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1 .O INTRODUCTION 

1.1 PURPOSE 

This Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) Data Gap Work Plan 

for the Portsmouth Naval Shipyard (NSY Portsmouth), Kittery, Maine, has been prepared in response to 

the RFI “Approval with Conditions” granted by the United States Environmental Protection Agency 

(USEPA) Region I in April 1993 as part of the Hazardous and Solid Waste Amendments of 1984 (HSWA) 

Permit. The permit was prepared after a RCRA Facility Assessment (RFA) of the Shipyard was conducted 

by the USEPA at the facility. The RFA identified specific Solid Waste Management Units (SWMUs) where 

known or potential releases of hazardous wastes or hazardous constituents have occurred. The final 

HSWA permit specifies plans and investigations to be carried out by the Shipyard to determine the extent 

and nature of the releases and to identify cleanup measures. 

The primary objective of the subject RFI Data Gap Work Plan is to address deficiencies in the original RFI. 

Specific objectives of the RFI Data Gap Work Plan are as follows: 

. Verify that the concrete sewer pipe at Mercury Burial Site I (SWMU #9) 

is capped or does not contain mercury-contaminated waste. 

. Locate and determine the Integrity of the concrete blocks at Mercury 

Burial Site II (SWMU #9). 

. Investigate groundwater to determrne if the bedrock aquifer discharges 

into the surficial aquifer; further define general hydrogeologic conditions 

at the facility. 

. Determine the nature and extent of plumes of volatile and semi-volatile 

organic compounds detected in the vicinrty of the Mercury Burial Site II, 

at the former buried Waste Oil Tanks (SWMU #I I), and at monitoring well 

JW-13B at the JILF (SWMU #8). Also, investigate groundwater and soils 

in the vicinity of the new planned Hazardous Waste Storage Facility to be 

located near the former Waste Oil Tanks (SWMU #I 1). 
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. Re-evaluate the effects of the tides in the Piscataqua River on the 

groundwater at the DRMO (SWMU #8) and the JILF (SWMU #8). 

1.2 SUMMARY OF PLANNED RFI DATA GAP ACTIVITIES 

A concise summary of the planned RFI Data Gap activities follows: 

DRMO (SWMU #Sl 

(1) Groundwater Contamination at DRMO 

. Analyze groundwater samples from the 3 wells in the DW-07 cluster (existing monitoring 

wells DW-07/DW-07B and new deep bedrock monitoring well [DW-07DB]) for TCLITAL 

analytes (plus Freon) and common water quality parameters. 

. Conduct slug testing and water level measurements as per Section 3.3 “Groundwater 

Investigation.” 

(2) Tidal Study 

. Conduct tidal correlation study at the DRMO, measuring actual tidal fluctuations and tidal 

fluctuations in the well previously utikzed as a tidal gauge (DW-03). and comparing the 

tidal responses. 

. Evaluate correlation of RFI tidal well data at the DRMO with RFI Data Gap tidal gauge 

data and correct as necessary (non field activity). 

. Redefine gradients at the DRMO Area 

Jamaica Island Landfill ISWMU #8) 

(1) Groundwater Contamination Near JW-13 at JILF Landfill 

. Analyze groundwater samples from the four wells in the JW-13 cluster (existing monitoring 

m 
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wells JW-13S, JW-13B, and JW-13D and one new deep bedrock monitoring well [JW- 

13DB]) for TCL/TAL analytes (plus Freon) and common water quality parameters. 

. Conduct slug testing and water level measurements as per Section 3.3 “Groundwater 

Investigation.” 

(2) Tidal Study 

. Redefine gradients at the JILF area. 

Mercury Burial Site Areas lSWMU #9) 

(1) Mercury Burial Site I 

. Carefully excavate existing concrete sewer pipe and document physical characteristics. 

. If both ends of the concrete sewer pipe are capped/sealed, confirm lack of mercury 
. 

contamination by collecting one soil sample at each pipe end and conducting quick- 

turnaround analyses for mercury 

. If the concrete pipe is open, hand auger to collect three samples from materials within the 

pipe. Additionally, collect an additronal 10 samples outside of the pipe area. All samples 

will undergo quick-turnaround analyses for mercury to investigate the presence or absence 

of contamination. 

. Conduct limited remedial acbon if mercury contaminatron is encountered by containerizing 

mercury-contaminated soil If dlrected by the Navy, remove concrete pipe 

. Backfill, revegetate with seed and mulch 

(2) Mercury Burial Site II 

. Conduct trenching at the staked location in the J-boat asphalted area to located Mercury 

Burial Site II. 

l-3 
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. If the concrete blocks/pipes are encountered, conduct same program used during initial 

RFI for Mercury Site I (inspect concrete blocks/pipes for integrity, sample surrounding 

soils, sample concrete block/pipe contents if open). Twelve samples will be collected 

around the site and analyzed for TCLITAL analytes (plus Freon), and TAL metals. Quick- 

turnaround analysis will be employed for mercury analyses. If mercury contamination is 

present, an additional 10 samples will be collected and analyzed for mercury, using quick- 

turnaround analysis, to determine the extent of contamination. 

. Conduct limited remedial action if mercury contamination is encountered by containerizing 

mercury-contaminated soil. If directed by the Navy, remove concrete blocks and/or 

concrete pipes. 

. Backfill and repave asphalt/repair fencing 

(3) Groundwater Contamination Investigation Near Mercury Burial Site II Area 

. Utilize “Direct Push” methods to locate permanent monitoring well location. Analyze 

“Direct Push” groundwater locations for volatile organics and perform petroleum product 

fingerprinting. 

. Conduct soil gas readings at each “Direct Push” location 

. Install one permanent shallow monitonng well. No soil samples for chemical analysis are 

required from the assoctated soil boring. 

. Measure for free product, If present, using an interface probe 

. Analyze groundwater samples from the permanent monitoring well for TCL organics, fuel 

oil and gasoline, lead, and salinity. 

. Conduct slug testing and water level measurements as per Section 3.3 “Groundwater 

Investigation.” 

II 

a 

v 

I 

I 

I-4 



Waste Oil Tanks (SWMU #Ill 

(1) Groundwater Contamination Investigation Near Waste Oil Tanks 

. Since buried chlorine and acetylene cylinders were landfilled in 1955, conduct intrusive 

(drilling) operations in Level B in areas landfilled between 1950 and 1960. 

. Utilize “Direct Push” methods to locate five permanent monitoring well locations. Analyze 

“Direct Push” groundwater locations for volatile organics and perform petroleum product 

fingerprinting. 

. During “Direct Push” in the vicinity of the new Hazardous Waste Storage Facility, collect 

soil samples and send to an offsite laboratory for full TCL/TAL analyses (plus Freon). 

. Conduct soil gas readings at each “Direct Push” location for groundwater. 

. Install up to 5 permanent shallow monitoring wells; collect soil lithology samples only 

. Measure for free product using an interface probe 

. Analyze groundwater samples from permanent wells for TCLITAL analytes, fuel oil and 

gasoline. and salinity 

. Conduct slug testing and water level measurements as per Section 3.3 “Groundwater 

Investigation.” 

. Repair asphalt, as necessary 

Hydroneoloqy lnvestination 

(1) Groundwater Investigation 

. Conduct facility-wide mapping effort to investigate relationship between bedrock islands, 

fill areas, shallow and deep groundwater, and ponds (non field activity). The maps will 

initially be prepared using RFI data, then updated upon evaluation of RFI Data Gap 
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results. 

Install 5 monitoring well clusters primarily for hydrogeologic information: 

One new 2-well cluster in middle of Dennett’s Island; one well approximately 20- 

25 feet into bedrock and one well approximately 80-100 feet into bedrock. 

One new 2-well cluster on Seavey Island near the ponds; one well approximately 

20-25 feet into bedrock and one well approximately 80-100 feet into bedrock. 

One new 3-well cluster in the fill area between Dennett’s and Seavey Islands; one 

shallow well, one well approximately 20-25 feet into bedrock and one well 

approximately 80-100 feet into bedrock. 

One deep bedrock well at Jamaica Island, to be paired with an existing well 

cluster at JW-13; the deep bedrock well will extend approximately 80-l 00 feet into 

bedrock. 

One deep bedrock well at the DRMO, to be paired with an existing well cluster at 

DW-7; the deep bedrock well will extend approximately 80-100 feet into bedrock. 

Analyze samples for TCLITAL analytes, common cations and anions, tritium (for age 

dating purposes), and salinity. 

Conduct slug testing for each new monitoring well previously described 

Conduct two rounds of water level measurements at all existing and new monitoring wells. 

Incorporate/reference the Offshore Study seep results in evaluating groundwater flow (non 

field activity). 

Conduct visual observationlmapprng of seeps three times per week during low tide, during 

Halliburton NUS on-site presence Select seeps will be analyzed for salinity via hydraulic 

conductivity. 

(2) Pond Investigation 

. Install staff gauges at each pond. 
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Collect two surface water/sediment samples from each of the two ponds and analyze for 

TCWTAL analytes (plus Freon) and salinity. 

Install 18 piezometers within each pond; 10 in the large pond and 8 in the small pond to 

measure head differential between pond surface water elevation and shallow groundwater 

levels. 

Install flow monitoring device (continuous flowmeter) at discharge box of downstream 

pond; measure flow during on-site presence of Halliburton NUS and correlate with 

precipitation events, as measured with a rain gauge. 

. To determine pond discharge location, conduct dye tracer test and monitor surface seeps 

and monitoring wells downgradient of the ponds. 

(3) Tidal Investigation 

. Present global facility interpretation of original RFI (and new RFI data gap information at 

the DRMO and JILF) tide data. 

l-7 



2.0 BACKGROUND INFORMATION 

2.1 SITE LOCATION AND DESCRIPTION 

Situated within the town of Kittery, Maine, the Portsmouth Naval Shipyard (NSY Portsmouth) is composed 

of four islands located in the Piscataqua River. The Piscataqua River is a tidal estuary which forms the 

southern boundary between New Hampshire and Maine. 

The shipyard is engaged in the conversion, overhaul, and repair of submarines for the U.S. Navy. The 

shipyard has a long history dating back to 1690 when the first warship launched in North America, the 

Falkland, was built. The shipyard was first established as a government facility in 1800. The shipyard 

served as a repair and building facility for ships during the Civil War. The first government-built submarine 

was designed and built at the shipyard during World War I and a large number of submarines were 

designed and constructed at the yard from 1917 to the present. The shipyard has continued servicing 

submarines to this day. 

As the workload at the shipyard expanded, fill material was used to create man-made-land adjacent to the 

onglnal Islands Today the shipyard is composed of 376 buildrngs on 278 acres of continuous land surface 

that extends between three of the original four Islands Much of the shipyard IS built on fill overlying former 

tidal flats as shown in Figure 2-l 

Detailed topographic maps of the DRMO and the JILF were produced by Emery Engineering Associates 

under subcontract to McLarenlHart The maps WIII be used as base maps for all work to be conducted 

as part of this RFI Data Gap Work Plan 

2.2 PHYSIOGRAPHY 

The NSY Portsmouth IS located on Seavey Island tn the Plscataqua Rover rmmedlately south of the town 

of Klttery. Maine The locatron of the shipyard IS shown In Figure 2-2 The shlpyard IS built on an area 

compnslng Dennett’s. Seavey, Jamarca, and Clark’s Islands, as well as man-made-land between these 

islands Approximate elevatrons on-sate range from sea level to a maximum of sixty feet above MSL. Two-. 

thirds of the site is high-density industrial area contalnrng 376 buildings, while the remalnrng areas are flat- 

lying to gently sloping grass-covered fields Minor wooded areas exist on the east side of Jamaica Island. 
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The shoreline in the Portsmouth area is described as an embayed coast produced by partial submergence 

of a fluvially eroded land mass (Strahler, 1971). Valleys show some degree of straightening and 

deepening by ice; hilltops are blunted by’ice erosion; and deposits of till block smaller valleys in the Maine 

version. 

This type of shoreline is closely associated with the drowned river valley type estuary. The Great Bay 

Estuary would be classed as a drowned river valley in a geomorphological classification (Duxbury, 1971). 

2.3 SITE HISTORIES 

The following subsections present brief summaries of the sites investigated during the recent RFI. More 

complete discussions of these sites are contained in the RFI Report (McLareniHart). 

2.3.1 Mercutv Burial Sites (SWMU #9) 

The following subsections describe the historical information available regarding Mercury Burial Sites I and 

II Mercury Bunal Site I has been found and tnvestlgated, but the exact location of Mercury Burial Site II 

IS currently unknown. 

A Ground Penetrating Radar (GPR) survey was conducted durrng the RFI in an attempt to locate the 

Mercury Bunal Sites The general locations of the sites had been identified by site workers and the GPR 

survey was deslgned to cover these locatlons and confirm the presence, depth and drmenslons of the 

poured concrete blocks The penetration depth of the GPR was lImited to approximately three feet as a 

result of the conductive nature of the landfill material and so11 properties Possible explanations for this 

high conductlvlty Include a 2 7 to 3 5 foot near surface clayey salt layer In the vicrnity of Mercury Burial Site 

I and diffused metal fragments in soils In the vlcmrty of Mercury Burial Site II As a result of the limrted 

signal penetration. no useful sate location tnformatlon was obtained using the GPR at either Mercury Bunal 

Site 

r+ 
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2.3.1.1 Mercury Burial Site I 

The following table summarizes information available from the RFA: 

Description: Two Mercury Burial Areas located within the Jamaica Island 
Landfill Area. 

Period of 1973 to 1975. 

Operation : 

Wastes : Mercury contaminated wastes including fluorescent bulbs, thermometers, mercury 
switches, and rags, brooms, and dust pans contaminated with mercury. 

Release 
Controls : 

As reported prior to the RFI the wastes were encapsulated in 4- foot-diameter 
concrete pipe sections with the ends capped with one foot of pored concrete. The 
concrete vaults were buried under 8 to 10 feet of fill. There are approximately six 
vaults, three in each of the areas. Visual inspection indicated that the areas are 
vegetated with no signs of erosion or distress. 

Historv of 
Release : 

Condition 

There is no record of a release from the concrete capsules. 

Encased in concrete and presumed secure. 

Site DescrWon - Mercutv Burial Sites, taken from RCRA Facilitv Assessment, Portsmouth Naval 
ShIpyard. Phase II Report, Kearnev, A T Inc and Baker/ TSA. Inc.. July 1, 1986 

Dunng the resultrng RFI. Mercury Burial Sate I was excavated to a depth of approxrmately 16 5 feet below 

grade. where native sotls were encountered FIII material consisted of scrap metal, wood fragments, 

plastic. and red sand Three separate poured concrete blocks and one vemcal sectron of concrete sewer 

pipe (all presumed to contain mercury contaminated material) were encountered The drmenslons of each 

poured block and the sewer pipe are summarized below as they were aligned east to west 

I.D. Diameter 

Vertcal Sewer Pipe 45 

Block No. 1 NA 

Block No 2 NA 

Block No. 3 NA 

Length 

NA 

4’ 

8’ 7” 

4’ 

Width 

NA 

5’ 

7’ 

5’ 

Height 

4’4” 

2’ 11” 

2’ 11” 

2’ 11” 
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Each poured concrete block was supported by a one foot thick concrete pad except for the section of 

concrete sewer pipe. The hollow section of concrete sewer pipe appeared to be filled with soil at the 

surface and did not appear to be capped. All of the poured concrete blocks appeared to be intact. Three 

soil samples were collected from within the excavation. After checking the integrity of the concrete blocks 

and obtaining dimensions the excavated area was backfilled with the original soil and backfill material. 

Locations of the poured concrete blocks and concrete sewer pipe were measured from monitoring wells 

MW-04 and MW-05 and are described in the RFI field notebook (Figure 2-3). 

2.3.1.2 Mercury Burial Site II 

During the original RFI, Mercury Burial Site II was excavated at the existing location of the concrete plaque 

marker to a depth of approximately 15.5 feet below grade where saturated native soils were encountered. 

Fill material conslsted of concrete, brick, scrap metal, wood fragments, Herculite, plastic and sandblast 

grit. Several bags of asbestos-containing material were also uncovered within the fill matenal There was 

no evidence of any poured concrete blocks or mercury contaminated soils. Soil samples were collected 

from three separate intervals within the excavation. The excavation was then backfilled with the origtnal 

soil and fill material. 

NSY Portsmouth personnel interviewed retired employees and people working on base that had any 

recollectron of the burial of poured concrete blocks at Mercury Burial Site II Based on these interviews, 

an alternate locatlon was chosen for trench excavation A total of nine exploratory trenches were dug at 

Mercury Burial Site II during the Phase IVA lnvestlgatron Trenches were excavated to depths of 12.5 feet 

lo 17 0 feet below grade where native solIs or bedrock were encountered Excavated trenches east of the 

nearby fenced-In paved parking lot had a strong solvenl-like odor that was also detected In the adjacent 

monitoring wells during groundwater sampling Bedrock was encountered below the water table at 

approximately 17 0 feet There was no evidence of poured concrete blocks or mercury contaminated SOIIS 

in any of the trenches 

Soil samples were taken and analyzed during excavatron actlvltles at Mercury Burial Site II There were 

no volatile organic compound concentrations above New Jersey ECRA Guidance Values or proposed 

Federal Actlon Levels 

Soil samples MTP-Ol(2-4’) and MTP-01(5-7’) had total base neutral concentrations of 176 mg/Kg and 

118.5 mg/Kg. respectively. These concentrations exceed the New Jersey ECRA Guidance Value of 10 

ppm for total base neutrals in soil 
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Soil samples MTP-Ol(2-4’) and MTP-01(5-7’) also had total PAH concentrations that exceed the New 

Jersey ECRA Guidance Value of 10 ppm for total PAHs in soil. These samples had concentrations of 174 

mg/Kg and 119 mg/Kg, respectively. No proposed Federal Action Levels are available for total base 

neutrals or PAHs. 
. 

Concentrations of TCL volatiles, TCL semi-volatiles, and a review of chromatograms and listed TICS 

indicate a light petroleum product (i.e., gasoline) and a heavier petroleum product present in subsurface 

soil samples MTP-01(5-7’) and MTP-Ol(lO-12’). Chromatograms and TICS also indicate a heavier 

petroleum product in the remaining Phase IV subsurface soil sample MTP-Ol(2-4’). 

The source of petroleum contamination is unknown at this time, but could be a result of contaminated fill 

material placed in the landfill. 

2.3.2 Jamaica Island Landfill (JILF) (SWMU #81 

I 

II 

The followrng table summarizes the RFA information available regarding the history of the JILF 
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Description : The landfill covers an area of twenty-five acres and contains an unknown amount 
of materials considered as hazardous waste. Prior to landfilling activities, tidal 
flats separated Jamaica Island from Seavey island. Over a 20-30 year period this 
area was filled with hazardous and nonhazardous wastes. In 1978, the shipyard 
received approval to dredge over 100,000 cubic yards of sediment from berths 6, 
11 and 13, and to dispose of the material in the area of the landfill. The material 
was placed on top of a portion of the landfill and was encapsulated by a clay 
barrier wall along the Piscataqua River and a clay cap to prevent infiltration. 

Period of 
Operation : 

Approximately 1945 to 1978. 

Wastes : 
In addition to general refuse, trash and construction rubble, the unit accepted 
incinerator ash, plating sludges containing chrome, lead and cadmium; asbestos 
insulation; volatile organics including TCE, methylene chloride, toluene and MEK; 
acetylene and chlorine gas cylinders; contaminated dredge spoils containing 
chromium, lead, small amounts of PCB, mercury and possibly phenols; waste oils 
containing PCBs may also have been disposed at the site prior to construction of 
a holding tank in 1972. 

Corrective 
Actions : 

A 2-foot clay cap has been placed over the portion of the landfill that accepted 
contaminated dredge spoils. In addition, a clay barrier has been constructed 
lining the inside of the rock dike in the area of the dredge spoils. 

History of 
Releases : 

Sampling and testing of sediments along the face of the landfill have indicated 
elevated levels of chromium, lead, and nickel. However, thus data does not 
confirm the landfill as the source of the contamination. 

Condttton 
Partrally capped with clay soil, contarned and apparently stable. Visually, there is 
no apparent stress to vegetatron on the surface of the dredge spoil area nor In the 
drarnage ditch on the southwest flank. The clay soil cap IS intact; there IS no 
slgnlflcant erosion or apparent cracking from desiccation and shrinkage. Snow 
cover when present does not seem to be affected 

Site Descrlptlon - Jamaica Island Landfill taken from RCRA Faclllty Assessment, Portsmouth Naval 
Shtoyard PhaSe II Report, Kearney A T Inc and Baker/TSA. Inc. July 1. 1986 

One RFI objective for the JILF was to develop a descnptlon of the drrectlon. rate, and varlatlon (I e 

seasonal or tidal) of groundwater flow underlylng JamalCa Island Landfill areas The data utilized In the 

groundwater hydraulics tnvestigatlon were derlvea prlmarlly from hydraulrc conductlvlty tests and 

contrnuous monrtonng of tide and groundwater levels The followlng narrative briefly describes the 

previous hydraulrc investigation actrvltles 

Hydraulic conductivity estimates computed for wells at the JILF show the fill matenal underlying the JILF 

to be highly permeable, partrcularly along the Clark’s Island Embayment. The mean hydraulic conductivity 

of the bedrock IS an order of magnitude lower than that in the overburden. The hydraulrc conductivrty in 
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the bedrock also is more variable than that in the overburden. Hydrographs generated from hourly water- 

level data indicate that the tide influences 14 JILF wells. The patterns exhibited on the hydrographs also 

indicate that 1) wells on and near Jamaica Island do not respond to the tide and those installed in bedrock 

respond slightly or not at all; 2) the low permeability barrier inhibits the movement of groundwater to and 

from the southern landfill area; and 3) relatively good hydraulic connection exists between Clark’s Island 

Embayment and the southern area south of the landfill, at least up to JW-9. 

Average groundwater elevations indicate that relatively high groundwater elevations exist on Jamaica 

Island. Salinity data indicate that groundwater consists of fresh water, indicating the likelihood of mounded 

fresh water lenses. Shallow groundwater was interpreted to flow westward from Jamaica Island to and 

area near the equipment laydown area, where it meets groundwater flowing eastward. Groundwater in 

this area is interpreted to diverge southward toward the landfill and Clark’s Island Embayment and 

northward toward the backchannel. Groundwater from within the southern landfill area likely flows 

eastward from a central high point toward Clark’s Island Embayment. The low permeability barrier 

encompassing the landfill likely impedes groundwater flow from the landfill and deflects groundwater 

around the landfill. 

Lateral groundwater flow In the bedrock IS believed to generally mimic that in the overburden. However, 

groundwater flow in the bedrock is complicated by the occurrence of apparent significant upward discharge 

of fresh water 

The RFI Report does not specIfically address any known groundwater discharge around the Jamaica Island 

LandfIll (specifically in the back channel and the Clark’s Island Embayment) However, elevated 

concentrations of some VOAs. SVOAs. and metals were detected In monrtonng wells sttuated near the 

current shoreline 

The detection of volatile organic compounds (VOCs) In wells at the edge of the JILF, e g., along the 

Clark s Island Embayment. rndrcate that relatively low concentrations of VOCs are dtschargrng Into the 

estuary 

Pestlcldes were generally in low concentrations rn groundwater samples from nine (9) JILF wells. PCBs 

were detected only in the Phase III groundwater sample from JW-15 PestlcidelPCB concentrations 

exceeding proposed Federal Action Levels or NPDWR were detected In JW-15 and JW-19. 

Elevated groundwater concentrations of metals are present throughout the JILF. Most of the metal 

2-10 



concentrations detected in the groundwater have been associated with unfiltered groundwater samples and 

thus apparently are not dissolved in the groundwater. However, some filtered samples also exhibited 

elevated metal concentrations. 

2.3.3 Former Buried Waste Oil Tanks (SWMU #ill 

Underground storage tanks (USTs) No. 6 and No. 7 were utilized for liquid storage of waste lubricating oils 

and degreasers. Both tanks were tested in November 1986 and reportedly did not fail the tightness test 

The tanks were removed from the ground and disposed of in June 1989. The MEDEP was on site dunng 

tank removal, and visibly stained soils were removed and disposed of. Although large amounts of soil 

were removed during the tank removal action, significant quantities may remain. Confirmation sampling 

of the excavation was not performed. 

The following table summarizes RFA informatlon: 

Description : Waste Oil Tanks (2) No. 6 and No. 7. These units were two 8000-gallon 
underground steel tanks from railroad cars. The tanks were buried side by side 
at the northeastern end of the Jamaica Landfill Area. The tanks were used to 
store oily wastes prior to off-site drsposal. 

Penod of 
Operation 

Waste oils from facility shops including cooling and cutting oils, motor oils, 
transmission oils, and hydraulic oils. A Consent and Agreement Order (15) has 
indtcated that degreaser solvents have in the past been labeled as waste oils 
and may have been stored tn these tanks In addition, a February 1985 
lndustnal Survey Report (13) Indicated that plant personnel have admitted 
placing small quantlttes of waste cleaning solvents Into dumpsters whtch were 
emptied Into the underground waste 011 tanks at Jamaica Island Waste oils may 
also contain various metals 

Release 
Controls 

Standard Operating Procedures existed, but there was occasional splllage due 
to overfillIng or mlsalrgnment of fill hose with neck of tanks 

Historv of 
Release 

In 1979 the tanks were excavated, Inspected. and rebuned There was no 
evidence of releases at that time. In 1986, both tanks were preclslon tested and 
found to be tight 

Condition : 

These tanks were excavated and removed in 1989. Soil sampling by the 
shipyard and State was conducted; elevated levels of lead were found in 
excavated materral. The contaminated soil was disposed of In a RCRA 
approved Solid Waste Landfill. 
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Site Description - Former Buried Waste Oil Tanks, taken from RCRA Facility Assessment, 
Portsmouth Naval Shipvard. Phase II Report, Kearney, A.T., Inc. and BakerTTSA, Inc., July 1, 1986. 

During the RFI, two soil borings were completed as monitoring wells (JW-16 and JW-16B). The wells are 

in the immediate vicinity of the waste oil tanks previous location. The overburden encountered during 

drilling at this location is composed of fill material. These deposits were found to constst of brown, fine 

to coarse grained sand and gravel alternating with grey silt and clay. Bedrock was encountered at 

approximately 10.5 feet. Overburden soils exhibited visual and olfactory evidence of petroleum 

contamination. 

There were no volatile concentrations found in soils at levels exceeding New Jersey ECRA Guidance 

Values or proposed Federal Action Levels. Only toluene was consistently detected in the soil samples, 

being present in all but one sample. 

A review of the chromatograms indicate a petroleum product present In several soil samples. Since 

petroleum identification was not performed on the samples a determination as to the type of petroleum 

present cannot be made at this time. 

No semi-volatile organic compounds were detected In the surface soil samples in concentrations exceeding 

New Jersey ECRA Guidance Values or proposed Federal Actron Levels Relatively low concentrations of 

pnmanly PAM were detected In virtually all samples 

Based on saknlty and conductMy measurements, monitoring well JW-16B contalns brackish water 

conditions No field parameters were obtained from well JW-16 due to visual and olfactory evidence of 

petroleum contamination in the groundwater 

The volatile organic compounds detected in JW-16 and JW-16B were generally solvents and/or petroleum 

products A revrew of lrsted TICS revealed 1 1.2-(tnchloro)-1.2.2-(tnfluoroethane) (Freon) and daughter 

products In both JW-16 and JW-16B Estimated concentratrons In JW-16 were 2.500 and 62.000 ppb 

respectrvely. Estimated concentratrons In JW-16B were 970 and 40 ppb respectrvely The majority of the 

VOCs that exceeded the comparrson values were detected In groundwater samples from JW-16. 

Semi-volatile organic compounds were detected in monrtonng well JW-16. The SVOA compounds 

detected are characteristic of a petroleum product, 
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2.3.4 Tidal Effects lnvestinations 

During the original RFI, tidal studies were conducted at the following SWMUs. 

l DRMO (SWMU #f3) 

l JILF (SWMU #8) 

l Mercury Burial Sites (SWMU #9) 

The objective of the tidal studies was to determine the direction, rate and variation (i.e., seasonal or tidal) 

of groundwater flow underlying the above referenced SWMUs. The data utilized in the tidal studies were 

derived primarily from hydraulic conductivity tests and continuous tide and groundwater level monitoring. 

Continuous (hourly) water-level monitoring was performed during Phase IV at the DRMO, JILF and 

Mercury Burial Sites. The purpose of the monitoring was to provide tide and groundwater level data 

necessary to identify any tidal influence in wells and to develop and interpret groundwater flow patterns 

and groundwater flow velocities. 

Hydrographs of the hourly water-level data were constructed by converting the depth-to-water levels to 

groundwater elevations and plotting such elevatrons agarnst time In addition, to show possible 

groundwater responses to precipitation. a graph of daily total preciprtatron from at least 3 days prior to and 

rncludlng the days over which water levels were measured was Incorporated on each hydrograph 

Wells respondtng to the tide were rdentlfled based on review of the hydrographs To determrne the relative 

response to the tide between wells. the tidal response range and high tide lag time were determined for 

each well The trdal response range was taken simply as the maximum groundwater reading menus the 

minimum groundwater elevation reading Although this vanable IS not the true tidal range. since many 

wells exhibited asymmetric or high-tide only responses to the tide. it IS suffrclently accurate and appropriate 

for determining relatrve response to the tide between wells In addltron. the high tide lag time was 

determined for each well responding to the tide. where the high trde lag time was selected from the 

hydrographs as the time drfferentral between high tide and each peak water elevation in the well. 

Groundwater at the DRMO levels were monitored In the wells from September 24 to 27. 1991 To facrlltate 

and permit the placement of transducer cables away from heavy machinery traffic, all three dataloggers 

had to be used to record water levels. In consequence of using all of the data loggers at the DRMO and 

given that the tidal gauge stilling well was located in Clark’s Island Embayment, tide levels could not be 
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recorded concurrent with the water levels. The National Ocean Services, Navy personnel, and the 

appropriate University of New Hampshire departments/personnel were contacted regarding tide data for 

the time period September 24 to 27, 1991; tide data were not collected in the estuary during this time 

period. 

Water-level data indicate that the tide influences all DRMO wells, and that shallow groundwater underlying 

the DRMO flows generally southward into the estuary. 
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3.0 SCOPE OF WORK 

The following subsections present each RFI Report Comment that is to be addressed under this work 

assignment, followed by the proposed scope of work to address each comment. Details of the 

investigation, such as the technical approach, selection of drilling locations, and sample collection 

activities, are found in Field Sampling Plan (FSP), attached as Appendix A of the Work Plan. The QAPP 

is Appendix B of the Work Plan. The Health and Safety Plan (HASP) is attached as Appendix C. Field 

forms to be used during the RFI activities are included as Appendix D, and the Standard Operating 

Procedures (SOPS) to support the investigative activities are attached as Appendix E. Appendix F 

provides the QAPP for PACE New England, which is the analytical laboratory conducting the work. 

3.1 MERCURY BURIAL SITE I (SWMU #9) 

3.1.1 RFI Report Comment 

Verify that the buried concrete pipe does not contain mercury contaminated waste. 

3.1.2 Response 

Mercury Burial Site I will be excavated to determine; 1) the condition of the concrete pipe and 2) if the 

concrete pipe is capped on one or both ends. 

The location of Mercury Burial Site I is known and documented. Figure 2-3 shows the exact site of the 

buried concrete blocks and concrete pipe with references to nearby monitoring wells. The burial site will 

be re-excavated to visually inspect and sample as necessary. All excavation will strictly adhere to OSHA 

requirements regarding trench excavation. Test pits will be roped off upon completion of each day’s work 

activities. It is anticipated that a track-mounted backhoe will be necessary to perform the digging activities, 

due to the depth and volume of fill that needs to be removed. A probe will be used as the excavation 

depth nears the concrete blocks and concrete pipe to keep the backhoe from damaging the containers. 

Upon excavation of the soils around the concrete pipe, a detailed physical inspection will be made 

regarding the condition of the concrete pipe (i.e., cracks, condition of concrete, open ends, capped ends, 

fill material, etc.). One of following scenarios is expected: 
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Scenario 1 - Concrete Pipe Intact and Capped 

If the concrete pipe is capped on both ends, one soil sample at each end of the concrete sewer pipe will 

be taken and analyzed for total mercury only, employing quick-turnaround analysis. Standard CLP 

methods for total mercury will be employed but with quick reporting. The purpose of these samples is to 

confirm lack of mercury contamination. 

Scenario 2 - Concrete Pipe Not Capped and/or Not Structurally Intact 

If the concrete sewer pipe is found to be not capped on top or not structurally intact, then a total of three - - 

samples from one boring within the concrete pipe will be taken with a hand auger or trowel; one near the 

top, one near the middle, and one near the bottom of the pipe. Additionally, 10 samples from near the 

concrete pipe will be collected to ascertain the extent of soil contamination, if any, outside of the pipe area. 

All samples will be analyzed for total mercury, employing quick-turnaround analysis. Standard CLP 

methods for total mercury will be employed but with quick reporting. 

For either Scenario 1 or 2, if the analytical results indicate mercury contamination, limited corrective action 

is included to address the problem while the excavation is still open. Limited corrective action includes 

the removal of limited volumes of mercury-contaminated soil. Additionally, if directed by the Navy, the 

concrete pipe itself will be removed from the excavation. The action level for excavation will be 20 mg/kg 

in accordance with RCRA Proposed Subpart S criteria for mercury. Note that a site-specific Media 

Protection Standard (MPS) value for mercury was not developed since mercury has not been detected to 

date at significant concentrations. Disposal of any containerized/labeled mercury-contaminated soil and/or 

the concrete pipe at an approved hazardous waste landfill will be the responsibility of NSY Portsmouth. 

Note that the concrete pipe is as large (and heavy) as the concrete blocks and it would be difficult, and 

perhaps unnecessary, to attempt removal without a health and safety evaluation and spill plan. If removal 

is selected, the work will be conducted by the excavator subcontractor, who must have experience in this 

type of work. Any limited corrective action conducted during the field work, does not preclude further 

corrective measures at a later date. 

For either Scenario, Draeger tubes for volatile mercury and a Jerome analyzer may potentially aid in 

determining sample locations, although inorganic mercury would not be detected via these means. As 

discussed in the Health and Safety Plan (Appendix C), Draeger tubes and the Jerome analyzer will also 

support health and safety considerations, in combination with cartridge respirators. 
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Also, for each Scenario, after all samples and field measurements are taken and after all limited removal 

actions are complete, the excavated area will be backfilled with the original fill material. There are no 

special compaction requirements, other than compaction in 12-inch lifts with a backhoe bucket. Once the 

excavation area is backfilled it will be seeded using grass species indigenous to the area (and approved 

by a NSY Portsmouth representative), and mulched with straw. 

3.2 MERCURY BURIAL SITE II (SWMU #I9) 

3.2.1 RFI Report Comment 

Determine the location and condition of the concrete blocks/concrete pipes buried at Mercury Burial Site 

II (SWMU #9). 

3.2.2 Reswnse 

During the RFI Phase IV the Mercury Burial Site II (SWMU #9) was not found. A concrete marker denotes 

the location of the site; however, the location of the concrete marker is questionable since it was installed 

several years after burial of the concrete blocks. Several potential locations of Mercury Burial Site II have 

been excavated in the past without finding the site. A final attempt will be made to find the site based on 

a recent evaluation of historical photographs As a result, the asphalted area now used to store small 

boats will be excavated. This location is adjacent to the original marked location of Mercury Burial Site 

II. Recently obtained photographs and survey interpretation supports this location. If Mercury Burial Site 

II is found, soil samples will be obtained at and around Mercury Burial Site II to investigate mercury 

contamination in the soil. 

Several specialty geophysics companies were contacted in an attempt to locate the site through specialty 

geophysical techniques. However, based on past experience with geophysical techniques and geologic 

conditions in the Mercury Burial Site II area, none of the contacted companies thought that further 

geophysical investigation would be successful. 

One excavation will be attempted at the recently staked location to find Mercury Burial Site II. Figure 3-l 

shows the proposed excavation location. The excavation will begin at the staked location and work 

outward to the north, east, and west. Note that the area to the south has been previously excavated. 
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For this activity, as well as all other intrusive activities, NSY Portsmouth will assist with the location of 

utilities and furnish up to date drawings and/or a Facilities & Maintenance (Public Works) point of contact 

(POC). Halliburton NUS will secure clearance for excavation at each location with the POC before 

intrusion. Before excavation begins, a magnetometer survey will also be performed as an additional check 

for underground utilities in the area and check for the presence of buried ferromagnetic objects. All 

excavation will strictly adhere to OSHA requirements regarding trench excavation. It is anticipated that 

a track-mounted backhoe will be necessary to perform the digging activities, due to the depth and volume 

of fill that needs to be removed. One of following scenarios is expected: 

Scenario 1 - Mercury Burial Site II Located 

If the site is located, the test pit will be enlarged and sloped to expose all concrete blocks/pipes present 

at the site and allow for physical entry into the excavation. A detailed physical inspection will be made 

on the condition of all concrete blocks/pipes (i.e., cracks, condition of concrete, open ends, capped ends, 

fill material, etc.) and entered in the field notebook. 

A total of twelve soil samples will be taken from around the site. Samples will be analyzed for TCL volatile 

organics (plus Freon), TCL semi-volatile organics, and TAL metals. Quick-turnaround analysis for total 

mercury will be employed to determine whether or not a mercury problem exists at the site. If the quick- 

turnaround analytical results indicate mercury contamination, limited corrective action is included to 

address the problem. Standard CLP methods for total mercury will be employed but with quick reporting. 

If mercury contamination is present, corrective action may be more difficult than Mercury Burial Site I. At 

Mercury Burial Site I, the extent of contaminated soils are expected to be minimal since the three concrete 

blocks have already been investigated and the only remaining issue is one concrete pipe. Conversely, 

Mercury Burial Site II has not yet been found. Volumes of contaminated soil may be significant. Also, 

contaminants other than mercury may be present. 

In any case, if obvious mercury contamination is encountered, it is preferable to address the problem while 

the excavation is still open. Therefore, if mercury contamination is not widespread, limited corrective 

action is recommended. Limited corrective action includes excavation of any mercury-contaminated soil. 

An additional 10 samples will be collected and analyzed (if warranted) only for total mercury, upon 

receiving the analytical results from the initial mercury analysis. These samples will attempt to determine 

the extent of contamination. Quick turnaround analysis will again be employed. The action level for 

excavation will be 20 mg/kg in accordance with RCRA Proposed Subpart S criteria for mercury. Note that 
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a site-specific Media Protection Standard (MPS) value for mercury was not developed since mercury has 

not been detected to date at significant concentrations. Disposal of any containerized/labeled mercury- 

contaminated soil and/or concrete vault(s)/pipe(s) at an approved hazardous waste landfill will be the 

responsibility of NSY Portsmouth. Note that the concrete block(s)/concrete pipe(s) are expected to be 

large (and heavy) and it would be difficult, and perhaps unnecessary, to attempt removal without a health 

and safety evaluation and spill plan. If removal is selected, the work will be conducted by the excavator 

subcontractor, who must have experience in this time of work. Oversight will be provided by Halliburton 

NUS. Any limited corrective action conducted during the field work, does not preclude further corrective 

measures at a later date. 

Test pits will be roped off upon completion of each day’s work activities. Draeger tubes and a Jerome 

analyzer for volatile mercury may aid in determining sample locations, although inorganic mercury would 

not be detected. As discussed in the Health and Safety Plan (Appendix C), Draeger tubes and the Jerome 

analyzer will also support health and safety considerations, in combination with cartridge respirators. 

Also, after all samples and field measurements are taken and after all limited removal actions are 

complete, the excavated area will be backfilled with the original fill material and the entire lot repaved. 

Due to slope considerations, it is anticipated that a large area will be affected, necessitating repaving of 

the lot rather than simple asphalt repair. Special compaction procedures may be employed to provide a 

level surface suitable for paving. Compaction will be conducted so as not to result in settlement of the 

paved surface. Repaving will be the responsibility of Halliburton NUS (via a subcontractor), since NSY 

Portsmouth requires that all IR investigations restore any site to existing conditions. Additionally, repair 

of the existing fencing around the J-Boat area will be required. 

Scenario 2 - Mercury Burial Site II Not Located 

If Mercury Burial Site II is not located, no contingency plans are provided at this time, other than evaluating 

long-term groundwater monitoring considerations. 

3.3 GROUNDWATER INVESTIGATIONS 

3.3.1 RFI Report Comment 

Confirm that groundwater discharges from the bedrock aquifer to the surficial aquifer. 
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3.3.2 Response 

To help fully understand bedrock groundwater movement, a facility-wide mapping effort will be constructed 

to investigate the relationship between the original bedrock islands, fill areas, groundwater, and ponds. 

General mapping of contaminated vs. noncontaminated areas will be conducted as well. (Additionally, 

although not part of the facility-wide mapping effort, groundwater isoconcentration maps may be prepared 

for plumes identified through the effort described in Section 3.4). The mapping effort is not a groundwater 

modelling effort. Instead, it will allow overall visual interpretation of the conditions at the facility. 

Three new shallow/deep bedrock well clusters are planned to investigate groundwater flow conditions in 

bedrock and to evaluate bedrocklsurficial aquifer/pond interrelationships; 1 in the center of Dennett’s 

Island, 1 near the ponds on Seavey Island, and 1 in the fill area between Seavey and Dennett’s Island. 

In addition, deep bedrock wells will be installed on Jamaica Island adjacent to existing shallow bedrock 

well JW-13B to form a 4th cluster (this new well is also described in Section 3.4.2.3) and at the DRMO 

adjacent to existing shallow bedrock DW-07B to form a 5th cluster (this new well is also described in 

section 3.4.2.4. Each cluster will consist of two bedrock wells; 1 approximately 20-25 feet into bedrock 

and 1 approximately 80-100 feet into bedrock. Additionally a shallow overburden well will be installed 

within the fill area cluster between Seavey and Dennett’s Island. Figure 3-2 locates the proposed well 

locations. 

Upon completion of the field operations the locations all new wells will be located vertically (elevation) and 

horizontally. Slug tests and water level measurements are also required for each new well. All existing 

monitoring wells at the facility will also require water level measurements. 

The use of slug test data will provide information on horizontal hydraulic conductivity but only limited 

information on vertical hydraulic conductivity. The slug test data for wells screened at various depths and 

in different units will be analyzed to develop overall hydraulic conductivity estimates for each strata/depth. 

These hydraulic conductivity values will be compared to evaluate trends in hydraulic conductivity both 

vertically within a hydrogeologic unit and in different hydrogeologic units. 

Groundwater samples will be collected from the eight newly installed bedrock wells, the new overburden 

well in the fill area, and associated existing wells for each cluster. Samples will be analyzed for TCL 

volatiles (plus Freon) and TCL semi-volatiles, total and dissolved TAL metals, fuel oil and gasoline, 

common water quality cations and anions, tritium, and salinity. The common cations and anions, tritium, 

and salinity analyses will be used to determine the source of the bedrock groundwater and the degree of 
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mixing with overburden groundwater and/or surface water. Tritium analysis is conducted for groundwater 

age dating purposes only and not as a contaminant of concern. 

Several field activities will be performed to investigate the interrelationship between the two ponds on 

Seavey Island and the groundwater in order to quantify the groundwater discharge rate to the ponds and 

to help in conceptualizing the hydrogeologic conditions at NSY Portsmouth. Piezometers installed at the 

ponds will aid in the determination of whether potential upwelling of groundwater is occurring. A dye tracer 

study and outflow measurement (including rain gauge) will aid in determining the pond discharge location 

and will aid in evaluating shallow groundwater flow rates and directions near the southern end of the JILF. 

Collection of a few surface water/sediment samples will aid in data evaluation by having all information 

at one point in time. 

Staff gauges will be installed within the two ponds to obtain surface water elevation data. Ten piezometers 

will be installed within the bottom sediments in the larger pond and 8 in the smaller pond to determine the 

direction and source of water flow at the surface waterlgroundwater interface. Piezometers will be 

constructed of 1 to 2-inch diameter clear plastic tubing/pipe. The piezometers will be evenly distributed 

across each pond. Samples will be collected from each piezometer and analyzed only for tritium for 

groundwater age dating purposes. 

Two surface water/sediment samples will be obtained from each pond. These samples are being collected 

as a possible aid in the hydrogeology investigation. Although surface water/sediment samples were 

collected as part of the initial RFI, it is recommended that all data in support of the hydrogeology 

investigation be collected at one point in time. Additionally, the executive summary of the original RFI 

report notes that the source of volatile compounds is not known. It is possible that the unknown source 

is groundwater upwelling. Figure 3-3 shows the approximate locations of the surface water/sediment 

samples. Samples will be analyzed for TCL volatile organics and TCL semi-volatile organics, total and 

dissolved TAL metals, common groundwater cations and anions, tritium for groundwater age dating 

purposes, and salinity. 

To determine the rate of outflow from the ponds a mechanical continuous flow monitor will be fitted in the 

existing discharge box at the downstream pond. Note that the upstream pond discharges to the 

downstream pond. Additionally, a rain gauge will be utilized to monitor rainfall during the RFI Data Gap 

investigation. 
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The discharge area for the ponds will be determined by a dye tracer test using Rhodamine WT, a 

fluorescent dye. A dye tracer test is important because the discharge location of the ponds is currently 

unknown. The continuous discharge of water from the ponds to the overburden aquifer will influence local 

groundwater flow patterns (and potentially groundwater quality); thus identification of the location of the 

discharge will enhance the overall understanding of groundwater flow patterns. 

Figure 3-4 shows likely discharge areas. Prior to beginning the tracer test, samples will be obtained from 

two nearby monitoring wells (JW-9 and MW-6) and seep locations and analyzed for Rhodamine WT, to 

ensure that Rhodamine WT or a false indicator is not present. If a positive result is obtained from the 

samples due to background interferences, a substitute tracer will be identified for use. 

Dye tracer test samples will be collected twice a week (until the dye is detected) at likely discharge areas, 

including the monitoring wells near Mercury Burial Site II and nearby surface seeps. If the dye test is not 

successful by the end of the other field activities, the test will be terminated. 

Dye tracer test samples will be analyzed using a filter fluorometer. The filter fluorometer is an instrument 

that detects the presence of dye through fluorescence, using an ultraviolet light source, and a variety of 

filters which correspond to the adsorption and emission wavelengths of the dye. A filter fluorometer was 

selected for use as it is relatively quick and simple to use and produces dependable results. During the 

tracer test, grab samples will be obtained directly from the wells/seeps monitored, using bailers for wells 

and glass bottles/vials for seeps. Sample preparation and equipment preparation (instrument calibration, 

sample pH and turbidity adjustment) will take place in accordance with the analytical instrument 

manufacturer’s recommendations. Additionally, charcoal packets will be installed as part of the dye tracer 

study to detect possible releases which may be occurring not during the sampling period. 

The collection of groundwater discharge (seeps) from the JILF is included as part of the ongoing offshore 

study to aid in the determination of nature and extent of contamination being released from the JILF 

(SWMU #8). Data from the offshore study will be incorporated/referenced to enhance the overall 

understanding of the site hydrogeology and the discharge of contaminants from the JILF into Clark’s Island 

Embayment. In addition, seeps emanating from the JILF will be observed at low tide and at a frequency 

of three times a week, preliminarily. Then three seeps will be selected for additional observation and 

sampling. Sampling will consist of field measurement of specific conductivity to evaluate salinity. No 

chemical analysis for seeps is planned; chemical analysis for seeps was included as part of the offshore 

study. 
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Frequency for each of the three seeps will be one sample per hour for 1 day. However, seep sampling 

will only take place during groundwater discharge. Locations and relative flow rates of the seeps will be 

recorded to document any seep discharges from the landfill. 

3.4 EXTENT OF GROUNDWATER CONTAMINATION 

3.4.1 RFI Report Comment 

Investigate and determine the nature and extent of plumes of volatile and semi-volatile organic compounds 

detected in the vicinity of Mercury Burial Site II (SWMU #!3), the former Buried Waste Oil Tanks (SWMU 

#l l), and monitoring well JW-13B at the JILF (SWMU #8). 

3.4.2 Response 

3.4.2.1 Mercury Burial Site II Area (Upgradient of SWMU #9) 

The organics plume near Mercury Burial Site II is likely due to the use of residual contaminated fill placed 

in that area of the JILF Landfill or an abandoned upgradient gas station. 

This work scope is written to allow a flexible approach to conducting the work. Either temporary wells and 

conventional soil boring drilling g direct push technology is acceptable in accomplishing the work. 

Similarly, either on-site mobile laboratory capabilities or use of an offsite laboratory is acceptable, provided 

that analytical results are available on a 24-hour quick turnaround basis. Soil gas field screening for 

volatiles should be conducted using an OVA, or equivalent. Results will be immediately provided to 

Halliburton NUS. Chemical-specific analysis is not required for soil gas samples. 

“Direct Push” technology, or the use of temporary monitoring wells, will be used to sample groundwater 

in numerous locations, thereby allowing optimum placement of subsequent permanent monitoring wells. 

A subcontractor will be required to conduct this specialty work. Groundwater samples will be collected 

from each direct push location and analyzed for volatile organ& (and petroleum product fingerprinting) 

using the subcontractor’s onsite mobile laboratory, or a portable GC, or an offsite laboratory with quick 

turnaround analysis. Figure 3-5 illustrates the planned locations for the initial grid. The complete work 

scope is summarized below: 
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. Collect 1 soil gas sample and 1 groundwater sample at each of 18 initial locations shown 

on Figure 3-5. Analyze groundwater sample for select volatile organ& and conduct 

petroleum product fingerprinting. 

. Based on HNUS evaluation of analytical results, collect 1 soil gas sample and 1 

groundwater sample at up to 4 additional locations. Analyze groundwater sample for 

select volatile organics and conduct petroleum product fingerprinting. 

. For each direct push point, one soil gas sample will be collected and screened using an 

OVA. Soil gas readings will be taken until readings peak and begin to recede, or for a 

maximum time interval of 3 minutes. Soil gas data will aid in identifying the potential 

source area(s). Additionally correlations, or lack thereof, between soil gas data and 

groundwater samples from direct push methods can be established. 

The groundwater samples will be analyzed by the subcontractor for volatile organics using method SW 846 

5030/8010 or equivalent procedure approved by Halliburton NUS. The reportable detection limits will be 

5 to 10 ug/l. Internal quality assurance and equipment calibration will be conducted by the subcontractor 

on a daily basis in accordance with the equipment manufacturer. This documentation will be provided to 

Halliburton NUS with the final report. The samples, at a minimum, shall be analyzed for the following 

volatile organic target compounds: 

Benzene 

I,1 -dichloroethene (DCE) 

t-l ,2-DCE 

Trichloroethene (TCE) 

1 ,I ,I trichloroethane (TCA) 

Chloroform 

Toluene 

Methylene chloride 

Ethylbenzene 

c-l ,2-DCE 

1,l -dichloroethane (DCA) 

Tetrachloroethene (PCE) 

1,1,2-TCA 

Carbon tetrachloride 

Total (m-, p-, and o-,) xylenes 

Freon-l 13 

The petroleum product fingerprinting will be conducted to determine the type of petroleum product 

(gasoline, fuel oil, etc.) and to determine the approximate concentration. 

Soil gas readings will be taken until readings peak and begin to recede, or for a maximum time interval 

of 3 minutes. Soil gas data will aid in identifying the potential source area(s). Additionally correlations, 
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or lack thereof, between soil gas data and groundwater samples from direct push methods can be 

established. 

It is possible that results will show there is no real contaminant problem associated with the potential 

petroleum plume. The RFI SWMU #9 investigation centers around MW-03 where gasoline and lube oil 

were indicated (refer to RFI Table 5-11). The source is unidentified and contaminated fill is suspected. 

According to Table 5-26 of the RFI, benzene, chlorobenzene, and ethylbenzene were present at this 

location at low to low/moderate exceedences of drinking water standards. It is therefore planned to include 

petroleum product fingerprinting for each direct push point location and each permanent monitoring well 

to aid in defining the potential plume. Note that a plume may be difficult to identify since SWMU #9 is 

located very near the JILF Landfill. 

Based on the findings of the direct push technology/soil gas survey one shallow monitoring well will be 

installed. The permanent monitoring well will be installed within a hot spot area indicated by the direct 

push/soil gas survey, and is to be used to determine if groundwater has been impacted by petroleum 

product. The well will be installed so that the screen straddles the water table, so that any free product 

present will be detected. Before drilling begins, a magnetometer survey will be performed as a check for 

the presence of underground utilities. 

A groundwater sample will be collected using a Teflon bailer and analyzed for TCL volatile organics (plus 

Freon) and TCL semi-volatile organics, lead, and fuel oil and gasoline. Also free product will be measured 

(if encountered) with an interface probe. 

Upon completion of the field operations the monitoring well will be located vertically (elevation) and 

horizontally. Slug tests and water level measurements are also required. 

3.4.2.2 Former Buried Waste Oil Tanks (SWMU #Ill) 

This work scope is written to allow a flexible approach to conducting the work. Either temporary wells and 

conventional soil boring drilling or direct push technology is acceptable in accomplishing the work. 

Similarly, either on-site mobile laboratory capabilities or use of an offsite laboratory is acceptable, provided 

that analytical results are available on a 24-hour quick turnaround basis. Soil gas field screening for 

volatiles should be conducted using an OVA, or equivalent. Results will be immediately provided to 

Halliburton NUS. Chemical-specific analysis is not required for soil gas samples. 

I 

c 

I 
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The intent of the investigation at the former Buried Waste Oil Tanks is to determine the nature and extent 

of plumes of volatile and semi-volatile organic compounds associated with the former Buried Waste Oil 

Tanks (SWMU Ml). Additionally, the investigation will support installation of a new hazardous waste 

storage area near this SWMU. The investigation will consist of “Direct Push” technology (or temporary 

monitoring wells), a soil gas survey, and the installation/sampling of up to five shallow monitoring wells to 

determine the extent of contamination. 

“Direct Push” technology (or temporary monitoring wells) will be used to sample groundwater in numerous 

locations, thereby allowing optimum placement of subsequent permanent monitoring wells. A 

subcontractor will be required to conduct this specialty work. Groundwater samples will be collected from 

each direct push location and analyzed for volatile organics (and petroleum product fingerprinting) using 

the subcontractor’s onsite mobile laboratory, or a portable GC, or an offsite laboratory using quick 

turnaround analysis. Figure 3-6 illustrates the planned locations for the initial grid. A complete summary 

of the work scope is summarized as follows: 

. Collect 1 soil gas sample and 1 groundwater sample at each of 32 initial locations shown 

on Figure 3-6. Analyze groundwater sample for select volatile organics and conduct 

petroleum product fingerprinting. 

. Based on HNUS evaluation of analytical results, collect 1 soil gas sample and 1 

groundwater sample at up to 4 additional locations. Analyze groundwater sample for 

volatile organics and conduct petroleum product fingerprinting. 

. Collect one “contaminated” soil sample at very near 14 (7 transects x 2 locations/transect) 

of the 32 initial locations, based on HNUS evaluation of soil gas and groundwater results. 

Also, two duplicate samples will be collected. These samples will be sent offsite by 

Halliburton NUS for TCL volatile organics (plus Freon), TCL semi-volatile organics, TCL 

pesticides/PCBs, and TAL analysis. 

. Collect one “clean” soil sample at up to 6 additional locations along a given transect (3 

transects x 2 locations/transect). Also, 1 duplicate sample will be collected. These 

samples will be sent offsite by Halliburton NUS for TCL volatile organics (plus Freon), TCL 

semi-volatile organics, TCL pesticides/PCBs, and TAL analysis. 
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. In collecting the “clean” soil samples, one “contaminated” soil sample at up to 3 additional 

locations along a given transect (3 transects x 1 location/transect) may be collected. 

