. 



S3GW2DMWll DO1 2DMWllD I BEDROCK 

Sample 
Location 

Sample Depth 
(ft) 

VOCs, SVOCs, metals 
(total and dissolved), 
pesticides, natural 
attenuation parameters, 
TSS, TDS 

VOCs, SVOCs, metals, 
pesticides, natural 
attenuation parameters, 
TSS, TDS 

VOCs, SVOCs, metals, 
pesticides, natural 
attenuation parameters, 
TSS, TDS 

VOCs, SVOCs, metals, 
pesticides, natural 
attenuation parameters, 
TSS, TDS 

VOCs, SVOCs, metals, 
pesticides, natural 
attenuation parameters, 
TSS, TDS 

VOCs, SVOCs, metals, 
pesticides, natural 
attenuation parameters, 
TSS, TDS 

VOCs, SVOCs, metals 
(total and dissolved), 
pesticides, natural 
attenuation parameters, 
TSS, TDS 

Sample Rationale 

TABLE 2-1 

SUMMARY OF SAMPLING ACTIVITIES 
NSB-NLON, GROTON, CONNECTICUT 

PAGE 6 OF 24 

Sample I.D. 

S3GW2DMW 1 ODOl 

S3GW2DMWll SO1 

S3GW3MWl2SOl 

S3GW3MWl2DOl 

S3GW2DMW 15DOl 

S3GW2DMW 16SOl 

2DMW 1 OD 
I 

BEDROCK 

2DMWllS OVERBURDEN 

3MW 12s OVERBURDEN 

3MWl2D 

2DMW 15D 

BEDROCK 

BEDROCK 

2DMWl6S OVERBURDEN 

Analytical Parameters 

Determine lateral and vertical extent of VOC, SVOC, 
metals, and pesticide contamination. 

Determine lateral extent of VOC, SVOC, metals, and 
pesticide contamination. 

Determine lateral and vertical extent of VOC, SVOC, 
metals, and pesticide contamination. 

Determine lateral and vertical extent of VOC, SVOC, 
metals, and pesticide contamination. 

Note: analytical data from this sample will also be 
used to evaluate groundwater at the Area A Landfill. 

Determine lateral extent of VOC, SVOC, metals, and 
pesticide contamination. 

Note: analytical data from this sample will also be 
used to evaluate groundwater at the Area A Landfill. 

Determine lateral extent of VOC, SVOC, metals, and 
pesticide contamination. 

Determine lateral extent of VOC, SVOC, metals, and 
pesticide contamination. 



TABLE 2-1 

SUMMARY OF SAMPLING ACTIVITIES 
NSB-NLON, GROTON, CONNECTICUT 

PAGE 7 OF 24 

Sample I.D. 

S3GW2DMWl6DOl 

S3GW2DMW23DOl 

S3GW2DMW24SOl 

S3GW2DMW24DOl 

S3GW2DMW25SOl 

S3GW2DMW25DOl 

S3GW2DMW26SOl 

Sample Sample Depth Analytical Parameters Sample Rationale 
Location w 

2DMWl6D BEDROCK VOCs, SVOCs, metals, Determine lateral and vertical extent of VOC, SVOC, 
c pesticides, natural metals, and pesticide contamination. 

attenuation parameters, 
TSS, TDS 

2DMW23D BEDROCK VOCs, SVOCs, metals, Determine lateral and vertical extent of VOC, SVOC, 
pesticides, natural metals, and pesticide contamination. 
attenuation parameters, 
TSS, TDS 

2DMW24S OVERBURDEN VOCs, SVOCs, metals, Determine lateral extent of VOC, SVOC, metals, and 
pesticides, natural pesticide contamination. 
attenuation parameters, 
TSS, TDS 

2DMW24D BEDROCK VOCs, SVOCs, metals, Determine lateral and vertical extent of VOC, SVOC, 
pesticides, natural metals, and pesticide contamination. 
attenuation parameters, 
TSS, TDS 

2DMW25S OVERBURDEN VOCs, SVOCs, metals, Determine lateral extent of VOC, SVOC, metals, and 
pesticides, natural pesticide contamination. 
attenuation parameters, 
TSS, TDS 

2DMW25D BEDROCK VOCs, SVOCs, metals, Determine lateral and vertical extent of VOC, SVOC, 
pesticides, natural metals, and pesticide contamination. 
attenuation parameters, 
TSS, TDS 

2DMW26S OVERBURDEN VOCs, SVOCs, metals, Determine lateral extent of VOC, SVOC, metals, and 
pesticides, natural pesticide contamination. 
attenuation parameters, 
TSS, TDS 
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Sample I.D. 