These samples will be sent offsite by Halliburton NUS for TCL volatile organics (plus 

Freon), TCL semi-volatile organics, TCL pesticides/PCBs, and TAL analysis. 

The groundwater samples will be analyzed by the subcontractor for volatile organics using method SW 846 

5030/8010 or equivalent procedure approved by Halliburton NUS. The reportable detection limits will be 

5 to 10 ug/l. Internal quality assurance and equipment calibration will be conducted on a daily basis in 

accordance with the equipment manufacturer. This documentation will be provided to Halliburton NUS with 

the final report. The samples, at a minimum, will be analyzed for the following volatile organic target 

compounds: 

Benzene 

1,l -dichloroethene (DCE) 

t-l ,2-DCE 

Trichloroethene (TCE) 

1 ,l ,l trichloroethane (TCA) 

Chloroform 

Toluene 

Methylene chloride 

Ethylbenzene 

c-l ,ZDCE 

1,l dichloroethane (DCA) 

Tetrachloroethene (PCE) 

1,1,2-TCA 

Carbon tetrachloride 

Total (m-, p-, and o-,) xylenes 

Freon-l 13 

The petroleum product fingerprinting will be conducted to determine the type of petroleum product 

(gasoline, fuel oil, etc.) and to determine the approximate concentration. 

Soil gas readings will be taken until readings peak and begin to recede, or for a maximum time interval 

of 3 minutes. Soil gas data will aid in identifying the potential source area(s). Additionally correlations, 

or lack thereof, between soil gas data and groundwater samples from direct push methods can be 

established. 

It is possible that results will show there is no real contaminant problem associated with the potential 

petroleum plume. The RFI SWMU #I 1 investigation centers around JW-16 near where the former waste 

oil tanks were located. The RFI (Table 5-11) indicates that #4 Fuel Oil and ##6 Fuel Oil were present. 

According to Table 5-17 of the RFI, only benzene was identified as exceeding drinking water standards; 

however, the maximum benzene concentration at this location was only 11 ug/l. It is therefore planned 

to include petroleum product fingerprinting for each direct push point location and each permanent 
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monitoring well to aid in defining the potential plume. Note that a plume may be difficult to identify since 

SWMU #ll lies adjacent to the JILF Landfill. 

Based on the direct push technology/soil gas survey findings, up to 5 shallow wells will be installed at 

SWMU #ll to determine extent of contamination. For three of the five new wells, the screens will be 

installed to cross the water table, so that any free product present will be detected. For the remaining two 

wells, the screens will be installed just above bedrock to investigate potential Freon contamination or other 

Dense Non-Aqueous Phase Layer (DNAPL). 

An examination of historical aerial photos of the JILF landfill was conducted to determine if drilling 

locations are in areas filled in or around 1955 (i.e., 1950 through 1960 to allow a safety factor), the period 

on record when chlorine gas and acetylene cylinders were reportedly buried in this area. Field activities 

will proceed in Level B health and safety for the area designated in Figure 3-6, as described in the Health 

and Safety Plan (Appendix C). In addition a magnetometer survey will be conducted before drilling to 

check for the presence of buried ferromagnetic objects. 

Groundwater samples will be collected from the five newly installed wells using Teflon bailers and analyzed 

for TCL volatile organics (plus Freon), TCL semi-volatile organics, TCL pesticides/PCBs, total and 

dissolved TAL metals, fuel oil and gasoline. Also, free product will be measured (if encountered) with an 

I 

m 

interface probe. 
m 

Upon completion of the field operations the locations of the monitoring wells will be located vertically 

(elevation) and horizontally. Slug tests and water level measurements are also required. 

I 

m 

3.4.2.3 Monitoring Well JW-13B at the JILF (SWMU #8) 

The intent of the investigation at monitoring well cluster JW-13 is to determine the nature and extent of 

volatile and semi-volatile organic contamination associated with monitoring well JW-13B. The JW-13 well 

cluster is on the edge of the island, with well clusters located to either side and upgradient. These wells 

adequately define the lateral extent of contamination, however the vertical extent is not yet delineated. 

The proposed investigation for this area will consist of the installation of one deep bedrock well adjacent 

to monitoring well JW-13B. This new well is also described in Section 3.3.2. Before drilling begins, a 

magnetometer survey of the area will be performed to check for underground utilities and to check for the 

presence of buried ferromagnetic objects. 

m 

I 

m 
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Groundwater samples will be collected from both the new monitoring well and 3 existing wells at well 

cluster JW-13. Samples will be analyzed for TCL volatile organics, TCL semi-volatile organics, common 

groundwater quality cations and anions, tritium for groundwater age dating purposes, and salinity. 

(Additionally, hexavalent chromium analysis will be included as a field measurement). 

Upon completion of the field operations the location of the new monitoring well will be located vertically 

(elevation) and horizontally. Slug tests and water level measurements are also required. 

3.4.2.4 DRMO (SWMU #6) 

In addition to the plume investigations requested in the RFI Report comment, a limited investigation of the 

vertical extent of groundwater contamination at the DRMO (SWMU #IS) will be performed. Also, this well 

will aid in the hydrogeology investigation by creating a well cluster at DW07. The new deep bedrock well 

will be installed adjacent to existing monitoring wells DW-07 and DW-07B, which are located along the 

downgradient edge of the DRMO. This will provide information regarding vertical gradients, differences 

in tide effects with depth, and vertical trends in chemical characteristics for groundwater. 

The DRMO was capped in the fall of 1993. The cap consisted of a geotextile layer which was placed over 

the graded DRMO surface soils, then a geocomposite “Bentomat” layer was placed over the geotextile, 

which was covered with 12 inches of a stone/concrete aggregate. Because the new bedrock monitoring 

well lies within the capped area, the well will be flush mounted and backfilled with bentonite pellets to 

maintain the integrity of the existing cap. 

This new well is also described in Section 3.3.2. Before drilling begins, a magnetometer survey of the area 

will be performed to check for underground utilities. Figure 3-7 shows the approximate location for the 

placement of DW-07DB. 

Groundwater samples will be collected from the new monitoring well and the two existing monitoring wells 

at cluster location DW-07. Samples will be analyzed for TCL volatile organics (plus Freon) and TCL semi- 

volatile organics, total and dissolved TAL metals, common groundwater quality cations and anions, tritium 

for groundwater age dating purposes, and salinity. (Additionally, hexavalent chromium analysis will be 

included as a field measurement). 

Upon completion of the field operations the location of the monitoring well will be located vertically 

(elevation) and horizontally. Slug tests and water level measurements are also required. 
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3.5 TIDAL STUDY 

3.51 RFI Comment 

Investigate and re-evaluate the effect of the tides in the Piscataqua River on the groundwater at the DRMO 

(SWMU #6) and the JILF (SWMU #Ill). 

3.5.2 Response 

Extensive field work was performed during the recent RFI to characterize tidal fluctuations in groundwater. 

Based on a review of the data, two data gaps were identified; the lack of actual tidal gauge information 

at the DRMO and a need to perform a comprehensive overall assessment of tidal effects on groundwater. 

Limited field work and data reinterpretation are proposed to address these data gaps, since a considerable 

data base regarding water levels already exists and detailed long-term water level monitoring can be costly 

to perform and evaluate. 

The acquisition of additional field data from only the select monitoring wells identified in the RFI Data Gap 

Work Plan are deemed necessary. Other monitoring well data will be calibrated from the extensive tidal 

study conducted as part of the original RFI, and all wells will be considered in the reevaluation of the tide 

data. 

To address the lack of tidal information for the DRMO, a tidal gauge will be installed in the immediate 

vicinity of the DRMO Site. Water levels will be measured over a 50 hour period at the tidal gauge and the 

well previously used to represent tidal fluctuations (DW-3). The data will then be correlated against the 

data generated during the RFI Phase IV investigation. Based on the correlation between the tide and DW- 

3 well measurements, corrections will be made to the original RFI data and the RFI tidal study will be 

reevaluated. 

Gradients established during the initial RFI for the DRMO and the JILF will be redefined. A sufficient 

number of pressure transducers/data loggers would be required to obtain water level data from select wells 

at varying distances from the river to evaluate the magnitude and timing of tidal responses. DRMO wells 

DW-03, DW-04, and DW-07 are the minimum number recommended for simultaneous long-term water 

level measuring, in addition to the tidal gauge. Data would be collected for 25 hours, in 15-minute 

increments from both the shallow aquifer and the bedrock aquifer. The 25 hour period ensures that data 

from two complete tidal cycles will be collected. 
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Additionally, all new wells (17) at the facility will be data logged (not simultaneously except for well 

clusters) in both bedrock and shallow wells for 25 hours in 15 minute intervals. Tidal gauges at the JILF 

and the DRMO will support this activity. Refer to Figure 3-7 and Figure 3-4 for approximate locations of 

the tidal gauges for the DRMO and the JILF, respectively. 

The data interpretation performed for the RFI will be expanded to provide a more comprehensive 

assessment of tidal effects on groundwater. The mapping effort for bedrocklfilllgroundwater will be used 

in conjunction with the tidal information to provide a more complete picture of tidal effects on the island. 

The high tide and low tide measurements will provide the maximum range of tidal influence for the given 

day of testing. However, tidal influences are a significant influence at the site which cannot be completely 

captured by the potentiometric water table maps. 
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4.0 SITE MANAGEMENT 

4.1 PROJECT STAFFING 

The Halliburton NUS Project Manager is: 

Linda Klink 
Halliburton NUS 
Foster Plaza 7 
661 Andersen Drive 
Pittsburgh, PA 15220 
Phone: (412) 921-8650 
Fax: (412) 921-4040 

Support staff include geology, engineering, chemistry, health and safety, and drafting personnel 

4.2 BASE SUPPORT 

The Navy Remedial Project Manager (RPM) IS: 

Lt. Jim Conroy, Remedial Project Manager 
Northern Division 
Naval Facilities Engineering Command 
10 Industrial Highway, Mail Stop #82 
Lester, PA 19113 
Phone- (215) 595-0567 
Fax. (215) 595-0555 

The NSY Pornt of Contact IS: 

Jtm Tayon. Envtronmental Engineer 
Portsmouth Naval Shipyard 
Portsmouth, NH 03801-2032 
Attn Code 121.5 
Phone (207) 438-3832 
Fax (207) 438-l 535 

During field work, all deliverables should be mailed to the followrng address: 

Dennis Gagnon, TSD 
BurldIng 313 
Portsmouth Naval Shipyard 
Portsmouth, NH 03801-2032 
Phone: (207) 438-2558 
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Throughout the duration of the site characterization activities, various support functions will be provided 

by NSY Portsmouth personnel as described below: 

. NSY Portsmouth will assist with the location of utilities and furnish up to date drawings 

and/or a Facilities & Maintenance (Public Works) point of contact. (Halliburton NUS will 

secure clearance for intrusive activities at each location with the point of contact before 

intrusion and will employ magnetometer as an additional measure of clearing utilities. 

Prior to mobilization, Halliburton NUS will conduct a site visit and stake out sample 

locations). 

Take custody of any drill cuttings, well development fluids or decontamination fluids 

suspected to be hazardous and requiring proper disposal according to applicable state 

and/or Federal regulations. Drums will be provided by NSY Portsmouth. 

Arrange for removal of boats, etc. in the area slated for trench excavation at Mercury 

Burial Site II. Access is required until the area is repaved. 

In additron, NSY Portsmouth personnel will aid in arranging the following: 

. 

. 

Secure staging areas for decontamination operations and for stonng equipment and 

supplies. More than one area may be requrred. The Navy suggests that a decon pad be 

located Immediately behind and adjacent to Building 337 where a water hose bibb is 

usable on the outside of the butldrng and a 1 IOv outlet is available inside the building. 

A supply (e.g., fire hydrant, stand pope, etc.) of large quantities of potable water and 

electricity for equipment cleaning. etc 

Provide area for set up of field trailer near electnc and phone servrce (Halliburton NUS will 

be responsible for arranging for connections). 

4.3 CONTINGENCY PLAN 

In the event of problems which may be encountered during the site inspection activities, the Halliburton 

NUS Project Manager will be notified immediately, followed by the NSY Portsmouth Point of Contact. The 

Project Manager will determine a course of action so as to not interfere with the schedule or budget. All 

contingency plans will be approved through the Navy RPM before being enacted. 
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1.0 GENERAL FIELD GUIDELINES 

1.1 SAMPLE IDENTIFICATION SYSTEM 

Each sample collected will be assigned a unique sample tracking number. The sample tracking number 

will consist of a two-segment, alpha-numeric code that identifies the sample medium and location, and 

sample round identifier (in the case of groundwater samples). Any other pertinent information regarding 

sample identification will be recorded in the field log books. 

The alpha-numeric coding to be used in the sample system is explained in the diagram and the 

subsequent definitions: 

(AAAA[N]) - (AANN) - 

(Site ID) (Location) 

(AANN) 

(Medium & Round Identifier) 

Character Type: 

A 5 

N = 

Site ID: 

JIL = 

MB1 = 

MB2 = 

DI = 

SI = 

FA = 

DRM = 

WOT = 

Sample Location: 

Alpha 

Numeric 

Jamaica Island Landfill 

Mercury Burial Site 1 

Mercury Burial Site 2 

Dennets Island 

Seavey Island 

Fill Area 

DRMO Facility 

Former Waste Oil Tanks 

Groundwater sample = Monitonng well number 

Surface water sample = Sample location number 

Sediment sample = Sample location number 

Soil sample = Soil boring number 
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Medium: 

GW = Groundwater from monitoring well 

SW = Surface water 

SD = Sediment 

so = Soil 

Sample Round Identifier: 

For all samples = sampling round (this will be Phase 06 of the investigation for all sampling) 

For example, a groundwater sample collected during from monitoring well 13DB at Jamaica Island Land 

Fill would be designated as: JILF-13DB-GW06 

Field quality control (QC) samples will be designated using a different coding system. The QC code will 

consist of a two-segment, alpha-numeric code that identifies the sample medium (for duplicates only), QC 

type, and date. The same sample medium codes will be used as for the standard environmental samples 

(GW, SW, SD, and SO). The QC types are identified as: 

TB = Trip Blanks 

FB = Field Blanks 

FD = Duplicates 

RB = Rinsate Blanks 

Matrix Spikes and Matrix Spike Duplicates (MSIMSD) samples will be designated on the field 

documentatron forms and sample label. MSlMSDs are collected at a frequency of one per 20 samples 

per matrix and double or triple volumes of sample are required. 

For example. a duplicate of a groundwater sample obtarned on July 6, 1994 would be designated as: 

GWFD-070694 

The sampling time recorded on the chain-of-custody form for duplicate and Matrix Spike/Matrix Spike 

duplicates samples will be 0O:OO so that the samples are “blind” to the laboratory. Notes detailing the 

sample number, time, date, and type will be recorded in the field log book. Matrix Spike/Matrix Spike 

Duplicate samples will be collected from the same locations as duplicate samples in order to provide a 

“blind” sample to the laboratory. 

A-2 



1.2 SAMPLE HANDLING 

Sample handling includes the field related considerations connected with the selection of sample 

containers, preservatives, allowable holding times, and analyses requested. Table l-l provides a 

summary of the analytical program and Table l-2 presents all sample handling considerations. Section 

5.0 of SOP-SF-l .2 provides a description of Sample Preservation Requirements. 

1.3 SAMPLE PACKAGING AND SHIPPING 

Samples will be packaged and shipped in accordance with SOP SA-6.2. The Halliburton NUS field 

representative will be responsible for completion of the following forms: 

. Sample Labels 

. Chain of Custody Forms 

. Chain of Custody Seals 

. Sample Log Sheets 

. Federal Express Air Bills 

Custody of samples must be maintained and documented at all times. Section 5.3 of SOP SA-6.1 provides 

a descnptron of the chain of custody procedures to be followed. An example of the forms to be used is 

included in Appendix D 

1.4 DOCUMENTATION 

In addition to chain of custody records associated with sample handling and packaging, certarn standard 

forms will be completed for sample description and documentation. These shall include sample log sheets, 

daily record forms, and logbooks. An example of these forms can be found in Appendix D 

A bound/weatherproof field notebook shall be marntarned by each sampling event leader and shall record 

all information related to field activities. Section 5.0 of SOP-SF-6.3 provides a description of Site Logbook 

documentation requirements. Copies of all field notebooks will be forwarded to Northern Division 

(Attention: Rich Fini) at the end of each month. 
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TABLE l-l 
ANALYTICAL PROGRAM 

NSY PORTSMOUTH 
KITTERY, MAINE 

. 

Media Analysis Method No. Trip Rinsate Field Duplicate”’ Total 
Samples Blank”’ Blank”’ Blank’3’ Samples 

TCL volatiles plus Freon CLP OLMOI .8 20 5 5 2 2 34 

TCL semi-voiatiles CLP OLMOl.8 19 4 2 2 27 

TCL pesticides/ PCBs CLP OLMOl.8 5 2 2 1 10 

TAL metals’5r (Total) CLP ILM03.0 17 4 2 2 25 

TAL metats@) (Dissolved) CLP ILM03.0 17 4 2 23 

Groundwater Lead”’ (Total) CLP ILM03.0 1 1 2 1 5 

Lead@’ (Dissolved) CLP ILM03.0 1 1 1 3 

Tritium EPA 906.0 32 4 36 

Chloride EPA 325.2 14 2 16 

so4 EPA 375.4 14 2 16 

CO,IHCO, SM 403 14 2 16 

Surface Water 

I I I I I! I I 



TABLE l-l 
ANALYTICAL PROGRAM 
PORTSMOUTH NSY 
KITTERY, MAINE 
PAGE 2 

Media Analysis Method No. 
Samples 

Trip 
BlankI” 

Rinsate 
Blank”’ 

Field 
Blank”’ 

TCL volatiles I CLP OLMOl.8 I 4 I 1 I 1 I 

Sediment TCL semi-volatiles 

TAL metals 

CLP OLM01.8 

CLP ILM03.0 

4 1 

4 1 

TCL volatiles plus Freon I CLP OLMOl.8 I 35 I 6 I 6 I 5 I 52 

Soil TCL semi-volatiles I CLP OLMOI .8 I 35 I I 6 I 

TAL metals 1 CLP ILM03.0 I 35 I r 6 I 

TCL PesticideslPCBs I CLP OLMOI .8 I 23 I I 4 I 3 I ~~~ 30 

Mercury “) I CLP ILM03.0 I 35 I I 3 I 4 I 42 

1 I 7 

,-+-I-+- 
e--l-+ 

(1) Trip Blanks - Samples which originate from analyte-free water taken from the laboratory to the sampling site and returned to the laboratory with the volatile organic (VOA) 
samples. One trip blank per each cooler containing VOAs. 

(2) Rinsate Blank - Samples obtained by pouring analyte-free water over sample collection equipment (bailer, etc.) after decontamination. Assesses the effectiveness of field 
decontamination procedure. Obtained at a frequency of I/day/media/analysis. Number of samples reflects the number of actual laboratory analyses performed. Only 
samples from every other day will be analyzed. 

(3) 

(4) 

Field Blank - Samples consisting of the source water used in (1) steam cleaning and/or (2) decontamination. Obtained at a frequency of l/event/media. 

Duplicates - A single sample split into two portions during a single act of sampling. Assess the overall precision of the sampling and analysis program. Obtained at a 
frequency of IO percent of the number of samples. 

(5) Total Metals - For the determination of total metals the sample is not filtered before acidification. 

(6) Dissolved Metals - For the determination of dissolved metals the sample is filtered to 0.45~ before acidification. 

(7) Quick turnaround analysis for mercury. 



TABLE 1-2 
SAMPLE CONTAINERS, PRESERVATION METHODS, AND HOLDING TIMES 

NSY PORTSMOUTH 
KIlTERY, MAINE 

Method 

GROUNDWATER 

Parameter Container Material Sample 
Volume 

Preservation Holding 
Time 

CLP OLMOI .8 TCL Volatiles Glass, Teflon-lined 
septa 

(2) 40 ml 4 C; 4 drops 
HCI. DH < 2 

CLP OLM01.8 

CLP OLM01.8 

CLP ILM03.0 

CLP ILM03.0 

CLP ILM03.0 

CLP ILM03.0 

TCL Semi-volatiles Glass, Teflon-lined 2,500 ml Cool, 4 c Extract 7 days; 
septum Analyze 40 days 

Pesticides/ PCBs Glass, Teflon-lined 4 liter Cool, 4 c Extract 7 days; 
septum Analyze 40 days 

TAL Metals (Total) Plastic, glass 1 liter 4 C; HNO, to 6 months* 
pH < 2 

TAL Metals Plastic, glass 1 liter 4 C; HNO, to 6 months* 
(Dissolved) pH < 2 

Lead (Total) Plastic 1 liter 4 C; HNO, to 6 months 
pH < 2 

I 

Lead (Dissolved) 

I 

Plastic 

I 

1 liter 

I 

4 C; HNO, to 

I 

6 months 
pH < 2 

EPA 906.0 Tritium Plastic 1 liter None required None 

EPA 325.2 1 Chloride 1 Plastic, glass I 50 ml 1 None required 1 28 days 

EPA 375.4 so4 Plastic, glass 50 ml Cool, 4 c 28 days 

SM 403 1 COJHCO, I Plastic I 1 liter I Cool, 4 c I 14 days 

ALPHA 25208 Salinity Wide mouth glass jar 
with Teflon-lined lid 

240 ml Cool, 4 c 7 days 

Modified SW 
846180 15 

TPH (Gasoline Range) Glass (3) 40 ml 4 C; Hcl to pH 14 days 
<2 

I I I a I a i I I I 

No. of 
Samples 

(al 

20 

19 

5 

17 

17 

1 

1 

32 

14 

14 

14 

14 

20 



TABLE 1-2 
SAMPLE CONTAINERS, PRESERVATION METHODS, AND HOLDING TIMES 
PORTSMOUTH NSY 
KIlTERY, MAINE 
PAGE 2 

Method Parameter Container Material 

Modified SW 
84618 100 

TPH (Diesel Range) Glass 

SURFACE WATER 

CLP OLM01.8 

CLP OLMOI .8 

CLP ILM03.0 

CLP ILM03.0 

TCL Volatiles 

TCL Semi-volatiles 

TAL Metals (Total) 

TAL Metals 
(Dissolved) 

Glass, Teflon lined 
septa 

Glass, Teflon lined 
septum 

Plastic, ctlass 

Plastic, glass 

EPA 325.2 

EPA 375.4 

SM 403 

ALPHA 2520B 

Chloride 

so.4 

COJHCO, 

Plastic, glass 

Plastic, glass 

Plastic 

Salinity Wide-mouth glass jar 
with Teflon-lined lid 

SEDIMENT 

J 

CLIULMOI$ 

Wide-mouth amber 
glass jar with Teflon 
lined lid 

Wide-mouth amber 
glass jar with Teflon 
lined lid 

Sample 
Volume 

1 liter 

Preservation 

Cool, 4 c 

Holding 
Time 

Extract 14 days 
Analyze 40 days 

No. of 
Samples 

(a) 

(2) 40 ml 

2,500 ml 

50 ml Cool, 4 c 28 days 4 

1 liter Cool, 4 c 14 days 4 

240 ml Cool, 4 c 7 days 

120 ml 1 Cool, 4 c I 14days I 4 
(4 oz.) 

4 120 ml Cool, 4 c Extract 7 days; 
(4 oz.) Analyze 40 days 



D 
do 

TABLE 1-2 
SAMPLE CONTAINERS, PRESERVATION METHODS, AND HOLDING TIMES 
PORTSMOUTH NSY 
Kll-l-ERY, MAINE 
PAGE 3 

Method 

CLP ILM03.0 

SOIL 

CLP OLM01.8 

CLP OLM01.8 

CLP OLMOl.8 

CLP ILM03.0 

CLP ILM03.0 

Parameter Container Material Sample 
Volume 

Preservation Holding 
Time 

No. of 
Samples 

la) 

TAL Metals Wide-mouth glass jar 240 ml Cool, 4 c 6 months* 4 
(8 oz.) 

TCL Volatiles 

1 

Wide-mouth glass jar 
with Teflon-lined lid 

TCL Semi-volatiles Wide-mouth glass jar 
with Teflon-lined lid 

TCL Pesticides/ PCBs Wide-mouth glass jar 
with Teflon-lined lid 

TAL Metals Wide-mouth glass jar 

Mercury (Quick turn- Wide-mouth glass jar 
around analysis) 

) 
240 ml (8 

oz.) 

240 ml 
(8 oz.) 

Cool, 4 c Extract 7 days; 23 
Analyze 40 days 

Cool, 4 c 6 months* 35 

120 ml Cool, 4 c 28 days 35 
(4 oz.) 

* Except for mercury which has a 28 day holding time 

(a) Excludes field and laboratory QA/QC samples. Refer to Table 3-l for field QA/QC samples. 

8 8 8 8 I I 8 8 8 8 8 8 8 8 8 8 8 8 



Each field operations leader who is supervising a subcontractor activity must complete a Daily Record 

Subsurface Investigation Report, which documents the activities and progress of the subcontractor. The 

information contained within this report is used for billing verification and progress reports. 
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2.0 GENERAL FIELD OPERATIONS 

The Work Plan describes the field work to be performed at the NSY Portsmouth Site. The Field Sampling 

Plan provides more detail as to how the field work is to be performed and provides more figures and tables 

as to the location of field activities and the analyses of samples taken. 

2.1 MOBlLlZATlON/DEMOBlLlZATlON 

Following approval of the RFI Data Gap Work Plan, Halliburton NUS will prepare drilling, test pit, surveying 

and analytical services specifications, obtain subcontractors, and begin mobilization activities. A site visit 

will be conducted to stake out sample locations such that utility clearances can be provided by NSY 

Portsmouth prior to mobilization. Additionally, the RFI Data Gap Work Plan will be certified by a Maine 

certified geologist as required by the MEDEP. Woodward & Curran has recently been procured to fulfill 

this requirement. All field team members will review the Work Plan, Field Sampling Plan, Health and 

Safety Plan (HASP), and Quality Assurance Project Plan (QAPP). In addition a field team orientation 

meeting will be held to familiarize personnel with the scope of the field activities. Upon mobilization at the 

site, the Halliburton NUS Site Safety Officer (SSO), or representative will provide site-specific health and 

safety training to the field team and subcontractor field personnel. 

m 

am 

m 

I 

II 

I 

I 

m 

II 

The Field Operations Leader (FOL) will coordinate the mobilization activities upon arrival at the facility. 

The FOL will also make any equipment purchases required to conduct the field investigation. The 

schedule for performing the site investigation will consist of approximately 8-10 weeks working 10 hours 

per day Field work IS anticipated to begin rn June of 1994. 

All site preparation will be coordinated through NSY Portsmouth personnel. When necessary, temporary 

barriers will be Installed and traffic control provrded at drilling locations as a safety precaution. 

2.2 DRILLING AND MONITORING WELL INSTALLATION 

General bedrock groundwater conditions across the NSY Portsmouth site will be assessed by installing 

5 bedrock well clusters. Three shallow bedrock wells, designated as “B”, will be installed approximately 

20 to 25 feet into bedrock and five deep bedrock wells, designated as “IX” will be Installed approximately 

80 to 100 feet into bedrock. Wells (DI-OlB, Dl-OIDB) will be installed in a central location on Dennet’s 

Island. Two wells (SI-01 B and SI-01 DB) will be installed near the two ponds on Seavey Island. Two wells 

(FA-OlB and FA-OIDB) will be installed in the filled area between Seavey Island and Dennet’s Island. Well 

m 

m 

I 
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JW-13DB will be installed with the existing JW-13 well cluster and DW-07DB will be installed with the 

existing DW-07 well cluster. 

A total of up to seven shallow overburden wells will be installed. Well MW-08 will be installed 

downgradient from the former gas station near Mercury Burial Site II and will be drilled down to 

approximately 10 feet below the water table or the top of bedrock (whichever is encountered first). The 

location will be determined after evaluating direct drive point results. Well FA-01 will be installed in the 

filled area between Dennet’s and Seavey Island and will be drilled down to approximately 10 feet below 

the water table or the top of bedrock (whichever is encountered first). In addition to these wells, new 

shallow overburden wells WOT-01, WOT-02, WOT-03, WOT-04, and WOT-05 at the Former Waste Oil 

Tank Site (SWMU #Ill) will be installed. The locations will be determined after evaluating direct drive point 

results. 

Locations of all new monitoring wells (except MW-08, WOT-01, WOT-02, WOT-03, WOT-04, and WOT-05 

which will be placed after evaluation of direct drive point results) are illustrated in Figure 2-l. Table 2-l 

provides a well construction summary, including the required health and safety level of protection. 

The hollow stem auger drilling method is the preferred method for drilling the overburden well borings. 

Soil samples will be collected at 5 foot intervals from the ground surface, to the top of the water table 

using split-barrel sampling techniques, as referenced in specification ASTM-l 586-84. Section 5.0 of SOP- 

GH-1.4 provides a description of Soil and Rock Drilling Methods. 

All samples obtained from the boreholes shall be monitored with an organic vapor analyzer (OVA) and/or 

HNu as specified in the Health and Safety Plan (HASP). Each split spoon sampler will be screened 

immedrately upon opening. These readings will be recorded on the boring logs. The lithologrc samples 

will be placed in an 8-ounce jar (to be provided by the drilling subcontractor), labeled, and the pertinent 

data recorded by the field geologist. In addition, head space readings will be obtained for all soil samples 

obtained for lithological classification. No soil samples will be collected from the well borings for chemical 

analyses. The use of drilling fluids is prohibited dunng overburden well boring activities. Unless requested 

by the field geologist, all lithologic samples will be discarded at the end of the field activities. The driller 

shall prepare a separate written boring log for each boring drilled to be submitted to the field geologist at 

the conclusion of the daily field activities. 
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TABLE 2-l 

WELL CONSTRUCTION SUMMARY TABLE 
NSY PORTSMOUTH, KITTERY, MAINE 

P 
2 

EST EST EST 
Total O.B. BR (5-7/E”) EST EST 

WELL Depth Drill Drill 2” Screen 2” Rise8 
Well Type No. LOP Ft) WI Ft) Ft) WI 

FA-0 1 D 25 25 __ 10 17 
MW-10 D 25 25 __ 10 17 

OVERBURDEN WOT-0 1 B 25 25 __ 10 17 
(Min 4-114” ID WOT-02 B 25 25 __ 10 17 

H.S.A.) WOT-03 B 25 25 __ 10 17 
WOT-04 B 25 25 -_ 10 17 
WOT-05 B 25 25 _- 10 17 

SHALLOW DI-01 B D 50 30’ 20 10 42 
BEDROCK SI-01 B D 40 IO’ 30 10 32 

(Min 9”O Hole in 0 B ) FA-01 B D 40 10’ 30 10 32 

DEEP BEDROCK DI-01 DB D 120 IO’ 110 IO 112 
(Mm 9”O Hole in 0 B ) SI-01 DB D 120 IO’ 110 10 112 

FA-01 DB D 130 35’ 95 10 122 
JW-13DB D 130 35’ 95 10 122 
DW-07DB D 130 35’ 95 10 122 

LEVEL “B” TOTALS 5 125 125 __ 0 0 

LEVEL “D” TOTALS 10 810 225 585 150 815 

TOTAL 15 935 350 585 150 815 

EST 
6” Temp 
Casing 

Ft) 

Recommended 
Drilling 
Method 

-- 

_- 

HSA 
HSA 
HSA 
HSA 
HSA 
HSA 
HSA 

30 AR 
10 AR 
10 AR 

10 AR 
10 AR 
35 AR 
35 AR 
35 AR 

NOTE: Actual depths for wells may vary based on field conditions. DW - DRMO Well 
1 - Includes 5’ minimum hole into bedrock (9” min dtameter) WOT - Waste Oil Tank Well 
2 - Includes = 2’ stick up DW - DRMO Well 
LOP - Level of Protectron DI - Dennet’s Island Well 
FA - Fill Area Well SI - Seaveys Island Well 
MW - Mercury Burial Site Well JW - Jamatca Island Landfill Well 

HSA - Hollow Stem Auger 
AR - AiriMud Rotary 
EST - Estimated footages 



A lithologic description of each split-spoon sample and a complete log of each boring will be maintained 

by Halliburton NUS. At a minimum, the boring log will contain the following information: 

. Boring or Well Identification 

. Name of Drilling Contractor 

. Sample Numbers and Types 

. Sample Depths 

. Standard Penetration Test Blow Counts 

. Sample Recovery/Sample Interval 

. Soil Density or Cohesiveness 

. Soil Color 

. USCS Material Description 

. Location of Boring 

In addition, depths of changes in lithology, sample moisture observations, depth to water, organic vapor 

readings, drilling methods, and total depth of each borehole shall be included on each log, as well as any 

other pertinent observations. Section 5.0, SOP-GH-1.5 provides a description of Borehole and Sampling 

Logging. An example of the boring log form is attached in Appendix D. 

The bedrock wells will be drilled using air rotary methods. A minimum g-inch diameter hole will be drilled 

through the overburden materials and approximately 5 to 10 feet into the underlying rock, so that a 

temporary B-inch I.D. steel casing can be set. After the 6-inch casing is set, a 5-7/8-inch bit will be used 

to advance the hole Into bedrock to the required depth. The well borings will be advanced until a water 

yreldrng fracture zone is encountered within or near the target completion depth. Section 5.0 of SOP-GH- 

1.4 provides a description of Soil and Rock Drilling Methods. 

I 

All wells (both overburden and bedrock) will be constructed of 2-inch-diameter PVC well screen and 

casrng The 20 slot by 10 to 15 feet long well screens will be installed across the desired monitoring/ 

fracture zone interval, then a sand pack (20 to 30 sieve size) installed around and to approximately 2 feet 

above the screen. The well screens were selected to retain 90 percent of the filter pack and to allow 

sufficient surface area for groundwater to enter. The sand pack size was selected based on Halliburton 

NUS experience. A bentonite seal will then be emplaced and the remaining borehole annulus backfilled 

with cement-bentonite grout, to ground surface. 

A-14 



For the Former Waste Oil Tank site (SWMU # 11) three of the five new wells will be screened cross the 

water table, so that any free product present will be detected. For the remaining two wells, the screens 

will be installed just above bedrock to investigate potential Freon contamination or other Dense Non- 

Aqueous Phase Layer (DNAPL). For the new well near Mercury Burial Site II (MW-98), the screen will be 

installed to straddle the water table, so that any free product present will be detected. 

Frost damage to monitoring wells is a significant concern at the facility, and in fact, repair of several 

existing monitoring wells will be conducted by the driller for this project (including replacement of incorrect 

monitoring well covers). For these monitoring wells and the new wells, frost damage will be minimized 

by replacing grout with bentonite pellets near the surface. Also, the protective casing will be grouted in 

place and an approximate 12-inch sand layer will be placed within and around the bottom of the protective 

casing to allow percolation of water. 

Painting, labeling, and protective casings will be consistent with that of existing monitoring wells. Not 

every location will require protective barriers. An NSY Portsmouth representative will identify which 

monitoring wells require barriers. It is anticipated that steel protective casings (4-inch minimum diameter) 

equipped with locking caps will be installed around most monitoring wells. These casings will be cemented 

a minimum of 3 feet into the ground and will have at least one drain hole positioned approximately 0.5 feet 

above the ground surface. A 0.5foot thick concrete apron measuring 2 feet by 2 feet is anticipated equally 

portioned around the casing of each well. Several monitonng wells will be completed as flush mounted 

Installations. At flush-mounted installations the well riser pope will be cut off immediately below surface 

grade and provided with a locking, packer-type cap. A steel flush-mounted protective casing will be 

cemented rn place over the riser pipe. The protective casing must be pre-approved by the FOL, and be 

Installed flush wrth the ground surface. Flush-mounted covers must Identify the location as a “Monitoring 

Well” All well locatrons will be secured with Master locks and will be keyed alike. Keys will be turned over 

to the NSY Portsmouth Point of Contact. Monrtonng well installation will be in compliance with Section 

5.0, SOP GH1.7. provided In Appendix E of this Work Plan. 

After installation, the wells will be surveyed to determine horizontal location and vertical elevations. 

Figures 2-2 and 2-3 depict typical Bedrock monrtonng wells. 

The monitoring wells will be developed no sooner than 24 hours after installation to remove fines from the 

area around the monitored interval of the well. Wells will be developed by use of a small submersible 

pump. Wells will be developed until the water is visibly clear of sediment or until approved by the field 

representative. Additionally, development will proceed until the variation between turbidity meter readings 
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is less than 10 percent; however, development will not exceed 2 hours per well. Other development 

methods may be used with permission by Halliburton NUS. 

Boring logs and well construction diagrams will be completed for each monitoring well boring/well installed. 

A sample of these forms are provided in Appendix D. Logging procedures are provided in the Halliburton 

NUS SOPS, which are provided in Appendix E. 

2.3 GROUNDWATER SAMPLING 

One round of groundwater sampling is proposed for the NSY Portsmouth Site as part of the RFI Data Gap 

scope of work. Future groundwater monitoring will be conducted in accordance with the Long-term 

Groundwater Monitoring Plan, currently in preparation. Wells proposed for sampling are listed in Table 

2-2. Well sampling and sample handling shall be in accordance with U.S. EPA protocols and Halliburton 

NUS SOPS. Sample analytes are listed in Table 2-2. 

Prior to obtaining samples, water levels will be measured and the wells will be purged using a dedicated 

Teflon bailer or a 2-inch submersible pump (Grundfos Redi-Flo II variable speed). Three to six well 

volumes will be purged. If the wells are purged dry with less than three volumes removed, the water in 

the well will be allowed to recover at least 70 percent, then a sample will be collected. In the event that 

recovery is slow, samples will be collected within 24 hours of purging. Field measurements of pH, 

temperature, and specific conductance will be taken after each well volume is purged. Stabilization of the 

above parameters IS defined as follows: temperature + 1 .OC, pH + 0.1 units, specific conductance 

+ 5 percent If these parameters do not stabllrze after 3 volumes, up to 6 volumes maximum will be 

removed Section 5.0 of SOP-SA-1.1 and SOP-SF-l.1 provide a description of Groundwater Sample 

Acqulsrtron and On-Site Water Quality Testing respectrvely. 

Dedicated teflon bailers with dedicated polyethylene rope as bailing line will be used for sample collection. 

At monitoring wells MW-08, WOT-01, WOT-02. WOT-03, WOT-04, and WOT-05, an interface probe will 

be utilized to measure free product, if present. The sample will be poured directly from the bailer into the 

appropriate sample bottles for analysis. Samples to be analyzed for volatile constituents shall be taken 

first and immediately sealed in a container so that no head space exists. 

Where dissolved metals analysis is required for groundwater or surface water, field filtration will be 

necessary. The sample must be filtered through a non-metallic 0.45 micron membrane filter immediately 
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TABLE 2-2 
GROUNDWATER SITE SPECIFIC SAMPLE ANALYSIS 

NSY PORTSMOUTH, KIlTERY, MAINE 

Well 
Identification 

DI-01 B 
01-01 DB 
SI-01 B 
SI-01 DB 
FA-0 1 
FA-01 B 
FA-01 DB 

TCL TCL 
Volatiles Semi-volatiles 

7 7 

TPH TPH Water 
TCL TAL Metals TAL Metals (Gasoline ((Diesel Fuel Quality Hexavalent Dissolved 

PesticideslPCBs (Total) (Dissolved) Lead Range) Range) Parameters Chromium Oxygen 

(4 w (cl 

__- 7 7 ___ 7 7 7 ___ 7 

JW-I 39”’ 4 4 -__ ___ ___ ___ 4 4 4 4 4 
JW-13D”” 
JW-1 3Bcb) 
JW-1308 

DW-07@’ 3 3 --- 3 3 ___ 3 3 3 3 3 
DW-07B’b’ 
DW-07DB 

MW-8 1 --_ --- ___ --- 1 1 1 ___ _-- 1 

WOT-01 5 5 5 5 5 ___ 5 5 ___ _-_ 5 
WOT-02 
WOT-03 
WOT-04 
WOT-05 

TOTAL 20 19 5 15 15 1 20 20 14 7 20 

Well IDS 

DI - Dennett’s Island Well 
SI - Seaveys Island Well 
FA - Fill Area Well 
JW- Jamicia Island Landfill Well 
DW- DRMO Well 
MW- Mercury Burial Site Well 
WOT - Waste Oil Tank Well 

(a) Water Quality Parameters include tritium chloride, SO, CO,/HCO,, and salinity. 
(b) Existing monitoring wells installed during the original RFI 
(c) Field Measurement Additionally, all new monitoring wells will be measured for temperature, 

pH, specific conductance, Eh,and turbidity. 
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after collection. Samples will be filtered using a Buchner funnel in accordance with SOP SF1.2, Section 

5.2.5 provided in Appendix E. 

A summary of the groundwater sampling program is shown on Table 2-2. Additionally, field measurements 

for hexavalent chromium will be conducted at the JW-13 well cluster at the JILF (SWMU #8) and at the 

DW-07 well cluster at the DRMO (SWMU #6). Also, free product, if present, will be measured with an 

interface probe at MW-08, WOT-01, WOT-02, WOT-03, WOT-04, and WOT-05. All pertinent field and 

sampling data will be recorded using the appropriate forms attached in Appendix D, and the field logbook. 

2.4 WATER LEVEL MEASUREMENTS/TIDAL EFFECTS 

Two comprehensive rounds of water level measurements are proposed for the investigation to provide 

updated, more detailed information regarding groundwater flow patterns and flow gradients across the NSY 

Portsmouth Site. Water levels will be obtained from all new and existing monitoring wells one round during 

mean high tide and one round during mean low tide (on the same day). In addition, water level 

measurements will be obtained from the staff gauges and piezometers located in the ponds on Seavey 

Island. Each set of water level measurements will be obtained within an 2-hour period, and no sooner 

than 48 hours after a significant precipitation event, to minimize the effects of short-term water level 

fluctuations on the data sets. One location near each of the two staff gauges will require surveying, 

vertical, to allow correlation of data with monitoring well water levels. 

Measurements will be taken with an M-Scope (electrical water level indicator) using the top of the inner 

well casing as the reference point for determining depths to water. This well casing shall be notched and 

marked so that the same point will be referenced for all measurements. Water level measurements will 

be recorded to the nearest 0.01 foot tn the field logbook and on a groundwater level measurement form, 

attached in Appendix D. Section 5.0 of SOP-GH-2.5 provides a description of Water Level Measurement 

procedures 

Pressure transducers and data loggers will be utilized at select DRMO and JILF Landfill locations to 

supplement the previous water level monitoring done at the base. Tidal gages will be installed at the 

DRMO and the JILF. The following wells are the minimum number recommended for a long-term water 

level measuring program. Additionally, tidal gauges will be installed at the DRMO and the JILF, as shown 

in Figures 2-4 and 2-5, respectively. Each of the two tidal gauges will be surveyed to allow correlation of 

data with monitoring well water levels. 
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All new monitoring wells: DI-OlB, DI-OlDB, SI-OlB, SlOl-DB, FA-01, FA-OlB, FA-OlDB, JW-13DB, 

DW-07DB, MW-8, WOT-1, WOT-2, WOT-3, WOT-4, and WOT-5 

Limited existing monitoring wells: JW-13S, JW-13D, JW-13B, DW-03, DW-04, DW-07, and DW-07B 

Data will be collected for 25 hours from the shallow aquifer and 25 hours from the bedrock aquifer at each 

location. Data does not need to be collected concurrently for all monitoring wells; however, tidal data from 

a given well cluster should be collected concurrently (Dennett’s Island, Seaveys Island, Fill Area, Jamaica 

Island [at JW-131 and the DRMO [at DW07] clusters). During periods of data collection, tidal data from 

the tidal gauges at the DRMO and the JILF will be collected concurrently. Data would be collected in 15 

minute increments. The key well for tying previous monitoring data in with tidal effects at the DRMO is 

DW-03. 

2.5 AQUIFER TESTING 

lnsitu hydraulic conductivity testing (slug tests) will be performed in all new permanent monitoring wells. 

Slug testing will be performed after the newly installed wells have been developed and the water levels 

have returned to static. Procedures for performing these slug tests will be in accordance with Section 5 

of Halliburton NUS SOP GH-2.4 (attached in Appendix E). Pressure transducers and data loggers will be 

used for data collection to obtain sufficiently accurate field data. 

At a mrnrmum, the following information will be collected for each well during the performance of aquifer 

tests 

. Well number/depth/screened Interval/ Inside diameter of screen/ diameter 

of sand pack 

. Static water level 

. Method of inducrng water level change 

. Time/recovery data 

. Total time of test 

Data generated during the tests will be documented on the appropriate data sheets and analyzed 

according to the SOP, using the most appropriate evaluation technique for the existing hydrogeologic 

conditions. Data generated during the slug tests will be recorded on the appropriate forms, attached in 

Appendix D. 
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2.6 DIRECT PUSH TECHNOLOGY/SOIL GAS SURVEY 

“Direct Push” technology and a soil gas survey will be conducted near Mercury Burial Site II (SWMU #9) 

and the Former Waste Oil Tanks area (SWMU #ll) by a specialized subcontractor, At each of these two 

areas, groundwater samples will be collected from each direct push location and analyzed using the 

subcontractor’s onsite mobile laboratory (or a portable GC, or offsite laboratory with quick-turnaround 

analysis). Additionally, for each direct push point, one soil gas sample will be obtained and screened with 

an OVA. Soil gas readings will be taken until readings peak and begin to recede, or for a maximum time 

interval of 3 minutes. In addition to the oversight of the subcontractor’s work, Halliburton NUS will be 

responsible for packaging and shipment of subsurface soil samples at SWMU #ll to PACE, New England. 

This work scope is written to allow a flexible approach to conducting the work. Either temporary wells and 

conventional soil boring drilling gr direct push technology is acceptable in accomplishing the work. 

Similarly, either on-site mobile laboratory capabilities or use of an offsite laboratory is acceptable, provided 

that analytical results are available on a 24-hour quick turnaround basis. Soil gas field screening for 

volatiles should be conducted using an OVA, or equivalent. Results will be immediately provided to 

Halliburton NUS. Chemical-specific analysis is not required for soil gas samples. Soil samples will be 

collected only for the Former Waste Oil Tank area (SWMU #ll). 

Area Near Mercurv Burial Site II 

The objective of the program will be to generate data to support placement of one permanent monitoring 

well (MW-08). Work scope is summarized as follows: 

. Collect 1 soil gas sample and 1 groundwater sample at each of 18 initial locations shown 

on Figure 2-6. Analyze groundwater sample for select volatile organics and conduct 

petroleum product fingerprinting. 

Based on HNUS evaluation of analytical results, collect 1 soil gas sample and 1 

groundwater sample at up to 4 additional locations. Analyze groundwater sample for 

select volatile organics and conduct petroleum product fingerprinting. 

For each direct push point, one soil gas sample will be collected and screened using an 

OVA. Soil gas readings will be taken until readings peak and begin to recede, or for a 

maximum time interval of 3 minutes. Soil gas data will aid in identifying the potential 
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source area(s). Additionally correlations, or lack thereof, between soil gas data and 

groundwater samples from direct push methods can be established. 

Based on the direct push technology/soil gas survey findings, one shallow well will be installed to within 

a hot spot area to determine if groundwater has been impacted by petroleum product. Refer to Sections 

2.2 and 2.3 for monitoring well installation and sampling requirements. In addition to the specified 

analysis, an interface probe will be used to measure free product, if present, at each well. 

Former Waste Oil Tank Area 

The intent of the investigation at the former Buried Waste Oil Tanks is to determine the nature and extent 

of plumes of volatile and semi-volatile organic compounds associated with the former Buried Waste Oil 

Tanks (SWMU #ll). Additionally, the investigation will support installation of a new hazardous waste 

storage area near this SWMU. The investigation will consist of “Direct Push” technology (or temporary 

monitoring wells), a soil gas survey, and the installation/sampling of up to five shallow monitoring wells to 

determine the extent of contamination. The program is summarized as follows: 

. Collect 1 soil gas sample and 1 groundwater sample at each of 32 initial locations shown 

on Figure 2-7. Analyze groundwater sample for select volatile organics and conduct 

petroleum product fingerprrnting. 

Based on HNUS evaluation of analytical results, collect 1 soil gas sample and 1 

groundwater sample at up to 4 additional locations. Analyze groundwater sample for 

volatile organics and conduct petroleum product fingerprinting. 

Collect one “contaminated” soil sample at very near 14 (7 transects x 2 locations/transect) 

of the 32 initial locations, based on HNUS evaluation of soil gas and groundwater results. 

Also, two duplicate samples will be collected. These samples will be sent offsite by 

Halliburton NUS for TCL volatile organics (plus Freon), TCL semi-volatile organics, TCL 

pestlcides/PCBs, and TAL analysis 

Collect one “clean” soil sample at up to 6 additional locations along a given transect (3 

transects x 2 locations/transect). Also, 1 duplicate sample will be collected. These 

samples will be sent offsite by Halliburton NUS for TCL volatile organics (plus Freon), TCL 

semi-volatile organics, TCL pesticides/PCBs, and TAL analysis. 
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. In collecting the “clean” soil samples, one “contaminated” soil sample at up to 3 additional 

locations along a given transect (3 transects x 1 location/transect) may be collected. 

These samples will be sent offsite by Halliburton NUS for TCL volatile organics (plus 

Freon), TCL semi-volatile organics, TCL pesticides/PCBs, and TAL analysis. 

Based on the direct push technology/soil gas survey findings, up to 5 shallow wells will be installed at 

SWMU #ll to determine extent of contamination, as discussed in Sections 2.2 and 2.3. In addition to the 

specified analysis, an interface probe will be used to measure free product, if present, at each well. Soil 

samples described for SWMU #ll are discussed in this section since drive points are being conducted 

for sample collection purposes. Soil sampling information is repeated in Section 2.8. 

An examination of historical aerial photos of the JILF landfill was conducted to determine if drilling 

locations are in areas filled in or around 1955 (i.e., 1950 through 1960 to allow a safety factor), the period 

on record when chlorine gas and acetylene cylinders were reportedly buried in this area. Field activities 

will proceed in Level B health and safety for the area designated in Figure 2-7, as described in the Health 

and Safety Plan (Appendix C). In addition a magnetometer survey will be conducted before drilling to 

check for the presence of buried ferromagnetic objects, 

Subcontractor Analvsis 

The groundwater samples will be analyzed by the subcontractor for volatile organics using method SW 846 

5030/8010 or equivalent procedure approved by Halliburton NUS. The reportable detection limits will be 

5 to 10 ug/l Internal quality assurance and equipment calibration will be conducted by the subcontractor 

on a daily basis In accordance with the equipment manufacturer. This documentation will be provided to 

Halliburton NUS with the final report. The samples, at a minimum, shall be analyzed for the following 

volatile organic target compounds: 

Benzene 

I,1 -dichloroethene (DCE) 

t-l .2-DCE 

Tnchloroethene (TCE) 

1 ,l ,I trichloroethane (TCA) 

Chloroform 

Toluene 

Methylene chloride 

Ethylbenzene 

c-l ,2-DCE 

1,l -dichloroethane (DCA) 

Tetrachloroethene (PCE) 

1,1.2-TCA 

Carbon tetrachloride 

Total (m-, p-, and o-,) xylenes 

Freon-l 13 
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The petroleum product fingerprinting will be conducted to determine the type of petroleum product 

(gasoline, fuel oil, etc.) and to determine the approximate concentration. 

Soil gas readings will be taken until readings peak and begin to recede, or for a maximum time interval 

of 3 minutes. Soil gas data will aid in identifying the potential source area(s). Additionally correlations, 

or lack thereof, between soil gas data and groundwater samples from direct push methods can be 

established. 

2.7 GEOPHYSICAL SURVEY 

All drilling locations will be surveyed, prior to any excavation or drilling activities, with a flux gate 

magnetometer to check for the presence of buried ferromagnetic objects. 

2.8 SOIL SAMPLING 

Mercury Burial Site I (SWMU #9) 

Subsurface soil samples will be collected at Mercury Burial Site I. One of the following scenarios is 

expected; 1) If concrete sewer pipe is found to be capped on both ends, one soil sample at each end of 

the concrete sewer pipe will be taken and analyzed for mercury only using quick-turnaround analysis or 

2) If the concrete sewer pipe is found to be not capped on top or not structurally intact, then a total of 

three samples from within the concrete pipe shall be taken with a hand auger or trowel; one near the top, 

one near the middle, and one near the bottom of the pipe. Under Scenario 2, ten additional samples will 

be collected. Samples will be analyzed for mercury using quick-turnaround analysis. The excavation will 

remarn open until sample results are available and have been evaluated, 

Draeger tubes for volatile mercury and a Jerome analyzer will be used to aid in establishing sample 

locations, although inorganic mercury would not be detected by this method. 

Subsurface soil samples will be collected with a stainless steel bucket-type auger or stainless steel trowel, 

depending upon the required sample depth and access. Samples to be analyzed for volatile constituents 

will be collected first and immediately sealed in the sample container so that no head space exists. The 

remarnrng material will be homogenized in a stainless steel bowl and distributed to the remaining sample 

containers. Sampling tools will be decontaminated between sampling locations as described in Section 

6.7 of the QAPP (attached in Appendix B). Section 5.0 of SOP-GH-1.3 provides a description of Soil and 
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Rock Sampling procedures. 

Mercurv Burial Site II (SWMU #9) 

Subsurface soil samples will be collected at Mercury Burial Site II only if the concrete burial vaults are 

found. If the vaults are located, the test pit will be enlarged and sloped to expose all concrete vaults 

present at the site and allow for physical entry into the excavation. A detailed physical inspection will be 

made on the condition of all concrete vaults (i.e., cracks, condition of concrete, open ends, capped ends, 

fill material, etc.) and entered in the field notebook. A total of twelve soil samples will be taken from 

around the vault site. Samples will be analyzed for full TCL volatiles and semi-volatiles, and TAL metals. 

Additionally, quick-turnaround analysis for mercury will be employed. If mercury contamination is indicated, 

an additional 10 samples will be collected and analyzed for mercury using quick-turnaround analysis. 

Draeger tubes for volatile mercury and a Jerome analyzer will be used to aid in establishing sample 

locations, although inorganic mercury would not be detected by this method. 

Subsurface soil samples will be collected with a stainless steel bucket-type auger or stainless steel trowel, 

depending upon the required sample depth and access. Samples to be analyzed for volatile constituents 

will be collected first and immediately sealed in the sample container so that no head space exists. The 

remaining material will be homogenized in a stainless steel bowl and distributed to the remaining sample 

containers. Sampling tools will be decontaminated between sampling locations as described in Section 

6.7 of the QAPP (attached in Appendix B). Section 5.0 of SOP-GH-1.3 provides a description of Soil and 

Rock Sampling procedures. 

Former Waste Oil Tank Site (SWMU #ll) 

Soil samples will be collected as described in Section 2.6 concerning the direct drive point work (Also refer 

to Figure 2-7 of this previous section). The soils scope of work is repeated below: 

. Collect one “contaminated” soil sample at very near 14 (7 transects x 2 locations/transect) 

of the 32 initial locations, based on HNUS evaluation of soil gas and groundwater results. 

Also, two duplicate samples will be collected. These samples will be sent offsite by 

Halliburton NUS for TCL volatile organics (plus Freon), TCL semi-volatile organics, TCL 

pesticides/PCBs, and TAL analysis. 
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Collect one “clean” soil sample at up to 6 additional locations along a given transect (3 

transects x 2 locations/transect). Also, 1 duplicate sample will be collected. These 

samples will be sent offsite by Halliburton NUS for TCL volatile organics (plus Freon), TCL 

semi-volatile organics, TCL pesticides/PCBs, and TAL analysis. 