S3GW2DMW26DOl 

S3GW2DMW27SOl 

S3GW2DMW27DOl 

S3GW2DMW28SOl 

S3GW2DMW28DOl 

S3GW2DMW29SOl 

S3GW2DMW30SOl 

Sample Sample Depth Analytical Parameters Sampte Rationale 
Location m 

2DMW26D OVERBURDEN VOCs, SVOCs, metals, Determine lateral extent of VOC, SVOC, metals, and 
pesticides, natural pesticide contamination. 
attenuation parameters, 
TSS, TDS 

2DMW27S OVERBURDEN. VOCs, SVOCs, metals, Determine lateral extent of VOC, SVOC, metals, and 
pesticides, natural pesticide contamination. 
attenuation parameters, 
TSS, TDS 

2DMW27D BEDROCK VOCs, SVOCs, metals, Determine lateral and vertical extent of VOC, SVOC, 
pesticides, natural metals, and pesticide contamination 
attenuation parameters, 
TSS, TDS 

2DMW28S OVERBURDEN VOCs, SVOCs, metals, Determine lateral extent of VOC, SVOC, metals, and 
pesticides, natural pesticide contamination. 
attenuation parameters, 
TSS, TDS 

2DMW28D BEDROCK VOCs, SVOCs, metals, Determine lateral and vertical extent of VOC, SVOC, 
pesticides, natural metals, and pesticide contamination. 
attenuation parameters, 
TSS, TDS 

2DMW29S OVERBURDEN VOCs, SVOCs, metals, Determine lateral extent of VOC, SVOC, metals, and 
pesticides, natural pesticide contamination. 
attenuation parameters, 
TSS, TDS 

2DMW30S OVERBURDEN VOCs, SVOCs, metals, Determine lateral extent of VOC, SVOC, metals, and 
pesticides, natural pesticide contamination. 
attenuation parameters, 
TSS, TDS 

‘> 

f 
_+ 

i 
i 
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Sample I.D. Sample Sample Depth. 
Location m 

Analytical Parameters Sample Rationale 

SITE 7 -TORPEDO SHOPS 

Soil Samples 

S7SBOl70201 7TBl7 
I 

TBD VOCs, SVOCs, metals 

VOCs, SVOCs, metals 

Determine the absence or presence of subsurface soil 
contamination. 

Determine the absence or presence of subsurface soil 
contamination. 

S7SBOl80201 

S7SBT7W801 

S7SB7TW901 

S7SB7TWlOOl 

S7SB7TWlOl 

Groundwater Samples 

S7GW7TWlOl 

S7GW7TW201 

S7GW7TW301 

S7GW7TW401 

S7GW7TW501 

S7GW7TW601 

7TB18 TBD 

TBD 

7TWl 
I 

TBD 

VOCs, SVOCs, metals 

VOCs, SVOCs, metals 

Determine the absence or presence of subsurface soil 
contamination. 

Determine the absence or presence of subsurface soil 
contamination. 

VOCs, SVOCs, metals 

TOC, Bulk Density, pH, 

Determine the absence or presence of subsurface soil 
contamination. 

Determine TOC, Bulk Density, pH, and porosity in 
porosity overburden aquifer for use in groundwater modeling. 

7TWl 
I 

OVERBURDEN 

7TW2 OVERBURDEN 

VOCs-quick turn 

VOCs-quick turn 

7TW3 OVERBURDEN VOC-quick turn 

7TW4 OVERBURDEN VOCs-quick turn 

7TW5 OVERBURDEN VOCs-quick turn 

7TW6 OVERBURDEN VOCs-quick turn 

Determine lateral extent and source of VOC 
contamination. 

Determine lateral extent and source of VOC 
contamination. 

Determine lateral extent and source of VOC 
contamination. 

Determine lateral extent and source of VOC 
contamination. 

Determine lateral extent and source of VOC 
contamination. 

Determine lateral extent and source of VOC 
contamination. 
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Sample I.D. 

S7GW7TW701 

Sample 
Location 

7TW7 

Sample Depth Analytical Parameters Sample Rationale 

w 
OVERBURDEN VOCs-quick turn Determine lateral extent and source of VOC 

contamination. 

S7GW7TW801 

S7GW7TW09 

S7GW7TWlO 

S7GW7MWl DO1 

S7GW7MW2SOl 

S7GW7MW2DOl 

S7GW7MW3SOl 

7TW8 OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
natural attenuation contamination. 
parameters, perchlorate, 
TSS, TDS 

7Tw9 OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
natural attenuation contamination. 
parameters, perchlorate, 
TSS, TDS 

7TWlO OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
natural attenuation contamination. 
parameters, perchlorate, 
TSS, TDS 

7MWlD BEDROCK VOCs, SVOCs, metals Determine the lateral and vertical extent of 
(total and dissolved), groundwater contamination. 
natural attenuation 
parameters, perchlorate, 
TSS, TDS 

7MW2S OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
natural attenuation contamination. 

a- parameters, perchlorate, 
TSS, TDS 

7MW2D BEDROCK VOCs, SVOCs, metals, Determine the lateral and vertical extent of 
natural attenuation groundwater contamination. 
parameters, perchlorate, 
TSS, TDS 

7MW3S OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
natural attenuation contamination. 
parameters, perchlorate, 
TSS, TDS 
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Sample I.D. 

S7GW7MW3DOl 

S7GW7MW4SOl 

S7GW7MW5SOl 

S7GW7MW5DOl 

S7GW7MW6SOl 

S7GW7MW7SOl 

S7GW7MW8SOl 

Sample Sample Depth Analytical Parameters Sample Rationale 
Location (fit) 
7MW3D OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 

natural attenuation contamination. 
I 

parameters, perchlorate, 
TSS, TDS 

7MW4S BEDROCK VOCs, SVOCs, metals, Determine the lateral and vertical extent of 
natural attenuation groundwater contamination. 
parameters, perchlorate, 
TSS, TDS 

7MW5S OVERBURDEN/ VOCs, SVOCs, metals, Determine the lateral and vertical extent of 
BEDROCK natural attenuation groundwater contamination. 

parameters, perchlorate, 
TSS, TDS 

7MW5D BEDROCK VOCs, SVOCs, metals, Determine the lateral and vertical extent of 
natural attenuation groundwater contamination. 
parameters, perchlorate, 
TSS, TDS 

7MW6S OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
natural attenuation contamination. 
parameters, perchlorate, 
TSS, TDS 

7MW7S BEDROCK VOCs, SVOCs, metals, Determine the lateral and vertical extent of 
natural attenuation groundwater contamination. 
parameters, perchlorate, 
TSS, TDS 

7MW8S OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
natural attenuation contamination. 
parameters, perchlorate, 
TSS, TDS 
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Sample I.D. 

S7GW7MW9SOl 

S7GW7MW 1 OS01 

S7GW7MW 11 SO1 

S7GWB325MW 101 

S7GWB325MW201 

S7GWB325MW301 

S7GWB325MW401 

Sample Sample Depth Analytical Parameters Sample Rationale 
Location w 
7MW9S OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 

natural attenuation contamination. 
parameters, perchlorate, 
TSS, TDS 

7MW10S OVERBURDEN VOCs, SVOCs, metals Determine the lateral extent of groundwater 
(total and dissotved), contamination. 
natural attenuation 
parameters, perchlorate, 
TSS, TDS 

7MWllS OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
natural attenuation contamination. 
parameters,perchlorate, 
TSS, TDS 

B325-MWl OVERBURDEN/ VOCs, SVOCs, metals, Determine the lateral and vertical extent of 
BEDROCK natural attenuation groundwater contamination. 

parameters, perchlorate, 
TSS, TDS 

B325-MW2 BEDROCK VOCs, SVOCs, metals, Determine the lateral and vertical extent of 
natural attenuation groundwater contamination. 
parameters, perchlorate, 
TSS, TDS 

B325-MW3 OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
natural attenuation contamination. 
parameters, perchlorate, 
TSS, TDS 

B325-MW4 OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
natural attenuation contamination. 
parameters, perchlorate, 
TSS, TDS 
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Sample I.D. Sample Sample Depth Analytical Parameters Sample Rationale 
Location m 

SITE 14 - OBDANE 

Groundwater Samples 
.- 

S14GW14MWlSOl 1 14MWlS 1 OVERBURDEN 1 VOCs, metals, TSS, TDS 1 Determine the extent of groundwater contamination. 

SITE 20 - AREA A WEAPONS CENTER 

Groundwater Samples 

S20GW2WCMWl SO1 2WCMWl S OVERBURDEN VOCs, SVOCs, metals, Determine the nature of groundwater contamination. 
perchlorate, TSS, TDS 

S20GW2WCMW2SOl 2WCMW2S OVERBURDEN VOCs, SVOCs, metals, Determine the nature of groundwater contamination. 
perchlorate, TSS, TDS 

S20GW2WCMW3SOl 2WCMW3S OVERBURDEN VOCs, SVOCs, metals Determine the nature of groundwater contamination. 
(total and dissolved), 
perchlorate, TSS, TDS 

S20GW2WMW4DOl 2WMW4D BEDROCK VOCs, SVOCs, metals, Determine the nature of groundwater contamination. 
perchlorate, TSS, TDS 

SITE’ 16 - HOSPITAL INCINERATORS 

Sdil Samples 

s16SB0010101 16TBl oto 1 

S16SB0010201 16TBl TBD 

Sl6SB0020101 16TB2 oto 1 

VOCs, SVOCs, metals, 
pesticides, PCBs, 
dioxins/furans, SPLP 
PCBs and metals 

VOCs, SVOCs, metals, 
pesticides, PCBs, 
dioxins/furans, SPLP 
PCBs and metals 

VOCs, SVOCs, metals, 
pesticides, PCBs, 
dioxins/furans, SPLP 
PCBs and metals 

Determine the absence or presence of subsurface soil 
contamination. 