In collecting the “clean” soil samples, one “contaminated” soil sample at up to 3 additional 

locations along a given transect (3 transects x 1 location/transect) may be collected. 

These samples will be sent offsite by Halliburton NUS for TCL volatile organics (plus 

Freon), TCL semi-volatile organics, TCL pesticideslPCBs, and TAL analysis. 

Sampling tools will be decontaminated between sampling locations as described in Section 6.7 of the 

QAPP (attached in Appendix B). Section 5.0 of SOP-GH-1.3 provides a description of Soil and Rock 

Sampling procedures. 

2.9 TEST PIT EXCAVATIONS 

Test pitting is scheduled to be performed at Mercury Burial Sites I and II (SWMU #9). A total of two test 

pits will be excavated in areas identified in Figures 2-8 and 2-9. A description of each test pit will be 

completed by the field geologist. An example test pit log is included in Appendix D. All excavation will 

adhere to OSHA requirements regarding trench excavation. Section 5.0 of SOP-GH-1.8 provides a 

descnptlon of Exploratory Test Pits and Trench excavation procedures. 

The log will include, at a minimum, the following information: 

. Test pit number 

. Test pit location 

. Test pit dimensions 

. Detailed description of subsurface materials 

. Organic Vapor readings 

. Sample numbers/depths 

. Total depth 

Probes will be used as the excavation proceeds to ensure that underlying concrete blocks/pipes are not 

damaged during the excavation effort. 
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For this activity, utility clearances will be obtained before work begins. Also, a magnetometer survey will 

be performed as an additional check. All excavation will strictly adhere to OSHA requirements regarding 

trench excavation. Test pits will be roped off upon completion of each day’s work activities. 

Upon completion of all sampling, field measurement, and removal action activities at the Mercury Burial 

Sites (SWMU #9), the excavated area will be backfilled with the original fill material. Compaction will take 

place to restore the areas to their original conditions. At Mercury Burial Site I, the area will be reseeded 

using grass species indigenous to the area (and approved by a NSY Portsmouth representative), and 

mulched with straw. At Mercury Burial Site II, the lot will be compacted to provide a level surface suitable 

for paving. Compaction will be conducted so as not to result in settlement of the paved surface. Repaving 

and repair of existing fencing is a separate subcontract. 
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2.10 LIMITED CORRECTIVE ACTION AT MERCURY BURIAL SITES (SWMU #9) 

Removal of Contaminated Soil 

Limited corrective action is included if mercury-contaminated soils exist at SWMU #9. Limited corrective 

action includes repair of the concrete pipe(s)/vault(s). Also, to the extent possible, any mercury- 

contamrnated soil will be containerized and labeled. If drums are utilized for containerization, drums will 

comply with DOT specification 17-C. 

The action level for mercury-contaminated soil removal is 20 mg/kg in accordance with RCRA Proposed 

Subpart S critena for mercury Disposal of any containerized soil at an approved facility is the 

responsibilrty of NSY Portsmouth. Removal of concrete pipes/concrete blocks will be conducted by a 

subcontractor, with oversight and soil sample collection/analysis by Halliburton NUS. 

Removal of Concrete Blocks/Pipes 

Disposal of any concrete pipes/concrete blocks at an approved facility is the responsibility of NSY 

Portsmouth. Removal of concrete pipes/concrete blocks will be conducted by a subcontractor, with 

oversight by Halliburton NUS. 
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2.11 SURFACE WATER SAMPLING 

Surface water samples will be collected as grab samples from surface water from the two ponds on 

Seavey Island. Immediately prior to sampling, the temperature, pH, and conductivity of the sample water 

will be measured and recorded on the surface water sample form (attached in Appendix D). During 

sampling, the sample bottle will be submerged just below the water surface and allowed to fill. After the 

sample bottle has been completely filled, preservations will be added (if required) and the sample bottle 

will be capped. Samples to be analyzed for volatile constitutes shall be collected first and immediately 

sealed in a container so that no head space exists. If there is an insufficient depth of water to use the 

direct fill method of sample collection, a stainless steel beaker will be used to fill the sample bottles. 

Sample beakers will be decontaminated between samples as described in Section 6.7 of the QAPP 

(attached in Appendix B). Sample locations are shown of Figure 2-10. 

Sample handling and chain of custody requirements are addressed in Sections 6.6 and 7.0 of the QAPP. 

All pertinent field data will be recorded using a surface water sample form (attached in Appendix D) and 

in the field log book. 

2.12 SEDIMENT SAMPLING 

Sediment samples will be collected as grab samples from pond perimeters and bottoms. A stainless-steel 

trowel or hand auger will be used to collect the sediment sample. Upon sample retrieval, a sufficient 

volume will be obtained for volatile organics analysis and sealed with no head space. The remarnrng 

material will be homogenized and distributed to the remaining sample containers. Sample equipment will 

be decontaminated between samples as described in Section 6-7 of the QAPP (attached in Appendix B). 

Sample locatrons are shown on Figure 2-10 

All pertinent field data will be recorded using a sediment sampling form (attached in Appendix B) and the 

field log book. 

2.13 POND INVESTIGATION/SEEP SAMPLING 

Pond Staff Gauqes and Piezometers 

Staff gauges will be installed within the two ponds to obtain surface water elevation data. Ten piezometers 

will be installed within the bottom sediments in the larger pond and 8 in the smaller pond to determine the 
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direction and source of water flow at the surface waterigroundwater interface. Piezometers will be 

constructed of 1 to 2-inch diameter clear plastic tubing/pipe. The piezometers will be evenly distributed 

across each pond. Samples will be collected from each piezometer and analyzed only for tritium for 

groundwater age dating purposes. 

Pond Discharae Measurement 

To determine the rate of outflow from the ponds a mechanical continuous flow monitor will be fitted in the 

existing discharge box at the downstream pond. Note that the upstream pond discharges to the 

downstream pond. Additionally, a rain gauge will be utilized to monitor rainfall during the RFI Data Gap 

investigation. 

Dye Tracer Study 

The discharge area for the ponds will be determined by a dye tracer test using Rhodamine VVT, a 

fluorescent dye. A dye tracer test is important because the discharge location of the ponds is currently 

unknown. The continuous discharge of water from the ponds to the overburden aquifer will influence local 

groundwater flow patterns (and potentially groundwater quality); thus identification of the location of the 

discharge will enhance the overall understanding of groundwater flow patterns. 

Figure 2-6 shows likely discharge areas. Prior to beginning the tracer test, samples will be obtained from 

two nearby monltonng wells (JW-9 and MW-6) and seep locations and analyzed for Rhodamrne WT, to 

ensure that Rhodamrne WT or a false indicator IS not present. If a positive result is obtained from the 

samples due to background interferences, a substitute tracer will be identified for use. 

Dye tracer test samples will be collected twice a week (until the dye is detected) at likely discharge areas, 

rncludrng the monitoring wells near Mercury Burial Site II and nearby surface seeps. If the dye test is not 

successful by the end of the other field activities. the test will be terminated. 

Dye tracer test samples will be analyzed using a filter fluorometer. The filter fluorometer is an instrument 

that detects the presence of dye through fluorescence, using an ultraviolet light source, and a variety of 

filters which correspond to the adsorption and emission wavelengths of the dye. A filter fluorometer was 

selected for use as it is relatively quick and simple to use and produces dependable results. During the 

tracer test, grab samples will be obtained directly from the wells/seeps monitored, using bailers for wells 

and glass bottles/vials for seeps. Sample preparation and equipment preparation (instrument calibration, 
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sample pH and turbidity adjustment) will take place in accordance with the analytical instrument 

manufacturer’s recommendations. Additionally, charcoal packets will be installed as part of the dye tracer 

study to detect possible releases which may be occurring not during the sampling period. 

Seep Sampling 

The collection of groundwater discharge (seeps) from the JILF is included as part of the ongoing offshore 

study to aid in the determination of nature and extent of contamination being released from the JILF 

(SWMU #8). Data from the offshore study will be incorporated/referenced to enhance the overall 

understanding of the site hydrogeology and the discharge of contaminants from the JILF into Clark’s Island 

Embayment. In addition, seeps emanating from the JILF will be observed at low tide and at a frequency 

of three times a week, preliminarily. Then three seeps will be selected for additional observation and 

sampling. Sampling will consist of field measurement of specific conductivity to evaluate salinity. No 

chemical analysis for seeps is planned; chemical analysis for seeps was included as part of the offshore 

study. 

Frequency for each of the three seeps will be one sample per hour for 1 day. However, seep sampling 

will only take place during groundwater discharge. Locations and relative flow rates of the seeps will be 

recorded to document any seep discharges from the landfill. 

2.14 SURVEYING 

Ir 

c 

J! 

Several points require surveying as follows: 

. Each of the 15 new monitoring wells 

. Two staff gauges; one at each of the ponds 

. Two tidal gauges; one at the DRMO and one at the JILF 

. Mercury Burial Site II location (if found) 

Surveyrng will be conducted using benchmarks established during the previous investigation. 

v 

I 

v 
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3.0 SAMPLE ANALYSIS 

Samples collected at NSY Portsmouth will be submitted to the subcontracted Laboratory for the analyses 

presented in Table l-l. 
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4.0 EQUIPMENT DECONTAMINATION 

The equipment involved in the field activities will be decontaminated prior to and during drilling and 

sampling activities. This equipment includes drilling rigs, downhole tools, well casing and screens, 

backhoe buckets, and soil and water sampling equipment. 

4.1 MAJOR EQUIPMENT 

All downhole drilling equipment, including downhole drilling tools shall be steam cleaned prior to beginning 

work, between boreholes, any time the drilling rig leaves the drill site prior to completing a boring, and at 

the conclusion of the drilling program. 

Well casings and screens shall be steam cleaned prior to being installed into the borings. The backhoe 

bucket shall also be steam cleaned between digging each pit. 

These operations will consist of washing equipment using high-pressure steam wash from a potable water 

supply. All decontamination activities will take place at a predetermined area designated by the field 

representative Additional requirements for drilling equipment decontamination can be found in SOP 

GH-1.6, attached in Appendix E. 

4.2 SAMPLING EQUIPMENT 

All equipment such as trowels and nondedicated bailers will be decontaminated both prior to beginning 

field sampling and between samples. The followrng steps will be taken: 

. Tap water rinse 

. Tap water and Alconox detergent wash 

. Reagent Grade II water rinse 

. lsopropanol rinse 

. Reagent Grade II water rinse 

. Air Dry 

. Wrap in aluminum foil until used 

Additional requirements for sampling equipment decontamination can be found in SOP SF-2.3, attached 

in Appendix E. 

m 
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Field analytical equipment such as pH, conductivity and temperature instrument probes will be rinsed first 

with tap water, then with Reagent Grade II water, and finally with the sample liquid. 
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5.0 RESIDUE MANAGEMENT 

w* 

I 

Five types of potentially contaminated residues are expected to be generated during this field investigation, 

namely Personal Protective Equipment (PPE), drill rig decontamination fluids, sampling equipment 

decontamination fluids, auger soil cuttings, and purge and development waters. Based on the activities 

and types of contaminants present, none of these residues are expected to represent a significant risk to 

human health or the environment if properly managed. Planned management of each of these residues 

is provided below. 

PPJ - PPE will be placed in the trash receptacles at the facility. 

Drill Ris Decontamination Fluids - Drill rig decontamination fluids will be containerized in 55gallon drums 

(as per DOT specification 17-C) and stored at a designated location specified by NSY Portsmouth 

personnel. Pending the results of the RFI testing, these decontamination fluids will be properly disposed 

of by the base. 

Samplinq Equipment Decontamination Fluids - Equipment decontamination fluids will be containerized and 

handled with the drill rig decontamination fluids. 

Auqer Soil Cuttinqs - Contaminated auger soil cuttings, as determined by visual observation and field 

screening with an HNu/OVA, will be containerized in 55-gallon drums (as per DOT specification 17-C). 

Drums WIII be provided by NSY Portsmouth. Non-contaminated soil cuttings will be spread on the ground 

near the point of origin 

Purqe and Development Water - Contaminated groundwater, as determined by visual observation and field 

screening with an HNuIOVA, which is generated during monitoring well development and sampling 

activities will be containerized with the drill rig decontamination fluids. Drums will be provided by NSY 

Portsmouth. Non-contaminated groundwater will be released to the ground near the point of origin. 

w 
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1 .O PROJECT DESCRIPTION 

As requested by the U.S. Navy, Halliburton NUS has prepared this Quality Assurance Project Plan (QAPP) 

for a RCRA Facility Investigation (RFI) at the Portsmouth Naval Shipyard (NSY Portsmouth), Kittery. 

Maine. The scope of work for this project includes multiple activities at several sites within NSY 

Portsmouth as summarized in Section 1 of the Work Plan. A detailed description of the RFI data gaps and 

proposed response IS detailed in Sectron 3 of the Work Plan. 

Halliburton NUS has establrshed quality assurance/quality control (QAQC) measures and a program to 

ensure that these measures are applied to the collection and interpretation of all environmental data at the 

faclllty The QAPP IS designed to assure that the precision, accuracy, representativeness. comparabilrty, 

and completeness (the PARCC parameters) of the data are known, documented, and adequate to sat@ 

the data quality objectives of the study. 

This plan represents the policres. organrzahon. objectives, data collectron actrvittes. and QAIQC activities 

that WIII be utrllzed to ensure that all data collected during. and reported by, this study are representative 

of exlstlng conditions This QAPP IS In compliance with NEESA guidance provided in the document titled 

Sampllnq and Chemical Analysis Quality Assurance Requrrements for the Navy Installahon Restoration 

Proqram NEESA 20 2-0478, Naval Energy and Envrronmental Support ActMy. Port Hueneme. Calrfornra 

93043 Chemical analyses WIII be conducted by a laboratory subcontractor The laboratory WIII be NEESA 

certified and have site-specific Navy approval PACE Laboratories New England has been selected to 

perform tne analytlcal work and has received site-specific NEESA approval QA/QC procedures for the 

chemlza anatvses will satisfy NEESA requirements for Level C and D QC Level D QA/QC WIII be applied 

for the TCL organlcs and TAL lnorganlcs analysts Level C QA/QC will be applied for quick-turnaround 

mercury analysts and for water qualrty parameters (I e tritlum chloride sulfate carbonatelbrcarbonate. 

salrnrty and gasollnelfuel 011 
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2.0 SCOPE OF WORK 

The RFI to be performed at NSY Portsmouth will be implemented to obtain representative hydrogeologrc 

and environmental data of sufficient quality to refine the conditions at the Portsmouth facility. These data 

will be used to evaluate the nature and extent of potential contamination and refine the potential method 

of remediatlon. 

The purpose of the RFI as well as a summary of the proposed investigative activities are presented in 

Sectron 1 of the Work Plan. Background information such as location and description of the project sites, 

physlography. and site histones are presented In Section 2 of the Work Plan. Section 3 of the Work Plan 

identifies the existing data gaps, proposed response, investigative summary, and investigative ratronale. 

Section 4 descrtbes the project management structure and schedule. 

Details of the tnvestrgatron, such as the technrcal approach, selection of drillrng locatlons. and sample 

collectron actrvrttes. are found rn Field Sampling Plan (FSP), attached as Appendix A of the Work Plan 

This QAPP IS Appendix B of the Work Plan The Health and Safety Plan (HASP) IS attached as 

Appendrx C Field forms to be used dunng the RFI actrvltles are Included as Appendix D. and the 

Standard Operating Procedures (SOPS) to support the investigative activtties are attached as 

Appendix E The QAPP for PACE Laboratories New England IS provrded as Appendix F 
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3.0 SAMPLE MATRICES, PARAMETERS, AND FREQUENCY COLLECTION 

As part of the proposed RFI activities, environmental samples will be collected from the following matrices 

soil, groundwater, surface water, and sediment. 

A listing of the sample matrices, parameters, and frequency of collection is found in Table 3-l. Sampling 

protocols to be used in this study are provided in Section 6.0 of this QAPP. Environmental samples to be 

submitted for laboratory analysrs include the following: 

SOIL 

TCL Volatiles (plus Freon), TCL Semlvolatiles. TCL PesticidesIPCBs, TAL Metals, Mercury 

GROUNDWATER 

TCL Volatiles (plus Freon), TCL Semrvolatlles, TAL Metals (total and dissolved), TCL 

PestlcldeslPCBs. Lead (total and dissolved), Tntlum. Chloride, SO,, COJHCO,, Sallnlty. TPH 

(Gasoltne Range). TPH (Diesel Range) 

SURFACE WATER 

TCL Volatrles TCL Semrvolatrles TAL Metals (total and dissolved). Chloride. SO,. COJHCO,. 

Saltnrty 

SEDIMENT 

TCL Volatlles TCL Semrvolatrles TAL Metals 

In addition Table 3-2 presents the sample contarners preservatron requirements volume requirements 

and allowable holding times for all analyses requested for the RFI activities at NSY Portsmouth 

B-3 



TABLE 3-l 
ANALYTICAL PROGRAM 

NSY PORTSMOUTH 
KiTTERY, MAINE 

Media Analysis Method No Trip Rinsate Field Duplicate”’ Total 
Samples Blank”’ Blank”’ Blank”’ Samples 

TCI. volallles plus freon CLP OLMOI q 20 5 5 2 2 34 

TCL seml.volatlles CLP OLMOI f3 19 4 2 2 27 

TCL peskidesl PCBs CLP OLMOl R 5 2 2 1 10 

TAL melals’5’ (Total) CLP ILM03 0 17 4 2 2 25 

TAL metals”’ (Dissolved) CLP ILM03 0 17 4 2 23 

Groundwaler Lead”’ (Total) CLP 0 ILMO3 1 1 2 1 5 

Lead &’ (Dissolved) CLP ILM03 0 1 1 1 3 

Trlbum EPA 906 0 32 4 36 

Chlonde IPA 3252 14 2 16 

so, EPA 375 4 14 2 16 

CO,IHCO 1 SM 403 14 2 16 

Sallnlly ALPHA 25208 14 2 16 

TPH (Gasolme range) Modified SW 20 2 22 
846180 15 

TPH (Diesel Range) Modified SW 20 2 22 
84618 100 

TCL volatlles CLP OLMOl 8 4 1 1 1 7 
Surface Water 

TCL semi-volatlles CLP OLMOl 8 4 1 1 6 

TAL metals’5’ (Total) CLP ILM03 0 4 1 1 6 

TAL melals”’ (Dissolved) CLP lLM03 0 4 1 1 6 

Chloride EPA 325 2 4 1 5 

so, EPA 375 4 4 1 5 

CO,KO, SM 403 4 1 5 

Salinity ALPHA 25208 4 1 5 

a ’ I I I i I 1 .’ a rl i a II Jc I 1 a 



TABLE 3-1 
ANALYTICAL PROGRAM 
PORTSMOUTH NSY 
KITTERY, MAINE 
PAGE 2 

Media 

Sediment 

Sod 

Analysis 

TCL volalhles 

TCL semr.volalrles 

TAL metals 

TCL volatrles plus freon 

TCL semt-volatrles 

TAL metals 

TCL PeslrcrdeslPCBs 

Mercurv “I 

Trip Blanks - Samples whtch ongrnale from analyte free waler taken from the laboratory to the sampling site and returned to the laboratory with the volatile organic (VOA) 

samples One trap blank per each cooler contarnrng VOAs 

(2) Rinsate Blank - Samples obtained by pourrng analyte.free waler over sample collectron equipment (bailer, etc.) after decontamination. Assesses the effectiveness of field 
decontaminatton procedure Obtarned at a frequency of 1 /day/rnedra/analysrs Number of samples reflects the number of actual laboratory analyses performed. Only 
samples from every other day WIII be analyzed 

(3) Field Blank - Samples conststtng of the source water used rn (1) steam cleanrng and/or (2) decontamination. Obtained at a frequency of l/event/media. 

(4) Duplicates - A single sample splrt rnto hvo portrons dunng a srngle act of sampling Assess the overall precision of the sampling and analysis program. Obtained at a 
frequency of 10 percent of the number of samples 

(5) Total Metals - For the determrnatron of total metals the sample IS not filtered before acidificabon 

(6) Dissolved Metals - For the determtnalron of drssolved metals the sample IS filtered to 0 45~ before acidification 

(7) Quick turnaround analysis for mercury 



m 
tn 

8 

TABLE 3-2 
SAMPLE CONTAINERS, PRESERVATION METHODS, AND HOLDING TIMES 

NSY PORTSMOUTH 
KITTERY, MAINE 

Method Parameter 

GROUNDWATER 

CLP OLM01.8 TCL Volatlles Glass, Teflon Itned septa (2) 40 ml 

CLP OLMOl.8 TCL Semi volarlles Glass, Teflon Ilned septum 2,500 ml 

CLP OLM01.8 PestIcidesI PCf3s Glass, Teflon lined septum 4 liter Cool, 4 c 

CLP ILM03.0 TAL Metals tTolal1 Plnsrlc, glass 1 liter 4 C; HNO, to 
pH < 2 

CLP ILM03.0 TAL Metals 
(Dissolved) 

Plastic. glass 1 liter 

CLP ILM03.0 Lead (Total) Plastic 1 liter 

CLP ILM03.0 Lead (DIssolvedI Plasrtc 1 liter 

I I I 

EPA 906.0 

EPA 325.2 

EPA 375.4 

SM 403 

Trltiurn 

Chloride 

so4 

CO,/HCO, 

Plastic 1 liter 

Plastic, glass 50 ml 

Plastic, glass 50 ml 

Plastic 1 liter 

ALPHA 25208 Salinity Wide morlrh glass jar 240 ml 
with Teflon lined lid 

Modified SW 
04618015 

TPH (Gasoline Range) Glass (31 40 ml 

Preservation 

4 C; 4 drops 
HCI, pH < 2 

Cool, 4 c 

4 C; HNO, to 
pH < 2 

4 C; HNO, to 
pH < 2 

4 C; HNO, to 
pH < 2 

None required 

None required 

Cool. 4 c 

Cool, 4 c 

Cool, 4 c 

4 C; HCI to pH 
<2 

!I rid c 

14 days I 20 

6 months+ 

I 

17 

6 months” 17 

6 months 1 

ti 

z 
14 days 20 
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TABLE 3-2 
SAMPLE CONTAINERS, PRESERVATION METHODS, AND HOLDING TIMES 
PORTSMOUTH NSY 
KITTERY, MAINE 
PAGE 2 

Method Parameter 

Modified SW TPH (Dtesel Range) 
84618 100 

SURFACE WATER 

Contatner Material 

Glass 

Sample 
Volume 

1 liter 

Preservation 

Cool, 4 c 

Holding 
Time 

Extract 14 days 
Analyze 40 days 

No. of 
Samples 

(aI 

20 

CLP OLMOl.8 TCL Volatiles Glass, Teflon lrned (2) 40 ml 4 C; 4 drops 14 days 4 
scpla HCI, pH < 2 

CLP OLMOl.8 TCL Scrnr vola~rlcs Glass, Tellor) lrned 2,500 ml Cool, 4 c Extract 7 days; 4 
septum Analyze 40 days 

CLP ILM03.0 TAL Metals ITotal) Plastrc, glass 1 liter Cool, 4 c 6 months* 4 

CLP ILM03.0 TAL Metals Plastrc, glass 1 liter Cool, 4 c 6 months’ 4 
(Dissolved) 

EPA 325.2 Chlorrde Plastic, glass 50 ml None required 28 days 4 

EPA 375.4 so4 Plastrc, glass 50 ml Cool, 4 c 28 days 4 

SM 403 COJHCO, Plastic 1 liter Cool, 4 c 14 days 4 

ALPHA 2520B Salinity Wade mo~ttl glass jar 240 ml Cool, 4 c 7 days 4 
wrth Teflon lrned Ird 

SEDIMENT 

CLP OLM01.8 TCL Volatrles Wide rrIOlJ!h arnber 120 ml Cool, 4 c 14 days 4 
glass far wtth Teflon (4 oz.) 
ltned Ird 

CLP OLM01.8 TCL Semi-volatrles Wrde.morJth amber 120 ml Cool, 4 c Extract 7 days; 4 
glass far with Teflon (4 oz.) Analyze 40 days 
lined IId 



TABLE 3-2 
SAMPLE CONTAINERS, PRESERVATION METHODS, AND HOLDING TIMES 
PORTSMOUTH NSY 
KITTERY, MAINE 
PAGE 3 

l 

(a) 

Method Parameter Container Material Sample Preservation Holding No. of 
Volume Time Samples 

(al 

CLP ILM03.0 TAL Metals Wrde fllOlJ~h glass jar 240 ml Cool, 4 c 6 months* 4 
(8 oz.) 

SOIL 

CLP OLMOl.8 TCL Volatrles Wade rllOlJ~~1 glaSS far 240 ml Cool, 4 c 14 days 35 
with Tcflorl Ilrled Itd (8 oz.) 

CLP OLM01.8 TCL Sernr vola~~lcs wide fllOlJ!ll CjlaSS jar 240 ml Cool, 4 c Extract 7 days; 35 
with Teflon llricd Itd 18 oz.) Analyze 40 days 

CLP OLMO 1.8 TCL Pesticides/ PCBq Wide mo~rth glass lar with 240 ml 18 oz.) Cool, 4 c Extract 7 days; 23 
Teflon ltrred Ild Analyze 40 days 

CLP ILM03.0 TAL Metals Wrde.mouth glass far 240 ml Cool, 4 c 6 months* 35 
(8 oz.) 

CLP ILM03.0 Mercury (Clurck turn Wrde mouth glass jar 120 ml Cool, 4 c 28 days 35 
around analysrsl (4 oz.) 

Except for mercury which has a 28 day holdrrig trrrle 

Excludes field and laboratory QAtQC samples Rr!fcr lo Table 3 1 for field QA/QC samples. 

8 ! J8 8 8 8 8 I 8 8 8 2 8 



4.0 PROJECT ORGANIZATION AND RESPONSIBILITIES 

Halliburton NUS will be responsible for the overall management of the project, including the field inspection 

and implementation of all drilling and sampling activities. Personnel from Navy will be actively involved 

in the investigation and will coordinate with personnel from Halliburton NUS in a number of areas. 

4.1 PROJECT ORGANIZATION 

The key firms and personnel involved in the investigation, as well as the chain of communication and 

responsibility of the project personnel, are as follows: 

The Navy Remedial Project Manager (RPM) IS 

Lt. Jrm Conroy. Remedial Project Manager 
Northern Drvrsron 
Naval Facilities Engrneenng Command 
10 lndustnal Highway. Marl Stop #82 
Lester, PA 19113 
Phone (215) 5950567 
Fax (215) 5950555 

The NSY Portsmouth Point of Contact IS 

Jim Tayon EnvIronmental Engineer 
Portsmouth Naval Shrpyard 
Ponsmouth NH 03801-2032 
Attn Code 121 5 
Pnone (207) 4383832 
Fax 120;) 438-1535 

Dunng fIeldwork all deliverables should be marled to the followtng address 

Dennis Gagnon TSD 
BulldIng 313 
Portsmouth Naval Shtpyard 
Portsmouth NH 03801-2032 
Phone (207) 438-2558 

Hallrburton NUS personnel are as follows 

Halliburton NUS Corporation 
Foster Plaza 7 
661 Andersen Dnve 
Pittsburgh. PennsylvanIa 15220 
(412) 921-7090 

B-9 



Linda Klink 
Project Manager 

Debra Scheib 
Quality Assurance/Quality Control 

Matt Soltis 
Health and Safety Manager 

John Trepanowski 
Program Manager 
993 Old Eagle School Road, Suite 415 

Wayne, Pennsylvania 19087-l 710 

The Project Manager has the pnmary responsibility for project and technical management of this project. 

She IS responsrble for the coordrnatron of all onsite personnel, and for providing technical assistance for 

all actwrtres that are directly related to the determinatron of the hydrogeologic condrtions and the 

environmental quality of the sate The revrew of all environmental and hydrogeologrc data will also be 

conducted by the Project Manager If quality assurance problems or deficiencies requrnng special action 

are identified the Project Manager and project QA/QC advisor WIII identify the appropriate correctrve 

actlon 

4.2 FIELD ORGANIZATION 

The Halllbunon NUS field rnvestigation team WIII be organized according to the activltres planned For 

onslte SatTVhng the sampling team members WIII be selected basea upon the type and extent of effort 

rewfe:: The learn ~~‘111 CcnsE.! of a combtnatlon o! the foliowlng personnel 

. field Team Leader (FTL) 

. Fleid hydrogeologlsVgeologIsr 

. Health and Safety speclalw 

The FTL wdl be responsible for the coordlnatlon of all onsrte personnel and for provrdlng technlcal 

assistance wnen required The FTL or hts or her desgnee wdl coordinate and be present dunng all 

sampling actlvitles and will assure the availablllty and matntenance of all sampling materials/equipment 

The FTL will be responsible for the completion of all sampling, well constructlon. and chain-of-custody 

documentation. and will assume custody of all samples and ensure the proper handlrng and shlpping of 

samples 

I 
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The FTL will also be responsible for providing technical supervision of the drilling subcontractor and for 

maintaining a geologic log of all borings drilled. Copies of the forms to be used in this investigation are 

provided as Appendix D. 

The QA Manager, although not formally part of the field team, will be responsible for the adherence of all 

guidelines as defined in this QAPP. Stnct adherence to these procedures is critical to the collectron of 

acceptable and representattve data 

A site safety officer will be designated pnor to field activities and will be responsible for assunng that all 

team members adhere to the designated health and safety requirements. 
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5.0 QUALITY ASSURANCE OBJECTIVES 

The overall QA objective is to develop and implement procedures for field sampling, chain-of-custody, 

laboratory analysis, and reporting that will provide environmental monitoring data of known and acceptable 

quality. Specific procedures to be used for samplrng, chain-of-custody, calibratron of field instruments, 

laboratory anaiysis. reporting, internal quality control, audits, preventative maintenance, and corrective 

actions are described in later sections of this QAPP. The purpose of this section is to address the data 

quality objectives In terms of the (PARCC) parameters, quantitation and detection limrts, field blanks. 

nnsate blanks. duplicates, and bottleware cleanlrness. 

5.1 DATA QUALITY OBJECTIVES 

Data Quality Objectives (DQOs) are qualitative and/or quantitative statements regarding the quality of data 

needed to support the field actrvities. The sampling rationale provided in the Work Plan explains the 

choice of sample locations and media which will supply information needed for the site Investigation. 

5.2 PARCC PARAMETERS 

The qualtty of data set IS measured by certain charactenstrcs of the data, namely the PARCC parameters 

Some of the parameters are expressed quantrtatrvely while others are expressed qualrtatrvely The 

objectrves of the rnvestrgatron and the Intended use of the data define the PARCC goals 

5.2.1 Precision 

Precrsion characterizes the amount of varrabrlrty and bras Inherent In a data set Precrson descrrbes the 

reproducrbrlrty of measurements of the same parameter for a sample under the same or srmilar condrtrons 

Precrsion IS expressed as a range (the difference between two measurements of the same parameter) or 

as a relative percent difference (the range relative to the mean, expressed as a percent) Range and 

Relative Percent Difference (RPD) values are calculated as follows 

Range = OR - OR 

RPD : x&2- x 100% 
l/2 (OR + D/?) 
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where OR = ongIna\ sample result 
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DR = duplicate sample result 

The internal laboratory control limits for precision are three times the standard deviation of a series of RPD 

or range values. RPD values may be calculated for both laboratory and field duplicates, and can be 

compared to the control limits as a QA check. Laboratory duplicates will be analyzed at the rate required 

by NEESA Field duplicates will be collected for 10 percent of all samples collected. 

5.2.2 Accuracy 

Accuracy IS the comparison between expenmental and known or calculated values expressed as a percent 

recovery (%R) Percent recovenes are derived from analysis of standards spiked Into deronrzed water 

(standard recovery) or Into actual samples (matnx spike or surrogate spike recovery). Recovery IS 

calculated as follows: 

% R = E/T x 100% 

where E = expenmental result 

T = true value (theoretical result) 

and 

T @ample Aliquoi) (Sample Cont.) - (Spike Aliquor) (Spike Cont.) 
Sample Ahguot - Spike Aliquot 

Control Imll5 for ax uracy are set at the mean plus or minus three times the standard devlatlon of a senes 

or %R vaiues 

Accuracy for aqueous and solid samples WIII be evaluated by use of surrogate and matnx spikes Out-of- 

cntena results will be reviewed for data applrcabllrty as a part of data validation 

5.2.3 Representativeness 

All data ootalned should be representative of actual condltlons at the sampltng locatlon The Work Plan 

IS designed so that the samples taken WIII present an accurate representation of actual site condrtrons 

The ratlonales discussed In the Work Plan and QAPP are desrgned to ensure thts All samplrng activities 

will conform to the protocols given In Section 6.0 of this QAPP The use of NEESA approved analytical 
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protocols and data deliverables will ensure that analytical results and deliverables are representative, and 

both consistently performed and reported. 

5.2.4 Comparabilitv 

Comparability will be achieved by utilizing standardized sampling and analysis methods and data reporting 

format Both analytical procedures and sample collection techniques will maximize the comparability of 

this new data to previous data. AdditIonally, consideration will be given to seasonal conditions and other 

envlronmental conditions that could Influence analytical results. 

52.5 Completeness 

Completeness IS a measure of the amount of valid data obtained from the measurement program, 

compared to the total amount collected For relatively clean, homogeneous matrices. 100 percent 

completeness IS expected However, as matnx complexity and heterogenicity increase, completeness may 

decrease Where analysis is precluded or where DQOs are compromised. effects on the overall 

investlgatlon must be considered Whether any particular sample IS crttlcal to the lnvestigatlon will be 

evaluated in terms of the sample location. the parameter in question. the Intended data use and the risk 

associated with the error 

CrItIcal data points may not be evaluated until all the analytical results are evaluat&d If in the evaluation 

of results It becomes apparent that the data for a specific medium are of InsuffIcIent quallty (95 percent). 

either wi:n respez! to the number of samples or an indlviduai analysis resampllng of the deficient data 

points may De necessary 

5.3 FIELD BLANKS 

Field blanks are obtained by samplrng the waterlsl used rn decontaminatron during the field investigatton 

actlvlfles Samples c0nsE.t of the source water used In (1) steam cleaning of large equlpment and 

(2) analyte-free water used for decontamlnatlon of sampling equipment Field blanks wtll be used to 

conflrm the effectiveness of decontamination procedures and to determine if the analyte-free water or the 

potable water (used for steam cleaning) may be contributing to sample contaminatton Field blanks WIII 

be collected for each type of water used for decontamination and will be submitted at a frequency of one 

per sampling event Field blanks will be obtained dunng the first week of the sampling actlvitles 
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5.4 RINSATE BLANKS 

Equipment rinsate blanks are obtained under representative field conditions by running analyte-free water 

through sample collection equipment (bailer, split-spoon, corer, etc.) after decontamination and placing it 

in the appropriate sample containers for analysis. 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 

However, only every other day’s samples will be analyzed, unless positive detections are recorded in the 

prior rinsate blank. For dedicated or precleaned equipment, rinsate blanks will be collected and analyzed 

at a frequency of one per lot for a specific equipment type. It will be the responstbility of the FTL to 

communicate to the laboratory whether an equipment blank is, or is not, to be analyzed as stated above. 

5.5 FIELD DUPLICATES 

Field duplicates are two samples collected. (1) Independently at a sampling locatlon In the case of 

groundwater or surface water. or (2) a single sample split into two portions in the case of soil or sediment. 

Duplicates are obtatned dunng a single act of sampling and are used to assess the overall preclston of 

the sampling and analysis program Ten percent of all samples for each media shall be field duplicates 

Duplicates shall be analyzed for the same parameters In the laboratory and WIII be labeled so as to make 

the IdentIty of the duplicate unknown to the laboratory 

5.6 TRIP BLANKS 

Trrp blanks are samples which orIgInate from analyte-free water taken from the laboratory to the sampling 

ste and returned to the laboratory with the volatile organic analysts (VOA) samples (such as TCL volatlles 

or BTEXJ One trip blank will be collected per each cooler containing VOAs Trip blanks are only 

analyzed for the volattle constituents that are being shipped in a given cooler 

5.7 BO’ITLE WARE 

NEESA requires speclflc bottleware cleaning procedures Precleaned. certified-clean. bottles will be used 

at the NSY Portsmouth Site Precleaned bottles WIII be provided by the subcontracted laboratory who will 

also be responstble for provldtng the required certlflcatlon All bottles must meet ICHEM Series 300 

cleanliness criteria or equivalent 
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6.0 SAMPLING PROCEDURES 

6.1 SITE BACKGROUND 

Site specific background information is provided In Section 2.0 of the Work Plan 

6.2 SAMPLING OBJECTIVES 

The overall objective of the RFI will be to refine the extent of contamination and fill existing data gaps that 

exist at the NSY Portsmouth. The data collected will also be used to assess potentral migration pathways 

as well as vertical and horizontal extent of contamination and recommend potential remediatlon strategies 

A detalled discussion of the existing data gaps and sampling objectives is presented in Sectjon 3 of the 

Work Plan. 

6.3 SAMPLE LOCATION AND FREQUENCY 

Sod. groundwater surface water and sediment samples will be collected dunng the RFI field activities 

These samples WIII be analyzed in accordance with NEESA methodology for those compounds and 

analytes tdentlfted In Section 3 0 of this QAPP A list of the analyses, field OC samples. analytical method. 

containers preservatives volume requirements and holding times are provided in Tables 3-l and 3-2 of 

this QAPP 

The samDllng o’ogram consists of seven lnvestigatlve actlvlttes These activittes are as follows and are 

descrtbea IP, aetal, in Secrtons 3 0 of the Work Plan and in The Ftelo Sampling Plan attached as 

Append,la A 

. Monitoring Well Installation and Sampling 

. Surface Water and Sediment Sampling 

. Subsurface So11 Sampling 

. Test Pit Excavation and Sampling 

. So11 Gas Sampling 
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6.4 SAMPLE DESIGNATION 

Each sample collected will be assigned a unique sample tracking number. The sample tracking number 

will consist of a two-segment, alpha-numeric code that identifies the sample medium and location and 

sample round identifier (in the case of groundwater samples). 

Any other pertinent information regarding sample identification will be recorded in the field log books. 

The alpha-numenc codrng to be used in the sample system is explained in the diagram and the 

subsequent definitions. 

(AAAA[N]) - (AANN) - 

(Site ID) (Location) 

(AANN) 

(Medium & Round Identifier) 

Character Type 

A = 

N = 

Site ID 

JILF = 

MBSl = 

MBS2 = 

DI = 

SI = 

FA = 

DRMO = 

WOT = 

Sample Locarlon 

Alpha 

Numeric 

Jamaica Island Landhll 

Mercury Burral Site 1 

Mercury Burial Site 2 

Dennett s Island 

Seavy Island 

FIII Area 

DRMO Facrllty 

Former Waste 011 Tanks 

Groundwater sample = Monrtonng well number 

Surface water sample = Sample location number 

Sediment sample = Sample location number 

So11 sample = Soil boring number 

B-17 
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Medium: 

GW = 

SW = 

SD = 

so = 

Groundwater from monitoring well 

Surface water 

Sediment 

Soil 

Sample Round Identifier: 

For all samples = sampling round (this will be round 06) 

For example, a groundwater sample collected dunng from monitoring well 13DB at Jamaica Island Land 

Fill would be designated as. JILF-13DB-GWO6 

Freld quality control (QC) samples will be designated using a different coding system. The QC code will 

consrst of a two-segment. alpha-numeric code that identifies the sample medium (for dupkates only), QC 

type, and date The same sample medium codes will be used as for the standard envrronmental samples 

(GW, SW. SD, and SO) The QC types are ldentlfled as: 

TB = Tnp Blanks 

FB = Field Blanks 

FD = Duplicates 

RB = Rtnsate Blanks 

Ma!nx Spke and Matnx Spike Duplicate (MSMSD) samples WIII be designated on the field documentation 

forms an3 sample labels MSMSDs are collecteo at a frequency of 1 per 20 samples per matrlx and 

double or triple volumes of sample are required MSlMSDs will be collected at the same locatton as the 

duplicates to provide a “blrnd” sample to the labOratOry 

For example a duplicate of a groundwater sample obtalned on July 6 1994 would be designated as 

GWFD-070694 

The sampling trme recorded on the chain-of-custody form for duplicate and matnx sprkelmatnx spike 

duplicate samples wrll be 00 00 so that the samples are “blind” to the laboratory Notes detailing the 

sample number, time. date, and type will be recorded In the field log book. 
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6.5 SAMPLE EQUIPMENT AND PROTOCOLS 

The sampling equipment and protocols to be used are presented in Appendix E of the Work Plan. 

6.6 SAMPLE HANDLING AND ANALYSIS 

Sample handlrng and analysis are presented in Sections 5.0, 6.0, and 7.0 of this QAIQC Plan 

6.7 EQUIPMENT DECONTAMINATION 

The equipment rnvolved in field sampling acttvitres will be decontaminated prior to and during drilling and 

sampling actrvitres This equtpment Includes drilling rigs, downhole tools, augers, well casing and screens, 

and all sampling equipment 

6.7.1 Major Equipment 

All downhole drilling equipment and sampling tools shall be steam cleaned prior to beginnIng work, 

between well borings. any time the drilling rig leaves the srte prior to completing a boring. and at the 

completion of the drilling program In addition well casing and screens shall be steam cleaned prior to 

being Installed Into the borings 

These decontamtnation operations will consist of washing the equipment using a high-pressure steam 

wash All aeco’ltam~nation activities will take place at a location determined during mobilization AddItIonal 

requtrements for arlllrng equipment decontamination can be found in Halltburton NUS SOP GH-1 6 

(Section 51 included in Appendix E 

6.7.2 Samphq Equipment 

All sampling equipment used for collecting samples wtll be decontaminated both prior to beginning field 

sampling and between samples The following decontamrnatron steps will be taken 

. Potable water rinse 

. Alconox or Lrqurnox detergent wash 

. Potable water rinse 

. Nltnc acrd rinse 
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. Analyte-free water rinse 

. Methanol rinse 

l Analyte-free water rinse 

. Air dry 
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7.0 SAMPLE CUSTODY 

Sample custody procedures are designed to provide documentation of preparation, handling, storage, and 

shipping of ail samples collected. An example of the chain-of-custody form, which will be used during thus 

investigation, is included in Appendix D of the Work Plan. A copy of the procedure IS included In 

Appendix E. 

Samples collected during the site investigation will be the responsibility of identified persons from the trme 

they are collected until they, or their derived data, are incorporated into the final report Stringent charn-of- 

custody procedures will be followed to document sample possession. 

7.1 FIELD CUSTODY 

. The FTL. or his or her designee, is responsible for the care and custody of the samples 

collected until they are delrvered to the analyzing laboratory or entrusted to a carrier. 

. Sample logs or other records will always be srgned and dated 

. Chain-of-custody sample forms WIII be completed to the fullest extent possrble pnor to 

sample shipment They WIII Include the followtng rnformatlon project name, sample 

number. time collected, source of sample and locatron. descnptlon of sample locatlon. 

matrix type of sample. grab or composrte deslgnatron. preservative, and name of sampler 

lsee attached form) 

These forms WIII be fllled out In a legible manner, usrng waterproof Ink and WIII be signed 

by the sampler Srmrlar rnformatron WIII be provided on the sample label which WIII be 

securely attached to the sample bottle The label will also Include the general analyses 

to be conducted In additron sampling forms WIII be used to document collectlon. 

flItration. and preparation procedures Copies of all forms used dunng field activities are 

provided In Appendix D 

7.2 TRANSFER OF CUSTODY AND SHIPMENT 

The followlng procedures will be used when transfernng custody of samples: 
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. Samples will always be accompanied by a chain-of-custody record. When transferring 

samples, the individuals relinquishing and receiving them will sign, date, and note the time 

of the chain-of-custody record. This record documents the sample custody transfer from 

the sampler to the laboratory, often through another person or agency (common carrier) 

Upon arrival at the laboratory, internal sample custody procedures will be followed 

. Prior to shipment to the laboratory for analysis, samples will be properly packaged 

Individual custody records will accompany each shipment. Shipping containers will then 

be sealed for shipment to the laboratory. The methods of shipment. couner name, and 

other pertinent information, WIII be entered in the remarks section of the custody record. 

. All shipments will be accompanied by the chain-of-custody record identifying the contents. 

The onginal record will accompany the shipment; and a copy will be retained by the field 

sampler 

. Proper documentation will be malntalned for shipments by common earner 

7.3 SAMPLE SHIPMENT PROCEDURES 

The followlng procedures WIII be followed when shlpplng samples for laboratory analysis 

. Samples requlrlng cooling to 4T WIII be promptly chllled with ice or Blue Ice and WIII be 

Packaged In an Insulated cooler for transport to the laboratory Ice will be sealed In 

coltalners to prevent leakage o! water Samples WIII no! be frozen 

. Only shipping containers thal meet all aopltcable state and Federal standards for safe 

snlpment WIII be used 

. ShIppIng containers will be sealed with nylon strapplng tape custody seals WIII be sgned 

dated and afflxed in a manner thar will allow the receiver to quickly Identify any 

tampering that may have occurred dunng transport to the laboratory 

. The field chain-of-custody document WIII be placed instde the shipping container in a 

sealed plastic envelope 
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. Shipment will be made by a public courier. After samples have been taken, they will be 

sent to the laboratory within 24 hours. 

7.4 FIELD DOCUMENTATION RESPONSIBILITIES 

It will be the responsibility of the FTL to secure all documents produced in the field (geologist’s dally logs. 

lithologic and sampling logs, calibration forms, communications) at the end of each work day A copy of 

all forms used during field actrvitres are included In Appendix D. Copies of all field notebooks will be 

forwarded to Rich Flni of Northern Division at the end of each month. 

The possession of all records will be documented; however, only the project FTL or designee may remove 

field data from the site for reduction and evaluation. 

7.5 LABORATORY SAMPLE CUSTODY 

To ensure the lntegnty of a sample from collection through analysis. it IS necessary to have an accurate, 

written record that traces the possessron and handling of the sample This documentation IS referred to 

as the sample chain-of-custody 

A sample IS under custody If 

. The sample IS rn the physrcal possesson of an authorized person 

. The sample IS in vrew of an authorized person after being In his/her possesson 

. The Sample IS placed ir: a secure area by an authorized person after being in his/her 

possession 

. The sample IS in a secure area restrlcted to authorized personnel only 

Sample custody during collection and shipping IS dIscussed In Section 5 3 of Halllburton NUS SOP SA-6 1 

Laboratory sample custody IS drscussed In the followq sectrons 
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7.51 Sample Receipt 

When samples are received, the shtpping manifest is signed and dated to acknowledge sample receipt 

The sample custodian must examine the shipping containers and verify that the correct number of 

containers was received. The shipping contarners are then opened and the enclosed sample paperwork 

is removed. Samples are removed from the shipping containers and the bottle condition must be noted 

The information on the chain-of-custody, the airbill, the containers, and the laboratory request IS reviewed 

to note any dtscrepancies. 

7.5.2 Sample Storaqe 

All samples recerved by the laboratory must be stored at 4°C until analysis. Laboratory holdrng times are 

specified by the contract and are presented in Table 3-2. 
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8.0 CALIBRATION PROCEDURES AND FREQUENCY 

Instrument used in the field and in the laboratory will be calibrated according to the procedures described 

below. Several monitonng instruments will be used during field activities, including: 

. Temperature probe 

. Specific conductance meter 

. pH meter 

. Electronic water-level meter 

. HNulOVA organic vapor detector 

. LELIO, exploslmeter 

. Turbldlty meter 

. Jerome mercury vapor analyzer 

. Flowmeter 

. Hexavalent chromium analyzer 

The electronic waler-level meter WI/I be calibrated pnor to field use and penodlcally at the dlscretlon of the 

Field Team Leader (FTL) The remaining Instruments will be calibrated dally or according to the 

manufacturers operating manual 

Callbratlon WIII be documented on an Equrpment Callbratlon Log (Appendix D) The SOP for calibration 

procedures IS Included In Appendix E During callbratlon an appropriate maintenance check WIII be 

performe5 or each piece of equtpment If damaged or defective parts are identified during the 

malnleqapce cnecc ant I* , IS aetermlned that the damage could have an Impact on the instruments 

performance me Instrument WIII be removed from setvlce until the defective parts are repaired or replaced 

Calibrallon of ecwpment at the analytical laborarory will comply with the specrfled analytical method 
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9.0 ANALYTICAL PROCEDURES 

Environmental samples collected during the field investigation for chemical analyses will be analyzed using 

the appropriate analytical procedures as outlined in Section 3.0 of this QAPP. 
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10.0 DATA REDUCTION, VALIDATION, AND REPORTING 

Data reduction, validation, and reporting are basic steps in the control and processing of field and 

laboratory project-generated data. Data validation procedures are described below. 

Data validation consists of a stringent review of an analytical chemical data package with respect to 

sample receipt and handling, analytical methods, data reporting and deliverables, and document control 

The quality of data generated by a laboratory is extremely important; it is an integral part of the 

investigation and should be clearly tied to the project goals. Data used to develop qualitatrve trends, for 

example, will not have the same data validation requirements as data used for litrgatron purposes. 

A qualified Halliburton NUS chemrst (or a qualified subcontracted data validation firm. if requested by the 

Navy) will review the analytical data packages using EPA procedures. One hundred percent of the total 

number of envlronmental samples will be validated. Data validation will not be conducted on common 

water quality parameters or other parameters such as salinity, and TPH (Gasoline and Diesel range) After 

the data IS validated. a Ming of non-conformities will be generated and used to determine whether the 

data can be utilized for its Intended purpose Non-conformities require data qualifiers, which are used to 

alert the data user to inaccurate or imprecise data for example, If holding times are exceeded, the data 

reviewer must qualify all positive results as estimated and all sample quantitatlon limits as estimated For 

srtuatrons in which there are several quality control cntena out of specificatron (with regard to the limits 

specified In the Sampling and Chemical Analysrs Quality Assurance Requirements for the Navy Installation 

RestoratIon Program NEESA 20 2-0478. June 1988). the data validator may make professlonal judgments 

and/or comments on the validity of the overall data package In situations where the validity of an entire 

data package IS In questron it may be necessary for the sample(s) to be re-analyzed The revrewer WIII 

then prepare a technlcal memorandum presentrng changes in the data. If necessary and the ratronale for 

makrng such changes 

The net result IS a data package that has been carefully revtewed for its adherence to prescribed 

requrrements and IS surtable for Its Intended use Data valrdatlon thus plays a major role tn determlnlng 

the confidence with which key technlcal evaluations may be made 

The final report WIII Include a data summary The summary of analytrcal data WIII exclude non-detected 

compounds No subtractlon of blanks will be allowed Data will be flagged if blank contamrnatlon occurs 

All data flags will follow the result in the summary 
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The laboratory data for each sample will be reported in an appendix. These data will be presented in a 

spreadsheet format with all field, and blanks marked. The format recommended by NEESA will be used 

Field logs and forms will be included in another appendix. 
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11.0 INTERNAL QUALITY CONTROL CHECKS 

Quality control samples generated by Halliburton NUS will include the collection of field duplicates, the 

preparation of field blanks, trip blanks, and the preparation of equipmentinnsate blanks. An approximate 

10 percent duplication (one per 10 samples or one per sample matrix if less than 10 samples) will be 

collected. See Table 3-l for the required number of sample duplicates. 

Trip blanks will be prepared on a one per day frequency. Rinsates, prepared by running drstllled water 

through the sampling equipment, will be analyzed to determine whether the sampling procedures may be 

braslng the data Field blanks will be prepared at a rate of one per source per event. Procedures for 

collecting these samples are contalned In the Section 6.0 of this QAKX Plan. 

There are two types of quallty assurance mechanisms used to ensure the productlon of analytlcal data of 

known and documented quality The internal quallty control procedures for the analytical services are 

speclhed under NEESA guldelines and Table 3-1 These specifications Include the types of control 

samples requtred (sample spikes. surrogate spikes. controls. and blanks), the frequency of each control, 

the compounds to be used for sample spikes and surrogate spikes. and the quality control acceptance 

crlterla It WIII be the laboratory’s responsibility to document, in each package, that both initial and ongoing 

Instrument and analytical QC criteria are met Thrs documentation WIII be included In the data packages 

generated by the contract laboratory 

Analytccal results of field-collected quality control samples will also be compared to acceptance crltena 

and documen!a!:on WIII be performed showing that critena have been met Any samples In 

nonconformance w::n the QC criteria wail be rdentbfled and reanalyzed by the laboratory if possible The 

following procedures WIII be employed for the samples 

Proper storage of samples 

Use of quaIlfled and/or certified technictans 

Use of calibrated equipment 

Formal Independent confirmation of all computation and reduction of laboratory data and 

results 

Use of standardized test procedures 

Inclusion of replicate samples at a frequency of one repkate per 10 samples or one per 

sample matrix if less than 10 samples are collected 
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12.0 PERFORMANCE AND SYSTEM AUDITS 

System audits will be performed as appropriate, to assure that the work is being implemented In 

accordance with the approved project SOPS and in an overall satisfactory manner. 

. The FTL will supervise and check on a daily basis that the monitonng wells are Installed 

and developed correctly, field measurements are made accurately, equrpment IS 

thoroughly decontaminated, samples are collected and handled properly, and the field 

work is accurately and neatly documented. 

. The data validator will review (on a timely basis) the data packages submitted by the 

laboratory. The data valrdator WIII check that the data was obtained through the approved 

methodology, that the appropriate level of QC effort and reporting was conducted, that 

holding times were met, and that the results are in conformance with the QC criteria On 

the basis of these factors, the data validator will evaluate the data quality and Iimrtatrons. 

. The project manager will oversee the FTL and data validator. and check that management 

of the acquired data proceeds in an organrzed and expeditious manner 

. System audits for the laboratory are conducted by NEESA on a regular basrs as required 

. A formal audit of the field samplrng procedures may be conducted In addrtron to the 

audmng that IS an Inherent pan of the dally project actlvrtres 

. The auditors will check that sample collectron. sample handlrng decontamrnatron 

protocols and Instrument calibratron and use are In accordance with the approved project 

SOPS The auditors WIII also check that the field documentation logs and charn-of-custody 

forms are being filled out properly 

The subcontracted analytical laboratory must be approved by NEESA. be elrgrble to perform the requrred 

analysrs under NEESA protocols, and must have sate-specrfrc approval pnor to commencement of work 
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13.0 PREVENTATIVE MAINTENANCE 

Halliburton NUS 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 equipment manager keeps an inventory of the equipment in terms of items (model 

and serial number) quantrty and condition Each item of equipment IS signed out when 

In use, and its operating condition and cleanliness checked upon return 

. The equipment manager conducts routine checks on the status of equipment and is 

responsible for the stocking of spare parts and equipment readiness. 

. The equipment manager maIntarns the equrpment manual library and trains field personnel 

In the proper use and care of equipment. 

. The FTL 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 Halllburton NUS SOPS before being taken to the job site 

and during field activities 
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14.0 DATA ASSESSMENT PROCEDURES 

14.1 REPRESENTATIVENESS,ACCURACY, AND PRECISION 

All data generated in the investigation will be assessed for its representativeness. accuracy, and precrsron. 