Determine the absence or presence of subsurface soil 
contamination. 

Determine the absence or presence of subsurface soil 
contamination. 



TABLE 2-l 

SUMMARY OF SAMPLING ACTIVITIES 
NSB-NLON, GROTON, CONNECTICUT 

PAGE 14 OF 24 

Sample I.D. 

Sl6SB0020201 

S16SB0030101 

S16SB0030201 

S16SBOO40101 

S16SBOO40201 

Sl6SBOO50101 

Sl6SBOO50201 

Sample 
Location 

16TB2 

16TB3 

16TB3 

16TB4 

16TB4 

16TB5 

16TB5 

Sample Depth 
(fit) 

TBD 

0 to 1 

TBD 

0 to 1 

TBD 

oto 1 

TBD 

Analytical Parameters 

VOCs, SVOCs, metals, 
pesticides, PCBs, 
dioxinsifurans, SPLP 
PCBs and metals 

VOCs, SVOCs, metals, 
pesticides, PCBs, 
dioxins/furans, SPLP 
PCBs and metals 

VOCs, SVOCs, metals, 
pesticides, PCBs, 
dioxins/furans, SPLP 
PCBs and metals 

VOCs, SVOCs, metals, 
pesticides, PCBs, 
dioxins/furans, SPLP 
PCBs and metals 

VOCs, SVOCs, metals, 
pesticides, PCBs, 
dioxins/furans, SPLP 
PCBs and metals 

VOCs, SVOCs, metals, 
pesticides, PCBs, 
dioxins/furans, SPLP 
PCBs and metals 

VOCs, SVOCs, metals, 
pesticides, PCBs, 
dioxinsifurans, SPLP 
PCBs and metals 

Sample Rationale 

Determine the absence or presence of subsurface soil 
contamination. 

Determine the absence or presence of subsurface soil 
contamination. 

Determine the absence or presence of subsurface soil 
contamination, 

Determine the absence or presence of subsurface soil 
contamination. 

Determine the absence or presence of subsurface soil 
contamination. 

Determine the absence or presence of subsurface soil 
contamination. 

Determine the absence or presence of subsurface soil 
contamination. 

j 
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Sample I.D. 

s16sB0060101 

S16SBOO60201 

S16SB0070101 

S16SBOO70201 

si 6sB0080101 

S16SBOO80201 

S16SS0010101 

Sample 
Location 

16TB6 

16TB6 

16TB7 

16TB7 

16188 

16TB8 

16SSl 

Sample Depth Analytical Parameters Sample Rationale 
m 

0 to 1 VOCs, SVOCs, metals, Determine the absence or presence of subsurface soil 
pesticides, PCBs, contamination. 
dioxins/furans, SPLP 
PCBs and metals 

TBD VOCs, SVOCs, metals, Determine the absence or presence of subsurface soil 
pesticides, PCBs, contamination. 
dioxins/furans, SPLP 
PCBs and metals 

oto 1 VOCs, SVOCs, metals, Determine the absence or presence of subsurface soil 
pesticides, PCBs, contamination. 
dioxins/furans, SPLP 
PCBs and metals 

TBD VOCs, SVOCs, metals, Determine the absence or presence of subsurface soil 
pesticides, PCBs, contamination. 
dioxins/furans, SPLP 
PCBs and metals 

oto 1 VOCs, SVOCs, metals, Determine the absence or presence of subsurface soil 
pesticides, PCBs, contamination. 
dioxins/furans, SPLP 
PCBs and metals 

TBD VOCs, SVOCs, metals, Determine the absence or presence of subsurface soil 
pesticides, PCBs, contamination. 
dioxins/furans, SPLP 
PCBs and metals 

.oto1 VOCs, SVOCs, metals, Determine the absence or presence of contamination 
pesticides, PCBs, in a storm water drainage path. 
dioxins/furans, SPLP 
PCBs and metals 
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Sample I.D. Sample 
Location 

Groundwater Samples 

S16GW16TW101 16TWl 

S16GW16TW201 16TW2 

S16GW16TW301 16TW3 

Sl 6GWT16W401 16TW4 

SITE 8 - GOSS COVE LANDFILL 

Sample Depth Analytical Parameters Sample Rationale 

(ft) 

OVERBURDEN VOCs, SVOCs, metals, Determine the absence or presence of groundwater 
pesticides, PCBs, contamination. 
dioxins/furans, TSS, TDS 

OVERBURDEN VOCs, SVOCs, metals, Determine the absence or presence of groundwater 
pesticides, PCBs, contamination. 
dioxins/furans, TSS, TDS 

OVERBURDEN VOCs, SVOCs, metals, Determine the absence or presence of groundwater 
pesticides, PCBs, contamination. 
dioxins/furans, TSS, TDS 

OVERBURDEN VOCs, SVOCs, metals, Determine the absence or presence of groundwater 
pesticides, PCBs, contamination. 
dioxins/furans, TSS, TDS 

Groundwater Samples 

S8GW8MWiOl 

S8GW8MW2SOl 8MW2S 

S8GW8MW2DOl 8MW2D 

S8GW8MW301 1 8MW3 

OVERBURDEN VOCs, SVOCs, metals, 
pesticides, PCBs, TSS, 
TDS 

VOCs, SVOCs, metals, 
pesticides, PCBs, TSS, 
TDS 

VOCs, SVOCs, metals, 
pesticides, PCBs, TSS, 
TDS 

VOCs, SVOCs, metals, 
pesticides, PCBs, TSS, 
TDS 

VOCs, SVOCs, metals, 
pesticides, PCBs, TSS, 
TDS 

OVERBURDEN 

OVERBURDEN 

OVERBURDEN 

OVERBURDEN 

Determine the lateral extent of groundwater 
contamination. 

Determine the lateral extent of groundwater 
contamination. 

Determine the lateral extent of groundwater 
contamination. 

Determine the lateral extent of groundwater 
contamination. 

Determine the lateral extent of groundwater 
contamination. 
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Sample I.D. Sample Sample Depth Analytical Parameters Sample Rationale 
Location (W 

S8GW8MW5SOl 8MW5S OVERBURDEN VOCs, SVOCs, metals Determine the lateral extent of groundwater 
(total and dissolved), contamination. 
pesticides, PCBs, TSS, 
TDS 

S8GW8MW6SOl 8MW6S OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS 

S8GW8MW6DOi 8MW6D OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
pesticides, PCBs, TSS, contamination, 
TDS 

; S8GW8MW7SOl : 8MW7S OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
pesticides, PCBs, TSS, contamination. 

,. TDS 

S8GW8MW9SOl 8MW9S BEDROCK VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS 

SITE 15 -SPENT ACID STORAGE AND DISPOSAL AREA 

Groundwater Samples 

S15GW15MWlSOl 15MWlS OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
TSS, TDS contamination. 

S15GW15MWlDOl ISMWID OVERBURDEN VOCs, SVOCs, metals, Determine the lateral and vertical extent of 
TSS, TDS groundwater contamination. 

S15GW15MW2SOl 15MW2S OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
TSS, TDS contamination. 

S15GW 15MW3SOl 15MW3S OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
TSS, TDS contamination. 

S15GWHNUSGSOl HNUS OVERBURDEN VOCs, SVOCs, metals, 
TSS, TDS 

Determine downgradient extent of groundwater 
contamination. (Replaces well 15MW4S.) 
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I Sample I.D. Sample Sample Depth Analytical Parameters Sample Rationale 
Location (ftj I 

SITE 18 - SOLVENT STORAGE AREA (BUILDING 33) 

Soil SamDIes * 

sl8sBoololol 

S18SBOO10201 

S18SB0020101 

Sl8SB0020201 

S18SB0030101 

S 18SB0030201 

Sl8SBOO40101 

Sl8SBOO40201 

S18SBOO50101 

18TBl oto 1 

18TBl TBD 

18TB2 oto 1 

18TB2 TBD 

18TB3 0 to 1 

18TB3 TBD 

18TB4 0 to 1 

18TB4 TBD 

18TB5 0 to 1 

VOCs, SVOCs, metals, 
pesticides, PCBs, SPLP 
PCBs and metals 

VOCs, SVOCs, metals, 
pesticides, PCBs, SPLP 
PCBs and metals 

VOCs, SVOCs, metals, 
pesticides, PCBs, SPLP 
PCBs and metals 

VOCs, SVOCs, metals, 
pesticides, PCBs, SPLP 
PCBs and metals 

VOCs, SVOCs, metals, 
pesticides, PCBs, SPLP 
PCBs and metals 

VOCs, SVOCs, metals, 
pesticides, PCBs, SPLP 
PCBs and metals 

VOCs, SVOCs, metals, 
pesticides, PCBs, SPLP 
PCBs and metals 

VOCs, SVOCs, metals, 
pesticides, PCBs, SPLP 
PCBs and metals 

VOCs, SVOCs, metals, 
pesticides, PCBs, SPLP 
PCBs and metals 

Determine the absence or presence of subsurface soil 
contamination. 