The completeness of the data will also be assessed by comparing the valid acquired data to the project 

objectives to see that these objectives are berng addressed and met. The specific procedures used to 

determine data precrsion, accuracy, and completeness will be provided in the analyttcal reports Accuracy 

will be determined using laboratory spiked samples and laboratory field blanks 

a 

1* 

I 

V 

I 

1, 

The representattveness of the data will be assessed by determining if the data are consistent with known 

or antrcrpated hydrogeologic or chemrcal conditrons and accepted principles. Field measurements will be 

checked for completeness of procedures and documentatron of procedures and results 

n 

V 

Prec\sron and accuracy WIII be determrned using replicate samples and blank and spiked samples, 

respectrvely The specrfrc procedures for determining PARCC parameters are outlined in Section 5 0 
I 

14.2 VALIDATION 

One hundrea percent of the analytrcal data packages for each media will be validated Data valrdation WIII 

not be conducted on common water qualrty parameters or other parameters such as salrnrty and TPH 

(Gasoline ano Diesel range) 

14.3 DATA EVALUATION 

The evaluation of the data collected dunng me flelcl investrgation will be a comparison of chemical 

concentrations In the hydraulrcally upgradlent groundwater well versus the chemical concentration In the 

downgraolent groundwater wells chemrcal concentrations In groundwater versus ARARs (such as the Safe 

Dnnkrng Water Act MCLs) and risk-based concentrations and chemical concentrations In SOIIS versus 

background and risk-based concentrations 

If downgradlent groundwater concentrations for contaminants of concern are statistIcally higher than that 

of the background well. this would indicate that the srte IS a source of the contamrnatron The conclusions 

of the data collected IS expected to either conclusively Indicate that the site IS. or IS not, causing 

groundwater contamination. or the data may be inconclusive and indicate that additional data collection 
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is required. Relatively conclusive data that the site is causing groundwater contamination would occur if 

there is a significant (one or more orders of magnitude) increase in contaminant concentrations from the 

upgradient wells to the downgradrent wells. If the contaminant concentrations are nearly identical (+/-25%) 

in the upgradient and downgradient wells, then this would indicate that the site is not causing the 

groundwater contamination. Otherwise, the data is inconclusive and additional rounds of groundwater 

sampling would be required to allow a statistical evaluation. 

The approach for evaluating concentrations In surface water, soils, and sediments IS similar to that for 

groundwater. The evaluation of the data collected during the field investigatron will be a statistical 

comparison of chemical concentrations in natural or background samples versus the chemical 

concentration III the onsite samples; and chemical concentrations in onsite media versus MCLs, action 

levels, and/or risk-based concentratrons. 
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15.0 CORRECTIVE ACTION 

The QA program will enable problems to be identified, controlled, and corrected. Potential problems may 

involve nonconformance with the SOPS and/or analytical procedures established for the project or other 

unforeseen difficulties. Any person identifying an unacceptable condition will notify the project manager 

The project manager, with the assistance of the project CWQC officer, will be responsible for developing 

and initiating appropriate corrective action and verifying that the correction action has been effective 

Corrective actions may include the followrng resamplrng and/or reanalysis of sample. amending or 

adjusting project procedures. If warranted by the severity of the problem (for example, if a change in the 

approved work plan IS required), the Navy WIII be notified in writing and their approval will be obtained prior 

to rmplementrng any change. Minor changes will be documented to the main file by the Hallrburton NUS 

project manager Additional work that IS dependent on a nonconforming activity will not be performed until 

the problem has been eliminated. 

The laboratory marntatns an Internal closed-loop corrective action system that operates under the direction 

of the laboratory QA coordinator 
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16.0 QUALITY ASSURANCE REPORTS 

The QA/QC advisor will review all aspects of the Implementation of the QA/QC Plan on a regular basrs 

and prepare a summary report. Also, monthly progress reports will be sent to NFESC’s subcontractor for 

QA/QC revrew. Reviews will be performed at the completion of each field activrty and reports will be 

completed at this time. These reports will include an assessment of data quality and the results of system 

and/or performance audits Any significant QA deficiencies will be reported and identified, and correctrve 

action possrbilitres discussed. The laboratory will issue monthly progress reports 

Other QAIQC reports are listed in Sectron 8.0 
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1.0 INTRODUCTION AND ORGANIZATION 

1.1 PURPOSE 

The purpose of this Health and Safety Plan (HASP) is to provide for the protection of personnel performing 

activities planned at the Portsmouth Naval Shipyard site in the Data Gap Remedial Field Investigation 

effort This HASP specifies personnel responsrbrlitres and restrictions, establishes requirements (such as 

the use of personal protective equipment. adherence to standard work practices. etc.). and the use of 

evaiuatron techniques that will be utilrzed (such as the use of real-time monltonng rnstrumentatron) 

throughout the planned site activities. 

This HASP has been prepared to satisfy the requirements of applicable OSHA standards, most specifically 

standard 29 CFR §I910 120, entitled “Hazardous Waste Operatrons and Emergency Response”. This 

HASP has been developed based on available information regarding potential chemical and physical 

hazards which may be encountered by field personnel during the performance of the planned site activities. 

If additIonal or revised information becomes available. this HASP will be modified accordingly It IS the 

responslblllty of the Halllburton NUS Project Manager to communicate any such lnformatton to the CLEAN 

Health and Safety Manager (HSM). Matthew M Soltrs. CSP. who will determrne any HASP modification 

needs 

1.2 KEY PROJECT PERSONNEL AND ORGANIZATION 

Key prolea personnel and their associated project posltlons (responslbllltles) Including Identifying safety 

and health responslblllt~es are ldentlfled In Figure l-l The Hallrbunon NUS Project Manager (PM) has 

overall responslblllty for the dIrectron and Implementatron of health and safety for this project The 

Hallibunon NUS Field Team Leader (FTL) IS responsible for the lmplementatlon of this HASP with 

technlcal assistance and support from the Site Safety Officer (SSO) The SSO IS the rndlvldual assigned 

the responslblllty of overseerng the lmplementatlon of this HASP throughout all site actlvltles and IS a 

member of the onsrte field team The Project Health and Safety Officer IS a member of the Halliburton 

NUS Health Sciences staff, and IS the pnmary contact for technrcal health and safety support for this 

project The CLEAN HSM IS responsrble for provrdlng health and safety technical oversight, review and 

approval duties for all CLEAN projects. and for monrtonng compliance with this HASP and the CLEAN 

Health and Safety Management Plan 
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1.3 SITE BACKGROUND 

A detailed discussion of the history and background of the Portsmouth Naval Shipyard, and of the 

individual site areas where work activities are planned to be performed under this project, IS presented in 

a previous section of this Work Plan, and is not repeated here. 
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FIGURE l-l 

KEY PROJECT PERSONNEL AND RESPONSIBILITIES 

NAME RESPONSIBILITY 

Linda E Kllnk 

Stan Contl 

Clyde Snyder 

Clyde Snyder 

TBA 

Matthew M Soltis. CSP 

Project Manager 

Field Team Leader 

Project Health and Safety Officer (HSO) 

Site Safety Officer (SSO) 

Field TechnicianslGeologlsts 

CLEAN Health and Safety Manager (HSM) 

TBA To be announced Assignments have not yet been made 
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2.0 SCOPE OF WORK 

Detailed discussions on the planned activities, methods, and equipment for this effort are presented in 

previous sections of this Work Plan. These are summarized as follows: 

l Task 1 Surveying, geophysrcs, and soil gas surveys 

l Task 2 Fieldwork at the two mercury burial sites, as follows: 

Subtask 2.1. Determine the location and condition of the Mercury Burial Site II 

Subtask 2.2: Excavation and soil sampling at Mercury Burial Site I 

Subtask 2.3 Containenzatron of suspected mercury contaminated soils 

l Task 3 Groundwater rnvestlgatlons 

l Task 4 Visual inspectlons for groundwater discharges from the JILF landfill 

l Task 5 Tidal study 

Each of theSe tasks have been considered to Identify potential hazards that may be posed to site 

personnel In tnelr performance The results of tnose conslderatlons are presented In the Risk Assessment 

sectlon ISectlon 3 01 of this HASP Additionally necessary evaluatron and control efforts for those 

ldentlfled Potent& hazards are also contalned In various sectlons of this HASP 
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3.0 RISK ASSESSMENT 

This section of this HASP presents information regarding the known and suspected chemical and physical 

hazards which may be encountered in, or associated with, the planned activities, schedules, and work 

areas as described in this HASP. This assessment is based on the information available at the time of 

the preparation of this HASP. If new or revised information becomes available, it will be promptly reviewed 

to determine any needs to modify this risk assessment. Hazard control measures are presented in 

followtng secttons of thus HASP. 

The types and degrees of potential hazards that may be presented to site personnel vary depending on 

factors such as the task to be performed, the locatron involved, climatic conditions, etc. The site tasks 

scheduled to take place In this project can generally be segregated into two categories: intrusive and 

nonrntrusrve The types and degrees of risks recognized in this project are more significant in regard to 

the rntruslve activrtres (I e. excavatrng. soil samplrng, well installation, etc.) rather than the nonintrusive 

operations (I e visual sate inspections, surveying activttres, etc.). 

The potential hazards recognized for the planned site activities are summarized and presented (by task) 

In section 3 1 of thts HASP In general, these potential hazards include personnel exposure to sate 

contaminants via lnhalatlon (gas/vapor or alrborne particulate form). dermal contact, and (to a much lesser 

extent) IngestIon Other hazards include those of a physlcal nature Each of two categories. chemrcal 

hazards and physcal hazards. IS presented in later subsectlons of this nsk assessment discussron 

3.1 TASK-SPECIFIC RISK ASSESSMENT 

In accordance with the requirements of OSHA standard 29 CFR 1910 120 (b) (4) (A). a task-specific risk 

assessment for the planned activities IS as follows 

Task 1 - Survevrnq Geophvslcs. and So11 Gas Surveys 

While these are separate and dlstlnct actlvltles. these three operattons have been grouped together In thus 

HASP for several reasons Frrst. they present mrntmal hazard potentials since they are nonlntrus\ve rn 



nature (although soil gas is somewhat intrusive, it is a swficial activity and not anticipated to present 

significant risks). Second, these tasks have also been grouped together as they are planned activities at 

several site areas. 

The performance of these activities has been assessed as presenting minimal hazard potentials to 

personnel If they must be performed concurrently with other tasks that involve more significant hazards, 

then the more restrictive controls and requirements will apply to persons performing these tasks as well 

Otherwise. minimal protective equipment WIN be required, consisting of standard field dress and nitrile 

gloves (whenever handling potentially-contaminated equipment or media such as soils, water, etc.), and 

observance of applicable standard work practices and other requirements specified in this HASP 

Task 2 - Field Work At the Two Mercury Bunal Sites 

Subtask 2 1 - The determlnatlon of the locatlon and condihon of Mercury Burial Site II IS one of the 

subtasks In thus effort Previous efforts have been unsuccessful in locating this site. Planned actrvities 

in this effort WIII ln(t(ally include performIng geophysrcs whrch present mInImal hazard potentials If these 

effons are unsuccessful. the alternate approach WIII be to excavate ditches In the suspected general 

locatlon to attemot to frnd the bunal site If this approach becomes necessary, more srgnlflcant hazard 

potent(als will be oresented In fact, even 11 the site can be located via geophysical techniques excavation 

will still be necessary to conflrm the locatlon and to obtain so11 samples Therefore, the hazards involved 

with excavallon actlvltles WIII be encountered in either event These potential hazards include encountering 

ana exDosure tc Slle COntamlnantS contact WI!~ unoerground or overhead energized sources and the 

hazaras Dresenlea witn operatmg heavy machinery 

In regard to addressing the potential for personnel lo be exposed to suspected contaminants at this site 

the ObviOuS contaminant of concern IS mercury To mlnlmlze this threat personnel WIII utrllze Level C 

prOteCt0n which will consist of respiratory protect!on (as described in the next sentence] full dermal 

prOteCtIOn lncludlng DrOteCtiVe COVeraIlS inner and outer chemical protective gloves and protective boot 

covers AddItIonally due to the reported use of tnls ste. and the identified concern for volatile mercury 

releases real-time monitonng for the early detection of mercury vapor emissions will be performed by the 

Site Safety Officer This will be accomplished usng a Jerome Model 411 Gold Film Mercury Vapor 

Analyzer This instrument will be operated In rts Survey mode on a penodlc basis during all nonintrusIve 

operations at the two mercury burial site locatlons. and on a continuous basis throughout all (ntruslve 
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activities at those two locations. It will be operated in a manner that concentrates on evaluating worker 

breathing zone areas. If any positive readings are noted through the use of this instrument in its Survey 

mode of operation, it will be switched to its Sample mode to obtain more accurate (yet slightly less timely) 

mercury vapor concentration readings. The use of this instrument, and correspondrng personnel response 

action levels that will be observed, are presented in detail in sectron 5.0 of this Health and Safety Plan. 

In addition to using this real-time monitoring instrumentation, samplrng personnel will wear full face air 

purifying respirators equipped with Mersorb H cartridges with calorimetric end-of-service life indicators 

If. during this task, the end-of-service life indicators on these cartridges change from an orange to a brown 

color. samplrng personnel will immediately evacuate the area to obtain new cartndges In such an 

instance. the Site Safety Officer will use the Jerome instrument to attempt to locate and quantify the 

possible emrssion source(s) that my be responsible for the cartridges’ response. Sampling efforts will not 

recommence until and unless the results of that real-time monitoring indicate that mercury concentrations 

are less than the achon levels specified In sectron 5 3 of thus Plan 

In regard to controlllng the potential hazards of contacting energized sources, this IS addressed in greater 

detail In section 3 3 of this risk assessment In regard to heavy machinery hazards. control efforts WIII 

Include the fOlIOWIng 

. Only tralned and quaIlfled persons WIII be permitted to operate Items of heavy equrpment 

. Al’ Dersonnel who are not necessary to the operation at hand WIII be restricted from areas 

Where heavy equipment IS In operation 

. The requirements of all OSHA General Industry and Constructlon industry standards 

applicable to the equipment or operallon wdl be observed 

. Items of heavy equipment WIII be Inspected lnltlally before use and periodlcally thereafter 

Any deflclencles found as a result of these InspectIons of identified by the operator during 

use will be rmmedrately addressed via either repair or taken out of service 

If neither of these approaches successfully locate this burial site. two downgradient monrtorrng wells WIII 

be Installed If this approach becomes necessary. the potentral hazards and correspondrng control efforts 
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for this task will be the same as those specified under Task 3 of this section. Also, if this drilling task is 

performed, it is anticipated that the personal protective equipment needs will be downgraded from Level 

C protection to Level D (no respiratory protection required), as defined for groundwater investigation 

activities in section 6.1.5 of this HASP. The use of respiratory protection in this task is not anticipated to 

be necessary, as readings and other information (i.e. end-of-service life indicators and real-time monitoring 

instrument readings) obtained during the excavation tasks are expected to demonstrate. However, as with 

other protective equipment modification determinations, it will be the responsibility of the SSO (with support 

from the HSO and the HSM) to determine any respiratory protection upgrading needs for this task 

Also. in this task. no personnel may enter any excavation that may be considered as a permit-required 

confined space as deflned in OSHA standard 29 CFR 1910.146. Further, entry Into any trench or 

excavation will be stnctly prohibited until and unless the excavation has been adequately prepared in 

regard to providing for easy and ready personal access/egress. proper angles of repose have been 

Incorporated for excavated material. proper shoring sloping procedures have been Implemented. and other 

applicable requirements of OSHA Construction Industry standards specified In 29 CFR 1926 Subpart P 

“Excavations” are properly complled with All excavation sites will be closely controlled to prevent 

I 

L 

I) 

unauthorized access This will include cordoning the area with barricades and appropriate signage 
rrJ 

Any excavations present at the end of a work shift must be clearly marked and barricaded If at all 

POSSble excavations are to be covered at the end of each shift (e g placlng plywood or other suitable 

covers over lrencnes etc ) 

I 

In regar3 lo samoitng actlvllles wherever POSSible samples are 10 be taken In a manner that does not 

require entry IntO an eXCavatlOn (I e out of the bucket of the excavation vehicle) However lr IS expected 

‘I 

II 
that cenam activmes will require personnel entry into excavations When this IS necessary then the 

specifications of all of the above-referenCed requirements WIII be observed as mInImum requirements 

However absolutely no persons will be permitted to be in an excavation while excavation actlvltles are 

befng performed (e g while the back hoe or lrack hoe IS dtgglng) No exceptions to this restrcctlon WIII be 

permitted 

Subtask 2 2 - Excavation and so11 sampling at Mercury Bunal Site I IS the second subtask in this effort 

As the locatron of this site IS known the efforts speclfled under subtask 2 1 for locating this site will not 

be necessary However, the hazards are essentially the same, and the therefore the control Items 
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specified previously will be implemented for this effort as well. Personnel protective equipment required 

for this task will be the same as that specified for intrusive activities at the Mercury Burial Site II locatlon 

After the burial site has been excavated, samples will be taken from a cylindrical concrete pipe previously 

uncharacterrzed. This pipe is believed to have also been used for the disposal of mercury contaminated 

items. This effort will present several potential hazards. 

The first and most obvious hazard potential involved with this task involves the potential for workers to be 

exposed to mercury contamination Control efforts for this threat will be the same as those presented for 

intrusive actWes In summary. this will pnmanly consist of utilizing dermal protection. full face air 

purifying respiratory protectton equtpped with mercury vapor cartridges (with HEPA filters), and the use 

of monitoring Instruments, as presented in section 5.0 of this HASP. 

Remalnlng concerns and corresponding control efforts in this task are similar to those specified for Subtask 

2 1 (regarding restnctions for confined space work, heavy vehicle operations. and excavation actlvitles) 

are also applicable to this task, and those control efforts will be Implemented and enforced as appropriate, 

Subtask Task 2 3 - Soils Contarnerizatlon has been Identified as a potential subtask In the excavation 

efforts at the Mercury Bunal site locations This subtask will be initiated only if dunng those excavation 

actlvltles the real-time mercury vapor analyzer Instrument indicates that SOIIS have been encountered that 

may have mercury concentrations that exceed 20 mg/kg for mercury (RCRA proposed subparts) If this 

occurs We personnel will collect the suspected contaminated soils and place them In %-gallon drums for 

remova; ano alsoosal 

This subtask represents an Increased level of hazard potential than that presented previously In regard 

to excavation efforts This Increased concern IS founded on the prospect that if the performance of this 

task becomes necessary it IS the result of observed sustalned detectIon of mercury vapors If those 

readtngs exceed the actlon levels specified In section 5 3 of this Health and Safety Plan then Level C 

protection (air purifying respiratory protectIon may be Inadequate to protect site personnel from potentially 

harmful tnhalatlon exposures to this contaminant In such an event. this remedial task WIII only be 

permitted to be performed in Level B (supplied air respiratory protectton) Dermal protection requirements 

will remain unchanged from that speclfled In this Plan for the other intrusive activities at these locations 

c-9 



Task 3 - Groundwater lnvestiqations 

Numerous groundwater monitoring wells, both deep and shallow, are planned to be installed at several 

site areas, including on Dennetts, Jamaica, and Seavey islands, in the Jamaica Island landfill (JILF). and 

in the fill area between the islands. In addition, “direct push” temporary wells will be installed by a 

subcontractor near the waste oil tanks (SWMU #ll) and Mercury Burial Site II (SWMU #9) Drilling 

operations present numerous hazard potentrals, both chemical and physical. These are addressed 

lndrvrdually in sections 3.2 and 3.3 of this HASP. 

One srgnifrcant potential risk requiring attention In this task involves the installation of shallow monitonng 

wells at the Waste Oil Tank locations (SWMU #ll) located within the JILF landfill. This is In regard to the 

potential for encountering buried compressed gas cylinders during well installation. It has been reported 

that as many as 100 to 200 cylinders of acetylene and chlorine gas were disposed In this landfill In 

approxrmately 1955. As the accuracy of this trmeframe IS questionable, Halliburton NUS will instead 

assume that this alleged cylinder disposal occurred some time in a ten-year window (1950-1960). The 

concern In contacting a cylinder during intrusive actlvltles (I e. drilling or excavation operations) at the JILF 

location IS that the cylinder may rupture, resulting in either sudden pressure release, release of a cloud 

of chlorine gas or the generation of rapid combustion (depending on whether a cylinder of acetylene or 

chlonne IS Involved) 

To minimize this concern the initlal approach WIII involve the performance of an extenstve document 

review which ~111 Include reviewing aerial photographs of the JILF Those photographs WIII be reviewed 

to Identify the We and extent of the landfill prior to the time period of this suspected cylinder drsposal 

event The goal of thts effort IS to determlne lnvestlgatlon locatlons on the landfill that are not In a suspect 

locatron If thrs cannot be accompllshed wrth a great level of confidence the followlng precautionary 

measures WIII be ImDlemented 

. The lnvestlgatlon locahon WIII be subjected to a thorough geophysical lnvestlgatlon 

. Only personnel whose presence IS essential to the operation WIII be permltted In the work 

area 
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. All personnel whose presence is required in the work area will wear full dermal protection, 

with taped seams. 

. All associated personnel will be required to wear supplied air respiratory protection (Level 

B). 

. Based on preliminary air modelling efforts (see Attachment Ill), an area of 150 meters will 

be cordoned off around the work location. Access inside of that area will be restncted to 

necessary personnel, who are appropriately outfitted in full dermal and Level B protection. 

Although thus landfill currently extends to the two Mercury Burial Sites, and the proposed location of a new 

deep bedrock well within the landfill, it apparently did not encompass these areas in 1955, when the 

reported cylinder disposal event occurred. Therefore, the threat of encountering buried compressed gas 

cylinders at those locations IS reduced. However, as all of the details of this event are still unclear, all 

lntruslve actlvlt\es In any areas near the JILF landfill site will be subject to the restnctrons and procedures 

speclfled above for intrusive operations (I e review of aerial photographs and other hlstoncal documents, 

geophysical investigatory efforts, etc as above) In fact, as a minimum. all drilling and excavation 

locatlons WIII be cleared at least for the presence of subsurface utilities. and undergo a thorough 

geophyscal survey pnor to the initiation of any intrusive activities (Note Any anomalies detected during 

geophyscal surveys will have their locations marked and be avoided by at least an eight foot radius) 

Another concern In this task IS that several drilling locatlons are anticipated to be near bodies of water (I e 

ponas) As a result concerns associated with uneven or unstable terraln. and working near bodies of 

water are addressed In the discussion on physlcal hazards In this risk assessment Other potential 

hazards include contact with energized sources (e g overhead power lines underground 

gas/electric&team lines. etc ). contact with moving or rotating machinery and other physlcal hazards 

These are addressed In greater detail In sectlons 3 3 and 11 0 of this HASP 
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Task 4 - JILF Discharqe Inspections 

This task presents minimal hazard potentials as it is nonintrusive in nature, and only involves visual 

inspections for seeps or other possible groundwater discharges, to be performed several times per week 

during this investigation. 

Y 

Ir 

Task 5 - Trdal Study 

This task will involve very limited field work. This task will involve measuring tidal data via Installing and 

reading a tidal gage In a site estuary As a result. minimal hazard potential concerns are recognized in 

this task BasIcally. these are limited to uneven or unstable terrain, and the hazards of working in and 

around bodies of water Both of these potentials are addressed In greater detail in latter portions of this 

section 

3.2 CHEMICAL HAZARDS 

The chemical contaminants which may be present and encountered in the performance of site activities 

have been Identified based on information such as the histories of the site areas. and the results of 

previous lnvestlgatory actlvltles lnformatlon regarding these substances IS presented in Table 3-l 

The potentla’ for worker exposure to hazardous concentrations of site chemical contaminants IS generally 

consloerea tc be loti However as previously specified this concern IS predomtnantly recognized In the 

performance o! lnrrusve actlvltles Hazard control efforts such as engineering controls (I e dust 

suppresston via area wetting) admlnlstratlve controls (I e observance of Instrument action levels and 

appropriate resoonses adherence to standard work orocedures and site restrictions as presented in this 

HASP) and the proper use of items of personal protective equrpment will be Implemented and enforced 

as appropriate throughout all Site activltles 

3.3 PHYSICAL HAZARDS 

Certain physcal hazards may also be presented to site personnel Involved with field actlvrtles These may 

be intrinsic to the nature of the operation being performed, or the result of factors such as the work 

location or schedule These potential risks Include the following 
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. Uneven or unstable terrain (Slip/trip hazards) 

. Strarn/muscle pulls from manual lifting. 

. Fall from elevated surfaces. 

. Exposure to pinch/compressron points. 

r. Water hazards 

. Inclement weather 

. Rotating machinery 

. Heat stress 

. Cold stress 

. Natural hazards(e.g. snakes, ticks, mosquitos. poisonous plants, etc.) 

. Noise In excess of 85 dBA 

. Contact with Energrzed Sources 

Each of the above mentioned Items are further detailed below 

3.3.1 Uneven/Unstable Terrain 

Planned actlvltles described In the scope of work for this remedial actton will bring field personnel Into 

areas where UIIS potential hazard extsts It WIII be the FTL’s responslblllty to Inspect the work areas. and 

Implement necessary controls or restnctlons prior to placing heavy equtpment or personnel at nsk As 

plannea actlvltles move from one area to another this hazard (and others associated with that area or 

task, WI!’ De d5cilssed as part of the safety brleflng prior to the commencement of activities 

3.3.2 Strain/Muscle Pulls 

The potential exists for workers to be Injured while llhlng or maneuvering cumbersome and/or heavy 

objects Ouring the performance of various tasks Dunng labor intensive actlvltles such as soil boring, 

workers have the potential to over-exert themselves while maneuvenng the auguring device dunng sample 

extractlon In addition. various tasks may require lifting heavy pieces of equipment If objects are 

improperly lifted debMatIng back strain and/or other injuries can result Workers shall obtain help from 

others when necessary, employ proper lifting techniques. and use machinery where possible. to assist 

when handling heavy objects 
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3.3.3 Pinch/Compression Points 

Pinch and compression points of drilling or sampling equipment may result in injury. All equipment must 

be maintained in proper working order, with machlne guarding devices in place. Any equipment found to 

be lacking in these areas shall be removed from service. Additionally, all personnel shall be properly 

tralned in the use and function of all equipment used within the investigating activity 

3.3.4 Water Hazards 

Several of the planned activities involve locations that are near bodies of water. To avoid potential 

hazards associated with working on or over water (drowning) the field team shall employ lifelines. safety 

harnesses, and U S Coast Guard approved personal flotation devices and lifeline (tie-off) procedures will 

be used when working within four feet of the waters edge. Due to the obvious hazards associated with 

working on or near waters edge dunng Inclement weather, all field activ!ties may be temporarily suspended 

or terminated at the discretion and direction of the FTL. or SSO representative. 

3.3.5 Inclement Weather 

As all work ~111 be conducted outdoors. Inclement weather may be encountered As conditions may vary 

0 ~111 be at me dlscretlon of the FTL and the SSO representative to temporanly suspend or terminate 

activirles as condltlons dictate All actlvltles WIII be terminated In the advent of electrical storms 

3.3.6 Rotatinq Machinery 

Monltonng well mtallaflons so11 borings WIII be accomplished usrng rotatrng equipment as proposed In the 

execution of fhe scope of work The most predominant physcal hazard associated with this type of work 

IS entanglement Of Safety eqUIpmeN or clothing into the rotating augers To address this hazard a 

thorough inspeclton of all equipment will be performed to remove or guard potential snag points Also, 

efforts WIII be taken lo ensure that emergency stop devices operate properly, and that all members of the 

field team know the location and operation of these devrces Persons working In close proxlmlty to or In 

the operation Of the dnll ng will be required to secure all loose clothing or protective equipment to avoid 

possible entanglement All mechanized equipment brought onstte (Including dnlllng equipment and 
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excavation equipment) to complete this scope of work will be inspected initially prior to the commencement 

of onsite activities and then periodically thereafter. These inspections will be performed by the SSO and 

include the following: 

. All safety guards are in place 

. All safety-restraints (I e seatbelts) are in place and functioning properly as required by 

Federal regulations 

. All mobile equipment IS equrpped with a backup alarm and emergency stop device 

. All operators are qualified to do so. All drivers will be required to have therr Commercial 

Dnvers License 

. Traffic Control Measures (routes and regulatrons) will be establlshed and adherence 

required 

. All maintenance performed on the equrpment WIII employ manufacturers recommended 

parts and be Inspected prior to returning to services by the SSO 

3.3.7 Heat Stress 

Worker overexposure to heat IS a recognized potential hazard due to the planned schedule for field 

actwltles cmay extend Into the Spnng months) and due to the use of items of chemical protective clothing 

which can contnbute to this threat It WIII be the responslbllrty of the FTL. with assistance from the SSO. 

to determtne the need to employ heat stress monitoring techniques and control measures based 

observations of slle condrtlons and personnel Generally conslderatron for these efforts are to commence 

if/when amblent weather conditions involve temperatures In excess of 70 degrees Fahrenheit Evaluatron 

and control efforts for this potential hazard shall observe the recommendations for heat stress. as speclfred 

by the American Conference of Governmental lndustnal Hygrenrsts and in accordance with the tnformatlon 

provided In Attachment I of this HASP 
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3.3.8 Cold Stress 

As the planned schedule for the initiation of field activities is to commence in the late winter months, and 

due to the geographical location of this facility, the potential for workers to be exposed to cold stress 

environments is recognized. The recognition, evaluation, and control of this potential hazard is presented 

In Attachment I of this HASP. 

3.3.9 Natural Hazards (ticks. snakes, and other indigenous creatures) 

Natural hazards such as poisonous plants, bites from poisonous or disease carrying animals or insects 

(e.g snakes, ticks. mosquitos) cannot be avoided in this type of environment. However in an effort to 

offset the Impact of this hazard, field personnel will have access to commercially available snake bite kits 

and insect repellents Potential nesting areas In and about work areas shall be avoided to the greatest 

extent possible Lastly, within recent years a marked increase in Lyme’s Disease has been reported. 

Ticks have been shown to be the primary vector in the transmission of this disease. In an effort to control 

this hazard close attention will be given dunng operations and decontamlnatron with regard to personal 

hygiene to detect and remove any ticks from personnel The informatIon provided In Attachment II WIII be 

revlewed with site personnel to aid in the recognltlon and control of this threat 

3.3.10 Noise in Excess of 85 dBA 

%‘VX many of the taSkS to be performed require the use of heavy machinery workers have the potential 

10 be exposea lo noise in excess of 85 dBA Excesslve noise exposure can cause permanent heanng 

IOSS The use of approved hearing protection shall be required of all personnel while performing acttvttles 

which require the use of heavy or molonzed equipment or machinery 

As a general rule-of-thumb. heanng protection WIII be required when noise levels are such that persons 

standing withln 2 feet of each other must raise thefr voice In order to effectively communicate 

The SSO WI/I be responsible for determining the need to employ quantltatlve measurements of potential 

noise sources to more speclflcally determlne whether addItIonal measures are required or downgrading 
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the level of hearing protection is an alternative. It shall also be the responsibility of the SSO to ensure the 

application, use, and maintenance of occupational noise protective measures in accordance with 29 CFR 

1910.95. 

3.3.11 Contact with Enerqized Sources 

One of the hazards associated with the execution of this scope of work is the potential for encountenng 

energized sources (i.e. pressurized lines, water Ilnes, telephone lines, and burled utilities such as gas or 

electnc lines), pnmarily while engaged in drilling activities. Due to the obvious ramifications associated 

with this hazard, extreme caution and strict adherence to procedures to detect, identify, and take evasive 

action shall be followed dunng the completion of the scope of work. Also, any areas targeted for 

subsurface activities shall first be Investigated to determine the presence of underground utilities. Any 

such utilities Identified shall be physically marked and avoided. Efforts will be made through local contacts. 

as-built drawings (where available) along with geophysical surveys to identify potential locations. Positive 

readings will require the relocation of a soil boring point. To further avoid hazards of this type, no drilling 

mast or any other such prolectlng Items shall be permitted within a 20-foot radius of any energized source 

3.4 GENERAL REQUIREMENTS 

. Head protection (hard hats) w~li be required whenever and wherever potential overhead 

hazards are recognized. including when In the viclnlty of any operating heavy machinery 

. Loose items of clothing will be secured when working around Items of moving machinery 

Also personal items such as jewelry which can become caught or entangled WIN be 

prohlblled around such operations 

. Electrical cords (such as on hand tools or electncal extensron cords) shall be Inspected 

prior to being put in use. and perlodlcally thereafter Also. these devices WIII be used and 

stored In a manner that protects them from damage Cords found to be defective (I e 

plug damaged, ground prong removed, insulation damaged, etc ) will be immediately 

removed from service and either effectively repaired or replaced 

. Eye protection WIII be required wherever potenhal eye hazards are recogmzed 
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. Any use or storage of compressed gas cylinders on site will be will be done in a manner 

that complies with applicable OSHA standards and Compressed Gas Association 

specifications. This includes (but is not limited to) proper labeling of container contents, 

marking and segregating contarners as “full” or “empty“, securtng in an upright position, 

placing valve end caps in place when cylinders are not in use, etc. 

. Incidents of inclement weather will be evaluated by the FTL, with input from the SSO. in 

regard to limiting or interrupting site operations. At a minimum. however. site operations 

WIII be Interrupted in the event of electrical storms. 

. The “buddy system” will be required throughout all onsite operations. intrusive and 

nonintrusrve 
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TABLE 3-l 
CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 

PORTSMOUTH NAVAL SHIPYARD 

SUBSTANCE CAS No AIR MONlTORlNGrSAMPlING INFORMATION EXPOSURE WARNING PROPERTY PHYSICAL PROPERTIES HEALTH HAZARD 
LIMITS RATING INFORMATION 

dercury vapor 7439 4’ c JP‘OPW c;cwY I I’,. Mf=~,.f, var.- * , 1 I‘” ,,I “9 0 05 mq ml Inadequate warnrng Boiling Pt- 674O F Overexposure may result in 
Af~,>~/Pl ,r\rr) t 1 , .,‘C ,‘a,, ‘) ,.,’ “, ‘. .a., I ,‘,‘,,h*<P PI’,*’ IWA ACGIt+ properlres However arr Solubility’ Insoluble cough, chest pafn. dyspnea. 
rv?rr,rr, .apn C”‘~s\.-( U.V,)L .’ 9 I”’ /?I &,%) ,I= and NIOSIi arld purifying resplralors wrth Flash Pt: Not Applicable bronchlal pneuitis. tremor, 
OClPCtlOn <per r’~0.l b, “‘A” #‘.V ’ ,‘C’ **a .\.“, t,A,)r 10 m9 10 rv3 a prolectlon lactor 01 at CELILFL: Not Applicable Insomnia. irritabMy.. Indecision. 
0 000 ,,-I 1 w-4 “y e”’ “yl‘, 11’1 t 1,.)1* I,, r 1? relhng 0% IA leas1 10 and End of Vapor Pressure: 0 0012 mmHg headache, fatigue. weakness, 

Service Lrfe rndrcalors Incompatibilities: Acetylene. salivation. gastrotntestinal (GI) 
I P No1 rl~lr’rmm~d No rt-\ponv are acceptable for ammoma chlorrne dtoxrde. azldes, drsturbances. anorexia, toss In 
wllh PID concenfratfions up to 0 5 calcrum so&m carbrde. lithium. weight, proternuria. eye and/or 

mglm3 rubrdrum. and copper skrn Irritation 
No response dh FIO Appearance and Odor: 

blver-white. heavy. odortess lquld 

lenrene 71 43 7 I P 9 24 ev 1r-m‘~ 150’. ‘.?l@o”<P A r \,V~(h= lmng 1 ppm OSHA lnadequale OSHA Boiling Pt: 60°C Overexposure may result in 
,P~W~SC *(rh mr~ dh f rr) , “.lfcrldl lube and 10 ppm ACGIH accepts the use of arr- Melting Pt: 5 5°C lrntatron to the eyes, nose, 
awl 10 2 PV IamP d-M” @tull~de 0 1 ppm NIOSH punfyrng respirators wth Solubllity: 0 07% throat, and respiratory system 

1~rnrp!,on OSHA 0‘ organrc vapor cartrrdge Flash Pt: -11°C Central Nervous System (CNS) 
up lo 10 ppm desprle the LELILFL: 1 3% effects Include giddiness, 
Inadequate warnrng UELIUFL: 7 9% Irghtheadedness. headaches, 
propertles Vapor Density: 2 77 staggered gait, fatcgue. and 

Vapor Pressure: 75 mmtlg lassrtude and depressron 
Specific Gravity: 0 66 Addltronal effects may include 
Incompatibilities: Strong nausea Long durahon 
oxrduers. perchlorates. acids exposures may result In 
Appearance and Odor: resprratory collapse Regulated 
Colorless to a lrght yellow kqurd as an OSHA caronogen May 
w!th an aromatlc odor cause damage to the blood 

formlng organs and may cause a 
form of cancer called leukemia 

lhylbenzene 100 41 4 , P 8 76 "mqh '10' , ‘P<pm~W A I cmnpw uvrq 100 ppm TWA Adequale Can use arr- Bolling Pt: 277°F Regulated pnmanly because of 
‘PSpo”SP W,h I’ll) Wlh I II) 1 .a’ ~1~1 t,n~ ana 175 ppm STEl purlfyrng respirator wrlh Melting Pt: 139°F Its potential to Irritate the eyes 
ana 10 7 PV lA”T ,a’tr 11 a ~,~rr~de OSHA ACGIti organc vapor cartrrdge Solubllity: 0 01% and respiratory system 

,s~~n,~‘l,nn OS)lA 07 8 NIOSH up to 1 000 ppm Flash Pt: 55°F In addrtlon. effects of 
Recommended gloves: LELILFL: 1 0% overexposure may include 
Neoprene or nrtnle WI UEL/UFL: 6 7% headaches, narcotic effects, CNS 
srlver shreld when Vapor Density: 3 66 changes (I e coordination 
polenllal for saturatron Vapor Pressure: 10 mmHg @ rmparrment, tmpalred reflexes, 

79°F tremors) drfflculty rn breathing, 
Specific Gravity: 0 67 possble chemrcal pneumonia, 
Incompatibilities: Strong oxrdirers and potentrally respiratory farlure 
Appearance and odor: 
Colorless lrquld wrth an aromatrc 
odor Odor Threshold of 0 092. 
0 60 



TABLE 3-1 
CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 
PORTSMOUTH NAVAL SHIPYARD 
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SUBSTANCE 

ftethylene chlorode 

CAS No AIR MONITORING~SAW’LING INf ORMAflON EXPOSURE WARNING PROPERTY PHYSICAL PROPERTIES HEALTH HAZARD 
LIMITS RATING INFORMATION 

75 n9 ? I P 11 3: rv 3 . .C\(. .* ,c 2. \ a’-‘( *. ., “q 500 0~“’ IVJA Inadequate Must use a Bolllng Pt. 39 8°C Regulated pnmarily because of 
r4qn ,C,FF”W * 1.. I tt 1 * ,” i., - A”asoth OSliA suppI& aar respirator Melting Pt: 96% 
*w PI0 d’vj (1 . 

tts ablllty to cause sleepiness, 
(.(‘, . VW“ t ,tp 1 000 pp”’ la~ltne respirator with Solubility: 2% fatigue. weakness, 

cv Lam0 I 7 ,I’ W’. 7CSiJlfN%= cerltng OStiA emergency escape Flash Pt: N A Itghtheadedness. numbness of 
‘.‘, r !. ,t. * 1.1 ga., 50 ppm IWA cylmder of a Self- LELILFL: 15 5% the limbs. altered cardtac rate 
* I,- Ali 0J.i”“” ACCIH Contained Breathtng UELIUFL: 66 4% and incoordlnation These signs 

” ,“10 ,““~f.110” LOweft fcas!ble Apparatus SCBA) Vapor Density: 2 93 and symptoms may be 
I.‘!-- ’ )I t IVIA 59 concentration Vapor Pressure: 360 mmtig Q accompanied by nausea, gastric 

r- Nlost loos NIOSH 22°C and pulmonary irritation leading 
Specific Gravity: 1 33 possibly to pulmonary edema In 
Incompatibilities: Strong addition to the narcosis log term 
oxldlrers caustics. metals (I e effects may include liver injury 
aluminum. magnesium potassium. Ltsted as possesslng 
sodturn, Iithlum), and concentrated carcinogenic properties by NTP, 
aclds IARC, and ACGIH 
Appearance and Odor: 
Colorless ltqutd w!th a chloroform- 
llke odor (Note A gas above 
tO4’F) Odor Threshold of 160 

wm 

oluene 108 RB 1 I P fla: F” ,,g” (1” *rr,p-\I- A w-pw ,,\mnq 100 ppm TWA Adequate Can use air- Bolflng Pt: 232’F Overexposure to this substance 
tesponsc *.m I’ll) * Ih I II) ’ .A” rta t.,w ayl OSiA pur!fylng resptrator with Melting Pt: -139°F 
ana 10 I PV VI”‘” 

rpay result In mild to moderate 
’ .,‘rrw q.\“we 150 opm STEL organic vapor cartndge Solubility: 0 05% (61’F) lrritatton at all points of contact. 
‘I‘.< vptnn OSttA 07 OStiA up to 500 ppm Flash Pt: 40°F CNS changes 

50 ppm TWA Recommended gloves: LELILFL: 1 2% At 200-500 ppm exposure has 
ACGWI Neoprene or nltrile w/ UEUUFL: 7 1% resulted tn headaches, nausea, 

sliver shield when Vapor Density: 3 14 eye irritation. loss of appetite. bad 
potenhal for saturation Vapor Pressure: 20 mmHg Q taste. lmpalr coordination, fatigue, 

65°F and weariness 
Specific Gravity: 0 67 
Incompatibilities: Strong oxidizers 
Appearance and odor: Colorless 
llquld with a sweet pungent 
aromatlc odor Odor Threshold of 
0 16.37 ppm 
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TABLE 3-l 
CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 
PORTSMOUTH NAVAL SHIPYARD 

SUBSTANCE 

Trtchloroelhylene 

CAS No AIR MONIlORING’SAMPCING INfORMAlION EXPOSURE WARNING PROPERTY PHYSICAL PROPERTIES HEALTH HAZARD 
LIMITS RATING INFORMATION 

790’6 I P 9 45 ev 14.2.’ . - “r,p * l c A 1 1’. (‘” .\ “7 50 ocm OSIA Inadequate Should use Boiling Pt R6 7°C Central nervous system effects 
re$po”sP *m I’ll 1 ***I , ‘1, ’ t ,1’ 1 .w A’,, IWA pressure demand Melting Pt 73°C (euphoria. analgesia, anesthesia, 
ana to ? rv M”‘l‘ .I !. I, 1 -, .“,JW 200 PO” OS)lA suppled a’r resp’ralor Solubility, 0 1% @ 25°C paresthes’a, headaches, tremors, 

!.‘\ (“b”’ OWA o- SIFL above exposure l’m’ls Flash Pt 32°C vert’go. and somnolence) are the 
50 pp”’ ACGIH LELILFL: 12 5% limlt’ng factors ‘n decreasing the 
TWA UELIUFL: 90% exposures Damage to the liver, 
25 ppm NlOSti Vapor Density: 4 53 kidneys, heart. lungs, and skin 
TWA Vapor Pressure: 100 mmtig Q have also been reported Contact 

32°C may result in irntat’on to the 
Specific Gravity: 1 46 eyes, sk’n. and mucous 
Incompatibilities: Strong caust’cs membranes Ingestron may 
and alkalis chem’cally act’ve result ‘n GI d’sturbances including 
metals ( bar’um I’th’um. sodium. nausea, and vomit’ng 
magnes’um t’tan’um, and NIOSH l’sts this substance a 
berylllUrn) potential human carcinogen 
Appearance and Odor: 
Colorless l’qu’d w’th a chloroform 

tvpe fx@’ 

:ykne 
\II ‘Somers 
1..m- p- 

1330 20 7 IP 656 ev (4.p 1,” 1evwsr A,$ wlnple ursnq 100 ppm TWA Adequale Can use a,‘- Bolling Pt: 269.261°F Regulated primarily because of 
response nwa PII) bvfb f IO c harc,,al lube and 150 ppm STFL pur’fy’ng resp’rator with Melting pt: .13/-54/56”F tts potential to ‘rr’tate the eyes 
and 10 7 eV Iamy, r.~~rbon d~wtr~de OSHA ACGIH organ’c vapor cartr’dge Sofublffty: Insoluble and resp’ratory system 

%-w~or~on OStlA 07 8 NlOStI up to 1 000 ppm Flash F+t: 63.61°F In add’t’on. effects may include 
Recommended gloves: LELILFL: 1 0% CNS changes (I e d’zziness, 
Neoprene or n’tnle WI UELIUFL: 7 0% excitement, drows’ness. 
s’lver sh’eld when Vapor Density: 3 66 Incoherent. staggering gait), 
polentfal for saturation Vapor Pressure: 7-9 mmtig Q d’fflcutty ‘n breath’ng. pulmonary 

70°F edema, and poss’bly respiratory 
Specific Gravity: 0 66-O 66 fa’lure 
Incompatibilities: Strong oxid’zers 
Appearance and odor: 
Colorless l’qu’d w’th an aromatic 
odor Odor Threshold of 20 ppm 



TABLE 3-1 
CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 
PORTSMOUTH NAVAL SHIPYARD 

SUBSTANCE 

Cadmrum 

Zhromrum Comoounds 

CAS No 

7440 47 3 
(Element) 

AIR MONlfOf?INGlSAMPlING INFORMATION 

'roperlIes vary 

lependlng upon 
he spec~k 
mmpounds Nol 
jeleclable by 
‘IO 

EXPOSURE 
LIMITS 

)Imglm’ TWA 
3StlA 
105 mqm’ 
TWA ACGIH 

I 5 “y/m TWA 
3SHA 8 
WOSH 0 05 
nglm’ TLV 
NCGIH 

- 

I 
, 

, 

I 

WARNING PROPERN 
RATING 

lhe use of an air 
wrlfylng lull face-prece 
esprrator wrth a hqh 
?htrency partrculate as 
‘titer 

rhe use of a arr punfytng. 
‘ull face-prece resprrator 
iwth a htgh effrcrency 
3artculate Alter 

PHYSICAL PROPERTIES 

Bolllng Pt: 767°C 
Melting Pt: 320 9°C 
Solubllity: Insoluble 
Flash Pt: Not appkcable (Arrborne 
dust may burn or explode when 
exposed lo heat, flame. or 
rncompabble chemcals) 
LELAFL: Not appkcable 
UEUUFL: Not appkcable 
Vapor Density: N A 
Vapor Pressure: 1 mmtig Q 
394°C 
Speclflc Gravity: 6 65 @ 32’C 
Incompatibilities: Strong 
oxidizers. elemental sulfur, 
selenrum, lellunum, zrnc. nrtrrc 
acrd. and hydrazorc acid 
Appearance and Odor: 
Melal Srlver-whrte blue-trnged 
lustrous. odorless soled 
Fume yellow-brown, finely divided 
partkutate dispersed in air 

Boiling Pt: 2642°C 
Melting PI: 1900% 
Solubllity: Insoluble 
Flash Pt: Not applrcable (Arrborne 
dust may burn or explode when 
exposed to heat, flame, or 
rncompatible chemicals) 
LEULFL: Not appkcable 
UELAJFL: Not applrcable 
Vapor Density: N A 
Vapor Pressure: 0 mmtig 
Specific Gravity: 7 14 
Incompatibilities: Strong 
oxrdrzers peroxrdes and alkaks 
Appearance and Odor: 
Appearance and odor vary 
dependrng upon Ihe specrfrc 
compound 

3 i 

HEALTH HAZARD 
INFORMATION 

lverexposure lo this substance 
nay result in Irritation to the 
esprratory tract. dyspnea. 
rghtness rn the chest, coughing, 
rossibly pulmonary edema 
Iverexposure to fumes causes 
symptoms characteristic of the flu 
headaches, chills, muscle aches, 
nausea. vomiting, diarrhea) 
:hrone exposure may result in 
lamage to the lungs, kidneys and 
rver Thrs substance has been 
dentified as a conhrmed animal; 
)otenbal human carcrnogen by 
ARC and NTP 

iealth hazards are characterized 
normally through chronic 
exposure manrfesting as 
listolcgic fibrosis of the lungs 
and ulceration of the nasal 
septum and skin IARC. NTP 
and ACGIH lisl various chromium 
:ompounds as possessing 
:arcinogenic properties. 

I I r 



TABLE 3-l 
CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 
PORTSMOUTH NAVAL SHIPYARD 

SUBSTANCE 

Zapper 

CAS No AIR MONllORINCJSAMPLINC INFORMATION EXPOSURE WARNING PROPERTY PHYSICAL PROPERTIES HEALTH HAZARD 
LIMITS RATING INFORMATION 

7440 50 6 SdE.1anrr 3 ml1 Nnl ICINI~~ h, A ’ \ I’yw ,,s1og a 0 IO mg,m’ The use of an arr- Boiling Pt: 2324°C lrrrtatron to the nose, throat. and 
(Cut vOlJl4e Ondhw I II) .’ .‘-a, rktosr PSlP, IWA OStiA pwfylng full-lace Melting Pt: 1063°C resprratory tract Metallic taste 

lo be deleclea PI ’ P? ~‘~rl~lCl~“P’” and NIOSH resprralor with a hrgh Solubllity: Insoluble Drscoloratron of skin (potential 
PID Of I ID ~,ple., 0 2 mg*m’ TWA effrcrency partrculate arr Flash Pt: Not applrcable (Arrborne dermatrtts) and harr Chronic 

i“.l\“U JlOrnlc ACGIH filter dust may burn or explode when exposure may result rn dermatrtis 
P-I!~clo” exposed to heat. flame, or and damage to the liver and 
swclfOSCOpy rncompatrble chemrcals) krdneys Overexposure to fumes 
NIOSH 7300 LELILFL: Not applrcable causes symptoms characteristic 

UELAJFL: Not applrcable of the flu (headaches, chills, 
Vapor Density: N A muscle aches, nausea, vomiting, 
Vapor Pressure: 1 mmtig Q drarrhea) Ingestron may cause 
1626-C burnrng rn the mouth, throat, and 
Specific Gravity: 6 94 stomach Metallrc taste with 
Incompatibilities: Oxrdrzers. colicky abdominal pain 
alkalrs. sodum azrde. acetylene, lndrviduals with Wilson’s disease 
bromates. chlorates, rodates. and are at greater risk of chronic 
acrds exposure as a result of the 
Appearance and Odor: bodres tendency to absorb and 
Metal Reddrsh. lustrous malleable, retain copper 
odorless soled 
Fume Frnely drvrded black 
particulate dispersed in air 

.ead 7439 92 1 Substance IS not Unable lo be AI! sample usmg a 0 05 mg/m’ The use of a arr purrfyrng. Boiling Pt: 174O’C Overexposure to thrs substance 
volahle Unaole Oelecled by FlD mined cellulose ester TWA, OSHA full-face resprrator wrth Melting Pt: 327°C via ingestron or Inhalation may 
lo be delecled by f~Wr I HNO, or H,,O, 0 15 mg/m’ hrgh effrcrency partrculate Solubility: Insoluble result in metallic taste in the 
ealher PID or FID Iworpl~on I Alom~c TWA ACGIH arr Alter Flash Pt: Not appkcable (Airborne mouth, dry throat, thirst, 

absorplron NIOSH 0 10 mg/m’ dust may burn or explode when Gastrorntestinal drsorders 
7082 or 7300 TWA NIOSH exposed to heat, flame, or (burning stomach parn. nausea, 

rncompatrble chemcals) vomitrng, possrble drarrhea 
LELILFL: Not appkable sometimes bloody or black, 
UELAJFL: Not applrcable accompanied by severe bouts of 
Vapor Density: N A colrc). CNS effects (muscular 
Vapor Pressure: 0 mmHg weakness, parn, cramps, 
Specific Gravity: 11 34 headaches, Insomnia. 
Incompatibilities: Strong depressron. partral paralysrs 
oxrdrzers peroxrdes sodrum possrbly coma and death 
acetylrde zrrconrum and acrds Extended exposure may result in 
Appearance and Odor: damage to the kidneys, brain, 
Metal A heavy duclrle soft gray and blood 
solrd 



TABLE 3-1 
CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 
PORTSMOUTH NAVAL SHIPYARD 

1 

SUBSTANCE 

Lroclor 1160 
Polychlor~naled 
llphenyl PCB) 

CA5 No AIR MONIlORINGlSAMPlING INFORMATION EXPOSURE WARNING PROPERTY PHYSICAL PROPERTIES HEALTH HAZARD 
LIMITS RATING INFORMATION 

, log’, a: < 5,o ,,A “CL ., P,lT ‘. r \I,+‘” c , (1. ,I. r., \I’(.. .,-q, P% qm’ fV/A lnadequale However Bolllng Pt: d~sl~llal~on range 365. Regulaled primarily because of 
r’~L4r+w I”* rh.\‘lW ,I”, I . , ,,i,ru-l I,,W UStIA A(;C;ltl due lo the low volallllty II 390°C rts polentral to cause liver 
IVP rl OOPwl a\ 1 ‘C,.‘” *II ?..,I * ‘. ;.I\% 1tu.r ,,t*ct 0 00 1 mqm’ 4s assumed unless Melting Pt. N A damage and chloracne This 
mmHq, “0 I F’ rs W’P (P 7 I‘, 8,“. I’ c ,F, ,vp,<,n TWA NI0St1 agllaled lhts subslance Solubllity: Insoluble substance IS irrrtating to the eyes 
erws th~tt=fot~ r ID I’ I 7 VI floes not present a Flash Pt: NOI appltcable and skrn Recogmzed a 
I’ll) ~11 noI rjel~ t ..I ,t.>.,‘,yra(vl” volalde vapor or gas LELRFL: Not applicable possessing carcinogenic 
substance PP. 1’nn raplwp respiratory threat For UELRIFL: Not applicable propertIes by NIOSH. and NTP. 

,P!C’lT NIOSH dusty condltrons where Vapor Density: N A 
<5rll this malerlal may cltng to Vapor Pressure: 0 mmHg 

parllculales use a HEPA Speclflc Gravity: 1 566 @ 15 5°C 
Idler Incompatibllitles: Strong oxrdrzers 

Appearance and Odor: 
Colorless to pale yellow viscous 
lqurd or solrd (below 50°F) wrth a 
rnlld. hydrocarbon odor 

I1st2 elhylhexyl) 
hthalale 

117 gl : NC ~nlo”n,~lw,n I,-., I< r) Nlr 1514 Melhod # OSHA NIOSH lrrllallng llngllng Bolllng Pt: 366°C Thus substance IS a mild skin, 
~O\mJ 1~*Th.\! ,m= t.)“d ‘,P;‘O ACGlH sensahon Melting Pt: freezes -149C eye. mucous membrane irritant, 

t’wr+vc !rrc F 11) 5 mg/m’ STEL Solubility: Insoluble and mild gastrrc disturbance 
\~-,.wJ OP’P 1 I! IO mgfm’ Recommended APR Flash Pt: 215°C 
t4muc”cI me Cartridge: Surlable for LEULFL: 0 3% Q 245°C 
rCldl*rC fP\@o”SC dust and fume Orgamc UEWFL: N A 
~Jlvo IS O”*“o.Yl” vapor actd gases wllh Vapor Density: N A 

HEPA Alter Vapor Pressure: ~0 01 mmHg 
Specific Gravity: 0 99 

Recommended gloves: Incompatibilltles: NItrates. strong 
Nltrtle has been the one oxrdizers. acrds. and caustics 
most wdely used for the Appearance and odor: Colorless, 
other substances and IS sly lqtnd. odorless 
acceptable for this 
substance 

Vasle 011s NE varies berwepn ~afles twween u5n?5 IS lhe ACGIH Non-volatrle substance, Boiling Pt: 360°C Manor rrrrtatron to the skin 
6012 95 1 lracrlons howev*I fr xbons however ~ernmmsncfed OSHA therefore no resprratory Melting Pt: N A 

.)I rnformatron IS based lor mIneral waste 011s lend lo warle OUST ten6 lo nwvwa lot inneral NIOSH prolectron IS requrred Solubllity: Insoluble 
n mrneral or1 011 be less volatile De es votar~le 021 mtst 5 mg/m’ Any glove surtable lo Flash Pt: 275500°F depends on 

Ihts ,“srr,,mr)“l 10 mg/m’ STEL prevent skin contact the drstrllalron fracllon 
‘PWYS 1” h.a’lrlW (Nllnle has been Ihe one LELILFL: N A 
me long.-* most wrdely used for the UEUUFL: N A 
ChJ,“c=, J”“h,wc other subslances and Vapor Density: N A 
““d’OCJfhO9 1111 be acceptable) Vapor Pressure: N A 
mote eRr ,enlly Specific Gravity: 0 90 
lhd” (1s PI0 Incompatibilities: None reported 
cotmterowl Appearance and odor: Colorless. 

otly. with an odor of burned 
lubrrcahng 011 

c I i 8 ’ I 8 . I 8 8 * # 1 8 



TABLE 3-1 
CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 
PORTSMOUTH NAVAL SHIPYARD 

SUBSTANCE 

Methyl ethyl kelone 

CAS No AIR MONllOAINCfSAUPlING INrORMA1ION EXPOSURE WARNING PROPERTY PHYSICAL PROPERTIES HEALTH HAZARD 
LIMITS RATING INFORMATION 

76 93 1 Ii-J -954 e-1 *,.\)-.**\a. n , ,“‘(‘h ,.\mq 200 pp”’ rwn Adequate warmng Bolting point. 175 “F Exposure symptoms Include 
,cqn re\prm,r *,w I I,, A, .1\ I’ ‘4 ‘,,W OStiA NlOStl properles odor IhreShold Solubility: 26% lrrtlatron of the eyes and upper 
W!,h PI0 *II” ‘(1 : * “I r ,c I IO ACGIH wlh a (ACGIH) approxlmalely 6 Flash Point: 16 “F respiratory tract, headache, 
PV Iamp A, I’,\ % Nvlstl STFL 01 300 pm Vapor Pressure: 71 mmHg dwness, and vomrtlng 

t.+“‘.fl :500 PPm LEL= 1 4% Q 200’ F 
UEL= 11 4% Q 200” F 
Incompatibilities: Strong 
oxldrzers amtnes ammoma. 
tnorgantc acids. caushcs, copper, 
wxyanates. and pyndnes 
Appearance and odor: Colorless 
lrquld wth a moderately sharp, 
fragrant, mint- or acelone~llke odor 

\sbestos (amoslle and 1332 71 4 No respmw No rr=.prv~sr A,r -ample using Vary by type Inadequate Boiling Point: Decomposes Carctnogenrc. Symptoms of 
:hrysollle) f h7 analyze wa range from 0 2 Solubility: Insoluble exposure include dyspnea. 

1’f.M 0, IEM rlbers per cubtc Flash Point: Not applicable lnterstltlal fibrosis, restncled 
cenhmeler ltfcc) Vapor Pressure: 0 0 mmHg pulmonary funcbon. finger 
IO 2 0 kc LEL: Not applicable clubbng 

UEL: Not applicable 
Incompatibilities: None 
Apprrnnce and odor: Odorless, 
fibrous sohds color varies by type 
(white or greenish = chrysotlle. 
blue = crocldollte, or 
gray-green = amoslte 

ketylene 74 66 7 Not dete’mwl OSHA and Warmng properly Bolting point: -75” F A simple asphyxtant Exposure 
ACGIH do not acceptable (for Specific Gravity: 0 91 to hrgh concentrations may result 
have commercial grades- Solubility: 1 1 Q 15 C II-I narcosis At 20% 
establlshed wtwh are the kkely Flash Point: Gaseous at room concentrabon dyspnea and 
llmlts for grades Involved) temperature headache 
acetylene LEL: 2 5% (exploswe) At 40% or higher concentrations 
NIOSH has UEL: 61% collapse 
proposed a l1m11 Appearance and odor: Colorless, 
01 2 500 ppm for odorless gas when pure 
common commerctal grades have a garlic- 
jmpurlhes ltke odor from tmpurlhes 



TABLE 3-l 
CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 
PORTSMOUTH NAVAL SHIPYARD 

AIR MONlTOffING/SAMPLtNG INFORMAIlON EXPOSURE 
LIMITS 

WARNING PROPERTY 
RATING 

PHYSICAL PROPERTIES HEALTH HAZARD 
INFORMATION 

SUBSTANCE 

:hlorrne 

CA5 No 

I ppm cc*lmg 
OWA 0 5 “pm 
AC(;Iti NlOStI 

wm a Sill ol 

10 cwm 

Adequate warnrng 
propertas odor threshold 
Css lhan 1 0 ppm APRs 
can be used for 
concenhallons up to 10 0 

PPm 

Boiling Point: .29” F 
Solublllty~ 0 7% 
Flash Point: Not appkcable (N/A) 
Vapor Pressure: >l atm 
LEL: N/A 
UEL: N/A 
Incompatibilities: Reacts 
explosrvety or forms exploscve 
compounds wrth many common 
substances such as acetylene, 
ether, turpentrne. ammonra, fuel 
gas. hydrogen 8 finely divrded 
metals 
Appearance and odor: Greenrsh- 
yellow gas wrth a pungent rrntalrng 
odor 

Symptoms of exposure include 
burmng of the eyesnose. and 
mouth, lacnmation. rhinitis. 
cough, chokrng, nausea, 
vomrting, headache, drzzrness. 
pulmonary edema, pneumonia, 
hypoxemta. dermatrtts. and eye 
and skrn burns 

ACGlti IL V of 
300 ppm ann 
StEL of500 

PO” 

Adequate warnrng 
propemes As purrfyrng 
resprratory protectron 
acceptable to 50 ppm 
(constdenng possrble 
presence of benzene) 

Vary by type and punty Vary by type and purity. 
Common symptoms may include 
headache, dzzrness. defatting of 
skrn 

iasolfne 

rem 
I.1 2.[trrchloro]. 1 2 2. 
rffluoroethanel 

76 13 1 I 000 ppm TWA 
OSH&NIOSHl 
ACGIH 
I 250 PPM 
STFL (ACGIH) 

Moderate warnrng 
propedres APR 
acceptable for 
concentrations up to 
4,500 ppm 

Botllng Point: 118” F 
Solubility: 0 02% Q 77” F 
Vapor Pressure: 285 mmtig 
Flash Point: Undetermrned 
LEL: Undetermined 
UEL: Undetermrned 
Incompatibilities: Chemrcalty- 
aclrve metals such as calcium, 
powdered aluminum. zrnc. 
magnesrum B berylkum 
Appearance and odor: Colorless 
to water-whrte kqurd with an odor 
lake carbon tetrachlonde at hrgh 
concentratrons 

Exposure symptoms Include 
rrntation of the throat, drowsiness 
and dermatrtrs 
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TABLE 3-1 
CHEMICAL, PHYSICAL, AND TOXICOLOGKAL DATA 
PORTSMOUTH NAVAL SHIPYARD 

SUBSTANCE 

Chloroform 

CAS No AIR MONITORINGlSAMPLINC INFORHA7l0N EXPOSURE WARNING PROPERTY PHYSICAL PROPERTIES HEALTH HAZARO 
LIMITS RATING INFORMATION 

6766 1 ACCP@l.4tM I’ll) 1’ ‘C,,‘V \c ,: \ ,‘*‘(‘m ,\ “q 50 “pm OSliA R~cognrzed odor Boiling Point. Carcrnogenrc concerns 
~PspQnsP * 1’3 1’. \I, I I,, ‘1. ,’ , ,*tr,-, c Phng threshold over 1 400 ppm Solubflity: reccgnrzed by NIOSH and 
11 7 rv pow ’ *+- *VI r,,~y*,r~ NIOSI~ I OIy~51 IACGIti) Inadequate Flash Poinl- ACGIH Symptoms of exposure 

! t 1, ,r rlPsorpl*n k%w0@ CWlC warnmg properttes Vapor Pressure: rnclude drzzrness, mental 
1’ 1 f,!: I IIt .~‘W”S6 10 ppm ACGIIi Specific Gravity: dullness, nausea, drsonentalron. 
NIOS~I toc1 or TWA LEL: headache. falrgue. anesthesia, 
I Istir 05 Supplted air UEL: and eye and skrn rrntation 

resprrarory Incompatibilities: Strong caustics, 
prolecmn must strong oxrdlzers chemrcally-actrve 
lx used for any metals such as alumtnum or 
apprecrable magnesrum powder sodium 8 
cow s potassrum 

Appearance and odor: Colorless 
kqurd wrlh a pleasanl odor 

3romochloro 
nelhane 

74 9: 5 PID wm I, 7 C” No! OPIPI ‘r-3 by A0 S.lmplP i,smg 700 ppm TWA Moderate warnrng Boiling Point: 1550 F Symptoms of exposure rnclude 
probe W’ll I III “‘cl’coaI OStiANIOStirA propemes Has a Solubilrty: Insoluble drsonentatron. drzziness. 
rr’snond ncr-v)ol so’lh-nl ,,,br CGIti APRs characlerislz odor of Flash Point N/A pulmonary edema, and irritation 

* 111 r,,*lyJn cllS,,‘hyP acceptable Ior chloroform However, no Specific Gravity: 1 93 or the eyes, throat, and skrn 
~10snrpt8on and lower cow 5 odor threshold accepted Vapor Pressure: 77” F @ 160 
(*Cd I II) analyz.6 or pubirshed by the mmHg 
OSHA IMIS0677 or ACGfH LEL: N/A 
NIOSli 1003 UEL: N/A 

Incompatibilities: Chemrcally- 
active metals such as calcium, 
powdered alumrnum. zrnc 8 
magnesrum 
Appearance and odor: Colorless 
to pale yellow lrqurd wrth a 
chloroform-kke odor 

,l -drchloroethene 75-35-4 Not determrned 40% response on Afr sample usrng No OSHA PEL Adequacy of warnrng 
FID C’rar~oali eslablrshed propertres not 

~fxor~~l sorbenl ACGIH TLV delermrned However, 
IttW Analyze vra TWA of 5 ppm thus IS not a substance 
c;c F In wllh a STEL of ksled as not 
OSIIA 19 or NIOSH 20 PPm recommended for APR 
1q15 Adequacy of use APR use up to 6 

warnmg ppm readrng on FID 
propertles not acceptable (STEL of 20 
delermned ppm X 40% response 

ratro) 



TABLE 3-l 
CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 
PORTSMOUTH NAVAL SHIPYARD 

SUBSTANCE 

;ulfur~c Acid 

CAS No AIR MONllORINGrSAMPLING INFORMATION EXPOSURE WARNING PROPERTY PHYSICAL PROPERTIES HEALTH HAZARD 
LIt4ITS RATING INFORMATION 

7664 93 9 NA NW.4 NA NM a $4 ,me,3”, al, OSHAINIOSHf Not appkcable Boiling Point: 554” F Eye, nose, and throat irritant. 
gaseo”r 01 gasrhls 01 \ r’yllq -mrJ0, ACGIH 10 Solublllty: Mlsctble pulmonary edema, bronchitis, 
vapaour IhlCill .aw’*r, WC.+* .a * a Iaruc mgrm’ TWA Vapor Pressure: 295” F Q 1 emphysema, con)unctivitis, 

Also ACGIH mmtig stomatis. dental erosion, skin and 
SlEL of 3 0 Speclftc Gnvtty: 1.84 eye burns, and dermatitis. 
mg/m’ Incompatibilltles: Organtc 

materials.. chlorates, CarbIdes. 
fulminates. water. powdered 
metals Reacts wolently with water 
wrth evolutton of heat 
Appearance and odor: Colorless 
to dark-brown. only. odorless llquld 

i I t 



4.0 CONFINED SPACE ENTRY OPERATIONS 

None of the planned operations have any potential to require activities that would involve personnel entry 

into structures or containers that could be considered to be permit-required confined spaces, as defined 

by OSHA standard §1910.146. Therefore, no activities of this kind are addressed further in, or authorized 

by, this HASP. 

Any efforts that require the entry of personnel Into an excavation will be limited to excavations that are 

stgnlfcantly sloped to allow for ready personnel access and egress, and all applicable requirements of 

OSHA Construction Industry standards for excavation (29 CFR 1926, Subpart P: “Excavations”) will be 

observed as minimum requirements. Also, any such excavations will be thoroughly evaluated in 

accordance with the requirements of OSHA standard 91910.146 to ensure that the space is not a permit- 

requtred confined space. To satisfy this requirement. and to allow personnel entry, fl of the following 

conditions must be satisfied: 

. The space may not contain (or have the potential to contain) a hazardous atmosphere (as 

defined in that OSHA regulation) 

. The space must not contain a material that has the potential to engulf or entrap an 

entrant 

. Must be excavated so that the configuration IS not such that an entrant could be trapped 

or asphyxlated by Inwardly converglng sides or by a floor whtch slopes downward In the 

work area and tapers to a smaller cross-section 

. Space does not contatn any other recognized serious safety or health threat 

If any one of these condttlons IS suspected to exist absolutely no entry will be permitted In such an 

Instance the Project HSO or the CLEAN HSM must be contacted for guidance 

c-29 



5.0 AIR MONITORING 

This section presents requirements for the use of real-time air monitoring instruments dunng site activities 

involving potenttal for exposure to site contaminants. It establishes the types of instruments to be used, 

the frequency of which they are to be used, techniques for their use, action levels for 

upgrading/downgrading levels of protection, and methods for instrument maintenance and callbratlon. 

5.1 INSTRUMENTS AND USE 

The InformatIon provided In this sectton addresses the use of real-time monitoring instrumentation dunng 

onsite actlvlttes. These instruments will be used primarily to monitor worker breathing zone areas, while 

observing conservatwe instrument action levels This approach (coupled with the use of englneenng 

controls such as area wetting to control the generation of particulate hazards, and the observance of the 

other control requirements presented in this Health and Safety Plan) has been selected to minimize any 

potentials for personnel exposures to hazardous concentrations of airborne contaminants As a result, 

personnel air sampling efforts will not be necessary durrng the planned actlvlties. These real-tlme 

monitoring instruments WI/I be operated on a continuous basis during all Intrusive actlvlties. concentrating 

on worker breathing zone areas In this approach It can be assumed that the absence of any significant 

instrument responses in those immediate work areas would preclude any concerns regardtng emission 

concerns at ste penmeler locations However perlodx penmeter monltonng with these tnstruments will 

also be pedormea as a conflrmatory/precautlonary measure 

a 

c 

I 

I 

5.1.1 Jerome Model 411 Gold Film Mercury Vapor Analyzer 

A Jerome Model 4 11 Gold Film Mercury Vaoor Analyzer WIII be used throughout all achvitles at the two 

Mercury Burlal Site locatIons to monitor for emtsstons of mercury vapors This instrument WIII be pnmanly 

used in its Survey mode of operatlon to allow for a quick detection and eValUatlOn of any mercury vapor 

emlsslons If any instrument readings are observed lo indicate the possible presence of any mercury 

vapor concentrations the instrument mode WIII be swttched to the Sample mode of operation which 

involves a slower response time (10 seconds tn comparison to only 1 second response In the Survey 

mode) However this mode provides for a more accurate analysis of mercury vapor concentrations 

e 
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This instrument will be operated on a periodic basis for all nonintrusive activities (i.e., surficial tasks), and 

continuously throughout all intrusive operations (i.e., soil disturbing activities such as excavations). It shall 

be calibrated, operated, and maintained in strict accordance with its manufacturer’s specifications, as 

presented in its operating manual. A copy of that document will be maintained onslte Any positive 

readings on this instrument will be recorded as presented in section 5.6 of this Health and Safety Plan. 

This Instrument will be used observing the action levels specified In section 5.3 of this Health and Safety 

Plan, and, in conjunction with Level C (air purifying respiratory) protection at the mercury burial sites 

5.1.2 HNu-PI101 Photoionization Detector 

A HNu PI-101 photoionization detector (PID) with a 11 7 eV lamp will be used to monitor potential source 

areas and to screen the breathing zones of employees during any intrusive activities The PID has been 

selected because it IS capable of detecting organic gases and vapors and some inorganic gases and 

vapors. including most of the identified contaminants of concern for this site. Detection IS based on the 

contaminants ionization potentials In comparison to the lamp energy (which has to be equal to or greater 

than the ronrzation potential of the contaminant) 

Prior to the commencement of any field actlvltles the background levels of the site must be determined 

and noted Dally background readings WIII be taken away from any areas of potential contamlnatlon 

These readings any influencing conditions (I e weather temperature humldlty) locatlon and the other 

Information sDecifled on the form Included as Figure 5-l of this HASP must be documented throughout 

the performance of site acttvltces (documenting the rnformatlon on Figure 5-l in a field Health and Safety 

Logbook IS a suitable recordkeepmg alternative) 

5.1.3 OVA-Model 128 Flame Ionization Detector 

The use of an Organic Vapor Analyzer (OVA) Model 128 (Flame lonizatlon Detector) may also be utilized 

to screen potential source emlsslons and the breathing zones of employees dunng the execution of the 

scope of work and speciflcally dunng any lntrusrve actlvltles which possess the potential to generate 

airborne gaseous emissions The OVA has been selected because it may detect the presence of long 

chain hydrocarbons more efflclently than a photoIonIzatIon detector (PID) The relattve response of this 
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instrument to most of the contaminants of concern.is high (relatively accurate). Both the PID and the FID 

instruments are suitable for use, and are offered here as alternatives. Instrument selection will consider 

the field technicians knowledge and level of comfort in using these instruments. 

If positive readings are indicated by either the HNu PI-101, or the OVA-Model 128, colorimetnc tubes 

(Draeger tubes) will be used to determrne if erther methylene chloride or benzene IS the contaminant that 

IS detected Exposure to either of these substances at concentrations that could present a health hazard 

IS unlrkely. given the low percentage detected In previous samples, the low probability of free product being 

present at the sites, and the antlclpated sate condrtlons (due to the geographical location of the site and 

the scheduled trme of year that work will be performed). These instruments are primarily used to detect 

airborne (volatile) contaminants which may be released into the environment, which may pose an exposure 

concern to sate workers 

NOTE: It should be realrzed that some of the contamrnants of concern are nondetectable using these 

types of screentng instruments Therefore, In addrtion to the use of these screening instruments. emphasis 

WIII also be grven to visual observation. as these contaminants may present themselves as partrculates 

(of may be bound to partrculates) 

5.1.4 Draeger (Calorimetric Tubes) 

Draeger tubes shall be employed In conjunctron w~rh the HNu or OVA as part of the air monitonng 

program sucoonlng site actlvltles This approach has been specified m order to meet the requirements 

of 29 CFR ICIC 120 ihl That regulation speclfles that efforts must be taken to determine the IdentIty and 

quantity of pofential site contaminants The use of the HNu or the OVA In the survey mode of operatron 

will not Ident+ alroorne substances only detect them al very low levels However the use of the Draeger 

tubes in Conjunctfon wtth these Instruments permits a semi-quantltatlve result with positwe rdentificatlon 

wrthln the restrictrons of the lrmrtatrons of tne Instrument 

Draeger tube 100/a for methylene chlonde (tube no 6724601) has been selected for use due to the 

previous detection of this substance in groundwater and SOIIS An action level of any color change from 

whrte to brownish green indicating layer WIII Indicate this substances’ presence The measunng range for 

m 

m 
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these tubes begins at 100 ppm. The effective use of these tubes, and appropriate timely response to 

retreat if the color change is observed, will effectively minimize the potentials for workers to be over 

exposed to this substance. 

Draeger tube 0.5/c for benzene (tube no. 8101841) will be used to detect the presence of thts substance 

These tube WIII detect concentrations of benzene in concentrations ranging form 0.5 to 10 ppm Effective 

use of these tubes, and prompt response (as above) will minimize potentials for personnel over exposures 

to benzene 

Any positive instrument responses on the HNu. or OVA observed above background levels will be 

considered to indicate contaminant release. As such, the followlng actions will be taken 

. Monitor work areas continuously. concentrating on worker breathing zones (BZ) areas 

(head and face regions) when positive source results are reported If readings are 

observed at these areas to be at background levels. continue monitonng and work efforts 

. If sustained or repeated Intermittent readings In the workers’ BZ are detected above 

determlned background levels. workers are to retreat to an unaffected area. upgrade the 

level of protectron to Level C (Air Punfylng resprrator equrpped with organic vapor 

caffndges with High Efficiency Pamculate Air Filters) AddItIonal analysis (colorimetnc 

tubes) WIII be used to confirm that the contaminant IS not methylene chloride or benzene 

Funner actions WIII be dependant upon results of colonmetnc tube analysis and levels of 

conlamlnant concentration as lndlcated by the HNu or OVA (refer to Table 5-Z Instrument 

Actlon Levels) 

5.2 AIR MONITORING REQUIREMENTS - Mercury Analyzer, HNu and OVA 

Air monllonng with the Jerome Gold Film Mercury Vapor Analyzer, HNu PI-101 and the OVA will be 

Initiated at potential sources of vapor emlsslons Examples of potential sources and corresponding 

actlvltles are as follows 

. All intrusive actlvltles (I e excavations, so11 boring, drill cuttings. and sampling) 

. Decontamlnatlon procedures 
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. If site personnel detect any chemical odors 

52.1 Air Monitoring Frequency 

As previously specified, all site readings must be recorded using Figure 5-1. Recording this informatron 

in a site Health and Safety Logbook is an acceptable alternative to using Figure 5-1, provided that all of 

the specified rnformation is recorded. Other relevant influencing factors (e.g. weather condltrons. wrnd 

direction and speed, humidity, etc.) should also be recorded. 

In general, continuous instrument monitonng will be required throughout all intrusive activrtres For 

nonintrusive efforts. initial and periodic monitoring frequencies will be considered to be adequate. 

However, based on instrument responses and site observations, the Site Safety Officer may decide to 

increases these use frequencies. Reduction In monitoring frequencies will not be permitted wlthout 

obtaining the prior consent of the Project Health and Safety Officer and the CLEAN HSM 

Table 5-l presents the frequencies that air monitoring instruments are to be utilized. along with the 

corresponding potential hazards, on a task-specific basis for this project 

TABLE 5-l 

AIR MONITORING TYPE AND FREQUENCY 

TASK(S) 

;eophyscai ana land surveying 
asks 

ATMOSPHERIC MONITORING TYPE 8 
HAZARD(S) FREQUENCY 

None anltctpated None required 

i01l gas surveys TOXIC gas/vapor or 
particulate 

PIDIOVA: in&al and then penodlc 
screening at each bonng locatlon 
This IS to be performed at the bore 
hole and at worker Breathrng 
Zones (BZs) 

Visual observation: For dusty 
conditions as contaminants may be 
present in panlculate form. or may 
be bound to partrculates 

Draeger tubes: As conditions or 
results dictate 
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TASK(S) ATMOSPHERIC MONITORING TYPE & 

HAZARD(S) FREQUENCY 

-ocation and sampling activities at Mercury vapor releases Jerome Mercury Vapor Analyzer: 

he two Mercury Burial Sites Periodic during all surficlal 
activities, and continuously dunng 
intrusive efforts. 

TOXIC gas/vapor or 
particulate 

PIDIOVA: For gas/vapor 
detection, conttnuous monttonng 
throughout all intrusive actlvltles 

Draeger tubes: As condtttons or 
results indicate. 

Visual Observation: For dusty 
conditions as contaminants may be 
present in particulate form. or may 
be bound to particulates 

Flammable or explosive 
threats 

LEUOZ: Dunng all intrusive 
activities 

NOTE PIDIOVA. and LEL102 
must also be used in accordance 
with OSHA §1910 146 pnor to any 
personnel entry Into an excavation 
Refer to section 4 0 of this HASP 

3roundwater lnvestlgattons TOXIC gas/vapor or 
particulate 

Flammablelexplosve 
threats 

PlDlOVA: Continuously monitor 
potential sources (I e borehole 
drill cuttings etc ) and the workers’ 
BZs 

Visual observation: Same as thai 
specified above 

Draeger tubes: As conditions or 
Instrument results indicate 
LEUOZ: Periodically monitor 
borehole 

nspections for groundwater 
$scharges from the JILF landfill 

None antlclpated None required 

Tidal study None anticipated None required 
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5.3 ACTION LEVELS 

The following monitoring instrument action levels will apply to this project: 

TABLE 5-2 
INSTRUMENT ACTION LEVELS 

INSTRUMENT ACTION LEVEL RESULTANT ACTION 

HNu PID Above background levels at a 
potential point source release 
(i.e borehole readtng, In an 
excavated depression, 
etc ). 

Continue work while closely monitoring the 
workers’ Breathing Zone (BZ) areas. 

Background levels are exceeded Retreat to an unaffected area and let the 
In worker BZ areas work area ventilate. Reapproach work area 

cautiously with monitoring instruments. If 
background levels are not regained. don 
APRs with organic vapor-HEPA filtered 
cartridges and perform Draeger tube 
analysts Test first for methylene chlonde 
and then for benzene If any positive 
rndrcatlon IS seen In either analysis. 
rmmediately retreat and contact the Project 
HSO or the CLEAN HSM for guidance If the 
presence of methylene chloride and benzene 
IS positively ruled out. work may resume 
using the APR protection with penodlc 
retestrng wrth the Draeger tubes 

Greater than 50 ppm Retreat to an unaffected area Work can 
continue with APR protectlon when readings 
decrease to levels below 50 ppm 
OtherwIse. work can contrnue only In Level B 
(supplied air resprraton/ protectron) 

OVA FtD Same actjon levels as those Same response actions as those specified 
specified for the HNu PID for the HNu PID 

Draeger tubes Observe the directIons prowded Any positive rndlcatron on either the 
with the tubes methylene chlonde or the benzene tube wtll 

be cause for rmmedlate retreat to an 
unaffected area 
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INSTRUMENT ACTION LEVEL RESULTANT ACTION 

LEU02 meter ~19.5% or ~23.5% oxygen Retreat immediately. If srtuation involves 
content in air oxygen deficiency, work can continue in 

Level B protection. If oxygen enriched 
atmosphere is the concern, contact the 
Project HSO or the CLEAN HSM for 
guidance and do not resume until 02 levels 
decrease to less than this action level 

>lO% LEL readings If potentially-explosive action levels are 
rndrcated by the exceedence of thus action 
level, retreat immediately to an unaffected 
area and contact the Project HSO or the 
CLEAN HSM for guidance. 

Mercury Vapor Any positrve readings while Workers will retreat to an unaffected area, 
Analyzer operated in Survey Mode Site Safety Officer will switch the device to 

operate in the Sample Mode to better assess 
the work atmosphere for mercury vapor 
concentrations 

~0 01 mg/m’ in Sample Mode Continue work wrth caution. continue 
monrtonng In Sample Mode 

~0 01 mg/m’ In Sample Mode Retreat to unaffected area and let work area 
ventilate Return only If/when acceptable 
levels are regained 

Site Safety Officer will also perform perimeter 
monitonng in thus event If positive readings 
at the site perimeter are observed this SSO 
WIII immedrately notify the Project Manager 
the CLEAN HSM and the Base Contact as 
specified in Table 12-l 

5.4 VISUAL OBSERVATION 

Based on the hazard assessment several of tne suspected contaminants of concern may be encountered 

in the form of a particulate (or may be bound to pafticulates) Controlling particulate generatron and 

dispersal will be the primary control against worker exposure to this potential hazard This control effort 

IS accomplshed through work practrces such as wetting down areas of potential contamlnatron and 

contaminant-ladened particulate generation Only when this control approach cannot be effectively 

implemented will site personnel resort to the use of APRs In other words. the rnrtral effort will be to control 
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the potential hazard, with the secondary effort being on protecting workers from being overexposed to it. 

The only exception to this is that APR protection will be used during intrusive operations at the two 

Mercury Burial Site locations. 

5.5 INSTRUMENT MAINTENANCE AND CALIBRATION 

Air monrtorrng Instruments will be maintained and pre-field calibrated by the equipment SupplIer. 

Operatronal checks will be performed on all rnstruments each day prior to their use Field callbratron will 

be performed on Instruments which require it (for example, the HNu -if used- must be field calibrated daily. 

An additIonal field calibration must be done on this instrument 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 recommendatrons. and 

with applicable Halliburton NUS instrument Standard Operating Procedures (a copy of whrch will be 

marntarned on site for reference) All calibratron efforts must be documented. Figure 5-2 IS provrded for 

documentrng these calrbratron efforts. This rnformatron may Instead be recorded in a field Health and 

Safety Logbook provided that all of the Information specified In Figure 5-2 IS recorded Thrs required 

informatron Includes the following 

. Date calibration was performed 

. lndrvrdual calrbratlng the Instrument 

. Instrument name model and senal number 

. Any relevant instrument settings and resultant readings (before and after, callbratlon 

. IcIent~fical~on of the callbratlon standard (lot no source Concentration SupplIer) 

. Any relevant comments or remarks 

Field malnfenanCe wtll consist of dally cleaning of the Instruments using a damp towel or rag to wipe off 

the InStrument s Outer casrng and overnrghl battery recharging 

5.6 RECORDKEEPING 

All instrument readings above and including background levels must be recorded using Frgure 5-l or in 

a field book or field Health and Safety Logbook Thus recordkeeprng should also indicate any corrective 

actions taken In addltlon. results of any colonmetnc analysis must be recorded In the log book. 

m 
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Instrument calibration efforts and results must also be recorded, as specified in section 5.5. Lastly, 

information concerning potential influencing factors on instrument responses (i.e. weather, activities. 

interferences) shall also be recorded. 
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6.0 PERSONAL PROTECTIVE EQUIPMENT (PPE) 

This section presents requirements for the use of personal protective equipment for each of the activities 

being conducted as defined in this HASP. This section includes anticipated levels of protection for each 

of the activities, the criteria used for selecting various levels of protection, and criteria for modifying levels 

of protectlon based on monitoring instrument readings and personal observations. 

6.1 ANTICIPATED LEVELS OF PROTECTION 

The levels of protection which may be used In the various tasks of this project include levels D, C. and 

possibly B (as defined In Appendix B of OSHA Standard 29 CFR 1910.120 -“Hazardous Waste Operations 

and Emergency Response”) It is anticipated that Level D will be appropriate for the majonty of work in 

this effort However, work at the two Mercury Burial Site locations will Involve the use of Level C 

protectlon (full face respirators equipped with mercury vapor cartridges with end-of-service life lndtcators 

and HEPA filters) At other locations, this level of protection may be required based of conditions such 

as dry and dusty condltlons in areas where partrculate contamlnatlon may be encountered (If controls such 

as area wetting techniques are not possible or effective). or based on data such as monltonng instrument 

readings or colonmetric tube analyses results Also if the subtask for containerizatron of suspected 

mercury contaminated ~011s becomes necessary at those sites Level B protectlon (air supplied respiratory 

protecrion) may become necessary Level B protectron may also become necessary for tntruslve 

operations ar Ihe JILF landflll as described under Task 3 In sectlon 3 0 of this HASP In regard to dermal 

protecllon many of the pianned aCtlvitES wtll require UW use of chemical protective Clothing such as 

coveralls gloves and boot covers as presented In the task breakdown which follows Where actlvltles 

Overlap the more protective requirements will be apphed Lastly upgrading the level of protection for 

Halliburton NUS (and subcontractor) personnel WIII be reserved to the dlscretlon of the FTL and SSO 

based on factors such as site observations worker comments and other condltlons and circumstances 

In addlhon lo monitoring instrumenf results 

6.1.1 Minimum Requirements (All Tasks] 

MinImum requirements include steel-toe and steel shank work boots, chemical resistant boot covers with 

standard field dress conslstlng of long pants and long-sleeved shirts Hard hats and safety glasses will 

be worn when overhead or eye hazards exist based on the task, or if working In and around operating 
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machinery that could present or contribute to these threats. The use of protective equipment specified as 

optional will be at the discretion of the FTL or the SSO based on tasks, site conditions, and other 

influencing factors. This is of course providing that action levels or the requirements of this plan are not 

compromised, indicating a need for additional elements of personal protection. 

6.1.2 Mobilization/Demobilization and Site Reconnaissance Activities 

As mobtllzatlon and demobilization present lImIted potential for contacting any hazardous materials that 

could adversely effect sate personnel, the minimum requirements specified in 6.1.1, above, will be adhered 

to for these efforts Disposable boot covers will be worn in areas where surface contamination may 

reasonably be anticipated to exist. 

6.1.3 Surveyinq and GeophvsicslJILF Discharge lnspectionsmidal Studv 

These acttvlttes have been categorized together In this sectton as they are all nonintruslve activltles which 

present minimal hazard potentials PPE requirements for these tasks will be the same as those specified 

for the MobllizatlonlDemoblllzatlon and Site Reconnaissance tasks One exception IS In regard to those 

acttvttles that will be performed near or over bodies of water For those efforts, personnel must alS0 wear 

U S Coast Guard approved personal flotation devices be properly tied-of-f with Ilfetrnes and lifeline 

attendants and (11 wading Into water bodies IS necessary to perform the task) wear appropriate hip or 

chest WaderS Also for any activities where personnel may handle potentially contaminated media tools, 

or eaillpmen: a! leas! nitrlle Inner gloves and cotton work over gloves WIII be worn If handling liquid 

media IS antKlpa(ed nltrile Ouler gloves WIII be used In place of the cotton work gloves 

u 
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6.1.4 Investigation and Samplinq Activities at The Two Mercury Burial Sites 

All IntruSwe XttvWS performed ar these locations will require the mlnlmum gear specified In 6 1 1 and 

the folIowIng Ltems of PPE 

. Saranex coveralls 

. NItrIle inner and outer gloves 

. Nitrile (or neoprene or rubber) boots or boot covers 

. Taped ankle and wrist joints 
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. Full face APRs with mercury cartridges (MSA Mersorb type H) 

. Hard hats, hearing and eye protection (optional per SSO direction, as conditions or 

operations indicate) 

Nonintrusive activities will only require the use of the minimum gear with boot covers and inner gloves 

However. Tyvek@ coveralls may be required if dry and dusty conditions exist. 

The air punfylng respirator (APR) cartridges Identified for use during intrusive activitres are equipped with 

colonmetnc end-of-servrce life indicators which are positioned on the sides of the cartridge. This 

posrtronrng allows for the wearer to be able to see the device. and recognize when the color change has 

occurred This end-of-servrce life rndicatrng device IS incorporated into the cartridge to provide a clear, 

timely Indication of when the useful life of the cartridge is ending. This is indicated when the orange 

indicator turns to a brown color This cartridge IS approved for use for mercury vapor concentrations of 

up to 0 5 mg/m’ According to the manufacturer of the device, at that maximum allowable concentration, 

the cartridge has been tested to provide adequate protection for more than an eight hour penod Also, 

the color change on the end-of servlce life Indicator has been tested and shown to occur (at that 

concentration) after a penod of only approxrmately 2 hours Therefore, the color change rndlcatron 

represents a safety factor of approximately 4 That IS the end-of-service life indicator will notify the wearer 

that cartridge replacement IS necessary while nearly 75% of the cartridges useful life still remains All site 

personnel WIII be instructed to frequently check for the occurrence of this color change on themselves and 

on their coworkers and that any percerved color change will warrant the immediate exit from the work area 

to obtain ne+. canr,dges Also as an added precaution workers will be Instructed to obtalr? new cartridges 

at leas! 01 a aady Da95 

As mentloned In the previous section of this Health and Safety Plan. a real-time mercury vapor analyzer 

monitonng Instrument will also be utilized on a continuous mode dunng all Intrusive actlvrtles at the two 

Mercuq Bunal Sate localions As the speclfled mercury vapor APR cartrldges are approved for use In 

mercury vapor concentrations up to 0 50 mg/m’ any instrument readings near worker breathrng zones 

approaching the action level of 0 3 mglm’ will rnltlate an rmmedrate site evacuation response This 

instrument action level employs a safety factor of 40% of the cartridges approved limit This IS addressed 

In greater detail In Section 5 0 of this Health and Safety Plan 
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Finally, if readings from the Mercury Vapor Analyzer indicate that soils encountered may be contaminated 

with mercury, and that the capacity of the Level C devices may be threatened to be exceeded, then 

personnel will evacuate and upgrade to Level B protection for any remedial efforts (i.e., containerizing the 

suspected contaminated soils, as presented as subtask 2.3 in section 2.0 of this Health and Safety Plan). 

6.1.5 Groundwater lnvestiqations 

Minimum requlrements include steel-toe, steel shank work boots, chemical resistant boot covers, Tyvek@ 

coveralls, and nltrile outer gloves over cotton work gloves. In addition, hard hat and safety glasses will 

be worn when working in close proximity to operating machinery or equipment (e.g. drill rig), or when the 

potential for eye or overhead hazards are observed to exist. If the potential for saturation of work clothes 

exists the use of PVC or PE-coated Tyvek@ will be substituted in place of the Tyvek@ coveralls. AdditIonal 

personal protective Items shall include heanng protection during the operation of mechanized equipment 

as specified In section 3 3.10. 

Thts task may involve the use of levels D. C, or B. depending on conditions at the site. and depending on 

the success of the informatron gatherrng efforts at the JILF landfill location, as specified in this Plan The 

determination for the use of Level C protectlon wdl be based on factors such as site conditions (weather, 

potenllals for actWes to generate respiratory hazard potentials via airborne particulates etc ) monitoring 

Instrument readings and other factors as specified in this Plan If the InformatIon gathering process falls 

10 determlne that the potential for encountenng a burled cylinder IS extremely remote then intrusive tasks 

at that area of concern WIII be performed only In Level B protection 

6.1.6 Decontamination Activities 

The requirements for decontamlnatlon actWles WIII Include the mlnlmum requlrements for all tasks (See 

Section 7 1 1) and the use of PE-coated Tyvek@ or PVC with nltrlle outer and Inner gloves when the 

potential for saturation of work clothing exists and splash shield as necessary or as directed by the FTL 

or SSO This will be the required level of protection when performing large scale decontamlnatlon 

activities such as when steam cleaning augers and dnll flights The general rule of thumb for respiratory 

protection will be to use the same level as. or one level below, that of the field personnel who were using 

the equipment This WIII be determlned by the SSO for specific decontamination actlvltles 

1 
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6.2 PPE SELECTION CRITERIA 

Based on the relatively low volatility and anticipated low concentrations of the identified contaminants of 

concern, as well as the probabilities for dispersion of any potential vapor releases via natural ventilation 

(i.e. wind currents), vapor concentrations in worker breathing zones are not anticipated to be at levels 

which would warrant a respiratory hazard protection This is reinforced by the anticipated colder ambient 

temperatures that will be present during the field investigation tasks. However, the potential exists for dust 

emlssrons contarnrng site contaminants to be generated. These dust emissions can be inhaled or ingested 

and result In exposure. If dust emissions are observed and cannot be cont.rolled (1.e via area wetting 

techniques). the use of full-face air-purifying respirators equipped with a combrnation High Efficiency 

Partrculate Air (HEPA) filter and Organic Vapor mist cartridge will be implemented. Initiation of this action 

will be determlned by the FTL and the SSO. However, due to the anticipated climatic conditions, the 

potential for encountering dry or dusty conditions IS not likely. 

Due to the toxicity characteristics of mercury vapors, and in recognition of the established OSHA 

Permissible Exposure Limits and the ACGIH Threshold Limit Values for that substance, arr purifying 

respiratory protection will be used for intrusive operations at the mercury burial sites These devices will 

be equipped with end-of-service life indicators that will alert the workers if the capability of the cartndge 

IS being exceeded 

NItrIle gloves were selected to provide protectron agarnst the potential site contaminants that could be 

encountered and to help reduce the potential for the Ingestion of transferred contamtnants as a result of 

incidental hand-to-mouth contact Nltrlle was selected as the glove constructlon material based on 

available research data on permeatron characteristics of the contamrnants of concern Hard hats safety 

glasses and work boots were selected to provide protectron against some of the physlcal hazards 

associated with the proposed operations Disposable boot covers were selected to help mrnlmize the 

spread of contamlnatlon Tyvek@ coveralls were selected to mlnlmlze the potential for contamlnatlon of 

street clothes and PVC coveralls were selected for use In the event that actlvrtres could have the potential 

to result in the saturatron of work clothes Saranex@ coveralls were selected for the mercury burial site 

activities based on their effectiveness to prevent the permeation of mercury contamination. should It be 

encountered 
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6.3 PPE MODIFICATION CRITERIA 

a 

I 
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This section presents criteria for upgrading and downgrading chemical protective clothing and/or 

respiratory protection. Where uncertainties arise, the more protective requirement will apply 

6.3.1 Chemical Protective Clothing Modification Criteria 

Tyvek@ coveralls and boot covers must be worn anytrme there is a reasonable potential for contamination 

of street clothes Polyvrnyl chloride (PVC) or PE-coated Tyvek@ coveralls must be worn anytrme there 

IS a reasonable potentral for saturation of work clothes, Saranex@ coveralls must be worn dunng Intrusive 

actrvrtres at the Mercury Burial Site locations. Nitrile gloves (inner and outer) must be worn anytime there 

IS a reasonable potential for hand contact with site contaminants. 

6.3.2 Respiratory Protection Modification Criteria 

Full face acr purifying respirators (APRs) equipped with high efflclency partrculate air (HEPA) filters must 

be worn anyttme dry and dusty condltlons are observed and these emissions cannot be suppressed with 

water spray Full face APRs equipped with mercury vapor cartndges with end-of-service life Indicators WIII 

be worn durtng infruslve operations at Mercury Burial Sites I and II In addition. the use or modrflcatlon 

of required Items of respiratory protection WIII be in accordance with the action levels speclfled In Section 

53 

The use of supollea air resplralory protectlon (Level 8) WIII be used if nesecssary during lntruslve actlvltles 

at the JILF Landfill and Mercury Bunal srle locations The determination for this need for the JILF Landfill 

localion will prlmartly be dependent on the success of the tnformation gathering effort demonstrating that 

encountenng any buried compressed gas cylinders during the well dnlllng effort IS not a reasonable 

probablllty In regard to the possible use of Level B protectron during rntrusve work at the Mercury Bunal 

Site location this will be chosen if the actlon levels speclfled in section 5 3 of this Plan for mercury vapor 

emissions are exceeded In fact that potential exists throughout activities at all of the site locatlons. but 

at a lesser extent as compared to the potential for I& use at the Mercury Bunal Sites 

I 

m 
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FIGURE 6-1 
AIR PURIFYING 

RESPIRATOR USE LOG 

Location, 

Dates of Investigation: 

SUBMIT TO HEALTH SCIENCES DEPT. AT COMPLETION OF PROJECT 

Site Manager (FTL) 
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FIGURE 6-2 
SCBA LOG 

Site: 

Location: 

Dates of Investlgatlon: 

SUBMIT TO HEALTH SCIENCES DEPT. AT COMPLETION OF PROJECT 

Site Manager (FTL) Date 
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7.0 DECONTAMINATION 

Decontamination IS the procedure to be employed to remove and/or neutralize site contaminants 

encountered through the execution of the scope of work. This procedure will be employed for the purpose 

of preventing cross contamination, protecting onsite personnel, and protecting the indlvlduals outslde this 

operation from the spread of contamlnatlon. 

7.1 STANDARD PROCEDURES 

1 Establish a personnel decontamination statlon (PDS) suitable to handle the activities, type and the 

amount of contamlnatton, and level of protection. This area will be located adjacent to the exclusion 

zone or work area. and WIII consist of the stations described in Section 7.2 

2. Upon leaving the contamlnatlon area (exclusion zone), all personnel shall proceed through the 

appropriate contamlnatlon reduction sequence 

3 All protective gear should be left onslte dunng any lunch break followlng decontamlnatlon procedures 

4 Locate a tentrai decontamlnatlon area for heavy equipment The equipment upon completing the task 

at hand WIII require that at least the wheels and tires to be cleaned prior to movtng to the 

decontaminallon area This area should be accessible to resources and emergency services 

5 AlI e3uG-ent will be Inspected by the FTL or SSO and approved prior to leaving the decontamlnatlon 

area wltnrn the contamination reduction corndor 

6 All dIscarded materials (I e drill cuttlngs decontamlnatlon fluids. used PPE) will be drummed labeled, 

and staged to await Sample analyses and ultimate disposal fate 

7.2 PERSONNEL DECONTAMINATION REQUIREMENTS 

The decontamlnatton of personnel and their protective clothing shall be performed In sequential stages 

These stages shall include 

C-51 



. Removing contamination from protective clothing and equipment with a detergentiwater solution 

and soft bristle scrub brushes. 

. Removal of protective ctothing (disposable items shall be discarded into a container conspicuously 

marked “Potentially Contaminated Clothing”). 

. Workers washing hands and face with potable water and soap whenever they remove PPE and 

leave the exclusion zone. 

The maximum decontamrnation layout is described in the following table. Within this format the bolded 

sections represent the minimum requirements for all tasks conducted in an established exclusion zone. 

Should the task or scope require use of the material identified as optional, those sections will become 

mandatory (at the discretion of the onsite safety representative). 

MaximumlMinimum Measures for Decontamination 

Station I: Segregated Equipment Drop Deposit equipment used onsite (tools, sampling 
devices and containers, monitoring instruments, 
radios, clipboards, etc.) on plastic drop cloths or 
in different plastic-lined containers. Segregation 
at the drop reduces the probability of cross 
contamination. 

Station 2: Boot Cover and Glove Wash Scrub outer boot covers and gloves with 
detergent and water. 

Station 3: Boot Cover and Glove Rinse Rinse off from Station 2 using only as much 
water as necessary. 

Station 4 Suit and Safety Boot Wash As Wash splash suit gloves. and safety boots Scrub 
applicable as not all operations with long-handled scrub brush and decontamrnation 
will requrre the use of protectrve solutron 
suits and not all suits are 
amenable to washing/nnstng (I e 

TyvekQ coveralls are merely 
7emoved and discarded and not 
washed or rinsed) 

Station 5 Suit and Safety Boot Rinse Rrnse off decontamrnation solution using water 
Rinse Repeat as many times as necessary 

Station 6 Tape Removal Remove tape around boots and gloves and deposit 
them in the plastic-lined container 

I 

w 

I 

1 

I 

w 

It 

1 

I 
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tation 7: Boot Cover Removal Remove boot covers and deposit them in the 
plastic-lined container for decontamination and 
reuse. 

tation 8: Outer Glove Removal Remove outer gloves and deposit them in a 
plastic-lined container for disposal. 

Zation 9. Cartridge, Mask, or Tank Change. If worker leaves exclusion zone to change cartridges 
As applicable, not all operations (or mask or tank), this is the last step in the 
will require respiratory protection decontamination procedure. Worker’s cartridges 

exchanged, new outer gloves and boot covers 
donned, and joints taped. Worker returns to duty. 

itatron 10: Coverall Removal With the helper’s assistance, remove coveralls. 
Deposit in the plastic-lined container 

Xation 11 Respirator Removal 
(if worn) 

itation 12: Inner Glove Removal 

Remove face piece. Deposit it in a plastic-lined 
container. Avoid touching face. 

Remove inner gloves and deposit them in the 
plastic-lined container. 

xation 13: Field Wash Wash hands and face with potable water. 

Itatlon 14 Heat or cold stress Observe the monitonng procedures presented In the 
evaluation/Break attachments to this HASP 

Heat/cold stress monltonng will be 
conducted on an as needed basis 

7.3 MINIMAL DECONTAMINATION 

Less extensive procedures for decontamination can be established when Level D protection IS utllrzed. 

when the type and degree of contamlnatlon are known, or when the pOtentlal for COntatnlnant transfer IS 

judged to be mtnlmal by the SSO These procedures generally may involve one or two washdowns only, 

and/or progressve removal (and disposal as appropnate) of items of PPE 

7.4 EQUIPMENT DECONTAMINATION 

The drill ng and all dnlllng tools hand augers etc WIII be steam cleaned between boreholes All downhole 

tools samplers and other downhole equipment WIII be steam cleaned between boreholes Under muddy 

conditions the back end of the drill rig and wheels will also be steam cleaned, as needed, between 

boreholes It has been assumed that an appropriate decontamrnatlon area near the site will be designated 

by the facrlrty for dnll ng steam cleaning/decontamination operations. 
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7.5 DECONTAMINATION OF SAMPLING TOOLS 

All sampling equipment will be cleaned between sample acquisitions in accordance with the requirements 

established in the sampling plan, In addition, all sampling equipment that will be leaving the site will require 

a thorough decontamination, and approval by the FTL or SSO to verify it has been properly 

decontaminated, prior to leaving the site. This can be accomplished either by steam cleaning or by a 

detergent wash and potable water rinse until tools are visibly clean. 

7.6 CLOSURE OF THE PERSONNEL DECONTAMINATION STATION 

Decontamination-generated liquid wastes, all disposable clothing and plastic sheeting used during the 

operation will be containerized. labeled, and staged onsite to await disposal. The drsposal method used 

will be based upon available information regarding the charactenstics of the site, sample analyses, and 

contaminant levels Reusable protective equipment will be cleaned, dried, and prepared for future use 

(If gross contamlnatlon has occurred, the Item will be properly disposed.) 

All wash tubs pall containers. etc will be thoroughly washed, rinsed. and dried prior to removal from the 

site The Site Safety Officer will be responsible for lnspectrng and clearing equipment to leave the site 

7.7 PPE REQUIREMENTS FOR DECONTAMINATION OPERATIONS 

All equlpmen! decon!amlnat~on efforts WIII require the use of cnemlcal protective clothing as described 

below 

PVC or PE coated TyvekB coveralls 

Nltrlle outer gloves 

Latex or nitnle Inner gloves (surgeons) 

Rubber boots (of rubber boot covers) 

Splash shield (If respirator not worn) 

Respiratory protection (if needed’) 

The same level of respiratory protection worn for the work assignment. WIII be worn when 

decontamlnattng the equipment used for that assignment 
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7.8 EMERGENCY DECONTAMINATION PROCEDURES 

In addition to routine decontamination procedures, emergency procedures will establish the protocol to be 

followed in the event of a medical emergency. This procedure will be established and conducted based 

on the severity of the injury including procedures for potential loss of life, and Injury requinng first-aid 

(NOTE An emergency first aid instructlon poster has been attached to this HASP. This shall be posted 

at the site at a convenient location.) 

Potenttal loss of life 

9 Delay decontamination (if necessary). or modify it to perform as much decontamlnatlon of the 

injured person as possible. 

l Stabllze vlctlm 

l Wrap the vlctlm In blankets, or plastic sheeting to reduce the potential of contamlnatlon to medical 

personnel 

l All medical support will be Informed of the suspected hazards associated with the task All 

receiving facilities however must be alerted to the potential hazards Clearance from the hospital 

for accepting potenttally contaminated personnel WIII be obtained by the SSO pnor to the 

commencement of onslte actlvltles 

In slluatlons where the contamination IS extremely toxic or corrosive (not antlclpated) 

. Implemen: mmedlate decontamlnatlon Drocedures 

l Admtnlster First-AId (If quaIlfled to do so) 

l For heat related disorders remove all orotecttve clothing wash as appropriate treat for heat stress 

Extremely toxic Or Corrosve contamlnatlon IS not expected to be encountered based upon known 

ste characterlstlcs 

7.9 DECONTAMINATION EVALUATION 

The decontamlnatlon process effectiveness will be judged In the followlng manner 

l Visual observation - Dlscoloratlon stains dirt. and alteratlons of the fabric due to chemical contact 

will be the pnmary method used to determlne effectiveness 

c-55 



The following methods may be used if gross contamination is encountered: 

l Monitoring Instrumentation - Instruments used to detect site contaminants may be employed to scan 

garments and equipment for the presence of site contaminants after decontamination procedures 

have been employed. 

l Decontamination Solution Analyses - An analyses of the solution (final rinse) and the presence of 

contaminants may suggest additional cleaning is required. This information may be useful In the 

ultimate disposal of the fluids generated 

l Sample Analyses - sample analyses may indicate the level of contamination and therefore the 

potential for contamination. Once again this Information may be useful rn the ultimate disposal. 

It IS suggested that a combination of methods be used to determine the effectiveness of the 

decontamrnatlon of the process used 

C-56 



8.0 TRAINING REQUIREMENTS 

This section describes the minimum requirements for initial, refresher, and site-specific tratntng 

8.1 INTRODUCTORY AND REFRESHER TRAINING 

8.1 .I Requirements for HALLIBURTON NUS Personnel 

All Hallrburton NUS personnel must complete 40 hours of introductory hazardous waste site training prior 

to performing work at the Portsmouth Naval Shtpyard. Additronally, HALLIBURTON NUS personnel who 

have had Introductory tratntng more than 12 months prior to site work must have completed 8 hours of 

refresher training wrthtn the past 12 months before being cleared for site work. 

All Hallrburton NUS personnel functronlng In the supervrsory capacity will have had Management and 

Supetvlsory trarnrng as required by 29 CFR 1910 120 (e)(4) 

Documentation of Halllburton NUS introductory supervisory. and refresher trarnrng and a site-specific 

trarntng WIII be marntarned at the project Copies of certificates or other official documentatton will be used 

to fulfill this requrrement 

8.1.2 Requwements for Subcontractors 

All Hall~burto~ NUS suocontractor personnel must have completed introductory hazardous waste ste 

tralnrng or equlvalenf work expenence as defrned In OSHA Standard 29 CFR 1910 120(e) and 8 hours of 

refresher tralnlng (as approprrate) meeting the requrrements of 29 CFR 1910 120(e)(8) prior to performing 

field work at the Portsmouth Naval Shipyard All subcontractor personnel servtng In the supervrsory 

capacity WIII nave had Management and Supetvlsory trarnrng as required by 29 CFR 1910 120(e)(4) 

Halllburton NUS subcontractors must certify that each employee has had such trarnrng by sending 

Hallrburton NUS a letter. on company letterhead containrng the rnformatlon In the example letter provided 

as Figure 8-l Figures 8-1 and 9-2 can be combined Into one letter 
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8.0 TRAINING REQUIREMENTS 

This section describes the minimum requirements for initial, refresher, and site-specific tralnlng 

8.1 INTRODUCTORY AND REFRESHER TRAINING 

8.1.1 Requirements for HALLIBURTON NUS Personnel 

All Halllburton NUS personnel must complete 40 hours of introductory hazardous waste srte training prior 

to performing work at the Portsmouth Naval Shrpyard. Additionally, HALLIBURTON NUS personnel who 

have had Introductory training more than 12 months prior to site work must have completed 8 hours of 

refresher tralnlng within the past 12 months before betng cleared for site work. 

All Halllburton NUS personnel functioning In the supervisory capacity will have had Management and 

Supervisory training as required by 29 CFR 1910 120 (e)(4) 

Documentation of Hallibunon NUS Introductory supervisory and refresher training and a slte-speciflc 

training will be malntained at the project Copies of certificates or other offlcral documentation will be used 

to fulfill this requirement 

8.1.2 Requtrements for Subcontractors 

All Hall~burto~ NUS suocontractor personnel must have completed introductory hazardous waste site 

tralnlng or eaulvalent work experience as defined In OSHA Standard 29 CFR 1910 120(e) and 8 hours of 

refresher tralnlng cas appropriate) meeting the requirements of 29 CFR 1910 120(e)(8) pnor to performlng 

field work at the Ponsmouth Naval Shipyard All subcontractor personnel serving In the supervisory 

capacity WIII have had Management and Supervisory training as required by 29 CFR 1910 120(e)(4) 

Hallibunon NUS subcontractors must certify lhat each employee has had such Warning by sending 

Halllburton NUS a letter. on company letterhead contalnlng the InformatIon In the example letter provided 

as Figure 8-l Figures 8-l and 9-2 can be combined tnto one letter 
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8.13 Subcontractor Exceptions 

Subcontractors, such as surveying subcontractors, who will not perform any activities in the exclusion zone 

during intrusive activities such as excavation, well installation, and sampling tasks, or where this IS no 

potential for exposure, will be excluded from the requirements stipulated in Section 8.1.2. The use of 

these exceptions IS permitted only by obtaining the prior approval of the CLEAN HSM. 