Determine the absence or presence of subsurface soil 
contamination. 

Determine the absence or presence of subsurface soil 
contamination. 

Determine the absence or presence of subsurface soil 
contamination. 

Determine the absence or presence of subsurface soil 
contamination. 

Determine the absence or presence of subsurface soil 
contamination. 

Determine the absence or presence of subsurface soil 
contamination. 

Determine the absence or presence of subsurface soil 
contamination. 

Determine the absence or presence of subsurface soil 
contamination. 



TABLE 2-l 

SUMMARY OF SAMPLING ACTIVITIES 
NSB-NLON, GROTON, CONNECTICUT 

PAGE 19 OF 24 

Sample I.D. 

Sl8SBOO50201 

Sample 
Location 

18TB5 

Sample Depth Analytical Parameters Sample Rationale 

w 
TBD VOCs, SVOCs, metals, Determine the absence or presence of subsurface soil 

pesticides, PCBs, SPLP contamination. 
PCBs and metals 

Groundwater Samples 

S18GW18TW101 18TWl OVERBURDEN VOCs, SVOCs, metals, Determine the absence or presence of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS 

Sl8GWl8TW201 18TW2 OVERBURDEN VOCs, SVOCs, metals, Determine the absence or presence of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS 

Sl8GWl8TW401 18TW4 OVERBURDEN VOCs, SVOCs, metals, Determine the absence or presence of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS 

SITE 23 - FUEL FARM 

Soil Samples 

S23SB23MW02SOl 23MW2S TBD TOC, Bulk Density, pH, Determine TOC, Bulk Density, pH, porosity in 
porosity overburden aquifer for use in groundwater modeling. 

S23SB23MW04SOl 23MW04S TBD TOC, Bulk Density, pH, Determine TOC, Bulk Density, pH, porosity in 
porosity overburden aquifer for use in groundwater modeling. 

: Groundwater Samples 

S23GW23MW02SOl 23MW02S OVERBURDEN 

S23GW23MW02DOl 23MW02D BEDROCK 

VOCs, SVOCs, metals 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS, natural attenuation 
parameters 

VOCs, SVOCs, metals, 
pesticides, PCBs, TSS, 
TDS, natural attenuation 
parameters 

Determine the lateral extent of groundwater 
contamination. 

Determine the lateral extent of groundwater 
contamination. 

. 
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Sample I.D. 

S23GW23MW03DOl 

S23GW23MW04SOl 

S23GW23MW04DOl 

S23GWHNUS201 

S23GWHNUS501 

S23GWHNUS701 

S23GWHNUS901 

Sample Sample Depth Analytical Parameters Sample Rationale 
Location UQ 

23MW03D BEDROCK VOCs, SVOCs, metals, Determine lateral extent of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS, natural attenuation 
parameters 

23MW04S OVERBURDEN. VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS, natural attenuation 
parameters 

23MW04D BEDROCK VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS, natural attenuation 
parameters 

HNUS-2 OVERBURDEN VOCs, SVOCs, metals Determine the lateral extent of groundwater 
(total and dissolved), contamination. 
pesticides, PCBs, TSS, 
TDS, natural attenuation 
parameters 

HNUS-5 OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS, natural attenuation 
parameters 

HNUS-7 OVERBURDEN VOCs, SVOCs, metals., Determine the lateral extent of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS, natural attenuation 
parameters 

HNUS-9 OVERBURDEN VOCs, SVOCs, metals, Determine the lateral extent of groundwater 
pesticides, PCBs, TSS, contamination. 
TDS, natural attenuation 
parameters 

i 
J 
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Sample I.D. 

S23GWHNUSllOl 

S23GWHNUSl301 

S23GWHNUSl401 HNUS-14 

S23GWHNUSl701 HNUS-17 

S23GWHNUS2001 

Sample 
Location 

HNUS-11 

Sample Depth 
(fi) 

OVERBURDEN 

HNUS-13 OVERBURDEN 

OVERBURDEN 

OVERBURDEN 

IyI(o 

BACKGROUND SAMPLES 

Groundwater 

1 NORTHERN REGION 

S2GW2LMW20SOl 

IIr 
2LMW20S OVERBURDEN 1 VOCs, SVOCs, metals 

Analytical Parameters 

VOCs, SVOCs, metals, 
pesticides, PCBs, TSS, 
TDS, natural attenuation 
parameters 

VOCs, SVOCs, metals, 
pesticides, PCBs, TSS, 
TDS, natural attenuation 
parameters 

VOCs, SVOCs, metals, 
pesticides, PCBs, TSS, 
TDS, natural attenuation 
parameters 

VOCs, SVOCs, metals, 
pesticides, PCBs, TSS, 
TDS, natural attenuation 
parameters 

VOCs, SVOCs, metals, 
pesticides, PCBs, TSS, 
TDS, natural attenuation 
parameters 

Sample Rationale 

Determine the lateral extent of groundwater 
contamination. 

Determine the lateral extent of groundwater 
contamination. 

Determine the lateral extent of groundwater 
contamination. 

Determine the lateral extent of groundwater 
contamination. 

Determine the lateral extent of groundwater 
contamination. 

I 

1 Determine the background groundwater conditions. 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS, chlorides 



Sample I.D. 

S2GW2WMW2lSOl 

S2GW2WMW21 DO1 

S2GW2WMW22SOl 

S2GW2WMW22DOl 

S4GW4MW 1 SO1 
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Sample 
Location 

2WMW21 S 

2WMW21 D 

2WMW22S 

2WMW22D 

4MWlS 

Sample Depth 
(fi) 

OVERBURDEN 

BEDROCK 

OVERBURDEN 

BEDROCK 

BEDROCK 

Analytical Parameters Sample Rationale 

VOCs, SVOCs, metals 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS, chlorides 

VOCs, SVOCs, metals 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS, chlorides 

VOCs, SVOCs, metals 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS, chlorides 

VOCs, SVOCs, metals 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS, chlorides 

VOCs, SVOCs, metals 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS 

Determine the background groundwater conditions. 

Determine the background groundwater conditions. 

Determine the background groundwater conditions. 

Determine the background groundwater conditions. 

Determine the background groundwater conditions. 

CENTRAL REGION 

S2GW2LMW35SOl 2LMW35S OVERBURDEN VOCs, SVOCs, metals 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS 

S2GW2LMW35BOl 2LMW35B BEDROCK VOCs, SVOCs, metals 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS 

Determine the background groundwater conditions. 

Determine the background groundwater conditions. 
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Sample I.D. Sample Sample Depth Analytical Parameters Sample Rationale 
Location (fi) 

S2GW2LMW36BOl 2LMW36B BEDROCK VOCs, SVOCs, metals Determine the background groundwater conditions. 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS 

SOUTHERN REGION 

S23GW23MWOi SO1 23MWOl S OVERBURDEN VOCs, SVOCs, metals Determine the background groundwater conditions. 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS, chlorides 

S23GW23MWOi DO1 23MWOl D BEDROCK VOCs, SVOCs, metals Determine the background groundwater conditions. 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS, chlorides 

S23GWHNUS2301 HNUS-23 OVERBURDEN VOCs, SVOCs, metals Determine the background groundwater conditions. 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS, chlorides 

S8GW8MW8SOi 8MW8S OVERBURDEN/ VOCs, SVOCs, metals Determine the background groundwater conditions. 
BEDROCK (total and dissolved), 

pesticides, PCBs, TSS, 
TDS, chlorides 

S8GW8MW8DOl 8MW8D BEDROCK VOCs, SVOCs, metals Determine the background groundwater conditions. 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS, chlorides 

S8GW 8MW 1 OS01 8MWlOS BEDROCK VOCs, SVOCs, metals Determine the background groundwater conditions. 
(total and dissolved), 
pesticides, PCBs, TSS, 
TDS, chlorides 

: 

2.. 
.j 

‘b 

f.^ 

‘: 

.- 
7 
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1. A two-digit numeric round indicator (01, 02, etc.) will be suffixed to these sample identification numbers in the field, based on 
which round of the GMP is performed concurrently with the sampling for the Basewide Groundwater OU RI. 