8.2 SITE-SPECIFIC TRAINING 

Halliburton NUS will provide site-specific training to all HALLIBURTON NUS employees and subcontractor 

personnel who will perform work on this project. Site-specific training will include. 

Names of 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 mlnlmlze risks from hazards 

Safe use of engineering controls and equipment 

Medlcal surveillance requirements 

Signs and symptoms of overexposure 

The contents of the health and safety plan and addendum 

Emergency response procedures (evacuation and assembly points) 

RevleH the contents of relevant Matenal Safety Data Sheets 

Site-Specific Traininq Documentation 

Halliburton NUS and subcontractor personnel will be required to sign a statement indicating receipt of site- 

SpeCiflC training and understandtng of site hazards and control measures Figure 8-2 WIN be used to 

document we-speclflc trawwtg 
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FIGURE 8-1 

OSHA TRAINING CERTIFICATION 

The following statements must be typed on company letterhead and signed by an officer of the company. 

LOGO 
XYZ CORPORATION 
555 E 5th Street 
Nowheresvrlle, Kansas 55555 

Month. day, year 

Ms. Lrnda E. Klink 
Project Manager 
Hallrburton NUS Envrronmental Corp 
Foster Plaza VII 661 Andersen Dnve 
Prttsburgh. Pennsylvanra 15220 

Subject Hazardous Waste Site Trarnrnq - Portsmouth Naval Shrpvard 

Dear Ms Klrnk 

The employees listed below have had tntroductory hazardous waste site training or 
equtvalent work expenence as required by 29 CFR 1910 120(e) In addition. those 
employees listed below who have recerved therr introductory trainrng more than 12 months 
ago have also recerved 8 hours of refresher tralnrng In accordance wtth 29 CFR 1910 120 
(e)(8) wlthln the past 12 months 

LIST FULL NAMES OF EMPLOYEES AND THEIR SOCIAL SECURITY NUMBERS HERE 

Should you have any questions. please contact me at (555) 555-5555 

SIncerely 

(Name of Company Officer) 
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FIGURE 8-2 

SITE-SPECIFIC TRAINING DOCUMENTATION 

My signature below indicates that I am aware of the potential hazardous nature of performing investigatton 
activities at Portsmouth Naval Shipyard, and that I have received site-specific training which Included the 
elements presented below: 

. Names of 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 mrnimize risks from hazards 

. Safe use of engineering controls and equipment 

. Medical surveillance requrrements 

. Signs and symptoms of overexposure 

. The contents of the health and safety plan 

. Emergency response procedures (evacuation and assembly points) 

. Review contents of relevant Material Safety Data Sheets 

I further state that I have been given the opportunity to ask questions and that all of my questions have 
been answered to my satisfaction 

NAME SIGNATURE DATE 
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9.0 MEDICAL SURVEILLANCE 

9.1 REQUIREMENTS FOR HALLIBURTON NUS PERSONNEL 

All Halliburton NUS personnel participating in project field activities will have had a physical examination 

meeting the requirements of Halliburton NUS’ medical surveillance program and WIII be medically qualified 

to perform hazardous waste site work using respiratory protection. At the Pittsburgh office the Medical 

Survetllance Program is administered by the Health Sciences Department, with consultation provided by 

the Partners In Corporate Health Care department of Ohio Valley General Hosprtal. Our Medical 

Consultant at that hospital IS Teresa Silvaggro. M.D., MPH, Director. Dr Silvaggio IS expenenced, very 

knowledgeable (and Board eligible) In Occupational Medicine, as required by OSHA standard 1910 120 

(f) (5). and residency-trained She has over five years experience in serving as the Pittsburgh Office’s 

Medrcal Consultant All Ohio Valley General Hospital physicians participating in this program have been 

thoroughly Informed of the nature of operatrons that Hallrburton NUS employees perform. and on the 

potential chemical and physical hazards that may be encountered in fulfilling their assigned duties This 

has also included educatrng these physrcians in the various types of respiratory and other personal 

protective equipment commonly used by our personnel 

Documentation for medical clearances WIII be maIntaIned II-I the HALLIBURTON NUS Pittsburgh office and 

made avallable as necessary 

9.2 REQUIREMENTS FOR SUBCONTRACTORS 

Subcontractors are required to obtarn a certificate of their abllrty to perform hazardous waste site work and 

to wear resolratoq protectron The “Subcontractor Medlcal Approval Form” (Frgure 9-l) can be used to 

satrsfy this requirement providing it IS properly completed and signed by a licensed physIcran 

Subcontractors who have a company medlcal sutverllance program meetrng the requirements of paragraph 

(f) of OSHA 29 CFR 1910 120 can substitute Frgure 9-1 with a letter on company letterhead contarnrng 

all of the tnformation in the example letter presented as Figure 9-2 Ftgures 8-1 and 9-2 can be combined 

into one letter 
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9.3 EXCEPTIONS FOR SUBCONTRACTORS 

Subcontractor personnel who will not perform any activities in the exclusion zones during intrusive 

operations, or where there is no potential for exposure will be exempted from the requtrements stipulated 

in Section 9.2. This exception can be utilrzed only with the prior approval of the CLEAN HSM. 

9.4 REQUIREMENTS FOR ALL FIELD PERSONNEL 

Each field team member (including subcontractors) shall be requrred to complete and submit a copy of 

Medrcal Data Sheet These will be handed out and collected as part of the site-specific training. This shall 

be provrded to the SSO, pnor to partrcrpatrng In site activities. 
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FIGURE 9-l 

SUBCONTRACTOR MEDICAL APPROVAL FORM 

For employees of 
Company Name 

Partlclpant Name Date of Exam: 

Part A 

The above-named Individual has: 

1 Undergone a physical examlnatlon in accordance with OSHA Standard 29 CFR 1910.120, 
paragraph (f) and found to be medlcally - 

( 1 qualified to perform work at the Portsmouth Naval Shipyard work site 
( ) not qualified to perform work at the Portsmouth Naval Shipyard work site 

and 

2 Undergone a physlcal examlnatlon as per OSHA 29 CFR 1910 134(b)(lO) and found to be 
medlcally - 

t 1 quaIlfled to wear respiratory protectlon 
( 1 not quaIlfred to wear respiratory protectton 

My evaluation haS been based on the followlng InformatIon. as provided to me by the employer 

I , A copy of OSHA Standard 29 CFR 1910 120 and appendices 
I A aescrlptlon of the employee s duties as they relate to the employee s exposures 

A list of known/suspected contamtnants and their concentrations (if known) 
I I A aescrlptlon of any personal protective equipment used or to be used 
t I lnformatlon from previous medlcal examinations of the employee which IS not readily 

avatlable to the examlnlng physclan 

Part B 

I have examined 
Physlclan s Name (print) Panlclpant s Name (print) 

and have aetermlned the followlng Information 
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FIGURE 9-1 
SUBCONTRACTOR MEDICAL APPROVAL FORM 
PAGE TWO 

Results of the medical examination and tests (excluding finding or diagnoses unrelated to occupational 
exposure): 

Any detected medical conditions which would place the employee at increased nsk of matenal 
rmparrment of the employee’s health: 

Recommended lrmrtatrons upon the employee’s assigned work. 

I have Informed this pamcrpant of the results of this medlcal examination and any medical condrtions whrch 
requrre further examlnatlOn of treatment 

Based on the information provided to me and in view of the actlvltles and hazard potentials mvolved at 

the PoRsmoulh Naval Shtpyard work site this pamcrpant 

( I may 
( ) may not 

Perform hlslher assigned task 

Phystclan s Srgnature 

Address 

Phone Number 

NOTE Copies of test results are maintained and avarlable at 

Address 
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FIGURE 9-2 

MEDICAL SURVEILLANCE LElTER 

The following statements must be typed on company letterhead and signed by an officer of the company: 

LOGO 
XYZ CORPORATION 
555 E 5th Street 
Nowheresvrlle, Kansas 55555 

Month, day, year 

MS Linda E. Klink 
Project Manager 
Hallrburton NUS Environmental Corp. 
Foster Plaza VII 661 Andersen Drive 
Prttsburgh. Pennsylvania 15220 

Subject Medical Surveillance - Portsmouth Naval Shipyard 

Dear MS Klrnk 

As an officer of XYZ Corporation. I hereby state that the persons listed below participate in a 
medrcal sutverllance program meeting the requirements contained in paragraph (f) of Title 29 of 
the Code of Federal Regulatrons (CFR). Part 1910 120 entitled “Hazardous Waste Operations and 
Emergency Response Frnal Rule ” I further state that the persons lrsted below have had physrcal 
examtnatrons under thus program withrn the past 12 months and that they have been cleared, by 
a lrcensed physcran to perform hazardous waste site work and to wear posrtrve and negative 
pressure respiratory protectron I also state that to my knowledge. no person listed below has any 
medltai restrlctlon that would preclude him/her from workrng at the Portsmouth Naval Shipyard 
WOfkSlte 

LIST FULL NAMES OF EMPLOYEES AND THEIR SOCIAL SECURITY NUMBERS HERE 

Should you have any questions. please contact me at (555) 555-5555 

Srncerely 

(Name of Company Officer) 
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10.0 SITE CONTROL 

This section outlines the means by which Halliburton NUS 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. exclusion zone, contamination reduction zone, and support zone 

10.1 EXCLUSION ZONE 

The exclusion zone will be considered those areas of the site of known or suspected contamination In 

many cases, however, srgnificant amounts of surface contamination will not be encountered in the 

proposed work areas of this site until/unless contaminants are brought to the surface by intrusive activities. 

Furthermore, once such activities have been completed and surface contamrnation has been removed, the 

potential for exposure IS agatn dimrnrshed and the area can then be reclassified as part of the 

contamrnatron reduction zone Therefore, the exclusion zones for this project will be limited to those areas 

of the site where active work IS being performed and/or anywhere there IS believed to be the potential for 

encountenng any of the potential hazards defined in this HASP 

10.2 CONTAMINATION REDUCTION ZONE 

The confamlnatton reductron zone (CRZ) will be a buffer area between the exclusion zone and any area 

of the Site Were con:aminatlon IS not suspected The personnel and equipment decontamrnatron area 

estabhsnecl 10’ this project will take place In the CR2 This area WIII serve as a focal point in supporting 

excluson zone acllvitles In addition thts area WIII serve as the access and control points to the excluson 

zone 

10.3 SUPPORT ZONE 

The support zone for this project will include a stagrng area where site vehrcles will be parked. equrpment 

WIN be unloaded and where food and dnnk containers WIII be maintaIned In all cases the support zones 

will be establrshed at areas of the sate where exposure to site contamrnants would not be expected dunng 

normal workrng condltlons or foreseeable emergencies 

II 
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10.4 SITE MAP 

Site maps are presented in previous sections of this Work Plan, and are therefore not repeated here 

10.5 BUDDY SYSTEM 

Personnel engaged in onslte activities will practice the “buddy system” to Insure the safety of all personnel 

involved In this operation. 

10.6 MATERIAL SAFETY DATA SHEET (MSDS) REQUIREMENTS 

Halliburton NUS personnel will provide MSDS’s for all chemicals brought on site. The contents of these 

documents WIII be reviewed by the Sate Safety Officer with the user(s) of the chemical substances prior 

to any actual use or appllcatlon of the substances on site The MSDS’s will then be maintained In a 

central location (I e temporary office) and will be available for anyone to revlew upon request. 

Subcontractors WIII be required to similarly satisfy these requirements 

10.7 COMMUNICATION 

As personnel may not always be working In close proximity to one another during field activities. a 

secondary means of communrcatlon may be necessary If this need arises 2-way radio communication 

may be used Al! means of communlcatlon WIII have the approval of the Shlpyard prior lo rts use 

External communtcation will be done so utilizing the telephones at predetermined and approved locatlons 

External communlcatlon will pnmanly be used for the purpose of resource and emergency resource 

communlcatlons Prior to the commencement of ste actlvltles the FTL and Shipyard contact WIII 

determlne and arrange for telephone commun~cal~ons 
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11.0 STANDARD WORK PRACTICES 

The following Standard Work Practices are to be applied in addition to the Health and Safety Standard 

Operating procedures: 

Eatrng. drinking, chewing gum or tobacco, taking medication, and smoking are prohiblted tn the 

exclusron or decontamtnatron zones, or any locatron where there is a possibility for contact with 

site contaminants exists 

Upon leavrng the exclusion zone, hands and face must be thoroughly washed with soap and 

potable water Any protective outer clothing is to be decontaminated and removed as specified 

In this HASP, and left at a designated area prior to entering the clean area. 

Contact with potentially-contaminated substances must be avoided. Contact with the ground or 

with contaminated equtpment must also be avoided 

No facral hair which interferes with a satisfactory fit of the mask-to-face seal. IS permitted on 

personnel required to wear respiratory protective equipment 

All personnel must satisfy all tralnlng requirements (40-hr Introductory 8-hr Refresher Site-specific 

tratnlng Emergency response training and Supervisory as applicable) prior to commencing site 

achvdbes 

All personnel must have a workrng knowledge of this HASP Including being aware of the action 

levels for upgrading/downgrading levels of protective equipment and emergency procedures 

All personnel must satisfy medlcal monctorlng procedures 

All personnel must complete a medical data sheet to be maintained on site 

All personnel working in sight restrIction areas of heavy vegetation or where the topography does 

not permit line of sight contact must utrlize the buddy system 
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When lifting or moving equipment or material, use proper lifting techniques, the proper number of 

personnel, or equipment to move heavy loads. 

All work areas must be kept free of ground clutter. 

No flames or open fires will be permitted on site 

Site personnel must immediately notify HALLIBURTON NUS Health Sciences of all incidents for 

OSHA recordkeeping purposes. 

If personnel note any warning propertres of chemicals (irritation, odors, symptoms, etc ) or even 

remotely suspect the occurrence of exposure, they must immediately notify the SSO for further 

direction 

Site personnel are not to undertake any activrty which would be considered a confined-space 

entry 

A full-slzed copy of the OSHA poster included as part of this HASP shall be conspicuously posted 

on ste 

Any new Information must be promptly conveyed to the Project SSO and the Freld Team Leader 

Ail compressed gas cylinders used (empty or full) must be stored secured and used properly to 

orolec: from damage 

DRILLING OPERATIONS 

. No drllllng or any other operation which will bring a drill mast or any other projecting device within 

20 feet in any direction of overhead power lines will be permitted Prior to any subsurface 

investigations the FTL shall ensure the locations of all underground utilrties will be identrfted and 

marked prior to inrtiating any subsurface act&My 

c Hand signals with the driller will be established prior to the commencement of drilling activities 
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All drill rigs and other machinery with exposed moving parts must be equipped with an operational 

emergency stop device. All personnel working in a close proximity must be aware of the locatron 

of this emergency stop device and its operation, This device will be tested initially (and then 

periodically) to insure its operational status, The driller and the helper shall not stmultaneously 

handle moving augers or flights unless there is a standby person to activate the emergency stop 

device. 

The dnller must never leave the controls while tools are rotating unless all personnel are clear of 

the rotatrng equrpment 

A long handled shovel or the equrvalent shall be used to clear away drill cuttings from the hole and 

rotating equipment. Hands or feet shall not be used for this purpose. 

A remote sampling devrce must be used to sample drill cuttings near rotating tools The driller 

shall shutdown operattons if the sampler must near the tools to obtain samples 

All personnel workrng in the vrcrnrty of the dnll ng whrle its operating shall secure all loose clothing 

Only manufacturer approved equipment may be used rn conjunction with sate equipment (I e pins 

for auger flights etc ) Pins or other protruding items from rotating equrpment shall not be 

permltted 

No person shall climb a droll mast while equipment IS rotatrng 

No person shall climb a drill mast wlthout use of ANSI approved fall protectron (I e belts lanyards 

and a fall protection sltde rail) or portable ladders which meet OSHA s requlremenls 

TEST PITTING AND EXCAVATION ACTIVITIES 

. Excavation areas shall be physlcally cordoned off (using items such as caution tape. hazard 

cones etc ) to clearly Identify the work area, and to aid In restnctlng access of unauthorized 

persons 
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Entrance into an excavation is forbidden without strict observance to the requirements of this 

HASP, and to the specifications of OSHA standards. Whenever possible, operations are to be 

performed in a manner that does not require personnel entry (i.e. the use of remote samplers to 

collect samples, collect samples from the backhoe bucket, etc.). 

Fill material must be located near all excavations prior to the beginning of the job. This matenal 

IS to be used in the event of any emergency situations in order to reduce potential emlsslons 

Personnel must not lean over excavations. 

All Personnel must stand upwind of the excavations and away from the reach of the backhoe (or 

track hoe), tires, and outriggers. 

Personnel may not approach an excavation closer than 2 feet from the edge Unstable 

excavations must be properly sloped at the sides to prevent cave-in. 

Open pits must staffed by site personnel at all times 

The backhoe (or track hoe) operator must be Instructed not to undermine the excavation 

The We Safety Officer shall frequently inspect test pits for slide or cave-in potential 

Proper snoring materials and techniques must be used wherever appropriate 

All work areas must be kept free of ground clutter 

HEAVY EQUIPMENT MAINTENANCE AND OPERATION 

. Heavy equipment must be operated In accordance with 29 CFR 1926 Subpart 0 

. Heavy equipment will not be operated in a manner that could cause the equipment to roll over or 

slide into an excavation 
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12.0 EMERGENCY RESPONSE 

In the event of an emergency, all site personnel will be evacuated to a predetermined location away from 

the work place. As a result of this approach, this Emergency Response Plan has been developed in 

accordance with OSHA standard 29 CFR 1910 38(a), as provided for in 29 CFR 1910.120 (I) (1) (ii). 

Halliburton NUS shall utilize Base Fire Protection and Emergency Services and offsite emergency 

response agencies .as necessary and appropriate, in order to respond to emergency situations 

12.1 PRE-PLANNING 

Upon rnrtral arrival at the base, the HALLIBURTON NUS FTLlSSO will meet with the Shipyard Fire 

Department and available emergency services to notify coordinators of the nature, location. and schedule 

of planned actlvltles Representatives from these organtzations. as well as representatives of the offsite 

emergency response organrzatrons specified in Table 12-1 will be contacted as part of initial site 

moblllzatron efforts and rnvtted to the inrtral Site-Specific Health and Safety training session referenced In 

sectron @ 2 of this Health and Safety Plan This will enable all partres to understand the nature of the work 

to be performed the types of possible emergency response actrvrtres which could conceivably arise in the 

performance of those activltres and their potential role In partrcrpatrng In those response actrvitres 

Based on the nature of the planned activities the occurrence of any significant emergency situation IS not 

anticipated (1 e major spills or releases fires or explosions etc ) However. as a precautionary measure, 

all sue oerso’me’ WII’ be tralned In the contents of these Health and Safety and Emergency Response 

Plans anc tit1 be Oirectea lo follow base emergency procedures Halllbunon NUS WIII rely on base 

Services and (If/as necessary) OffsIte emergency support services to handle emergency situations. if 

encountered 

12.2 EMERGENCY ESCAPE PROCEDURES AND ASSIGNMENTS 

Upon notification of a site emergency requrnng evacuation. all site personnel will proceed to predetermined 

lOCatiOnS based on emergency location and wind dIrectIons If personnel cannot reach those locatlons 

wrthout endangering life or health, they shall instead report to a previously-selected alternate meehng 

place Personnel shall be instructed to remain at this refuge location untrl directed to either resume work 

or leave the site 
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12.3 PROCEDURE TO ACCOUNT FOR SITE PERSONNEL 

The site work force will be small enough so that accounting for personnel will easily accomplished 

Accounting for personnel will be the FTL’s responsibility. This will be accomplished by taking a roll call 

using the site log book. 

12.4 RESCUE AND MEDICAL DUTIES 

Site personnel shall be prohrbited from participating in any emergency rescue or response operations The 

only authorized response for site personnel in the event of an emergency situation will be to evacuate the 

work site and await further Instructions. 

12.5 ACTIVATION OF EMERGENCY RESPONSE PROCEDURES 

Should any emergency occur which requires the support of outside services, the appropriate contacts shall 

be made by the FTLSSO A list of the appropriate contacts can be found In Table 12-1 

Examples requiring outside services are as follows 

. Any field crew member involved In an accrdent or expenenclng signs and symptoms of exposure 

. A conditcon dlscovered which suggests the actlvlty IS more hazardous than anticipated 

. Emergency condltrons In the nearby areas which drrectly Impact operations 

Persons who observe an emergency situation must notify Shipyard contacts and Halliburton NUS office 

contacts (as presented tn this HASP), as approprrate based on the emergency situation 
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TABLE 12-1 

EMERGENCY INFORMATION 

Police (Shipyard) 

Fire Department (Shipyard) 

Ambulance (Shrpyard) 

Hospital 
Shipyard 

Portsmouth 

(207) 438-2555 or Ext. 2555 

(207) 438-2333 or Ext. 2333 

(207) 438-2555 or Ext. 2555 

(207) 438-2555 or Ext. 2555 
(603) 4334042 

Potson Control Center- 
Marne 
New Hampshire 

Base Contact. Jrm Tayon. 
Envrronmental Affairs 

l-800442-6305 
l-800-562-8236 

(207) 438-3832 or Ext. 3832 

Hallrburton NUS Project Manager (412) 921-8650 
MS Lrnda Klrnk 

Halllburton NUS Sate Safety Officer To Be Announced 

CLEAN Health and Safety Manager (412) 921-8912 
Matthew M Soltls. CSP 

Agency for TOXIC Substances and 
Dtsease Registry (ATSDR) 

(404) 639-6300 

I 

I 

c 

I 

I 

I) 
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Maps aeptC!lng airettlcns from the site to the hospitals shall be obtalned and attached to this Health and 

Safety Plan prlor IO the commencement of ste actlvttles 

Drrectrons lo the hospital 

On Base To be obtained as part of lnrtlal ste rTtObdiZa!lOn efforts 

Off Base Portsmouth Regional Hospital 

Exit the Shipyard through Gate No 1 At slgnal light. continue strarght down Walker Street Proceed 

to second set of signal lights. and continue straight until road ends at Route 1 Bypass Enter 

underpass rotary on left side Go under Route 7 Bypass and loop onto Route 1 Bypass South Cross 
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bridge and contrnue straight to traffic circle. At traffic circle, go around to the right 270 degrees, 3/4 

circle from entrance to traffic circle. Exit right. Go straight through first set of lights. At second set 

of traffic lights, turn right onto Borthwick Ave. Ext. Follow Borthwick Ave. Ext l/2 to 1 mile 

Portsmouth Regional Hospital will be on the right side. 

12.6 INCIDENT FOLLOW-UP 

On recelvlng a report of an incident (or near Incident) occurrence the FTLlSSO shall immedrately 

rnvestlgate and make the appropriate recommendations to prevent reoccurrence. The CLEAN HSM shall 

be rmmedrately be notified by telephone on occurrence of an incident. At his discretron he may wash to 

partrcrpate In the Investlgatron. Detarls of the lncldent shall be documented on an Incident Report withrn 

24 hours of the occurrence and distributed to the Project Manager and CLEAN HSM. 
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13.0 SPILL CONTAINMENT PROGRAM 

13.1 SCOPE AND APPLICATION 

It is not anticipated that bulk hazardous materials (over 55gallons) will be handled at any given time as 

part of this scope of work. It is also not anticipated that such spillage would constitute a danger to human 

health or the environment. However, as the job progresses, the potential for accumulating decontamlnatlon 

fluids tn a central staging area exists. Once characterized, these fluids can be removed from this area for 

proper drsposal. While these fluids are stored in the staging area await characterization, this spill 

contarnment program will be Instituted. 

13.2 POTENTIAL SPILL AREAS 

In an ongoing attempt to prevent and control further potential contamination of the envrronment. efforts 

will be taken to minimize the potential for spill releases. Based on planned actrvitres and available 

information there are llmlted areas and/or operations where this potential threat can be reasonably 

expected One of these IS the area Intended to be used for the central staging area for potentially 

contaminated solIs and decontamlnatlon flulds Additionally. the handling. loading and unloading areas 

present llmlted potential for leaks or spills At the time of the preparation of this Health and Safety Plan, 

it IS anticipated all investigation derived wastes (such as decontaminat(on fluids) generated, as a result of 

this scope of work will be containerized. labeled. and staged to await determination of proper disposal 

procedures Until the ult!mate fate of these substances can be determined there exists a possibility to 

accumulate muWe drums of waste materials 

1X2.1 %-Gallon Drums 

All drums contarnlng liquids will be staged wlthln a constructed (temporary) lrned bermed area capable of 

holding a maxlmum of 10 drums The capacity of the bermed area should be capable of containing the 

contents of the largest container placed wrthln it (plus volumes reduced caused by the displacement of the 

containers or approximately 110% of the total capacity of the largest container) Ralnwater captured 

inslde the lined area will be allowed to evaporate providing it does not exceed 1% of the bermed areas’ 

I 
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capacity. If this capacity is exceeded, the collected rainwater will be removed (provided that close 

inspection of the bermed area and all containers located within it do not Indicate any possibility that 

captured rainwater may be contaminated). 

13.3 LEAK AND SPILL DETECTION 

To estabksh an early detectron of potentral spills or leaks, a daily walk around by the personnel staging 

or dlspostng of drums will be conducted during working hours to visually determine that containers are not 

leaking. and that the bermed staging area is not compromised. If a leak is detected, the drum contents 

WIII be transferred using a hand pump into a new 55gallon drum The leak will be collected and contained 

usrng absorbents such as Oil-dry. vermiculite, or sand, stored at the staging area in a drum consprcuously 

marked Thts material will then also be handled as discussed for other investigation derived wastes, All 
* 

inspectlons will be documented rn the Project logbook. 

13.4 PERSONNEL TRAINING AND SPILL PREVENTION 

As specified In Sectlon 12.0 of this Health and Safety Plan, Halliburton NUS personnel WIII not be 

authorized to partlclpate In any emergency response or emergency rescue activities This prohibition 

includes spill response activities However. all personnel will be Instructed on appropriate spill prevention 

procedures as part of the site-specific health and safety training This will Include training on the following 

. usng only appropriate (and approved as applicable) drums or other vessels to contain 

substances used stored or generated as a result of ste actlvrtles 

. lnspecttng such containers frequently for signs of damage or leaks 

. inspecting the lntegnty of the berms of drum storage areas for damage and immediately 

notifying the FTL or the SSO of any evidence that the berms have been (or appear to be 

imminently) compromised 

. placing any such containers in appropriate. designated locatlons. where they will be 

protected from hazards such as those presented by vehicular traffic 
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The FTL and the SSO will serve as the Spill Response Coordinators, should the need arise. This will 

principally involve only overseeing the evacuation of all site personnel, contacting the necessary personnel 

as presented in the attached Emergency Response Plan, and relinquishing command and supporting base 

or off-site responders upon their arrival. 

13.5 SPILL PREVENTION AND CONTAINMENT EQUIPMENT 

The following represents the minimum equipment which will be maintained at the staging area at all times 

for the purpose of supporting this Spill PreventlonlContainment Program. 

. Sand. clean fill. vermiculite. or other noncombustible absorbent (oil-dry); 

. Drums (5gallon U.S. DOT 17-E or 17-H) 

. Shovels. rakes, and broo@ms 

. Hand operated drum pump with hose 

. Container Labels 

This equipment IS only to be used by Halllburton NUS personnel for non-emergency. IncIdental spill 

response efforts and will be made available to base or off site emergency responders as necessary 

13.6 SPILL CONTROL PLAN 

This sec:lon oescrlbes the procedures the Hallibufton NUS field crew members WIII employ upon the 

detectIon 01 a SPI!: 0’ leak 

1) Notlty Ihe SSO or FTL immedrately upon Ihe detection of a leak or spdi 

2, Follow the dIrectIon of the SSO and the FTL Retreat 10 the designated refuge locatlon. 

if so dtrected and awalt further mstrucbon 

It IS not antlclpated that a spill WIII occur In whch the field crews cannot handle Should this occur 

notification of the Base Hazardous material teams WIII be carried out by the FTL or SSO 
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14.0 DOCUMENTATION AND EQUIPMENT 

This section summarizes documentation and equipment required for the support of this Health and Safety 

Plan (HASP). Its purpose is a final checklist to help ensure all of the necessary resources are available 

to carry out the requirements of this HASP 

14.1 Documentation 

The use of any level of respiratory protection must be documented by the SSO For the tasks performed 

In Level C protection. this IS to include the completion of all entries in Figure 6-l (“Air Purifying Respirator 

Use Log”) In the event that Level B protection IS used, the SSO is to document its use using the form 

provrded as Figure 6-2 (“SCBA Log”) In both Instances. appropriate entnes on these documents are to 

be made for each instance of use, on at least a daily basis. All entries must be completed, and the site 

manager (in this instance. the FTL) must sign and date these forms and submit them to the Health 

Sciences Department upon the completion of this project 

Other health and safety documentation requirements relative to this project are defined as follows 

. 

. 

. 

Health and Safety Log Book 

HASP (Slgned Copy) 

OSHA Poster 11 x 14 (posted on sIteI 

MSDS s cas applicable) 

Mealcal Data Sheets 

Employee Training Certlflcates 

Medtcal Surveillance Documentation 

InCldenl Reports 

Fit Test Records 

Instrument Callbratlon Logs 

Instrument Response Data Logs 

14.2 Health and Safety Equipment 

. ANSI approved eye wash 
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Self-contained breathing apparatus (SCBA) units 

Spare SCBA cylinders 

Full face air purifying respirators (APRs): MSA Ultra Twin 

APR cartridges: MSA Mersorb type H, and MSA GMC type H 

Respirator CleanerSanitIzer solution 

Nitrile gloves (inner and outer) 

Tyvek@, SaranexQi, PVClPE coated coveralls 

Barricade tape, cones, etc. 

Boot covers 

Duct tape 

Decontamination kit (Alconox. wash/rinse tubs, brushes, sorbents, step stool) 

Hard hats, safety glasses 

Splash shield 

Steel toe/shank boots 

Heanng protection 

Personal flotation devices (life vests) 

HIP and/or chest waders 

Rope for llfellne he-offs 

Barricade tape cones sgns etc 

‘I 

1 
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ATTACHMENT I 

HEAT/COLD STRESS 
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AlTACHMENT I 

HEAT/COLD STRESS 

Heat Stress 

The SSO shall visually monitor personnel to note for signs of heat stress. Field personnel will also be 

Instructed to observe for symptoms of heat stress and methods on how to control it. One or more of the 

followrng control measures can be used to help control heat stress: 

. Provrde adequate liquids to replace lost body fluids. Personnel must replace water and 

salt lost from sweatrng. Personnel must be encouraged to drink more than the amount 

required to satisfy thirst. Thrrst satisfaction is not an accurate indrcator of adequate salt 

and fluid replacement 

. Replacement fluids can be commercral mixes such as Gatorade@ 

. Establish a work regime that will provide adequate rest periods for cooltng down This 

may require addrtronal shifts of workers 

. Coolrng devices such as vortex tubes or coolrng vests can be worn beneath protectrve 

garments 

. Breaks are to be taken In a cool feSt area (77°F 15 best) 

. Personnel shall remove Impermeable protectrve garments dunng rest penods 

. Personnel shall not be assigned other tasks dunng rest periods 

. Personnel shall be informed of the Importance of adequate rest. acclrmation. and proper 

diet in the preventron of heat stress 

The heat stress of personnel on-site may be monrtored utrlrzrng brologrcal monrtonng or the Wet Bulb 

Globe Temperature Index (WBGT) technique when workers are not wearing protective coveralls (i.e 

Tyvek@) This method will requrre the use of a heat stress monitoring device. The reason for this 

dlstrnction IS in recognition of the recommendatrons of the American Conference of Governmental lndustnal 



Hygienists, as published in the most-recent edition of the Threshold Limit Values for Chemical Substances 

and Phvsical Aqents and Bioloqical Exposure Indices booklet. That source recognizes that special clothing 

(such as Tyvek@) that impedes the sweat evaporation process reduces worker’s heat tolerance 

capabilities. While the WBGT methodology In that referenced text include correction factors for certain 

types of clothing, it does not include addressing impermeable coveralls of this nature Therefore, the use 

of a heat stress monitoring device (worn beneath the coveralls) would be a more appropriate and accurate 

heat stress monitoring approach that the WBGT Index procedure, 

One of the following biological monitoring procedures shall be followed when the workplace temperature 

IS 70°F or above 

. Heart rate (HR) shall be measured by the pulse for 30 seconds as early as possible In the 

resting period The HR at the beqrnninq of the rest period should not exceed 110 

beats/minute If the HR IS hrgher. the next work period should be shortened by 10 

mtnutes (or 33 percent), whrle the length of rest period stays the same If the pulse rate 

IS 100 beats/minute at the beginning of the next rest period. the following work cycle 

should be shortened by 33 percent The length of the rnitial work perrod WIII be 

determined by using the table below 

PERMISSIBLE HEAT EXPOSURE THRESHOLD LIMIT VALUES 

Work Re<* Req,-er --. Clght 
Work Load 

Moderate Heavy 

Continuous 86 0°F 80 0°F 77 0°F 

75% Work 
25% Resr Each Hour 

8: 0°F 82 4°F 78 6°F 

50% Worr . 
50% Rest Each Hour 

88 5°F 85 0°F 82 2°F 

25% Work - 
75% Rest Each Hour 

90 0°F 88 0°F 86 0°F 

. Body temperature shall be measured orally with a clinical thermometer as early as 

possrble in the restrng penod Oral temperature at the beqrnnrnq of the rest period should 

not exceed 99°F If it does, the next work penod should be shortened by 10 minutes (or 

33 percent). while the length of the rest penod stays the same However, If the oral 

temperature exceeds 99 7°F at the begrnnrng of the next rest period, the followrng work 
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cycle shall be further shortened by 33 percent. OT should be measured at the end of the 

rest period to make sure that it has dropped below 99°F. At no time shall work begin with 

the oral temperature above 99°F. 

NOTE: External temperatures in excess of those stated above shall be regarded as inclement weather 

Work continuation, termination, or alteration of the work schedule will be at the discretion of the FTL and 

on site health and safety representative The heat and cold stress related sections of this are applicable 

to the season when work will be completed. 

Cold Stress 

The cold stress TLVs are intended to protect workers from the severest effects of cold stress 

(hypothermia) and cold Injury and to describe exposures to cold working conditions under which it is 

believed that nearly all workers can be repeatedly exposed without adverse health effects The TLV 

objectrve IS to prevent the deep body temperature from falling below 36°C (96.8”F) and to prevent cold 

Injury to body extremities (deep body temperature IS the core temperature of the body determlned by 

conventlonal methods for rectal temperature measurements) For a single. occaslonal exposure to a cold 

environment a drop In core temperature to no lower that 35°C (95OF) should be permitted In addition 

to provIsIons for total body protection the TLV objective IS to protect all parts of the body with emphasis 

on hands feet and head from cold Injury 

Introduction 

Fatal exposures to cola among workers have almost always resulted from accidental exposures involving 

fallure to escape from low envlronmental air temperatures or from immerson rn low temperature water 

The slngie mosl Important aspect of life-threatening hypothermia IS the fall in the deep core temperature 

of the body The clinical presentations of victims of hypothermia are shown in Table 1 Workers should 

be protected from exposure to cold so that the deep core temperature does not fall below 36°C (96 8”F), 

lower body temperatures will very likely result in reduced mental alertness, reduction In ratlonal decision 

maktng or loss of consciousness with the threat of fatal consequences 

Pain In the extremltles may be the first early warning of danger to cold stress During exposure to cold, 

maximum severe shrvering depends when the body temperature has fallen to 35°C (95°F) This must be 

taken as a sign of danger to the workers and exposure to cold should be immediately terminated for any 



workers when severe shivering becomes evident. Useful physical or mental work is limited when severe 

shivering occurs. 

Since prolonged exposure to cold air, or to immersion in cold water, at temperatures well above freezrng 

can lead to dangerous hypothermia, whole body protection must be provided. 

1. Adequate insulating dry clothing to maintain core temperatures above 36°C (96 8°F) must be 

provided to workers if work IS performed in air temperatures below 4°C (40°F) Wind chill cooling 

rate and the cooling power of air are critical factors. [Wind chill cooling rate IS defined as heat 

loss from a body expressed in watts per meter squared which is a functron of the air temperature 

and wind velocity upon the exposed body.] The higher the wind speed and the lower the 

temperature In the work area, the greater the insulation value of the protective clothing required. 

An equivalent chill temperature chart relating the actual dry bulb air temperature and the wind 

velocity IS presented In Table 2. The equivalent chill temperature should be used when estimating 

the combined cooling effect of wind and low arr temperatures on exposed skin or when 

determlning clothing insulation requirements to maintain the deep body core temperature 

2 Unless there are unusual or extenuating ctrcumstances (I e workrng on or near the bodres of water 

associated with this site. where splash or Immersion potentials may exist). cold Injury to other than 

hands feet and head IS not likely to occur Older workers or workers with circulatory problems 

requtre special precautionary protectlon agatnst cold injury The use of extra tnsulatrng clothing 

and’o- a redirctlon In the duratton of the exposure penod are among the special precautions which 

shoulc be consldered The precautionary actions to be taken will depend upon the phystcal 

condltlon of the worker and should be determined with the advlce of a physIcIan with knowledge 

of the cold stress factors and the rndwdual s medical condrtlon and hlstory However as cold 

Stress stuatlons may exist the informalIon provided In thts sectlon will be utilized to mlnlmlze thts 

POtentlal threat to the worker 
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TABLE 1 

PROGRESSIVE CLINICAL PRESENTATIONS OF HYPOTHERMIA* 

Core Temperature 

“C “F 

37 6 99.6 

Clinical Signs 

“Normal” rectal temperature 

II 37 98.6 “Normal” oral temperature 
I 

II 36 96 8 Metabolic rate increases in an attempt to compensate for 
heat loss 

II 35 95.0 Maximum shivering 
I I 

II 

34 93.2 Vrctrm conscious and responsrve. with normal blood 
pressure 

33 91 4 

32 86 0 

31 87 8 

30 86 0 

Severe hypothermia below this temperature 

Conscrousness clouded; blood pressure becomes difficult to 
obtarn. pupils dilated but react to Irght. shivering ceases 

Progresstve loss of consciousness. muscular ngrdrty 
increases pulse and blood pressure drffrcult to obtain. 

29 84 2 respiratory rate decreases 

28 82 4 

27 80 6 

Ventricular frbrrllatron possible with myocardral rrritabrlrty 

Voluntary matron ceases. pupils nonreactive to light. deep 
tendon and superficral reflexes absent 

II 26 I 78 8 I Vrctrm seldom conscrous 

II 25 I 77 0 Ventncular frprrllatlon may occur spontaneously 

24 75 2 Pulmonary edema 

22 71 6 Maxlmum rusk of ventrrcular fibnllatlon 

21 69 8 

20 68 0 Cardrac standstill 

18 64 4 Lowest accidental hypothermia victrm to recover 

17 62 6 Isoelectric electroencephalogram 

. 

9 48 2 Lowest artrfrcrally cooled hypothermia patient to recover 

Presentations approximately related to core temperature Reprinted from the January 1982 issue 
of American Famrly PhysIcran. publrshed by the American Academy of Family Physrcrans 



Evaluation and Control 

For exposed skin, continuous exposure should not be permitted when the air speed and temperature 

results in an equivalent chill temperature of -32”C(-25.6”F). Superficial or deep local tissue freezrng will 

occur only at temperatures below -1°C (30.2”F) regardless of wind speed. 

At air temperatures of 2°C (35.6”F) or less, it is Imperative that workers who become Immersed in water 

or whose clothing becomes wet be immedrately provided a change of clothrng and be treated for 

hypothermia 

TLVs recommended for properly clothed workers for periods of work at temperatures below freezrng are 

shown In Table 3 

Special protectton of the hands IS required to marntarn manual dexterity for the prevention of accidents. 

1 If fine work IS to be performed with bare hands for more than lo-20 mrnutes in an environment 

below 16°C (60 8°F). special provisrons should be established for keeping the workers hands 

warm For thus purpose. warm atr jets radiant heaters (fuel burner or electric radiator). or contact 

warm plates may be utilized Metal handles of tools and control bars should be covered by 

thermal rnsulatrng material at temperatures below -1°C (30 2°F) 

2 If the air temperature falls below 16°C (60 8°F) for sedentary 4’C (39 2°F) for light -7°C (19 4OF) 

for moderate work and fine manual dextenty IS not required. then gloves should be used by the 

WOrkerS 

To prevent contact frostbite the workers should wear antl-contact gloves 

1 When cold surfaces below -7°C (19 4°F) are wlthrn reach, a warning should be given to each 

worker by the supervrsor to prevent inadvertent contact by bare skin 

2 If the air temperature IS -17 5°C (0°F) or less the hands should be protected by mrttens Machine 

controls and tools for use tn cold condltrons should be destgned so that they can be handled 

wtthout removing the mittens 



Provisions for additional total body protection are required if work is performed in an environment at or 

below 4°C (39.2”F). The workers should wear cold protective clothing appropriate for the level of cold and 

physical activity: 

1. If the air velocity at the job site is increased by wind, draft, or artificial ventilating equipment. the 

cooling effect of the wind should be reduced by shielding the work area or by wearing an easily 

removable windbreak garment 



TABLE 2 
COOLING POWER OF WIND ON EXPOSED FLESH EXPRESSED AS EQUIVALENT TEMPERATURE 

(under calm conditions)’ 

Estimated Wind Speed 
(in mph) 

Calm 

50 40 70 

Actual Temperature Reading (“FI 

10 0 . 10 .20 

Equivalent Temperature (“F) 

-30 -40 -50 -60 

20 I? lb c 10 -25 -39 -53 -67 -02 -96 -110 -121 

25 JO t6 0 15 .29 -44 -59 -74 -88 -104 -118 -133 

30 78 15 2 ‘18 .33 -48 -63 -79 -94 -109 -125 -140 

35 27 11 .c -20 -35 -51 -67 -82 -98 -113 -129 -145 

CO 26 10 6 21 -37 -53 -69 -85 -100 -116 -132 -148 

(Wind speeds greater 
than 40 mph have little 
additional effect) 

lllllf DANGfR INCREASING DANGER GREAT DANGER 
In ( hr wtth dry skin. Danger from freezing of Flesh may freeze within 30 seconds. 

Marimm danger of exposed flesh within one 
false sense of security minute. 

trenchfoot and irnnersion foot may occur at any point on this chart. 

* Developed by U.S. Army Qrzrarch Institute of Fnvitonmental Medicine, Natick MA. 

a a ’ I 8 I I II t II I 



TABLE 3 
THRESHOLD LIMIT VALUES WORK/WARM-UP SCHEDULE FOR FOUR-HOUR SHIFT’ 

Air Temperature No Not rrrnblr WlWi 5 mph U I nd 
Sunr 

“C 
(approx) 

-26’ to -28’ 

-29” to -31’ 

-32” to -34” 

-35’ to -37 

-38” to -39 

-40” to -42 

-43’ EL below 

Sky 

‘f 
(appror ) 

-15 to .19 

-20’ to -24 

-25 to .29 

-30’ to .34 

.35 to .39 

40 to 44 

-45 8 below 

;5J-i? 

(Norm Brraks;) 1 

(Worm Break\ 1 

75 ml” 7 

T 

55 mln 3 

LO In,” 4 

30 rnlfl 
I 

5 

Man mrgCncy work 
should cease 

(Worm Breaks) 1 

40 Ill,” 2 

--I- 30 ml” 1 

HOD rnwrgcncy work 
should cpare 

eon mrgrncy work 
should ccasc 

IO mph Wind 15 mph Wind 20 mph Wind 

Max No. of Max. No. of Max. No. of 
Work Breaks Work Breaks Work Breaks 

Period Period Period 

75 min 2 55 min 3 40 min 4 

55 min 3 40 min 4 30 min 5 

40 min 4 30 min 5 Non-emergency uork 
should cease 

30 min 5 Non-emergency uork Non-emergency work 
should cease should cease 

Non-emergency work Non-emergency work Non-emergency work 
should cease should cease should cease 

Non-emergency work Non-emergency work Non-emergency work 
should cease should cease shoutd cease 

Non-emergency work Non-emergency work Non-emergency work 
should cease should cease should cease 

NOTES: 

1 Schedule applies IO moderate lo heavy work actrvlty wtth warm up breaks of fen f 10) minutes in a warm locatlon For Light-to-Moderate Work (limited physical movement): 
apply the schedule one step lower For example at -35°C ( 30”F1 with no notlceable wind (Step 4). a worker at a job with ltttle physical movement should have a maximum 
work penod of 40 mlnules with 4 breaks In a 4 hour pwod tSlep 5) 

2 The followmg IS suggested as a guide for estlmatlng wind velocity 11 accurate InformatIon IS no1 avarlable 5 mph light flag moves, 10 mph light flag fully extended; 15 mph: 
ratses newspaper sheet 20 mph blowing and drlftlng snow 

3 If only the wind chill cooling rate 1s avallable a rough rule of thumb for applying rt rather than the temperature and wind veloclty factors given above would be: 1) special 
warm-up breaks should be fnlllated at a wind chill cooling rate of about 1750 W/M’. 2) all non-emergency work should have ceased at or before a wind chill of 2250 W/m’. 
In general the warm-up schedule provded above sllghlly under compensates for the wind at the warmer temperatures, assuming accllmatlzation and clothing appropriate 
for winter work On the other hand Ihe chart sllghlly over compensates for the actual temperatures In the colder ranges. since windy conditions rarely prevail at extremely 
low temperalures 

4 TLVs apply only for workers RI dry clothong 

. Adapted from OccupatIonal Health 8 Safety DIVISION Saskatchewan Department of Labor 



2. If only light work is involved and if the clothing on the worker may become wet on the job site, the 

outer layer of the clothing in use may be of a type impermeable to water. With more severe work 

under such conditions, the outer layer should be water repellent, and the outerwear should be 

changed as it becomes wetted. The outer garments should include provisions for easy ventilation 

in order to prevent wetting of inner layers of sweat. If work is done at normal temperatures or In 

a hot environment before entering the cold area, the employee should make sure that clothtng IS 

not wet as a consequence of sweating If clothing is wet, the employee should change Into dry 

clothes before entenng the cold area The workers should change socks and any removable felt 

insoles at regular daily intervals or use vapor barner boots. The optimal frequency of change 

should be determrned empirically and will vary indivrdually and according to the type of shoe worn 

and how much the individual’s feet sweat. 

3 If exposed areas of the body cannot be protected sufflclently to prevent sensation of excessive 

cold or frostbite. protective items should be supplled (n auxiliary heated versions 

4 If the available clothing does not give adequate protectlon to prevent hypothermia or frostblte. 

work should be modified or suspended until adequate clothing IS made available or until weather 

condltlons Improve 

5 Workers handling evaporatrve liquid (gasoline alcohol or cleaning fluids) at air temperatures 

below 4°C (39 2°F) should take special precautrons to avoid soaking of clothing or gloves with the 

hqulds because of the added danger of cold tnjury due to evaporative cooling Special note should 

be taken of the particularly acute effects of splashes of “cryogenic fluids” or those llqulds with a 

DOdlng pODt that IS lust above ambient temperature 

Work - Warmw Reqlmen 

If work IS performed continuously In the cold at an equivalent chill temperature (ECT) or below -7°C 

(19 4’F). heated warmlng shelters (tents cablns. rest rooms, etc ) should be made available nearby The 

workers should be encouraged to use these shelters at regular intervals, the frequency depending on the 

seventy of the envtronmental exposure The onset of heavy shivering. frostnlp. the feeling of excessive 

fatigue. drowsiness. rrntablkty. or euphona are (nd(cat(ons for Immediate return to the shelter When 

entenng the heated shelter, the outer layer of clothing should be removed and the remainder of the 

clothing loosened to permit sweat evaporation or a change of dry work clothing provided. A change of dry 
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work clothing should be provided as necessary to prevent workers from returning to work with wet clothing 

Dehydration, or the loss of body fluids, occurs insidiously in the cold environment and may increase the 

susceptibility of the worker to cold injury due to a significant change in blood flow to the extremities. Warm 

sweet drinks and soups should be provided at the work site to provide caloric Intake and fluid volume The 

intake of coffee should be limited because of the diuretic and circulatory effects. 

For work practices at or below -12°C (10 4°F) ECT, the following should apply, 

1. The worker should be under constant protective observation (buddy system or supervision) 

2 The work rate should not be so high as to cause heavy sweating that WIII result in wet clothing; 

if heavy work must be done, rest periods should be taken in heated shelters and opportunity for 

changing Into dry clothtng should be provided. 

3 New employees should not be required to work full time in the cold during the first days of 

employment until they become accustomed to the working conditions and required protective 

clothing 

4 The weight and bulkiness of clothing should be Included In estimating the required work 

performance and weights to be llfted by the worker 

5 The work should be arranged tn such a way that sttlng still or stancling still for long pertods IS 

minimized Unprotected metal chair Seats should not be used The worker should be protected 

from drafts lo the greatest extent possible 

6 The workers should be instructed tn safety and health procedures The training program should 

include as a mlnlmum tnstructlon In 

a Proper rewarming procedures and appropriate first ald treatment 

b Proper clothing practices 

C Proper eating and drlnklng habits 

d Recognition of lmpendrng frostblte 

e Recognltlon of signs and symptoms of impending hypothermia or excessive cooling of the 

body even when shlverlng does not occur 

f. Safe work practices 

_.-- ._._.. ..- . .._ . 



Special Workplace Recommendations 

Special wind protective clothing should be provided based upon air velocities to whrch workers may be 

exposed. 

Special caution should be exercrsed when working with toxic substances and when workers are exposed 

to vibration Cold exposure may require reduced exposure limits. 

Eye protection for workers employed out-of-doors in a snow and/or ice-covered terrain should be supplied. 

Special safety goggles to protect against ultraviolet light and glare (which can produce temporary 

con)unctivitrs and/or temperature loss of vrsron) and blowing ice crystals should be required when there 

is an expanse of snow coverage causing a potentral eye exposure hazard. 

Workplace monitonng IS required as follows 

Suitable thermometry should be arranged at any workplace where the envrronmental temperature 

IS below 16°C (60 8°F) so that overall compliance with the requirements of the TLV can be 

maintained 

Whenever the air temperature at a workplace falls below -1 “C (30 2°F). the dry bulb temperature 

should be measured and recorded at least every 4 hours 

In Indoor workplaces the wind speed should also be recorded at least every 4 hours whenever 

the rate of air movement exceeds 2 meters per second (5 mph) 

In outdoor work situations. the wind speed should be measured and recorded together with the 

arr temperature whenever the air temperature IS below -1°C (30 2°F) 

The equivalent chill temperature should be obtained from Table 2 in all cases where air movement 

measurements are required it should be recorded with the other data whenever the equivalent 

chill temperature IS below -7°C (19 4°F) 

Employees should be excluded from work In cold at -1°C (30.2”F) or below if they are suffering from 

drseases or takrng medlcatron which interferes with normal body temperature regulation or reduces 

tolerance to work in cold environments Workers who are routinely exposed to temperatures below -24°C 
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(-11.29) with wind speeds less than five miles per hour, or air temperatures below -18°C (0°F) with wrnd 

speeds above five miles per hour, should be medically certified as suitable for such exposures. 

Trauma sustained in freezing or subzero conditions requires special attention because an injured worker 

is predisposed to cold injury. Special provisions should be made to prevent hypothermta and freezing of 

damaged tissues in addition to providing for first aid treatment. 

Note This information has been adopted from the 1992-1993 “Threshold Limit Values for Chemical 

Substances and Physical Agents and Biological Indices” by the American Conference of Governmental 

Industrial Hygienists (ACGIH). 
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TICK CONTROL 

AND 
LYME DISEASE 



TICK CONTROL 

AND 
LYME DISEASE 

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 recognltlon. evaluation, and control efforts to minimize the occurrence 

and effects of this potential hazard 

The discovery of Lyme disease IS credited to Dr. Alien 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 1984 it surpassed Rocky Mountain 

Spotted fever as the most common tick-borne disease in the United States In this country. most of the 

incidents of this dtsease have been recorded In the Northeast, and the tick species most commonly 

attnbuted with its spread IS the deer tick 

Recoqnition 

This hazard potential exists primarily in the spnng and summer months as these are the seasons that tick 

populations and actMy flourish In fact 90 percent of the reported cases have occurred from early June 

through September Also this concern exists pnmarlly In heavily vegetated areas Therefore recognltlon 

of these factors can aId In the awareness and Control of this threat 

To aid in the recognition and ldentlflcatlon of these Insects an example lllustratlon of the ttck spectes 

common lo the region where this site IS located has been Included with this dlscusslon This species (the 

American Dog tick) IS common In the eastern half of the Unlted States and typtcally 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 ftndlng a host, the tick inserts its mouthparts and sucks 

blood until it IS fully engorged This requtres a time penod of three to twelve days then the tick WIII drop 

off In addltlon to Lyme disease concerns this tick has also been ldenttfled as a transmitter of Rocky 

Mountain Spotted Fever, and the organisms of tularemra and possibly relapsing fever The wounds let? 

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 evidenced 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 assocrated 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 mrss 

because they’re often very farnt. 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. 

Other early symptoms Include profound fattgue. a stiff neck, and flu-like symptoms such as headache, 

chrlls. fever. and muscle aches. Recognrtron 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 Thus stage Involves affects to the heart and nervous system. A 

common second stage symptom is a paralyses on one or both sides of the face. Others include severe 

headache encephallhs. or menrngltrs 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 

Evaluallon of this hazard potential pnncrpally involves field personnel performrng close self-inspections for 

the presence of ticks eacn time they leave the site Thrs should Involve careful examination. especially 

of the Indivld.ja’s heads Personnel should be aware that when a tick attaches itself to I& host it inserts 

It5 enttrf? 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 condltlons which are commonly assocrated with being conducive to tick infestation Second. when 

working In or walklng through potential Infested areas, personnel must ensure that they do not have 

exposed body pans (I e at least long sleeved shirts and long pants, partrcularly when protective coveralls 

are not worn) In heavily vegetated areas where infestatron IS likely. Tyvek coveralls will be required to 

mlnrmize thus hazard potential Also. several commercral products have been demonstrated as being 

effective In repelling treks Examples include Permanone, Off!, and Cutter. These types of repellents will 

be used at the directron and drscrehon of the Brown & Root Environmental Health and Safety Officer, and 
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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, 

Tick Removal 

In the event that a tick IS drscovered to be attached to a member of the field team, timely removal of the 

Insect IS critical to reducing the potentral for contracting the disease. According to available rnformatlon 

and research, there IS apparently a grace period of at least a few hours from the time of the brte before 

the trek transmits the microbe (the spirochetes are not present in the mouth parts of the trek). However, 

the incident of a tick bite is frequently unnoticed. and the discovery of the tick may not occur untrl 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 povrdone 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 

occasronally for at least a two-week period to see if a rash forms If it does, medical attentron must be 

promptly sought 

In order to provide for proper and timely response to the occurrence of a tick bite. the Health and Safety 

Officer will ensure that the site First Aid kit IS properly equtpped with medical forceps and rubbing alcohol, 

In addillon lc the standard ktt contents Also an adequate supply of commercial Insect (tick) repellents 

will be maintaIned onsite and all personnel will be trained in its proper appllcatlon and WIII be required to 

use It at the dlrectlon of the Health and Safety Officer 



Al-TACHMENT III 
AIR DISPERSION 

MODELING ANALYSIS 
FOR CHLORINE GAS RELEASE 
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PORTSMOUTH NAVAL SHIPYARD 
DATA GAP PROJECT AIR DISPERSION MODELING ANALYSIS 

FOR A CHLORINE GAS RELEASE 

An air dispersion modeling analysis was conducted to simulate the release of chlorine gas during drilling 

operations at the Portsmouth Shipyard. The analysis assumed that the chlorine gas was released during 

drilling operations in which a buried cylinder of chlorine gas is punctured by the drilling apparatus To 

evaluate thus threat from a worst-case scenario. the gas in the cylinder was assumed to be laboratory 

grade, 99 99% pure chlorine (Cl,) gas. Therefore, the chlorine gas concentratron was assumed to be 

l,OOO,OOO ppm The volume of gas in the cylinder was assumed to be 311 ft3, and the release was 

assumed to occur over a period of 1 minute The plume was assumed to be at ambient temperature and 

have either a 2.5 or 5.0 meter per second release velocity, based on the dimensions of the bore hole and 

the expected volume of gas released. 

As this model assumed that the release would occur over a relatively short time period. a puff drspersron 

model was used to calculate l-minute average concentratrons The INPUFF instantaneous release 

drspersron model was used to srmulate the I-mrnute release and calculate l-minute average 

concentratrons Recognrtrng that the ACGIH has establrshed a 15mrnute short-term exposure lrmrt (STEL) 

of 2.900 pg/m3 for chlorine. thus value was used as the action level to determtne how large of an area 

would need to be controlled to prevent unprotected personnel from berng overexposed to chlonne 

concentratrons Therefore the l-minute modelrng concentratrons were used to calculate 15mrnute 

averages Model calculations were made for a group of receptors located rmmedrately downwind of the 

release point cagaln this approach was selected to allow for worst-case scenano consrderatlons! 

The results of the modeling study rndrcated that the worst case conditions occurred during stable 

atmospheric conditions and a 1 0 meter per second wrnd speed Amblent ground level concentrations of 

chlorine gas were calculated to potentrally exceed the 15-minute STEL at distances ranging from about 

50 meters lo 140 meters downwind of the release 

Therefore adding a moderate safety factor. it has been determined that if the drtlling location at the Waste 

011 Tank location (SWMU #ll) wlthrn the Jamaica Island Landfill (and. potentrally, the deep bedrock 

monrtoring well proposed locatron at thus landftll) cannot be selected to eliminate this potential hazard, a 

150 meter radius working area around the dnlling location will need to be marked and controlled, so that 

no unprotected or unnecessary personnel are endangered 

.._ . . ~-- _-.-- _ 
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The Occupational Safety and Health Act of 1970 
provides job safety and health protection for workers by 
promoting safe and healthful working conditions 
throughout the Nation. Requirements of the Act include 
the following: 

All employers must lumsh 10 employees employment and a olace ot 
employment tree from recoqnlzea hazards that are causing of are ltkely to 
cause aarn or serious harm 10 employees. Employers must comply mth 
occupational safely and health s&mlards ~ssuea under the Act. 

Employees must comply with all OCWW~IOM~ safely and health stanbarbs. 
rules, requlallons ana orders issued under the Act that apply 10 their own 
actions and conaucf on the 100. 

The Occuwt~onal Safety and Health AdmmMation (OSHA) ot the U.S. 
Oepartmem 01 Labor has the pnmary responsMy k admmWrmq the 
AU. OSHA issues occupabo~I Mety and he&h standards, and IIS 
Compbnce Safety and Health Officers conduct @.W insoecbons to he@ 
ensure complianfa with tha AU. 

lhe Au requires that a representative 01 the employer and a regresentabve 
authorizea by the employees be qven an opooffun~ty to aaxxnpany the 
OSHA inspector tOi the purpose at aiding the inspseticn. 

Where mere IS no authorized emp&yee rege%WM. the OSHA 
Compliance Officer must consul4 win a masoW n&rdmf of employees 
concerning safe4y and health CondillQII in the workpiatx 

Emoloye43s or tMr reuresenMive3 km the rlghl to file a comgtaiti tim 
the nearest OSHA oftia nquestiq an inscmcdon it they betiwa unsata or 

unhealthM conditions exist in their woWace. OSHA will mthhold. on 
request. names of employee3 complaining. 

lheActprowdesmatanoh3yee3maynotbadischqedof 
discrlmmat#l agamst in any nay 101 Ming sa&y and health wmptaats or 
for otherme exuuuq their qhts under the Act 

Employees who believu they hafa been eiscfimitWxI against may file a 
cmlaint WM their nearcSt OStiA oltia mrna 30 days 01 the allqed 
di.suimmation. 

cltatlon will specrfy a tirM penod within which the alleged vtolatlon must 
bel c0twcted 

The OSHA citation musf be prominently displayed at or near the orarq 
of arleged vtolation lor three days. or until it IS corrected. whlcnever IS 
latef, to warn employfxs al dangfs that may exist (here. 

The AU prowdes tor mandatw penalties against employers ot uo to 
$1.000 for each sertous violation and tar ootlonal penallles ot up 10 
$1 .ooO for each nonserious wotatlon. Penalties ot up to $1 .ooO per day 
may be proposed tar failure to Wrrect VlOlatlOnS within the proposed lime 
period. Also, any employer who wiillully or repeatedty vlotates the Act may 
bs assea penalties ot up to $10.000 lor each sucn v~ohtion. 

Criminal oenatties M atsa prrMed lor In the Act. Any w~lltul violation 
resulting in death d an employw. upon wnvicfion. IS pumshable by a line 
ol not mom thn $10,ooO, or by impnsonmmt for not more than SIX 
months or by both Convicllm of an employer after a lint connaion 
dalbiumuernaximmlpenaHiu 

whlla prwidtq perMu far vioMons. the Ad also encourages tiotls by 
labor and mamgmat Mom an OSHA inspection. to reduc8 workplace 
hazards volunlartly and to Mop and imprwe sale@ and health programs 
in all workplless and inQlrtns5 OSHKs Volun0ry Protection Progm8 
fecqnirs outsMing dtorts o! this ruhirs 

Suds volunoly adim slWd initially locus on the identification and 
eliminadm ot tpnms lfuf could causa death. inlufy, or iMess to 
employcmxtisupavisonTtmf8ar8rnanypuolicandprivata 
organititions t&l can provide infomgtion and asslstMea m this efhM. II 
reqWs&l Also. your loal OSHA oft&a can prowde considef2bk help and 
advia OCI solving &ely and halfi problems or can refer you to atha 
sourcu for help such as truhng. 

Free consultplvs ~s@nw, wil!W citation or penally. IS avaikble 10 
ernplm on repusrl t.tuoqh OSHA supported programs In most Slate 
depaRmenfs of labor of heaim. 

Qo: l-O-21-T 
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FIELD INVESTIGATION FORMS 
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STANDARD OPERATING PROCEDURES (SOPS) 

Geoloqv 

GH-1.3, Section 5.0: Soil and Rock Sampling 

GH-1.4, Section 5.0: Soil & Rock Drilling Methods 

GH-1.5, Section 5.0: Borehole and Sample Logging 

GH-1.6, Section 5.0: Decontamination of Drilling Rigs and Monitoring Well Materials 

GH-1.8, Section 5.0: Excavation of Exploratory Test Pits and Trenches 

Hvdroqeoloov 

GH-2.4, Section 5.0: In-Situ Hydraulic Conductivity Testing 

GH-2.5, Section 5.0: Water Level Measurement/Contour Mapping 

Sampllnq 

SA-1 .l , Section 5.0: Groundwater Sample Acquisition 

SA-1.2. Section 5.0: Surface Water and Sediment Sampling 

SA-6 1, Section 5.0: Sample Identification and Chain-of Custody 

SA-6.2. Section 5.0, Sampling Packaging and ShIpping 

SA-6.3. Sectron 5.0: Site Logbook 

Support Field Methods 

SF-l 1, Section 5 0 On-Sate Water Quality Testing 

SF-l 2 Sectron 5 0 Sample Preservation 

SF-2 3. Section 5 0 Decontamrnatlon of Chemical Sampling and Field AnalytIcal 

Equipment 

ASTM D 1586-84. Section 7 0 Penetrahon Test and Split-Barrel Sampling of Soils 
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5.0 PROCEDURES 

5.1 SUBSURFACE SOIL SAMPLES 

Subsurface soil Sampies are used to characterize subsurface straugrapny. This cnaractertzation can 
Indicate the potential for mtgratton of chemical contaminants In the subsurface. In aadition. 
definrtlon of the actual migration of contaminants can be obtained through chemlcai anaiyslr of the 
solI samplm. Where the remedial acuvities may include in-situ treatment or the l xcavauon and 
removal of the contaminated sod, the depth and areal extent Of contamination must be known as 
accurately as possible. 

Englneerlng and physical properties of soil may also be of interest should site construction acuvmes 
be planned. Soil types, gram site distribution, shear strength, compressibility, permeability, plastrclty, 
unit welgnt, and moisture content are some of the physical characcennics that may be determined 
for soil samples. 

Penctrauon tests are also described in this procedure. The testS can be used .to emmate various 
pnysicai and l ngineenng parameten such as relative density, unconfined compresswe strength, and 
conrolldatron charactenstlcs of 1011s. 

The procedures described here are representauve of a larger number of possible drilling and 
sampling techniques. The cnoice of techniques IS bad on a large number of vanables such as cost, 
DQOS, local geOlogy, etc. The final choice of methods mun be made with the asunance of drilling 
subcontractors familiar with the local geologic conditions. Alternative techntques must be based 
uoon the undenymg pnnctples of quaky assurance implicit in the foIlowIng prxdura. 

5.1.1 Eauiomem 

The foliowmq &tpment is used for subsurface soli sampling and test bonng: 
I 

l 3nlling cqulpment, provldtd by subcontractor. 

l Split barrel (spht spoon) umolen, 00 2 inches, IO l-3/8 inches, either 20-inch or 26 inches 
iong. Larger 0.0. samplers are avaliabie If a larger volume of sample IS needed. A common 
size IS 3-tncn 0.0. (2-l/2-lncn I.D.). 

l Thin walled tubes (Shelby), 0.0.2 to 5 inches, 18 to 54 inches long. 

0 Drive Wght assembly, 14O-lb. ( 2 2 lb.) weight, dnving head and guide permitting free fail 
of 30 incnes( 2 1 tncn). 

l Dnve weight assembly, 300-lb. ( + 2 lb.) weight, dnving head and guide permltttng free fail 
of 18 inches ( + 1 Inch). 

l Accessory eourpment. Including labels, logbook, paraffin, and sample jars. 
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The followmg method wtll be used for solit barrel sampling: v 

Clean out the boreholc to the desired sampling depth using ‘equipment that will ensure 
that the matenal to be sampled is not disturbed by the operauon. In saturated sands ana 
silts, withdraw the drill bit slowly to prevent loosenmg of the soil around the hole and 
mamtain the water Ievei In the hole at or above groundwater tevel. 

Side-discharge bits are permlsslble. A bottomdischarge bit shall not be used. The process 
of letUng through an open tube sampler and then sampling when the aeslred death 1s 
reacned shall not be permIned. Where casmg is used, It may not be driven below the 
sampling elevation. 

Install the split barrel sampler and sampling rods into the bormg to the desired sampling 
deDKI7. After seaung the sampler by means of a single hammer blow, three 6-tnch 
increments shall be marked on the sampling rod so that UW progress of the sampler can be 
monitored. 

The 2-inch 00 split barrel sampler shall be dnven with blows from a 1404b. ( 2 2 lb.) 
hammer falling 30inchn ( If 1 inch) unul l rther a total of 50 blows have been applied 
dunng any one of the three 6-inch Increments. a total of 100 blows have been applied, 
there IS no observed advance of the sampler for 10 successive hammer blows, or until the 
samolef has advanced 18inches wlthout reaching any of the blow count limitation 
consvamts described herem. This process is referred to as the Standard Penetraoon Test. 

A 30~lb. weight falling 18incnes 1s sometIm- used to dnve a 2-l/2-inch or 3-inch 0.0. 
IOOOn SamDkr. fhls Procedure IS used where dense materials are l countered or when a 
large volume of sample IS requrred. However, this method does not coniorm tire &T:v; 
specrficauons. 

Rewat this ODeraUon at Intervals not greater than S feet tn homogeneous strata. Or as 
specified in the sampling plan. 

Record the number of blows repulred to l fftct each 6 inches of penetrauon or fraction 
thermf. The fiim 6inches IS conudered to be wrung dnve. The sum of the number of 
biowr mCtUlred for th0 second and thrrd 6 inch- of penetrauon is termed the pcnetratton 
rmst.ahcD, N. lf the sampler IS driven less than 18 inches,. the penetration rcs~stance IS that 
for VI0 IWr 1 foot penetrated. 

anng the mmPier to the surface and remove both ends and one half of the split barrel SO 
that the soil recovered rm In the remamtng half of the barrel. Describe carefully the 
samore Interval, recovery (length), composruon, structure, consistency, color, condition. 
etc.. of the recovered soil then put a rcpresentauve portron of each sample into a jar. 

wlfhout ramming. Jan with samples not taken for chemical l nalyus shall be scried wrtn 
wax. or hermetrcally sealed (usmg a teflon cao liner) to prevent evaporation of the sot1 
mOlrture. If the sample is to be later evaluated for mocfiurc content Afftx labels to the jar 
and complete Chain-Of-Custody and other required sample data forms. PrOtKt SamPIeS 
a9alnfi ememe temPerature changes and brcrakage by placing them in appropriate 
cartons norM in a ~totmed area. Perunent data which-shall be noted on the label or 
wntten on the Jar lid for each sample Indudes the project number, bonng number, sample 
number. depth Wema blow counts, and date of samptlng. 

I 
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l An addition to the sampler mentioned above IS an Internal liner, whtch IS ~0111 

longltudinaiiy and has a thtn-wall brass, SWd, or paper liner rnsened InsIde. which ~111 

presewe tne sample. However, since the development of the tnln-walled SamPIers 

(mentIoned below) the split barrel sampler with liner has oecflned in use. 

5.1.3 Thin Wailed lube (Shctbv lube) Samdina (ASTM 01583831 

When 11 IS desired ‘to take undisturbed samples of soil, thin-walled seamless tube samplers (Shelby 
tubes) wail be used. The followmg method wlii be used: 

l Clean out the borehole to the sampling depth, bemg careful to minImIre the chance for 
dlsturbancc of the marenal to be sampled. In saturated matenais. withdraw the drill bit 
stowiy to prevent loosening of the soil around the borehole and maintain the water bet In 
tne hole at or above groundwater level. 

l The use of bottom discharge bits or jetbng through an open-tube sampler to clean out the 
hole shall not be allowed. Any stdr dIsccharge bits are permitted. 

0 A stationary piston-type sampler may be required to limit sample disturbance and aid in 
retalnlng the sample. Either the hydraulically operated or control rod acclvated-type Of 
stauonary pInon sampler may be used. Prior to inserting the tube sampler in the hole. 
cneck to ensure that the sampler head contains a check valve. The check valve is necessary 
:o keep water In the sampling rods from pushmg the sample out of the tube sampler 
aurlng sample wlthdrawai and to maInram a sucbon wlthm the tube to help retain the 
sample. 

0 To mintmtze chemical rcacuon between the sample and the sampling tube, brass tubes 
may be required, l soeclally if the tube IS stored for an extended trme pnor to tcsung. 
‘ahlIe Reel tuM coated wtth shellac are less l xwnslve than brass. they are more reacuve. 
and shall only be useo wnen the sample wdi be tested wtthin a few days after sampling or If 
CnemtCal reacuon IS not anacloated. With the sampling tube restmg on the bottom of the 

nOle and the water level In the bonng at the groundwater level or above, push the tube 
Into the sot1 by a contmuous and rapld mouon, without impacung or twlstlng. In no case 
snail tne tuM be pushed faRher than the length provided for the roll sample. Allow about 
3 Inches In the tube for cutungs and sludge. 

l Uwn mmovai of the sampler tube from the hole, measure the length of sample In the tube 
and ai- the length penetrated. Remove disturbed matenal In the upper end of the tube 
and measure the length of samok agam. After removing at least an Inch of so11 from tne 
lower end ano after msening an lmpervlour ask, seal both ends of the tube with at least a 
l&nch thickness of wax aoplled In a way that wdi prevent the wax from l nterrng tne 
WmPle. Newpaper or other types of filler must be placed in votds at either end of the 
sampler Pnorto sealing with wax. Place plastic caps on the ends of the sampler, tape In the 
capr place, and dip the ends in wax. 

l Affix iat& to the tubes as required and record sample number, depth, penetration, and 
recoveV length on the label. Mark the same information and ‘up’ direcbon on the tube 
wlfh indelible Ink, and mark the end of the sample. Complete Chain-of-Custody and other 
rtqulred forms. Do not allow tubes to freeze and store the samples venrcaiiy (wlfh the 
same orlentatlon they had in the ground, I.e., top of sampie IS up) in a cool place out of me 
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sun at all t;mm. Shtp smpics protected wrth suItable rtsrlient packmg materral to reduce 
shock, vi bratlon, and disturbance. 

Thrn-walled undisturbed tube samplers are restricted in their usage by the consistency of the 1011 to 
be sampled. Often, vary loose and/or wet samples cannot be rctneved by the sample% ana salts wlfn 
a consistency in excess of very stiff cannot be penetrated by the sampler. OevKes such as Oenlson or 
Patcher core samolen can be usea to obtain undisturbed samples of stiff so&. Using these aevlces 
normally Increases sampling coris tnd therefore their use shall be weighed against the increasea Cost 
and the need for an undisturbed sample. In any case, if a sample cannot be ObtaIned with a tube 
sampler, an attempt shall be made with a split barrel sampler at the same depth So that at least a 
sample can oe obtained for clasuficaaon purposes. 

5.1.4 Continuous Core Soil Samoles 

The CME continuous sample tube system provides a method of sampling soil continuously during 
hollow stem augenng. The S-foot sample barrel fits within the lead auger of a hollow auger column. 
The samolng system can be used with a wide range of 1.0. hollow stem augers (from 3-l/4-rnCn tO 
S-1Ikrncn 1.0.): This method has been used to sample many different materials such as glacial drlk 
hard clays and shales, mrne tailigs; etc. This method is particularly used when SPT samples are not 
rtqu~red and a large volume of material is needed. Also, this method is useful when a wrual 
descnpuon of the subsurface lithology is required. 

5.2 SURFACE SOIL SAMPLES 

For loosely packed earth or waste pile samples. stainless steel scoops or trowels can be used to collect 
~COrCsentaflvC SamPIeS. For densely packed ~011s or deeoer soil samples, a hand or power 1011 auger 
may be used. 

The followlng methods are to be used: 

l Use a soil auger for deep samples (6 to 24 inches) or a scoop or trowel for surface ump(es. 
Remove aebris, rocks, Wigs, and vegetauon before collecUon of 1011. Mark tne location 

wth a numbered stake if possible and locate sample points on a sketch of the site. 

a Use a new or freshlydecontaminated sampler for each sample taken. Attach a label and 
dentlfkaUOn tag. Record all rcqurred informatlon in the field logbook and on the sample 
log shcrS Chain-OfCustOdy record, and other required forms. 

l Pack and ship accordingly. 

l When a reP-ntative cornpouted sample is to be prepared (e.g., samples taken from a 
grlddtd area Or from several different depths), it is best to composite lndivldual samples in 
the laboratory where they can be more precisely composlted on a weight or volume basis. 
If this 1s not poswble, the individual sampler (all of equal volume, i.e., the sample bottles 
snail be full) shall be placed in a decontaminated starnless steel bucket, mixed thoroughly 
usIf’ a sWnk% %Wd SPatula or trowel, and a composite sample collected. 



- 
SUW~ NUrnOW argr 

GH.t .3 ?of !3 

SOIL AND ROCK SAMPLING ilcvtwon Effrcrw 3rte 
2 0 s/o4490 

5.3 WASTE PILE SAMPLES 

The use of Ralnlas neei scoops or trowels to obtain small dixrate samples of homogeneous waste 
311es IS usually sufficient for most condmons. Layered (nonhomogeneous) ptles reauire the use of 

:uoe samplers to obtain cross-sectional QmPiM. 

a collect small, equal ponlons of the waste from several points around the We. Penctratw 
it as far as pramcal. use numbercrd stakes, if poseble, to mark the sampling locanons and 
locate sampling pomu on the site sketch. 

l Place the waste sampie in a glass container. Attach a label and idenofkauon tag. Remora 
ail the required information In the field logbook and on the sample log sheet and other 
required forms. 

:or layered, nonhomogeneous piles, gram sample-, sampling trien, or waste pile samolen must be 
used at saveral representaove iocatrons to acquire a crowecu on of the pile. The basic steps to Obtain 

each sample are 

0 Insert a sampler into the pile at a O- to 45degree angle from the horizontal to minimlre 
spillage. 

0 Rotate the sampler once or twice to cut a core of waste material. Rotate the gram sampler 
inner tube to the open poWion and then shake the sampler a few times to allow the 
matenai to enter the open slits. Move the sampler into poution with slots upward (gram 
sampler closed) and slowly withdraw from the plie. 

5.4 ROCK SAMPUNG (CORING) (ASTM 02113-W 

3ock coring enables a detailed assessment of borehoie conditions to be made, showing precisely all 
Ithologic changes and charactenmcs. Because coring I$ an expensive drilling method, it IS commonly 

used for sn8llOw studies of SOOfwt or less. or for specific intervals in the drill hole that require 
aetaded loggmg and/or analyzing. It can, however, proceed for thousands of feet contmuously. 
acoenolng on the size of the drill rig. It yields better quality data than air rotary drilling, althougn at 
a SuDStanUally fcduCW drilling rate. Rate of dnlling vanes widely, depending on the charactennlcs of 
~lthOlOgWS encountered, drilling methods, depth of dnlling, and condition of drilling equipment. 
Average output In a 1 O-hour day ranges from 40 to over 200 fea Downhole geophysical logging or 
:eleWlon Came- monltonng iS somewmes used to complement the data generated by cortng. 

3orehole alametn can be drilled to vanous sms, depending on the tnformatlon needed. Standard 
sizes of core aarretr (showing core diameter) and casmg are shown In Attachment No. 1. 

Core drilling IS used when formations are too hard to be sampled by soil sampling methods and a 
continuous solid sample IS desired. Usually, soil samples are used for overburden, and cormg begins In 
sound bedrock. Casing IS set into bedrock before conng begins to prevent loose matenai from 
entenng the borehole, to prevent loss of drliling fluid, and to prevent cross contamination of 
aauifen. 
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ATTACHMENT 1 

STANDARD SIZES OF CORE BARRELS AND CASING 
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ATTACHMENT 1 
P, 

RX RW I437 I437 I.lW I rm 1.160 I.094 - 733 

cx E IJIZ I.912 ISQ I 675 I .470 I.31 3 643 90s 

AX 4 2250 22M In 2.345 I .a75 I 62s Itas I 201 

6X I 2.676 2875 2.375 296s 2349 l.9M I 666 I tso 

RX n 3.9OQ 3.500 S.OOQ 1615 2969 2S76 2lS5 2.513 

MX nw 4 500 4 500 1938 4.62s 3DBQ 3.240 Ido0 3 167 
I 

RW RW I 437 I .48S 1 .I60 I094 - 73s 

EW EW I.812 I.875 t .rlD I376 64s ws 

AW AW 2.250 2.345 I .97¶ I .tso I.166 I .28l 
nr nw 2 .I79 

P 
2.963 234s 2126 1.655 I .tJO 

NW NW t 
s.mQ 5 ‘5 3.616 I 2365 2.629 2.155 2.313 

NW nw 4m c 3 4629 s.BBQ uoo f.ooQ Jl67 

PW - 5.500 2 ,o 5650 - - - - 

6.629 6790 - - - - 

7.629 76OO - - - - 

zw - nA29 III0 - - - - 

‘AXA - - - w I .67S I.730 IoLlo - 

BXA - - - - 234s 2230 I4S7 - 

MIA - - w - 2969 2dI3 I937 - 

2 Win Ime size drrqnmon. ant I rod only, 3rrm as bath cormq and dnit 

rod. win he cm bit. ana con dlamemn mq rtrpmty ~ctord~ng to 

manufacturer 

NDHSNAL DIMENSIONS FOR DRILL CASINGS AND 
ACCESSORIES. (DIAHOND CORE DRILL MANUFACTURERS 
ASSOCIATION), 288-D-2889, 
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Drilling througn bedrock IS inrtiated by usrng a diamond-tipped Core bit threaded to a drill rod (outer 

core barrel) w~tfr a rate of drilling determined by the downward pressure, rotation speed of dnll rods, 
anlling fluid pressure In the borehole, and the charactensttcf of the rock (mrncralogy, cementation. 
wcatncring). 

5.4.1 Diamond Core Drillinq 

A ocnctration of typically less than 6 inches per 50 blows using a 140-lb. hammer drooping 30 lncncs 
with a 2-incn split spoon sampler shall be conrrdered an indication that soil sampling mcthoas may 
not DC aopiicable and that conng may be necessary to obtam samples. 

When formatrons are encountered that are too hard to be sampled by soil sampling methods, the 
followmg diamond core drilling procedure may oe used. 

Firmly seat a casing into the bedrock or the hard material to prevent loose materials from 
entenng the hole and to prevent the loss of drilling fluid return. Level the surface of the 
rock or nard material when necessary by the use of a fishtail or other brts. If the dnll hole 
can be retamed open without the casmg and if cross contamination of aaurfen In the. 
unconsolidated matenals is unlikely, it may be omitted. 

Begin the core drilling using a double-tube swivel-core barrel of the desired size. After 
dnlling no more than 10 feet (3 m), remove the core barrel from the hole, and take out the 
core. If the core blocks the flow of the drilling fluid during drilling, remove the core barrel 
Immediately. In soft matenalr, a large statung sate may be’specified for the conng tools; 
wnere local l xpeflence indicates sausfactory core recovery or where hard, sound matehals 
are antrcroated. a smaller size or tne smglctube type may be specrfied and longer runs may 
be drilled. NWNW size conng equpment IS the most commonly used size. 

When son matenais are l ncounrcrti CUIL pr&lrc;~ Ias ‘ban 50 wrcent recovery, stop the 
core dnlling. If sod samples are d-red, secure such samples In accordance with the 
orocedures descnbad in ASTM Method D 1586 (Split Barrel Sampling) or In Method 0 1587 
(fhlmwalled Tube Sampling) for Sampling of Soils (see S-ion 5.1.1 and 5.1.2). Resume 
diamond core dnlling when refusal matenals are again encountered. 

Since rock NUCWW and the occurrence of seams, fissures, canties, and broken areas are 
among the most lmponrm Items to be detected and described, take specctal care to obtain 
and rword these feWre& If such broken zones or camies prevent funher advance of the 
boring, OM Of the followmg three steps shall be taken: (1) cement the hole; (2) ream and 
CaU; or (3)CaW and advance wah the next smaller size core barrel, as the condltrons 
warrarrt 

In soft. Seamy, Or Otherwise unsound rock, where core recovery may be difficult, Mdeslgn 
Core barrels may be used. In hard, sound rock where a high percentage of core recovery IS 
antJclPattd, the slnglc-tube core barrel may be employed, 

5.4.2 Rock Samule Prewretion and Documentation 

Once the rock conng has been completed and the core recovered. the rock core shall be carefully 
removed from the barrel, placed in a core tray (previously labeled ‘top’ and ‘bottom’ t0 avoid 
confusion), classified, and measured for percentage of recovery as well as the rock quriity designation 
(ROD). Each core shall be described.. clasufiti. and logged using a uniform system as presented In 
Rrocwure GH-1 .S. If mornure c :-- .ent WIII be determtned or if it IS desirable to prevent dryrng (e.g . 
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to prevent shrtnkage of clay formations) or oxldatlon of the core. the core shall be wrapped in OIPS~IC 
sleeves Immdiateiy after loggmg. Each plasw sleeve mall be Iabered wrth Inaelible Ink. The oaring 
number, run numwr, and the footage represented In each sleeve shall be InCluaed, as Well as me too 
and bottom of the core run. 

Afrer sampling, rock cores shall be placed in the sequence of recovery in well-constructed WOOden 
boxes orovrded by the drilling contractor. Rock cores from two different borings shall not be Placed 
In tne same core box unless accepted by the Site Geologist. The core boxes snail be constructed to 
accommodate at least 20lincar feet of core in rows of approximately 5 feet each and mall be 
construaed wtth hanged toes secured wrth screws, and a latch (usually a hook and eye) to keeo tne 
top securely fastened down. Wood parutionr shall be placed at the end of l acn core run ana 
between rows. The aepth from the surface of the boring to the top and bottom of the drtll run and 
run number shall be marked on the wooden partttions with indelible Ink. A wooden oaRltlon 
(wooaen block) shall be placed at the end of each run with the depth of the bottom of tne run 
written on the block. These blocks wdl serve to separate successrve core runs and indicate deotn 
,ntervals for each run. The oraer of placmg cores shall be the same In all core boxes. Rock core snail 
De olaced in the box so that, when the box IS open, with the inslde of the Ild facing the observerSthe 
too of the cored Interval contamed wrthtn the box is in the upper left corner of the box,and the 
3oRom of the cored interval is In the lower right comer of the box (see Anacnment 2). The top ana 
DottOm Of each Core obtained and its true death shall be clearly and permanently marked on l acn 
30x. The width Of l acn row must be compauble wtth the core diameter to prevent lateral movement 
of the core In the box. Similarly, an empty space in a row shall be filled WI* an appropnate filler 
TaterW Or IPaCen to Prevent longrtudlnal movement of the core In the box. 

-he Insloe and outslae of the cortbox lid shall be marked by rndelible ink to snow all penlnent data 
on the 00x’s contents. At a mmlmum, the followrng InformatIon shall be Included: 

Project name 
Protect number 
Bonng number 
Run numeen 
Footage (aepths) 
Recovery 
ROD (%I 
Box number ana total number of boxes for that bonng (Example: Box 5 of 7). 

:or easy retrlevai when core boxes are stacked, the sides and ends of the box shall also be labeled and 
fncluae orotcct number, bonng number, top and bottom depths of core and box number. 
AttaCnment No. 2 iihWate8 a typical rock core WX. 

3rtor to final Clostng of the core box, a onotograoh of the recovered core and the labeling on tnc 
lnrlae cover shall be taken. If moisture content IS not cntlcal, the core shall be wetted ana wIpea 
Clean for the Photograph. (This will help to snow true colon and bedding features In the cores). 
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4.0 RESPONSIBILITIES 

Site Manaqer - In consultation with the project geologist, responsible for evaluating the drilling 
requirements for the site and specifying dnlling techniques that will be successful given the study 
oblectives and geologic conditions at the site. He should also determine the disposal methods for 
products generated by drilling, such as dnll cuttings and well development water, as weil as any 
specialized supplies or logistrcal support required for the drilling operations. 

Site GeoloqlstIRiq Geoloaist - Responsible for insuring that standard and approved drilling 
procedures are followed. The geologist WIII generate a detailed boring log for each test hole. This 
log shall include a description of materials, samples, method of sampling, blow counts, and other 
pertinent drilling and testing information that may be obtalned during drilling (see Attachment A of 
Procedure GH-1.7). Often this position for inspecting the drilling operations may be filled by other 
geotechnlcal personnel, such as soils and foundation engineers, civil engineers, etc. 

Determination of the exact location for borings is the responsibility of the site geologist. The final 
locatlon for drilling must be properly documented on the boring log. The general area in which the 
borings are to be located will be shown on a site map Included in the Work Plan. 

Field Ooeratlons Leader - Responsible for overall supervlsron and scheduling of drilling activities. 

Dnllinq Subcontractor - Responsible for obtaining all drtlling permits and clearances, and supplying 
all services (Including labor), equipment and material required to perform the drllllng, testing, and 
well lnstallatlon program, as well as maintenance and quality control of such required equipment 
except as stated In signed and approved suocontracts. 

The driller must reoort any major technlcal or analytlcal problems encountered in the field to the 
Field Operations Leader wlthln 24hours. and must provide advance wntten notification for any 
changes in field orocedures describing and justtfying such changes. No such changes shall be made 
unless requested and authorized in wrttlng oy the Fielo Operations Leader. 

The drtillng subcontractor will be responsible for following decontamination procedures specified in 
the Work Plan ‘Joon comoletion of the work, the Drilling Subcontractor will be responsible for 
demobilizing all equipment. cleaning UD any materials deposited on site during dniling operatrons, 
and properly oackfllling any open borings. 

5.0 PROCEDURES 

5.1 GENERAL 

The puroose of drilling boreholes IS: 

l To determine the type, thickness, and certain physical and chemical propenles of the SOII, 
water and rock strata which underlie the site. and 

0 To Install monltonng wells or pletometers. 

All drilling and sampling equipment will be cleaned using appropriate decontamination procedures 
(see Procedure GH-1.6 and SF-2.3) between samples and borings. Unless otherwise specified, it IS 
generally advisable to drill borings at “clean” locatlons first, and at the most contaminated locations 
last, to reduce the nsk of spreading contamination between locations. All borings must be logged by 
the rig geologist as they proceed (see Procedure GH-1.5) unless the FSAP specifically states that 
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loggtng is not required. Situations where logging would not be required would include installation 
of multiple well points within a small area, or a “second attempt” boring adjacent to a boring that 
could not be continued through resistant material. In the latter case, the boring log can be resumed 
5 feet above the depth at which the initial boring was abandoned, although the rig geologist should 
still confirm that the stratigraphy at the redrilled location conforms essentially with that encountered 
at the original location. If significant differences are seen, each hole should be logged separately. 

5.2 DRILLING METHODS 

The selected drilling methods described below apply to drilling in subsurface materials, including, but 
not lImIted to, sand, gravel, clay, silt, cobbles, boulders, rock and man-made fill. Dnlling methods 
should be selected after studying the site geology and terrain, purpose of drilling, waste conditions at 
the site, and the overall subsurface investrgation program proposed for the site. The full range of 
different dnlling methods applicable to the proposed program should be identified with final 
selectron based on relative cost, availability, time constraints, and how well each method meets the 
sampling and testing requirements of the Individual drilling program. 

5.2.1 Continuous-Fliaht Hollow-Stem Auqer Drillinq 

This method of drilling consists of screwing augers with a hollow stem Into the ground. Cuttings are 
brougnt to the surface by the rotating actron of the auger. This method is relatively quick and 
Inexpensive. Advantages of this type of dnlling include: 

l Samples can be obtained without pulling the augers out of the hole. However, this is a 
poor method for obtaining grab samples from thin, discrete formations because of mixing 
of sotls whtch occurs as the material is brought to the surface. Samoling of such formations 
WIII reaulre the use of split-barrel or thin-wall tube samplers advanced through the hollow 
core of the auger. 

0 No dnlllng fluids are required. 

0 A well can be Installed InsIde the auger stem and backfilled as the augers are withdrawn 

Disadvantages and limrtatrons of thts method of dnlllng include: 

l Augenng can only be done In unconsolidated materials. 

l The InsIde diameter of hollow stem augers used for well installation should be at least four 
Inches greater than the well casing Use of such large diameter hollow stem augers IS more 
exoenslve than the use of small diameter augers In boreholes not used for well lnstallatton 
iunhermore, the density of unconsolidated materials and depths become more of a 
limiting factor. More friction IS produced with the larger diameter auger and subsequently 
greater torque Is needed to aavance the boring. 

l The maximum effective depth for dnlling is 150 feet or less, depending on site conditions 
and the size of augers used. 

0 In augenng through clean sand formatrons below the water table, the sand will tend to 
flow Into the hollow stem when the plug IS removed for soil sampling or well installation. 
If the condition of “running” or “flowing” sands is persistent at a site, an alternative 
method of drilling is recommended, in particular for wells or boreholes deeper than 
25 feet. Hollow stem auger drilling is the preferred method of drilling. Most alternatlve 
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methods require the Introduction of water or mud downhole (air rotary is the exception) 
to maintain the open borehole. With these other methods great care must be taken to 
ensure that the method does not interfere with the collection of a representative sample 
which is the object of the construction. With this in mind, the preferred order of choice of 
drilling method after hollow stem augering (HSA) is: 

- Cable tool 
- Casing drive (air) 
- Air rotary 
- Mud rotary 
- Drive and wash 
- Jettrng 

However, the use of any method will also depend on efficiency and cost-effectiveness. In many cases, 
mud rotary is the only feasible alternative to hollow stem augering. Thus, mud rotary drilling is 
generally acceptable as a first substitute for HSA. 

The orocedures for sampling soils through holes drilled by hollow-stem auger shall conform with the 
appllcaole ASTM Standards: 01587-83 and 01586-84. The hollow stem auger may be advanced by 
any power-operated drilling macnrne having sufficient torque and ram range to rotate and force the 
auger to the desrred depth. The machine must, however, be equipped with the accessory equipment 
neeaed to perform requrred sampling, or rock coring. 

When taking so11 samples for chemical analysis, the hollow-stem auger shall be plugged until the 
desired samollng depth IS reached. Samples can be taken using split-spoon or thin wall tube samplers 
driven Into the formatron In advance of the auger (see Procedure GH-1.3). If the sample is to be taken 
at a relatively deeo point, the auger may be advanced without a plug to within five feet of the sample 
death. Then clean out the auger stem, insert a plug and continue to the sampling depth. The plug IS 

then removed ana samples taken as spectfiea my the rig geologrst. Samples should be taken 
accoratng to the sbeclficatlons of the sampling plan. Any required sampling shall be performed by 
rotation. pressing, or driving In accordance with the standard or approved method governing use of 
the oartrcular samolrng tool. The sequence shall be repeated for each sample desired. 

The nollow-stem auger may be used without the plug when boring for geotechnlcal examination or 
‘or well Installation. 

When dnlllng below the water table, specially-aeslgned plugs which allow passage of formation 
water out not solld material shall be used (see Reference 1 of this guldeltne). This method also 
prevents blow back and plugging of the auger wnen the plug IS removed for sampling. 

Alternately, It may be necessary to keep the nollow stem full of water, at least to the level of the 
water table, to prevent blowback and plugging oi the auger. If water IS added to the hole, It must be 
sampled and analyzed to determine If it IS free from contaminants prior to use. In addition, the 
amount of water Introduced, the amount recovered upon attainment of depth, and the amount of 
water extracted dunng well development must be carefully logged In order to ensure that a 
representatrve sample of the formatlon water can be obtalned. Well development should occur as 
soon after well completion as practicable (see GH-1.7 for Well Development Procedures). If gravelly 
or hard material IS encountered which prevents advancing the auger to the desired depth, augering 
should be halted and either driven casing or hyaraulic rotary methods should be attempted. If the 
depth to the bedrock/soil Interface and bedrock llthology must be determined, then a 5foot 
confirmatory core run should be conducted (see Section 5.2.9). 
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At the option of the Field Operations Leader, when resistant materials prevent the advancement of 
the auger, a new boring can be attempted. The original boring must be properly backfilled and the 
new boring started a short distance away at a location determined by the site geologist. If multiple 
water beanng strata were encountered, the onginal boring must be grouted. In some formatlons It 
may be prudent to also grout borings which only penetrate the water table aquifer, since loose sot1 
backfill in the boring would still provide a preferred pathway for surface liquids to reach the water 
table. 

52.2 Continuous-Fliqht Solid-Stem Auqer Drillinq 

This method is similar to hollow-stem augering. Practical application of this method is severely 
restricted as compared with hollow stem augers. Split barrel (split-spoon) sampling cannot be done 
without pulling the augers which may allow the hole to collapse. The method is therefore very time 
consumrng and is not cost effective. Also, augers would have to be withdrawn before installing a 
monrtonng well, which again, may allow the hole to collapse. Furthermore, geologic logging by 
examrning the soils brought to the surface is unreliable as in the case of the hollow stem auger, and 
depth to water may be difficult to determtne while drilling. 

There would be very few situations where use of a solid stem auger would be preferable to other 
drilling methods. The only practical applications of this method would be to drill boreholes for well 
lnstaliatron where no lithologic information is desired and the soils are such that the borehole can be 
exoected to remain open after the augers are withdrawn. Alternatively, the techntque can be used to 
find aepth to bedrock in an area when no other information is required from drilling. 

5.2.3 Rotary Driliinq 

Direct rotary dnlling includes air-rotary and fluid-rotary drilling. Air-rotary drilling IS a method of 
dnlllng wnere the dnll rig simultaneously turns and exerts a downward pressure on the drilling rods 
and btt wnlle clrculatlng compressed air down the Inside of the drill rods, around the bit, and out the 
annulus of tne oorehole. Arr circulation serves to both cool the bit and remove the cuttings from the 
borenote. Advantages of this method include: 

0 The dnlling rate IS high (even In rock). 
0 The cost per foot of dnlling IS relatively low. 
0 Air rotary rigs are common in most areas. 
0 No dnlltng fluid IS required (except when water IS injet d to keep down dust). 
l The borenole diameter is large, to allow room for proc tiell installation procedures 

Disadvantages to using this method Include: 

0 Formations must be logged from the cuttings that are blown to the surface and thus the 
depths of materials logged are approximate. 

0 Air blown into the formation during drilling may “bind” the formation and Impede wel 
development and natural groundwater flow. 

0 In-situ samples cannot be taken, unless the hole is cased. 

l Casing must generally be used in unconsolidated materials. 

0 Air rotary drill rigs are large and heavy. 
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A variation of the typical air-rotary drill bit is a down hole hammer which hammers the drill bit down 
as it dnlls. This makes drilling in hard rock faster. Air-rotary drills can also be adapted to use for rock 
coring although they are generally slower than other types of core drills. A major application of the 
air-rotary dnlling method would be to droll holes in rock for well installation. 

Fluid-Rotary drilling operates in a similar manner to air rotary drilling except that a drilling fluid 
(“mud”) or clean water is used in place of air to cool the drill bit and remove cuttings. There are a 
variety of fluids that can be used with this drilling method, including bentonite slurry and synthetrc 
slurries. If a drilling fluid other than water/cuttings is used, it must be a natural clay (i.e., bentonite) 
and a “background” sample of the fluid should be taken for analysis of possible organic or Inorganic 
contaminants. 

Advantages to the fluid-rotary drilling method include: 

l The ability to drill in many types of formations. 

l Relatively quick and inexpensive. 

l Split barrel (split-spoon) or thin-wall tube samples can be obtained without removing drill 
rods If the appropriate size drill rods and bits (i.e., fish-tail or drag bit) are used. 

l In some borings temporary casrng may not be needed as the drilling flulds may keep the 
borenole open. 

l Dnll rigs are readily available in most areas 

Disadvantages to this method Include: 

0 FormatIon logging IS not as accurate as with hollow stem auger method If split barrel (split- 
spoon) samples are not taken (I.e., the depths of materials logged from cuttings delivered 
to the surface are approximate). 

0 Dnlllng fluids reduce permeability of the formation adjacent to the bonng to some degree, 
and reaulre more extensive well development than “dry” tecnmques (augertng, air-rotary). 

0 No Information on depth to water IS ootalnaole while drilling 

0 FluIds are needed for drilling, and there IS some question about the effects of the drilling 
flulos on water samples ObtaIned. For this reason as well, extensive well development may 
be required. 

0 In very porous materials (I.e., ruoble fill, boulders, coarse gravel) drilling fluids may be 
continuously lost into the formatlon. This will require either constant replenishment of the 
dnlling fluid, or the use of casing througn this formation. 

l Dnll rigs are large and heavy, and must be supported with supplied water 

0 Ground water samples can be potentially diluted with drilling fluid. 

The procedures for performing direct rotary so11 Investigations and sampling shall conform with the 
appltcable ASTM standards: D2 113-83, D1587-83, and D1586-84. 
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I 
For air or fluid-rotary drilling, the rotary drill may be advanced to the desired depth by any power- 
operated drilling machine having sufficient torque and ram range to rotate and force the bit to the 
desired depth. The drilling machine must, however, be equipped with any accessory equipment 
neeaed to perform required sampling, or coring. Prior to sampling, any settled drill cuttings in the 
borenole must be removed. 

So11 samples shall be taken as specified by the Work Plan or more frequently if requested by the field 
georoglst. Any required sampling shall be performed by rotation, pressing, or driving in accordance 
with :Pe standard or approved method governing use of the particular sampilng tool. 

When field conditions prevent the advancement of the hole to the desired depth, a new boring may 
be cr:tled at the request of the Field Operations Leader. The original boring shall be backfilled using 
metroas and materials appropriate for the given site and a new boring started a short distance away 
at a location determined by the site geologist. 

I 5.2.4 Reverse Circulation Rotary Drillinq 

The common reverse-crrculation rig is a water or mud rotary ‘19 with a large diameter drill pipe which 
cIrcL;iates the onllrng water down the annulus and up the Inside of the drill pipe (reverse flow 
dIrecTion from direct mud rotary). This type of ng is used for the construction of large-capacity 
proauct!on water wells and is not suited for small, water-quality sampling wells because of the use of 
drrlllng muds and the large diameter hole whrch IS created. A few special reverse-circulation rotary 
rrgs are made with double-wall drill pipe. The drilling water or air is circulated down the annulus 
oefween the anll aloes and up Inside the Inner pipe. 

Advantages of the latter method Include: 

0 ‘he formation water IS not contaminated by the drilling water. 

0 ‘orma!lon samoles can oe obtained, from known depths. 

0 Nhen anillng wtth air, immediate tniormatlon is available regarding the water-bearing 
orooerttes of formatlons penetratea. 

0 Collaoslng of the hole In unconsolidated formatlons IS not as great a problem as when 
artillng wcth the normal air rotary ng 

Dlsacvantages Include: 

0 Double-wall, reverse-clrculatlon onll rigs are very rare and expensive to operate. 

0 Placing cement grout around the outslde of the well casing above a well screen often IS 
cIlfficult, esoeclally when the screen and casrng are olaced down through the inner dnll 
pipe before the dnll pipe IS pulled out. 

5.2.5 Drill-throuqh Casinq Driver 

The arrven-casing method consrsts of alternately drivrng casing (fitted with a sharp, hardened casing 
shoe) into the ground using a hammer lifted and dropped by the drill rig or an air hammer and 
cleaning out the casing using a rotary chopprng bit and air or water to flush out the materials. The 
casing IS driven down In stages (usually 5 feet per stage). A continuous record is kept of the blows per 
foot In driving the casing (see Procedure GH-1 5). The casing is normally advanced by a 300-pouna 
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hammer falling freely through a height of 30-inches. Simultaneous washing and driving of the casing 
is not recommended. If this procedure is used, the elevations between which water is used in driving 
the casing should be recorded. 

The driven casing method is used in unconsolidated formations only. When the boring is to be used 
for later well installation, the driven casrng used should be at least four inches larger in diameter than 
the well casing to be installed. Advantages to this method of drilling include: 

l Split barrel (split-spoon) sampling can be conducted while drilling. 

l Well installation IS easily accomplrshed. 

0 Dnll rigs used are relatively small and mobile. 

l The use of casing minimizes flow into the hole from upper water-bearing layers; therefore 
multlple aquifers can be penetrated and sampled for rough field determinations of some 
water quality parameters. 

Some of the disaovantages include: 

l This method can only be used in unconsolidated formations. 

l The method is slower than other methods (average drilling progress is 30 to 50 feet per 
day). 

0 Maximum depth of the borehole vanes with the size of the drill rig and casing diameter 
used, and the nature of the formatlons dnlled. 

l The cost per hour or per foot of drilling may be substantially higher than other drilling 
methoas. 

l It IS clfficult and time consuming to pull back the casing If It has been driven very deep 
(deeoer than 50 feet In many formatlons). 

5.2.6 Cable Tool Drillinq 

A cable tool rjg uses a heavy, solid-steel, chtsel-tyoe drill bit (“tool”) suspended on a steel cable, which 
when raised and dropped chrsels or pounds a hole through the SOIIS and rock. Drilling progress may 
be exoedited by the use of “slip-jars” which serve as a cable-activated down hole percussion device to 
hammer the btt ahead. 

When drilling through the unsaturated zone, some water must be added to the hole. The cuttings 
are suspended In the water and then bailed out penodically. Below the water table, after sufficient 
ground water enters the borehole to replace the water removed by bailing, no further water need be 
added. 

When soft caving formations are encountered, it is usually necessary to drive casing as the hole IS 
advanced to prevent collapse of the hole. Often the drilling can be only a few feet below the bottom 
of the casing. Because the dnll bit is lowered through the casing, the hole created by the bit IS smaller 
than the casing. Therefore, the casing (with a sharp, hardened casing shoe on the bottom) must be 
driven into the hole (see Section 5.2.5 of this guideline). 
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Advantages of the cable-tool method include the following: 

0 Information regarding water-bearing zones is readily available during the drilling. Even 
relative permeabiiit!+r and rough water quality data from different zones penetrated can 
be obtained by skills oerators. 

0 The cable-tnoj rig ca ?rate satisfactorily in all formations, but is best suited for caving, 
boulder, c. or cot -avel type formations (e.g., glacial till) or formations with large 
cavities abo ie wat .le (such as limestones). 

l When casing is used, casing seals formation water out of the hoie, preventing 
down-hole contamlnatlon and allowlng sampling of deeper aquifers for field-measurable 
water quality parameters. 

l Split barrel (split spoon) or thin-wall tube samples can be collected through the casing. 

Disadvantages include: 

l Drilling is slow compared with rotary rigs. 

l The necessity of driving the casing In unconsolidated formations requires that the casing be 
pulled back if exposure of selected water-bearing zones is desired. This process complicates 
the well completion process and often Increases costs. There IS also a chance that the 
casing may become stuck in the hole. 

0 The relatively large diameters requrred (mlmmum of O-Inch casing) plus the cost of steel 
casing result In higher costs compared to rotary drilling methods where casing IS not 
requirea, such as use of a hollow stem auger. 

l Cable-tool rigs have largely been replaced by rotary rigs. In some parts of the U.S., 
avallabllrty may be dtfficult. 

5.2.7 Jet Drillinq (Washind 

Jet drlliing, WhiCn should be used only for plezometer or vadose zone sampler installation, consists of 
pumDing warer or drtlling mud down through a small diameter (112 to 2-Inch) standard pipe (steel or 
PVC). The aloe may be fitted with a chisel bit or a special jetting screen Formation matertals 
dlslodgea by the bit and jetting action of the water are brought to the surface tnrougn the annulus 
around the olpe. As the pipe IS jetted deeper, addItIonal lengths of pipe may be addea at the surface. 

jet percussion IS a variation of the jetting method, In which the casing IS driven with a drive weight. 
Normaily. this method IS used to place 2-Inch diameter casing In shallow, unconsolidated sand 
formations but has been used to install 3- to O-Inch diameter casings to 200 feet. 
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Jetting is acceptable In very soft formations, usually for shallow sampling, and when introduction of 
drilling water to the formatlon is acceptable. Such conditions would occur during rough stratigraphic 
investlgatlon or installation of piezometers for water level measurement. Advantages of this method 
Include: 

0 Jetting is fast and inexpensive 

l Because of the small amount of equipment required, jetting can be accomplished in 
locatlons where access by a normal drilling rig would be very difficult. For example, it 
would be possible to jet down a well point In the center of a lagoon at a fraction of the cost 
of using a drill ng. 

l Jetting numerous well points just Into a shallow water table is an inexpensive method for 
determining tne water table contours, hence flow direction. 

Disadvantages include the following: 

0 A large amount of foretgn water or drilling mud is introduced above and into the 
formation to be sampled. 

0 Jetting IS usually done in very soft formations which are subject to caving. Because of this 
caving, It IS often not possible to place a grout seal above the screen to assure that water in 
the well IS only from the screened Interval. 

0 The diameter of the casing IS usually limited to 2 inches; therefore, samples must be 
obtalned by methods applicable to small diameter casings. 

l Jetting IS only possible In very soft formatlons that do not contain boulders or coarse 
gravel, and the depth limitation IS shallow (about 30feet wlthout jet percussion 
equloment). 

l Large quantities of water are often needed 

5.2.8 Drillinq with a Hand Auaer 

This method IS applicable wherever the formation, total depth of sampling, and the site and 
grounawater conciltlons are such as to allow hand auger drilling. Hand augering can also be 
considered at locatlons where drill rig access IS not possible. All hand auger borings will be performed 
accoral ng to ASTM D 1452-80. 

Samples should be taken continuously unless otherwlse specified by the Work Plan. Any required 
samollng IS performed by rotation, pressing, or driving In accordance with the standard or approved 
method governing use of the particular sampling toot. Typical equipment used for sampling and 
advancing shallow “hand auger” holes are lwan samplers (which are rotated) or post hole diggers 
(which are operated like tongs). This technique is slow but effective where larger pieces of 
equipment do not have access and where very shallow holes are desired (less than Sfeet). Surficial 
soils must be composed of relatively soft and non-cemented formations to allow penetration by the 
auger. 

_.,^.___ _ -.-. --- 
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5.2.9 Rock Drillinq and Corinq 

When soil borings cannot be continued using augers or rotary methods due to the hardness of the soil 
or wnen rock or large boulders are encounterea, drilling and sampling can be performed using a 
diamond bit corer in accordance with ASTM D2113. 

Drilling is done by rotating and applying downward pressure to the drill rods and drill bit. The drill 
bit is a circular, hollow, diamond studded bit attached to the outer core barrel in a double tube core 
barrel. The use of single tube core barrels is not recommended, as the rotation of the barrel erodes 
the sample and limrts its use for detailed geological evaluatron. Water or air is circulated down 
througn the drill rods and annular space between the core barrel tubes to cool the bit and remove the 
cuttrngs. The bit cuts a core out of the rock which rises into an Inner barrel mounted inside the outer 
barrel. The inner core barrel and rock core are removed by lowering a wire line with a coupling into 
the drill rods, latching onto the inner barrel and withdrawing the inner barrel. A less efficient 
vanatlon to this method utilizes a core barrel that cannot be removed without pulling all of the drill 
rods. This variation IS practical only if less than 50 feet of core is required. 

Core borings are made through the casing used for the soil borings. The casing must be driven and 
sealea Into the rock formation to prevent seepage from the overburden into the hole to be cored (see 
Sectron 5.3 of this guideline). A double-tube core barrel with a diamond bit and reamrng shell or 
equivalent should be used to recover rock cores of a size specified in the Work Plan. The most 
common core barrel diameters are listed in Attachment A. Soft or decomposed rock should be 
sampled with a ariven split-barrel whenever possible or cored with a Denison or Pitcher sampler. 

When coring rock, Including shale and claystone, the speed of the drill and the drilling pressure, 
amount and pressure of water, and length of run can be varied to give the maximum recovery from 
the rock being drllled. Should any rock formation be so soft or broken that the pieces continually fall 
Into me hole, causing unsatrsfactory corrng, the hole should be reamed and a flush joint casing 
installed to a point below the broken formation. The size of the flush Joint casing must permit 
securing the core size specified. When soft or broken rock IS anticipated, the length of core runs 
snoula be reducea to less than 5 feet to avold core loss and minimize core disturbance. 