2. The TCL and TAC constituents are defined in Tables l-l through 1-3 of the QAPP (Appendix C). 

TBD - To be determined 
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Parameter 

GROUNDWATER 

TCL VOCs 

TCL SVOCs (minus PAHs) 

Sample Container”’ Container Preservation’*’ Maximum Holding 
Volume Timec3’ 

Analytical Methodology 

Glass, black phenolic plastic (2) 40 mL Cool to 4 “C, dark HCL to 14 days to analysis oLco2.1’4’ 
screw cap, Teflon-lined septum pHc2 

Amber glass, Teflon-lined cap 1000 mL Cool to 4 “C 7 days to extraction; 14 oLco2.1’4’ 

Polyaromatic Hydrocarbons 
(PAHs) 

TCL Pesticides/PCB 

Amber glass, Teflon-lined cap 1000 mL 

Amber glass, Teflon-lined cap (2) 1000 mL 

Cool to 4 “C 

Cool to 4 “C 

days to analysis 

7 days to extraction; 40 
days to analysis 

7 days to extraction; 14 

SW846 831 O(‘) 

oLco2.1’4’ 

TAL Metals 
(total and dissolved) 

days to analysis 

Polyethylene bottle, plastic cap, 250 mL HN03 to pH < 2 180 days to analysis; ILM04.0’5’ 
plastic liner mercury 28 days to 

TOC 

Alkalinity (as CaC03) 

Hardness (as CaC03) 

Polyethylene bottle, plastic cap, 
I 

250 mL 
elastic liner 

Polyethylene bottle, plastic cap, 

Polyethylene bottle, plastic cap, 

Sulfate 
Nitrate 
Chloride 

Cool to 4 “C 

Methane 

Sulfide 

Ammonia 

Perchlorate 

Dioxins/Furans 

Polyethylene bottle, plastic cap, 250 mL 
plastic liner 

I 
1 Septated serum vial * I (2) 30 mL 

I 
Polyethylene bottle, plastic cap, 

I 
1000 mL 

plastic liner 

EPA Method 325.3’“’ 
HCLtopH<2 14 days to analysis EPA RSK SOP-l 75”’ 

Cool to 4 “C, NaOH to 7 days to analysis EPA Method 376.2@) 
Dti> 12 

Polyethylene bottle, plastic cap, 1000 mL Cool to 4 “C, H2S04 to 28 days to analysis EPA Method 350.1@) 
plastic liner pH<2 

Lab will specify Lab will specify Cool to 4 “C 28 days to analysis California Method@) 

Amber glass, Teflon-lined lid (4) 1000 mL Cool to 4 “C 30 days to extraction; 45 SW846 8290(‘) 

~ Cool to 4 “C, HCL or 
~ H2S04 tO.pH < 2 

Cool to 4 “C 

HN03 to pH c 2 

analysis 

28 days to analysis EPA Method 415.1’“’ 

14 days to analysis EPA Method 310.1@’ 

TSS 

days to analysis 

Polyethylene bottle, plastic cap, 250 mL ~ Cool to 4 “C 7 days to analysis EPA Method 160.2@’ 
plastic liner 

TDS 
I I 

1 Polyethylene bottle, plastic cap, 
I 

1 250 mL 1 Cool to 4 “C 
I 

I 7 days to analysis 1 EPA Method 160.2’@ I I elastic liner I 
COD Amber glass, Teflon-lined lid 1000 mL Cool to 4 “C, 

HCI to pH < 2 
28 days to analysis EPA Method 410.1@) 
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Parameter 

SOIL 

Sample Container(‘) Container 
Volume 

Maximum Holding 
Timec3’ 

hours of collection. 

Analytical Methodology 

DioxindFurans Glass Teflon-lined ca 



8 
9 
10 
11 
12 
13 
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Container volume may vary based on laboratory. 
HCL = Hydrochloric acid, NaOH = Sodium hydroxide, HN03 - - Nitric acid, H2S04 = Sulfuric acid. 
All holding times are from date of collection. 
USEPA (U.S. Environmental Protection Agency) CLP, 1994. Statement of Work for Organic Analysis, Low-Concentration, OLC02.1. 
USEPA CLP, Statement of Work for Inorganic Analysis, Multi-Media, Multi-Concentration, ILM04.0. 
USEPA, 1983. Methods for Chemical Analvsis of Water and Wastes. 
USEPA, R.S. Kerr Environmental Laboratory, B.S. Newell, Sample Preparation and Calculations for Dissolved Gas Analysis in Water Samples Using a 
GC Headspace Equilibration Technique, Revision No. 0, August 1994. 
State of California, California Department of Health Services, June 3, 1997. Determination of Perchlorate by Ion Chromatography, Rev. 0. 
USEPA, June 14, 1997. Test Methods for Evaluating Solid Waste Physical/Chemical Methods (SW846) Third Edition, up to and including Update III. 
For soil samples, a single 8-ounce jar will provide sufficient sample volume for semivolatile organic& pesticides, PCBs, metals, and pH analyses. 
A single Shelby tube will provide sufficient sample volume for both bulk density and porosity analyses. 
American Society for Testing and Materials, Volume 4.08, Soil and Rock. 
The TCL and TAL constituents are defined in Tables l-l through l-3 of the QAPP (Appendix C). 
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