Advantages of core drllllng Include: 

II 
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0 Undlsturaed rock cores can be recovered for examination and/or testing. 
I 

l In formatlons In which the cored hole WIII remain open without casing, water from the 
rock fractures may be recovered from tne well wlthout the Installation of a well screen and 
gravel pack. 

0 Formation logging is extremely accurate. 

I 

v 

0 Drill rigs are relatively small and mobile. 
m 

Disadvantages Include: 

0 Water or air is needed for drilling. 

l Coring IS slower than rotary drilling (ana more expensive). 

m 
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0 Depth to water cannot accurately be determined if water is used for drilling. 

0 The size of the borehole is limited 

This drilling metnod is useful if accurate determinations of rock lithology are desired or If open wells 
are to be Installed into bedrock. To Install larger diameter wells in coreholes, the hole must be 
reamed out to the proper size after boring, using air or mud rotary drilling methods. 

5.2.10 Drillinq & Support Vehicles. 

In addition to the drilling method required to accomolish the objectives of the field program, the 
type of vehicle carrying the drill rig and/or support equipment, and its suitability for the site terrain, 
WIII often be an additional deciding factor In planning the drilling program. The types of vehicles 
avallable are extensive, and depend upon the particular drilling subcontractor’s fleet. Most large 
drilling subcontractors will have a wide variety of vehicle and drill types suited for most drilling 
assignments in their particular region, while smaller drilling subcontractors will usually have a fleet of 
much more limited diversity. The werght size, and means of locomotion (tires, tracks, etc.) of the drill 
rig must be selected to be compatible with the site terrain, to assure adequate mobility between 
borehole locatlons. Such conslderatlons also apply to necessary support vehrcles used to transport 
water and/or orlliing materials to the drill ngs at the borehole locations. When the drill rigs or 
suoport vehicles do not have adequate mobility to easily traverse the site, provisions must be maae 
for asslstlng eauroment, such as bulldozers, winches, timber planking, etc., to maintain adequate 
progress during the arllling program. 

Some of the typlcal vehicles which are usually avariable for drill rrgs and support equrpment are: 

0 Totally portable drrlIing/sampling equipment, where all necessary components (tripods, 
samolers, hammers, catheads, etc.) may be hand-carried to the borehole site. 
Dr111Irg/sampllng methoas used with such equipment Include: 

- dand augers and Ilghtwelght motorized augers 
- Retractable plug samplers-driven by hand (hammer) 
- Motorized cathead - a llghtwelght aluminum tripod wrth a small gas-engine cathead 

mounted on one leg, used to Install small diameter cased borings. This ng IS sometimes 
called a “monkey on a stick.” 

0 Skid-mounted drilling equipment contalnrng a rotary drill or engine-driven cathead (to lift 
nammers and drill string), a Dump, and a dismounted tripod. The skid IS pushed, dragged, 
or winched (using the cathead drum) between boring locations. 

l Small truck-mounted drllllng ecauloment uses a jeep, stake body or other light truck (4 to 
6wheels), upon whrcn are mounted the drill and/or a cathead, a pump, and a tripod or 
small drilling derrick. On some ngs the drill and/or a cathead are driven by a power take- 
off from the truck, Instead of by a separate engine. 

0 Track-mounted drilling equipment IS similar to truck-mounted rigs, except that the vehicle 
used has wide bulldozer tracks for traversing soft ground. Sometimes a continuous-track 
“all terrain vehicle” IS also modified for this purpose. Some types of tracked drill rigs are 
called “bombardier” or “weasel” rigs. 

0 Heavy truck-mounted drilling equipment IS mounted on tandem or dual tandem trucks to 
transport the drill, derrick, winches, and pumps or compressors. The drill may be provided 
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with a separate engine or may use a power take-off from the truck engine. Large augers, 
hydraulic rotary and reverse circulation rotary drilling equipment are usually mounted on 
such heavy duty trucks. For soft-ground sites, the drilling equipment IS SOnMImeS 

mounted on and off the road vehicle having low pressure, very wide diameter tires and 
capable of floating; these vehicles are called “swamp buggy” rigs. 

l Marine drilling equipment is mounted on various floating equipment for drilling borings in 
lakes, estuaries and other bodies of water. The floating equipment vanes, and is often 
manufactured or customized by the drilling subcontractor to suit specific drilling 
requirements. TypIcally, the range of flotation vehicles includes: 

- Barrel float rigs - a drill rig mounted on a timber platform buoyed by empty 55-gallc 
drums or similar flotation units. 

- Barge-mounted drill rigs. 

- Jack-up platforms - drilling equipment mounted on a floating platform having 
retractable legs to support the unit on the sea or lake bed when the platform is jacked 
up out of the water. 

- Drill ships - for deep ocean drrlling. 

In addition to the mobility for the dnlling equipment, similar consideration must be given for 
eaulpment to support the drilling operations. Such vehicles or floating equrpment are needed to 
transpon drill water, drilling supplies and equipment, samples, drilling personnel, etc. to and/or from 
various boring locatlons. 

5.2.11 Equipment Sizes 

In Planning subsurface exPlorafiOn programs, care f’T?JSt be taken In specifying the various drllllng 
components, so tnat they WI/I fit properly In the boring or well. 

For orllllng oPen boreholes using rotary drtlllng equipment, tn-cone drill bits are emPloyed with air, 
water or arilling mud to remove cuttings ano cool tne olt. Tri-cone bits are slightly smaller than the 
holes they drill (I e , j-7/8” or 7-7/8” bits will nomlnarly drlll 6” and 8” holes, respectively). 

For obtalnlng split-barrel samples of a formation, samplers are manufactured In sizes ranging from 
2-Inches to 4-112 Inches tn outside diameter However, tne most commonly used size IS the 2-Inch 
O.D., l-3/8-inch I 0. split-barrel sampler. When this sampler IS used, and driven by a 140-pound 
( 2 2 pound) hammer drooping 30-Inches ( + 1 Inch), the procedure is called a Standard Penetration 
Test, and the blows oer foot required to advance the sampler into the form&Ion can be correlated to 

the formation’s density or strength. 

In planning the arrlling of borehotes using hollow stem augers or casing, in which thin-wall tube 
samples or dlamonc! core drilling WIII be performed, refer to the varrous sizes and clearances provided 
In Attacnment A of this guldeline. Sizes selected must be stated In the Work Plan. 
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I 5.2.12 Estimated Drilling Proaress 

To estimate the anticipated rates of drilling progress for a site tt-e following must be considered: 

0 The speed of the drilling me;: Jd employed. 

l Applicable site conditions (e.g., terrain, mobility between borings, difficult drilling 
conditions in bouldery soils, rubble fill or broken rock, etc.). 

l Project-imposed restrictions (e.g., drilling while wearing personal protective equipment, 
decontamrnatlon of dnlling equipment, etc.). 

Based on recent experience in drilling average soil conditions (no boulders) and taking samples at 
S-foot intervals, for moderate depth (30’ to 50’) boreholes (not including installation or development 
of wells), the following dally rates of total drilling progress may be anticipated for the following 
drilling methods: 

Drilling Method 
Average Daily Progress 

(linear feet) 

Hollow-stem augers I 75’ I 

Solid-stem augers I 50’ I 

Mud Rotary Drilling I 100’ (cuttings samples) I 

Reverse Circulation Rotary I 100’ (cuttings samples) I 

Skid Rig with driven casing I 30’ I 
Rotary with driven casing I 50’ I 

Cable Tool I 30’ I 
Hand Auger I Varies I 
Continuous Rock Coring I 50’ I 

5.3 PREVENTION OF CROSS-CONTAMINATlON 

A telescooing l multrple casing technique minimizes the potenttal for the migration of 
contaminated groundwater to lower strata below a confining layer. The telescoping technique 
consists of dnllrng to a confining layer utllizlng a spun casing method with a diamond cutting or 
augerlng shoe, (a method similar to the rock coring method described in Section 5.2.9, except that 
larger casing is used) or a driven-casing method (see Section 5.2.5 of this guideline), and installing a 
specified diameter steel well casing. The operation consists of three separate steps. Initially, a drilling 
casing usually of 8-inch diameter IS installed followed by installation of the well casing (6-inch 
diameter is common for 2-inch wells). This well casing is driven into the confining layer to insure a 
tight seal at the bottom of the hole. The well casing is sealed at the bottom with a bentonite-cement 
slurry. The remaining depth of the boring IS drilled utilizing a narrower diameter spun or driven 
casing technique within the outer well casing. A smaller diameter well casing with an appropriate 

:ngth of slotted screen on the lower end is Installed to the surface. 
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Clean sand is placed in the annulus around and to a point about 2 feet above the screen prior to 
withdrawal of the drilling casing. The annular space above the screen and to a point 2 feet above the 
bottom of the outer well casing is sealed wrth a tremied cement-bentonite slurry which is pressure- 
grouted or displacement-grouted into the hole. The remaining casing annulus IS backfilled with clean 
material and grouted at the surface, or it is grouted all the way to the surface. 

5.4 CLEANOUT OF CASING PRIOR TO SAMPLING 

The boring hole must be completely cleaned of disturbed soil, segregated coarse material and clay 
adhenng to the Inside walls of the casing. The cleaning must extend to the bottom edge of the casing 
and, if possible, a short distance further (1 or 2 inches) to bypass disturbed soil resulting from the 
advancement of the casing. Loss of wash water during cleaning should be recorded. 

For disturbed samples both above and below the water table and where introduction of relatively 
large volumes of wash water is permissible, the clean -7 operation IS usually performed by washing 
the material out of the casing with water; however, tr Ileaning should never be accomplished with 
a strong, downward directed jet whtch will disturb th+ .nderlying soil. When clean-out has reached 
the bottom of the casing or slightly below (as specified above), the string of tools should be lifted one 
foot off the bottom with the water still flowing, untrl the wash water coming out of the casing is clear 
of granular so11 particles. In formations where the cuttings contain gravel and other larger particles, 
It is often useful to repeatedly raise and lower the dnll rods and wash bit while washing out the hole, 
to surge these large particles upward out of the hole. As a time saver, the drilling contractor may be 
permitted to use a split barrel (split-spoon) sampler wtth the ball check valve removed as the clean out 
tool, provrded the material below the spoon IS not disturbed and the shoe of the spoon is not 
damaged. However, because the ball check valve has been removed, In some formations it may be 
necessary to Install a flap valve or spnng sample retainer in the split spoon brt, to prevent the sample 
from falling out as the sampler is withdrawn from the hole. The use of jet-type chopping bits is 
discouraged except where large boulders and cobbles or hard-cemented soils are encountered. If 
water markedly softens the solIs above the water table, clean out should be performed dry with an 
auger. 

For unorsturbed samoles below the water table, or where wash water must be mlnlmrzed. clean out is 
usually accompllshed with an appropriate diameter clean out auger. This auger has cuttrng blades at 
the bottom to carry loose matenal up Into the auger, and up-turned water jets just above the cutting 
blades to carry the removed soil to the surface In :hls manner there IS a mlmmum of disturbance at 
the top of the material to be sampled. If any gravel matenal washes down Into the casing and cannot 
be removed by the cleanout auger, a spilt-barrel sample can be taken to remove ct. Bailers and 
sandwmps should not be used. For undisturbed samples above the groundwater table, all 
operatons must be performed In a dry manner. 

If all of the cuttings created by dnllrng througn the overlying formatrons are not cleaned from the 
borehole prior to sampling, some of the problems which may be encountered dunng sampling 
include: 

l When sampling is attempted through the cuttings remalnlng in the borehole, all or part of 
the sampler may become filled with the cuttings. This limits the amount of sample from 
the underlying formation which can enter and be retained in the sampler, and also raises 
questions on the validity of the sample. 

0 If the cuttings remalnmg In the borehole contain coarse gravel and/or other large panicles, 
these may block the bit of the sampler and prevent any materials from the underlylng 
formation from entering the sampler when the sampler is advanced. 
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0 In cased borings, should sampling be attempted through cuttings which remain in the 
lower portion of the casing, these cuttings could cause the sampler to become bound into 
the casing, such that It becomes very difficult to either advance or retract the sampler. 

0 When sampler blow counts are used to estimate the density or strength of the formation 
being sampled, the presence of cuttings in the borehole will usually give erroneously high 
sample blow counts. 

To confirm that all cuttings have been removed from the borehole prior to attemptrng sampling, It is 
Important that the ng geologist measure the “strckup” of the drill string. This is accomplished by 
measurtng the assembled length of all drill rods and bits or samplers (the drill string) as they are 
lowered to the bottom of the hole, below some convenient reference point of the drill string; then to 
measure the height of this reference point above the ground surface. The difference of these 
measurements IS the depth of the drill string (lower end of the bit or sampler) below the ground 
surface, which must then be compared with the depth of sampling required (installed depth of casing 
or depth of borehole drilled). If the length of drill string below grade is more than the drilled or 
casing depth, the borehole has been cleaned too deeoly, and this deeper depth of sampling must be 
recoraed on the log. If the length of dnll string below grade is less than the drilled or casing depth, 
the difference represents the thickness of cuttings wmch remain in the borehoie. In most cases, an 
Inch or two of cuttings may be left in the borehole with little or no problem. However, if more than a 
few Inches for cuttings are encountered, the borehole must be recleaned prior to attempting 
ramoilng. 

5.5 MATERIALS OF CONSTRUCllON 

The effects of monltonng well constructlon materials on specific chemical analytical parameters are 
aescnbea and/or referenced In FT-7.01. However, there are several materials used dunng dnlllng, 
oafllcb!arly drilling fluids ana lubricants, which must be used with care to avoid compromising the 
representatlveness of so11 ana ground water samples. 

The use of synthetic or organic polymer slurries IS not permitted at any location where so11 samples for 
chemical analysis are to be COlleCted. These slurry materials could be used for installation of long 
!erm monrtorlng wells, but the early time data In time series coilectlon of ground water data may 
tnen be suspect. If synthetic or organic polymer muds are proposed for use at a gtven site, a complete 
wntten justlflcatlon Including methods are orocedures for their use must be provided by the site 
geologist and approved by the site manager The soeclflc slurry composltlon and the concentration of 
selected chemicals for each site must be known 

For many dnlling operations, potable water IS an adeauate lubncant for drill stem and dnlling tool 
connections. However, there are Instances, such as anlling In tight clayey formatrons or in loose 
gravels. when threaded couplings must be lubricated to avoid brndlng. In these Instances, to be 
determined In the field at the judgment of the site geologist and noted In the Site Logbook, and only 
after approval by the site manager, a vegetable 011 or silicone based lubricant should be used. 
Petroleum based greases, etc. WIII not be permitted. Samples of lubricants used must be provided and 
analyzed for chemical parameters appropriate to the given site. 

_...._.. .__-- 1 
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1.0 PURPOSE 

The purDoJ, of this oocument is to establish standard proCcdUfC5 and technical guidance On bormlc 
and satme loggmg. 

2.0 SCOPE 

These procedur= provide descriptions of the standard techniques for borehoie and SamPie logging. 
These tcchntques shall be used for each boring logged to provide consistent descrlptlonr of 
subsurface iithoiogy. While experience is the only method to develop confidence and accuracy In the 
oescrlotlon of soil and rock, the field geologirtlengineer can do a good job of ctassificatron by-careful. 
thougntfui observauon and by being consistent throughout the ctassificatlon proceuure. 

3.0 GLOSSARY 

None. 

4.0 RESPONSlBlLJTlES 

Site Gedoarrf - Responsible for supervising all boring actwities and assuring that each borehole is 
completery logged. If more than one ng IS being used onslte the Site Geoiog~st must make sure that 
each field geoloqst IS properly tramed in loggmg procedure% A brtef review or training session may 
3c necessary pnor to me star up of the field program and/or upon compleuon of the first boring. 

5.0 PROCEDURES 

The clasufication of soil and rocks 15 one of the most important jobs of the field geolog~st/englnecr. 
-0 malnratn a convscrnr iiow oi irl~orm~~ron, It IS imperauve that the field gtolog~st/eng~necr 
;indentanO and 8CCufatdy use the field clasvficauon system described In this SOP. This ldentificatlon 
,s basea on vwal l xammauon and manual tests. 

5.1 MATERIALS NEEDED 

When loggtng soil and rock wmples. the geologist or engineer may be equipped with the foilowlng: 

l Rock hammer 
l Knife 
l Camefa 
0 Dilute HCI 
l RUier (marked in tenths and hundreths of feet) 
0 Hand Lens 

5.2 ClASSJFlCAIlON OF 50115 

AlI data shall be wnflen dir-y on the bonng log (Exhibit 4-l) or In a field notebook if more space 15 
~~~cd. Details on filling out the boring log are discussed in 5mton 5.5. 
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5.2.1 usCS Classification 

Soils are to be classrfied accordmg to the Untfied Soil Clasuficatlon System (USCS). l-us ~~t~o~ of 
classrficatlon IS aetaried in Exhrblt 4-2. This method of clasuficatlon ~dentlfies sod types on me Oasis of 
gram site and conesiveness. 

Finqrarncd sods, or fines. are smaller than the No. 200 sieve and are of fwo types: silt (MI and Clay 
(Q. Some classrfication systems define srze ranges for these soil paructes. but for field classification 

purposes, they are identified by tnerr respective bchavion. Organic matertai (0) is a common 

component of so~i but has no size range; it is recognized by its composition, The careful study of the 
USa wdl ald In devdoping the competence and consistency necessary forthe ciassificatlon of SOlIS. 

Coarse grarned soils shall be divided into rock fragments, sand, or gravel. The terms and sand and 
graver notonry refer to the SIZE of the soil panicles but aIs0 to their depoutional history. To Insure 
accuracy m descnDtron, the term rock fragments shall be used to indicate angular granular materials 
rcsultlng from tne breakup of rock. The sharp edges typlcaiiy observed indicate little or no tranSDOrt 
from thew source area, and thetefore the term provides additional informauon rn reconnrucung the 
deposItiona cnvJronment of the sods encountered. When the term “rock fragments” is used It shall 
be followed by a size designation such as (l/Qinche-l/2 inch@’ dr “coars+sand SILO’ either 

Immediately after the entry or In tne remarks column. The USGS classification would not be affected 
by thus vanauon In terms. 

5.22 &l&r 

Soil colon snail be aescnbed utilizing a single color descnptor preceded, when necessary, by a 
modifier to denote varlauons In snade or color mtnurfi. A so11 could therefore be referred to as 
‘gray’ or ‘lignt gray” or “blucgray.” Since color can be uuiired in correlaung units between 
:mP!lnC ~OCaUOM. it 15 ImDonant for color descnpuons to be consistent from one bonng to another. 

Colon must be described whlie the samole is stril moist Soil samples shall be broken or split verttcally 
to QesCnM COLON. Samplers tend to smear the sample surface creaung color variations between tnc 

samoce Intenor and exterior. 

The term ‘mOtthd’ shall be IJM to Indicate 1011s megularly marked wcth spots of different colors. 
Momng In soils usually Indicates poor aerauon and lack of good dramage. 

5011 Color cham -1 not be used unless 5pec1fied by the prolect manager. 

5.2.3 Rhti~~ DWMV end Consistency 

To class6’ the relative demty rod/or consistency of a ml, the geologtn is tD fim Identify the s&i 
tYPe. Granular sais conmn PredOmlnantiy sands and gravels. They are noncohesIve (paructes do not 
adhere well When ComPressed). Finer grain4 solis (stits and clays) are CO~~SIV~ (parucies ~111 adnere 
together wnen compressed). 

The dense of noncoh-ve, granular soils is classified according to standard ptneuation resrstances 
ObtaIned from split bami sampling performed according to the methods detailed in Standard 
OWraun9 Procedures W-1.3 and 5A-1.2. Those daignatlons are: 
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Designation 
I 

Standard Penetration 
Rescstance (Blows per Foot) I 

Verv loose ~~ I- Oto4 I 

Medium dense 11 to30 

Dense 31 to so 

Vew dense Over SO 

Standard oenetratron resistance is the number of blows required to drive a split-barrel sampter.wlth a 
2.Incn outr~dc diameter 12 inches into the matcnal using a 140 pound hammer falling freely througn 
30 inches. The wmpler IS driven through an l&inch sample interval, and the numoer of blows IS 

rccordtd for eacn 64nch Increment. The density designauon of granular soils ir obtained by adding 
:he numoer of blows required to penetrate the last 12 inches of each sample interval. It is imponant 
to note that if gravel or rock fragments are broken by the sampler or tf rock fragments are lodged in 
the tip, the resultmg blow count will be erroneously high, reflecting a higher demrty than actually 
exlsu. This shall be noted on the log and referenced to the sample number. Granular souls are gtven 
:ne USU cla5sificatlons GW, GP, GM, SW, SP, SM, CC, and SC (see Exhibit 4-Z). 

The constnency of cohesive soils is determined by performing field tests and identifying the 
consistency as shown In Exhibit 4-3. Cohesive soil5 are given the USC3 classification5 Ml., MH, Ct. CH, 
OL. or OH (see Exhibit 4-2). 

The conrlncnq of cohesive rolls 15 dctennmed tether by blow counts, a pocket penetrometer (values 
,Istea In me taole a5 Unconilned Compresrtve Svength) or by hand by oetermmmg the resistance to 
xnetrat1on by the thumb. The pocket penetrometer and thumb determinauon methods are 
conducted on a selec7ed 1-,,bl.. -be 1 iiri+lf 0: L% ;*;A, psa,a O”., u*. ,t;;‘t5: 0.5 fxt of the sample in the 5pl1t- 
carrel samoter. The sample shall be broken In half and the thumb or penevometer pushed tnto the 
end of the samDIe to detemwne the conwtency. Do not determtne conunency by attempting to 
oenetrate a rock fragment If the sample is decomposed rock, it is classified as a soft decomposed 
rock rather than a hard soil. Cormnency 5nall not be determtned solely by blow counts. One of the 
otner metnods shall be uud in coquncuon with It. The desrgnatlons used to describe the consistency 
of conewe soolls are as follows: 

7 I 
Unc Stanaaro 

Consinency Compressive Penetration 
Stt. Ton3Square Rewstance Field Idenufication Methods 

Foot (Blow5 Der Foot) 

Less than 0.25 Easily penetrated several inches by fist 

soft 0.25 to 0.50 2to4 Easily penetrated several inches by thumb I I 
Medrum stiff 0.50 to 1.0 4 to 8 Can be penetrated several Inches by thumb 1 , 
Very mff 1 .o to 2.0 at0 15 Readily indented by thumb 
Hard 2.0 to 4.0 15to30 Readily indented by thumbnail 

Hard More th8n 4.0 Over 30 Indented with difficulty bythumbnaIl 
\ 

..--.~. . .- __ _ . ._ -- ___-._-- 
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5.2.4 Weiaht Pttcantaaes 

in nature, ~011s are comprised of parucles of varying sire and shape, and are comtmauons of the 
WE 

various grain types. The followmg terms are useful in the description of solI: 

P 
Terms of Identifying Proportion of the Component Defining Range of Percentages by Welgnt 

1 1 
trace 0 - 10 percent JI 

L 
some 11 - 30 percent 

and or adjecuve form of the 1011 type (e.g., “sandy”) 3 1 - 50 percent 
4 t 

Examples: 

l Silty fine sand: 50 to 69 percent fine sand, 3 1 to 50 percent silt 
3 

a Medium to coarse sand, some silt: 70 to 80 percent medium to coam sand, 11 to 30 percent 
Silt. 

~ 

c 

l Fine sandy silt, trace clay: 50 to 68 percent silt, 31 to 49 percent fine sand. 1 to 10 Percent .’ 
clay. I 

a CIayey silt. some coarse sand: 70 to 69 percent clayey silt, 11 to 30 percent coane sand. 
Y 

5.2.5 Moisture 
3. 

MoIRure content IS l sumatad in the field according to four categories: dry, moist, wet. and 7 
saturated. In dry soil. there appears to be little or no water. Saturated samples obviously have all the w 
water they can hold. Mom and wet claulficauons are somewhat subjecuve and often are determmea 
by the molvldual’s judgment A suggested parameter for this would be calling a soil wet If rolling it In 
the hand or on a porous surface likratn water, i.e., dirtias or muddies the surface. Whatever il 
method IS adorned for descnbing moisture, It is important that the method used by an individual 
remams consistent throughout an l nure dnlling job. 

Laboratory t-for water contant shall be prformed if the natural water content IS Important. 

5.2.6 mtifiutl~ ‘1 

Stratrfication can only be datermmed after the sample barrel is opened. The nraufication or bedding 
thickness for soil and rock is depending on grain size and cornposItion. The class,ficauon to be used 
for StraUfiCaUOn descnption is shown in Exhibit 4.4. 9 

5.27 Texture/Fabric/Beddinq 

fhe tenurdfabric/bedding of the soil shall be dewibed. Texture is described as the relative 
angulanty of the parades: 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 brtwm PaKlcks Y 
(i-e.. all the fiat Panichs are parallel or there IS some cementation): The bedding or SUUCtUre shalt 
also be noted (e.g.. sUaUf+d, lenud. nonsuaufied, heterogeneous varved). a. 
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5.2.8 Summan of Soil Classification 

In summary, soils shall be classified in a slmliar manner by each geOlOgtn/engineer at a OrOlect Site. 
The nlcrarcny of classification Is as follOwS: 

l Density and/or consistency 
l Color 
0 Plasticity (Optional) 
l Soil types 
l Moisture’content 
l Stratification 
l Texture, fabric, bedding 
0 Other diningulshmg features 

5.3 ClASSlFlCATlON OF ROCKS 

Rocks are grouoed into three main divisions. mcluding sedimentary, Igneous and metamorphic rocks. 
Sedimentary rocks are by far the predominant type l xppsed at the earth’s surface. The followmg’ 

Saslc names are applied to the types of rocks found m sedimemafy sequences: 

Sandstone - Made up predominantly of granular matenais ranging between 1116 to 2 mm 
In diameter. 

Silts-tone - Made up of granular matenais less than l/l6 to l/256 mm In diameter. ractures 
Irregularly. Medium thick to tnlck bedded. 

Claynone - Vary fine gratned rock made UP of clay and, silt-sire materials. Fractures 
Irregularly. Very smooth to foucn. Generally has Irregularly spaced ptning on suriace of 
dniied cores. 

Shale - A fissile very fine gralnea rock. Fractures along bedding planes. 

LImestone - Rock made up predommantly of calcrte (C&03). Effervesces nrongly upon the 
apolrcation of dilute hydrochlonc acid. 

Coal - Rock comting mamly of organic remains. 

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 deoendent uoon tne 
dcoowtional hlnory of the area. These include conglomerate, halite, gypsum, aoiomltc, 
annydme, ilgnite, etc. are some of the rock types found In lesser amounts. 

In clarrlfymg a sedimentary rock the foliowlng hierarchy shall be noted: 

. Rocktype 
0 Color 
l Bedding thlcknesr 
l Hardness 
0 Fractunng 
l Weathenng 
l Other charactensucs 
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I 5.3.1 Rock Tvuq 

AS described above, there are numerous names of sedimentary rocks. In most cases a rock will be a y! 
combmaflon of several grain types, therefore, a modifier such as a sandy siltstone. or a silty sandstone 
can be ured. The moalficr Indicates that a slgnrficant portion of the rock type 15 composed of the 
modifier. Other modifiers can Include carbonaceous, calcarcous, siliceous. etc. 

3 

Gram size 15 the basis for the classlficatlon of clantc sedimentary rocks. Exhibit 4-S is the Udden- 
Wcnworch classificatton that WIII be awgned to sedimentary rocks. The individual boundafles are 
slightly alfferent than the US0 subdivlslon for 5011 classification. For field determmauon of gram = 

sizes, a scale can be used for the coarse gramed rocks. For example, the division between ultstonc 

and claystone may not be measurable in the field. The boundary shall be determIned by use of a 
hand lens. If the grams cannot be seen with the naked eye but are distinguishable with a handlens. 
the rock 1s a s&stone. If the grams are not disungulshable with a handlens, the rock 15 a c!aystone.. 

1 

5.3.2 Color 
ul 

The color of a rock can be determined in a similar manner as for soil samples. Rock core samples shall .-- 
be clasafied while wet, when possible, and air cored samples shall be scraped clean of curtmgs pnor 
to color ctasuficauons. 

m 

-w 
Rock Color Chant shall not be used unless speafied by the project manager. 

5.3.3 Beddina Thickness 

The beading thlckness destgnatlons applied to soil clautficaoon will also be used for rock q 
claruficauon. 

--. 

5.3.4 Haraness 
Y 

The hardness of a rock is a funcuon of the compaction, cementation, and mmrralogical composition 
of the rocK. A relative scale for sedimentary rock hardness IS as follows: 

m 

l Soft - Weathered, conuderable erosron of core, easily gouged by screwdriver, scratched by 
fingemall. Soft rock crushes or deforms under pressure of a pressed hammer. This term 1s 
always used for the hardness of the saprolite (decomposed rock which occuptes the zone m 
between the lOwest sod horizon and firm bedrock), 

,.^ 

l Medium soft - Slight l rwon of core, slightly gouged by screwdnver, or breaks with - 
CNmMY edges from single hammer blow. 

l Medium hard - No core erosron, easily scratched by screwdriver, or breaks wrth sharp edges 
from single hammer blow. rc 

0 Hard - Reqwes several hammer blows to break and has sharp conchoidal break% Cannot 
be scratched with screwdriver. t 

Note the difference in usage here of the works ‘scratch’ and ‘gouge.” A scratch shall be cons&red 
a slight depression in the rock (do not rnrstake the scrapmg off of r~& flour from drilling with a m 
scratch In the rock itself), while a gouge is much deeper. 
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5.3.5 Fracturinq 

The degree of fracturing or brokeness of a rock is described by measurmg the fractures or lolnt 
spacing. After l limtnatlng drilling breaks, the average spactng IS calculated and tne fracturing IS 
aescnbed by the fOlIOwing terms: 

l Very broken (V. BR.) - Less than 2 in. spacing between fractures 
l 9roken (BR.) - 2 in. to 1 h spaang.between fractures 
l Blocky (EL.) - 1 to 3 ft. soacing betwaen fractures 
l Massive (M.) - 3 to 10 ft. spacing between fractures 

Yhe structural integnty of the rock can be approxrmated by calculating the Rock Quality Oeslgnatlon 
(RQD) of cores recovered. The RQD is determined by adding the total lengths of all pieces exceeding 
1 Inches and dividing by the total length of the coring run, to obtain a percentage. 

Method of Calculaong ROD 
(After Deere, 1964) 

RQD% = r/lx 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 bnrks include shckemldes. 
lomts. compaction slicks. bedding plane parungs (not caused by drilling), friable zones, etc. 

I = Total length of the conng run. 

5.3.6 Weathcrinq 

‘he aegree of weatnenng IS a significant parameter that is Imponant In determming weathering 
xofiles and IS also useful in engineering designs. The following terms can be applied to dlstlngulrn 
:?e otgrcc of weathering: 

0 Fresh - Rock shows little or no weathenng effect Fractures or jolnu have little or no 
starntng and rock has a bnght aopearance. 

l Slight - Rock has some stammg wnlch may penetrate several centimeters Into the rock. Clay 
filling of jomu may occur. Feldspar grams may show some alteration. 

l Modema- Most of the rock, with exception of quanr grains, IS stained. Rock IS weakened 
due to weathenng and can oc easily broken wlfh hammer. 

l Severe - All rock including quanz grains IS stained. Some of the rock is weathered to the 
extent of becommg a loll. Rock IS very weak. 

5.3.7 Other Characterinia 

The following items shall be included in the rock deschption: 

0 Description of contact between two rock units. These can be sharp or gradational. 
l Stratificauon (parallel, cross stratified) 
l Deschpuon of any filled cavltles or vugs. 
l CementatlOn (calcoreour. siliceous, hematltlc) 

3334301 ..__. - .__. .^. -. ___..-_. 
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0 DeKription of any jomu or open fractures. 
l Observation of the presence of foulis. 
0 Notation of joints wrth dcoth, approximate angle to hontontal, any mlneral filling or JI 

coatmg, and degree of weathenng. 

All InformatIon shown on the bonng logs shall be neat to the point where It can De reproduced on a 
cony machme for repon presentation. The data shall be kept current to provide control of the l” 
dntling program and to indicatevartous areas requiring specclal conrideratron and sampling. 

5.3.8 Additional Terms Used in the Description of Rock 
I 

The following terms are used to funher Identify rocks: 

ar 
l Seam - Thin (12 inch or less), probablycontrnuous layer. 

l Some - Indicates significant (1s to 00 percent) amounts of the accessory material. For 
example, rOCk composed of seams of sanonone (70 percent) and shale (30 percent) would 

*u 

be “sandstone - m shale seams.” 
* 

l FCW - Indicates lnslgnrficant (0 to 1S percent) amounts of the accessory materrol. For - 
example, rock composed of seam of sandstone (90 percent) and shale (10 percent) would - 
be ‘sandstone - few shale seams: 

Y 
l Interbedded - Used to indicate thm or very thin alternating seams of matenal occurnng In 

approximately tqual amounts. For l xamoie, rock composed of thin alternatmg seams of 
randnone (SO percent) and shale (50 percent) would be ‘interbedded sandstone and ‘1 
snare. - 

b Interlayercri - Uti LO Intiicrre ii%& &irfl&ng Se0ins of mattrtal occurnng In 
rooroximately equal amounts. ‘p 

-/. 
The oreceolng SeCUom descnk the cjasuficaoon of sedimentary rocks. The followlng are some basrc 
names that are l oplkd to Igneous rocks: 1 

0 Basalt - A fin+gramed l rVu%ve rock compowd pnmanly of calac plagloclau and 
pyroxem. m 

l Rhyolite - A fine-gramed volcanic rock conummg abundant quaru and onhoclase. The 
fincgrrinod equivalent of a granite. m 

l Granite-A coancgrawd plutonlc rock conslmng esuntlally of alkali feldspar and quartz. 

l Dionte - A coancqralned plutonrc rock conslstmg l swmlally of sodic plagiocjau and - 
hornblende. 

l Gabbro - A coancgtained plutonlc rock cormsung of calcic plagioclau and ClinOpyrOxene. ‘I 
LooHlY uud for any coarse gramed dark igneous rock. 
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The following are some basic names that are appiled t0 metamorphic rocks: 

0 Slate - A very fin-rained foliated rock pOSWSing a well developed Slaty cleavage. 
Contarns predommantiy chiorltt, mica, quartz, and sericite. 

l Phyiiite - A finqrained foliated rock that splits into thin flaky sheets with a stlky sneen On 
cleavage surface. 

l Schist - A medium to coarse-grained foliated rock with subparaiiei arrangement of the 
mfcaceous mmerais which dominate cts composition. 

l Gneiss -A corrse-grained foliated rock with bands rich in granular and piaty mmerals. 

0 Ouantite - A fine to coarse-grained nonfoliated rock breaking across grams, conslstlng 

essentially of quartz sand with silica cement. 

5.4 ABBREVIATIONS 

Abbrevlauons may be used in the description of a rock or soil. However, they shall .bc kept at a 
mlntmutn. Following are some of the abbrevlauons that may be used: 

5.5 

Med - Meaturn BR - Broken Or - Orange 
I 

F - Fine 8L - Blocky ss - Sandstone 
1 

V - Very M - Masstve Sh - Shale . 1 
51 - Slight 8r - Brown Is - Limestone 

Occ - Occauonal Bi - 
I 
Tr - Trace I 4 

BORING LOGS AND DOCUMENTATION 

This -on describes in more d-11 the procedures to be used In completing bonng logs In the field. 
lnfOmmOn Obulmd from the preceedlng secuons shall be used to complete the logs. A sample 

bonng log has b@~ provided as Exhibit 4-6. The field geologlsuengmeer shall use this example as a 
guide tn complting eech borings log. Each bonng log shall be fully described by the 
geoloqtWengmwr as the bonnq IS bclnq dnlled. Every sneet contatns space for 25 feet of log. 
lnformatlon regarding CbSdiCaUOn OetauIIIs IS provided on the back of the bonng log, for field use. 

5.5.1 Soil Classification 

a Identify site name. boring number, job number, etc. Elevations and water level data to De 
entered when surveyed data IS available. 

l Enter sample numtwr (from SPT) under appropriate column. Enter depth sample was taken 
from (1 block = 1 foot). Fracuonai footages. i.e.. change of lithology a 13.7 feet. shall be 
lined Off at the proponional location between the 13. and 14 foot marks. Enter blow 
Counts Wandard Penetration Resistance) diagonally (as shown). Standard penetration 

resistance IS covered In SectIon 5.2.3. 
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0 

0 

0 

l 

0 

Determine sample recovcry/samolc length as snown. Measure tne total length of samole 
recovered from the split spoon sampler, Including materral in the drove rnoe. Do not 

Include cuttings or wash matenal that may be In the upper ponron of the samole tube. 

Indicate any change in lithology by drawing a line at the appropriate death. For examole. 
If clayey silt was encountered from 0 to 5.5 feet and shale from S.S to 6.0 feet, a line snarl 
be drawn at this increment. This rnformauon is helpful in the consttuctlon of 
cross-s-ions. As an alternative, symbols may be used to Identtfy each change In lithology. 

The demtty of granular soils IS obtain8d by adding the number of blows ior tne last two 
Increnenu. Refer to Densq of Granular Soils Chan of back of log sheet. For consistency of 
coneslve s01ls refer also to the back of log sheet - Consistency of COheWe Soils. Enter rnls 
rnformation under the approonate column. Refer to Secuon 5.2.3. 

Enter color of the material In the aopropriate column. 

Desccnbe matenal uang the USCS. Llmlt this column for sample descnotion only. The 
prcdomtnate matenal is described last. If the pnmary sot1 is silt but has fines (day) - use 
clayey silt. bmtt roll descnpton to the foltowmg: 

s Trace 0 - 10 percent 
a Some 11 - 30 percent 
. And 3 1 - SO percent 

Al50 Indicate under Matenal Clasufication If the material is fill or natural soils. lndlcate 
roou, organic mateflai, etc. 

Enter USCS symbol - use chart on back of bonng log as a guide. If the 1011s fail into one of 
Two OaYc grows. a borderline symbol may be used with the two symbols separated by a 
slasn. For example wa or SfwSp. 

fbe following InformatIon snail be entered under the Remarks Column and shall include. 
but IS not IlmltM by the followtng: 

Moisture - mmate moisture content using the following terms - dry, moist. wet 
and saturated. These terms are determmed by the Individual. Whatever method 
is used to determme molnure. be consistent throughout the log. 

Angulanty - descnbe angulanty of corm grained panicles using Angular. 
Subangular, Subrounded. Rounded. Refer to ASTM 0 2488 or Eanh Manual for 
cfitena for these terms. 

Pafucle shaw - flat, elongated, or flat and elongated. 

MaxImum pamcle we or dtmcmion. 

Water Iev4 obsewmions. 

Rertion with HCI - none, weak or strong. 
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0 Additional comments: 

Indicate presence of mtca, caving of hole, when water was encountered. difficulty 
In dnliing, loss or garn of water. 

Indicate odor and HNu or OVA reading if applicable. 

Indicate.any change in lithdogy by drawing in line through the lithology change 
column and Indicate the depth. This wtii help later on when cross-SeaIons are 
constructed. 

At the bottom of the page indicate type of rig, drilling method, hammer site ana 
drop and any other useful information (i.e., botehoie size, caring set. changes In 
dnliing method). 

Vertical lines shall be drawn (as shown in Exhibit 4.6) in columns S to 8 from the 
bottom of each sample to the top of the next sample to Indicate conastency of 
material from sample to sample, if the material is conwnent. Honrontai lines shall 
be drawn if there IS a change tn lithoiogy, then venicai lines drawn to that pomt. 

Indicate screened interval of well. as needed, in the iithoiogy column. Show top 
and banam of screen. Other details of well construction are provided on the well 
construction forms. 

5.5.2 Rock Classification 

!ndicate death at which coflng began by drawmg a line at the approprtate depth. Indicate 
core run deaths by drawmg conng run iinct (as shown) under the first and fourth columns 
on the log sheet. Indicate ROD. core Nn number, RQD percent and core recovery under 
the appropriate columns. 

Indicate lithology change by drawing a ime at the appropriate demh as l xplamed In 
Section 5.5.1. 

Rock hardness is entered under designated column using terms as dessrrbed on the back of 
the log or as explained earlier rn this Won. 

Enter COtOf as determined while the core sample is wet; if the sample IJ cored by air, the 
Core hai1 be scraped clean prior to d-nbing color. 

Enter rock type based on sedimentary, igneous or metamorphic. For sedimentary rocks USC 
terms as described In Sectron 5.3. Agam. be conswent tn ctautficatton. Use modifiers and 
additional terms as needed. For igneous and metamorphic rock types use terms as 
described in Sectrons 5.3.8. 

Enter brokeness of rock or degree of fracturmg under the appropriate column using 
symbols V8R, 8R. 8L. or M as expiamed in Section 5.3.5 and as noted on the back of the 
Bormg Log. 
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l The foii~ing information shall be entered under the remarks column. Items snali include 
but are not limited to the fOilOwing: 

w 
s Indicate depths of jomu, fractures and breaks and also approxunate to horrrontal 

angle (sucn as high, low), I.c., 7O’angir from horizontal, high angle. 
. Indicate calcareous zones, description of any cavities or vugs. 

Indicate any loss or gain of drill water. 
Ir) s 

. Indicate drop of dnil took or change In color of drill water. 

l Remarks at the bottom of 8oring Log shall include: 

I Type and sate of core ootained. 
. Depth caung was set. 3 
. Type of Rig used. 

0 As a final check the bonng log snail include the following: 0 

s Verbcal lines shall be drawn as explained for soil ctasaficatton to indicate 
consistency of bedrock matenai. I 

m If applicable, indicate scmned interval in the lithology column. Show top and - 
bottom of screen. Other detalis of well construcuon are provfded on the well 
construction forms. II 

5.5.3 Classification of Soil and Rock from Orill Cuttin- 

fhe prevtous secuons describe procedures for classifying so11 and rock samolfi when cores are 
ootamed. However, some dnliing methods (air/mud rotary) may rectulre ctasscficauon and borehole - 
logging bati on tdenufymg dnil cutungs removed from the oorrnoce. Sucil curungs JCOJ& on:r 
general mformauon on subsurface trthology. Some procedures that shall be followed when logging 

ml 

cutungs are: 

l Obtatn cutting samples at aoproxrmately 5 foot Intervals, sieve the cuttrngs (if mud rotary y 
Onlling) to Obtm a cleaner sample. place the sample Into a small sample bonle or “ZIP 
lock’ bag for future reference, and label the jar or bag (i.e. hole number, depth, date etc.). 
Cutbngs shalt be cioseiy examined to determane general iithoiogy. I 

l Note l y change In color of dniling flurd or cumngs, to esumate changes rn lrthology. 

l Note drop or chettenng of dniling tools or a change rn the rate of drilling, to determme v 

franwe iocat~om or iithologlc changes. 

l Observe loss or gam of drilling fluids or arr (if air rotary methods are used), to identify I 
potential fracture zones. 

\ 

l Record this and any other useful information onto the boring log as provided in 1 
Exhibit 4-l. 

fhis ioggrng provides a general description of subsurface iithoiogy and adequate information can be 
obtamd *mugh Careful observation of the dniiing process. It IS recommended that split barrel and 

J 

rock Core %amPiing methods be used at selectee bonng locauom dunng the field investigation to -- 

I 
I 
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prow& detailed informatlon to supplement the less oetaried data generated through borings unllea 
usmg ammud rotary methods. 

I 

5.6 RiEvlfiw 

Upon completion of the bohngr logs, copies shall be made and rewewed. Items to be revwwed 
Include: 

l Checking for conrtnency of all logs 
l Checktng for conformance to the guideline 
l Checking to see that all informatron is entered in their respacrive columns and spaces 

6.0 REFERENCES 

Unified Soil Uasificauon System (USC3 

I 

ASTM 02488.1985 

I 

Eanh Manual, U.S. DepaNnent of the Interior. 1974 

7.0 RECORDS 

Originals of the boring logs shall be retained in the project files. 
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Consist8ncy 

CONSISTENCY FOR COHESIVE SOILS 
I 

Unconfined 
Compresuvc, 

(Blows Sttrngth 
pat foot) (tons&quete 

Field ldantrficatton 

foot by pocket 
penetration 

very soft 

Soft 

Medium stiff 

Stiff 

very mff 

Hard 

0 to 2 Less than 0.25 Easily penetrated severai Inches by fist 

I 2 to 4 0.25 to 0.50 Easily penetrated sev~rl inches by thumb 

4to8 0.50 to 1.0 
Can be pmetrated several inches by 
thumb with moderate l ffon 

41 

8to 1s 1 .o to 2.0 
Readily indented by thumb but penetrated 

, only with great effort 
1 

1Sto30 2.0 to 4.0 Readily indented by thumbnaIl 
I 

Over 30 More than 4.0 Indented by thumbnail 

3334901 



. 
sumCI Numwr Jrpr 

GH-1 f ‘8of 26 

BOREHOLE AND SAMPLE LOGGING rlevlrlon Etfecme Sat. 
2 2504J90 

, 

EXHIBIT U 

BEDDING THICKNESS UASSIFICATION 

(Weir, 1973 and Ingram, 1954) 

0330901 



SUOl8cI: 

SOREHOLE AND SAMPLE LOGGING 

VUm0.r ?agr 
GH-1 5 ‘9of 26 

r m 
Rw1o0n EWrcrtve Dare 

2 3 sio4J90 

EXHIBIT 4-S 

GRAIN SIZE CIASWICATION FOR ROCKS 

I I Particle Name I Grain Size Diameter I 
I 

Cobbles >6Amm 
I 

Pebbles b66mm 
I 

Granules 24 mm 

Very Coarse Sand l-2 mm 
1 

CoarseSand 0.5-l mm 
. 

Medium Sand 0.259.5 mm 
I 

Fi nc Sand 0.1259.25 mm 
1 

Very fine Sand 0.062S-O.125 mm 
I 

Silt 0.0039-0.0625 mm 
, . 

After Wenwonh, 1922 

m 

I 

I 

J 

II 

I 
i 
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1 .o PURPOSE 

The purpose of this orocedure i5 to provide reference Information regaraing the aooropnate 
procedures to be followed wnen conducting decontaminatron acuvities of dnlling equipment and 
monltormg well matenais used dunng field invmigauons. 

2.0 SCOPE 

This procedure addresses only drilling equipment and monitoring well materials decontamlnatlon. 
and 5hall not be considered for use with chemical sampling and field anaiyttcal equrpment 
decontamination. 

3.0 GLOSSARY 

None. 

4.0 REfPONSlBlLlTiES 

Field Operauons Leader - ResDonsibie for l nsunng that project specific plans and the implementation 
of field mvestlgauons are In compliance with these procedures. 

5.0 PROCEDURES 

-0 tnsure that analytical chemical results are reflecuve of the actual concentrations present at 
samDllng locatlons, various dnlling eaulpment Involved in field investigations must be properly 
aecontamrnated. This WIII mmtmlte the potential for cnbss-contammatlon between 5ampllng 
ocatlons. and the transfer of contamlnatton off site. 

her to the tnmation of a dniling program. ail drilling eqwpment involved in field sampling activltles 
rnati be dtcontamtnated by steam cleaning at a predetermmed area. The seam cleaning procedure 
rnali be performed using a hrgh-pressure 5Dray of heated potable water producing a pressunred 
stream of steam. This steam shall be sprayed directly onto ail surfaces of the various l qurpment which 
mtgnt COntaCI envtronmentai samDIe. The decontaminatron procedure shall be performed unUi all 
tourPment 15 free of ail vlubie potentlai contamtnauon (dirt. grease, oil, nOtICeable odors, etc.) In 
addition. thrs decontaminaoon procedure 5hail be performed at the completton of each sampling 
and/or dniiing katlon, Including soil bonngs, lnnailation of momtonng weiir. test DIU, etc. Such 
cquiPment shall include drilling ngs, backhoes, downhoie tools, augers, well casmgs, and screens. 

The 5tcam cleaning area shall be designed to contain decontammatlon wastes and waste waten, and 
can be a lined excavated pit or a bermed concrete or asphalt pad. For the latter. a floor dram mult be 
orovided wnlch i5 connected to a holding facliity. A 5hallovv above+urface tank may be used or a 
pumping syltem with discharge to a waste tank may be mrtaiied. 

In certain cases, due to budget constramu, such an elaborate decomammation pad IS not possible. In 
suct~ cases, a piastx lined gravel bed pad with a coiiecbon system may serve as an adewate 
decontamination area. The iocauon of the steam cieanmg area shall be on site in order to minimize 
potenttal Impacts at ceRam 5ltes. 

- -..___ - .-__I____.- 



DECONTAMINATION OF DRILLING RIGS 
AND MONITORING WELL MATERIALS 

Guidance to be used when decontammating cqulpment shall include: 

l As a general rule. any pan of the drilling rig which enendr over the borehole. shall be -li 
steam cleaned. 

l All drilling rods, augers, and any other equipment which will be introduced to the hole 
shall be steam cleaned. 1 

l The drilling rig, all rods and augen, and any other potentially contamtnated equipment 
shall be decontaintnatad between each well locatron to prevent cross contamrnatlon of 

1 

potential hazardous substances. 

Rinsate samples of well casmg and screens may be necessary if specifically required for a given site. If lo 
requrred, at teast 1 percent, and no more than 5 percent of steam cleaned lengths of caung and 
screens combtned shall be wmpled. 

Pnor to Itavmg at the end of each work day and/or at the completion of the dnlling program, dnlling 
ngr ana transport vehlctes used onsrte for personnel or equipment transfer shall be steam cleaned. A . 
anlling rtg left at the dnlling location does not need to be steam cleaned until it IS finished drilling at w 
that locauon. 

6.0 RECORDS 

None. 

I 
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5.0 PROCEDURES 

5.1 EQUIPMENT/ITEMS NEEDED 

Below IS a list of items that may be needed while installing a monitoring well. 

0 Health and safety equipment as required by the site safety officer. 

l Well drilling and installation equipment with associated materials (typically supplied by the 
driller). 

0 Hydrogeologrc equipment (weighted engineers 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). 

l Drive pornt Installations tools (Sledge Hammer, drop hammer, or mechanical vibrator; 
tripod, pipe wrenches, drive points, riser pope, and end caps). 

5.2 WELL DESIGN 

The oo!eCflves for each monitoring well and its Intended use must be clearly defined before the 
monlrorrnq system IS destqned. Withtn the monltorlng system, different monitoring wells may serve 
different purposes and, therefore, require different types of construction. During all phases of the 
well oestqn, attention must be qlven to clearly aocumentlng 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: 

l Determtnlng groundwater flow directIons and velocities. 
l Samolmq or monttorinq for trace contammants. 
l DetermInIng aquifer characteristics (e.g., hydraulic conducttvity) 

Sitrnq oi monltonnq wells shall be performed after a preliminary estlmatton of the groundwater flow 
directton In most cases, these can be determtned through the review of geologic data and the sate 
terraln In addltlon. productlon wells or other monltonng wells in the area may be used to determlne 
the qrounawater flow direction. If these methods cannot be used, plezometers. which are relatively 
InexpensIve to Install, may have to be Installed In a preliminary phase to determlne qroundwater 
flow direction. 

I 5.2.1 Well Depth, Diameter, and Monitored Interval 

I 
The well deotr. diameter, and monitored internal must be tailored to the specific monitoring needs 
of each lnvesrlgatron. Specification of these items generally depends on the purpose of the 
momtonnq system and the characterrstlcs of the hydrogeologlc system being monitored. Wells of 
different depth, diameter, and monitored interval can be employed in the same groundwater 
monltonng system. For Instance, varying the monitored interval In several wells, at the same location 
(cluster wells) can help to determtne tne vertical gradient and the levels at which contaminants are 
present. Conversly, a fully penetrating well IS usually not used to quantify or vertically locate a 
contamination plume, since qroundwater 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 
monltored Interval. However, fully penetrating wells can be used to establish the existence of 

I 
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contamination in water bearing zone. The well diameter would depend 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 
information: 

l The vertical location of the contaminant source in relation to the water bearing zone. 

l The depth, thickness and uniformrty of the water bearing zone. 

l The anticipated depth, thickness, and characteristics (e.g., density relative to water) of the 
contaminant plume. 

l Fluctuation in groundwater levels (due to pumping, tidal influences, or natural 
recharge/discharge events). 

l The presence and location of contaminants encountered durmg drilling. 

0 Whether the purpose of the tnstallation IS for determining exrstence or non-existence of 
contamtnatron or tf a particular stratigraphic zone is being Investigated. 

l The analysis of borehole geophysical logs. 

In most sltuatlons where groundwater flow lines are horizontal, depending on the purpose of the 
well and the site conditions, monitored intervals are 20feet or less. Shorter screen lengths 
(1 to 2 feet) are usually requtred where flow lines are not horizontal, (ie., if the wells are to be used 
for accurate measurement of the potentiometric head at a specific point). 

Nlany factors Inrluence tne alameter of a monltonng well. The diameter of the monrtorrng well 
deoends on the aoplKation, In determinmg well diameter, the following needs must be considered: 

0 Adeauate water volume for sampltng. 
l Drllllng methodology. 
l Type of sampling cievtce to be used. 
. costs 

Standard monrtoring well diameters are 2, 4, 6, or 8inches. However, drive points are typically 
l-114or 2 Inches In diameter. For monttortng programs which requrre screened monltonng wells, 
either a 2-inch or 4-Inch diameter well IS preferred. Typtcally, well diameters greater than 4 Inches are 
used In monttonng programs In which open hole monrtonng wells are requtred. In the smaller 
diameter wells, the volume of stagnant water In the well is mlnrmlzed. and well construction costs are 
reduced, however, the type of sampling devices that can be used are limited. In specifying well 
diameter, samplmg requrrements must be considered. Up to a total of 4gallons of water may be 
requtred for a single sample to account for full organic and inorganic analyses, and split samples. The 
water In the monitoring well available for sampling IS dependent on the well diameter as follows: 
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Casing Inside 
Standing Water Depth to Total Depth of Standing 

Diameter, Inch 
Obtain 1 Gal Water Water for 4 Gal. 

(feet) (feet) 
I 

2 6.13 25 

4 1 .s3 6 

6 0.68 3 

However, if a specific well recharges quickly after purging, then well diameter may not be an 
important factor regarding sample volume requirements. 

Pumoing tests for determining aquifer charactenstics may require larger diameter wells; however, in 

I 

small alameter wells.ln-situ permeability tests can be performed during drilling or after well 
installation IS completed. 

I 5.2.2 Riser Pipe and Screen Materials 

Well materials are spectfied by diameter, type of material, and thickness of pipe. Well screens require 
an aadmonal specification of slot size. Thickness of pipe is referred to as “schedule” for polyvinyl 
chloride (PVC) casing and is usually Schedule 40 (thmner 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 
strengtn. The reaulred thickness is also dependent on the ,method of installation;-risers for drive 
pornts reaulre 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 
sumutiace materials in which the well penetrates, tne type of contamlnatlon expected, and natural 
water auallty and deoth. Cost and the level of accuracy required are also rmuortant. The materials 
generally avallable are Teflon, stainless steel. PVC, galvanized steel, and carbon steel. Each has 
advantages and Ilmltatlons (see Attachment A of this gurdeline for an eXfenslve discussion on this 
toprc). The two most commonly used materials are PVC and stalnless steel for wells in which screens 
are Installed and are compared in Attachment 8. StaInless steel is preferred where trace metals or 
organic samplrng IS required; however, costs are high. Teflon materials are extremely expensive, but 
are relatively Inert and provide the least opponunlty for water contamlnatlon due to well materials. 
PVC has many advantages, including low cost, excellent avallabrlity, light weight. and ease of 
manlpulatron; however, there are also some questtons 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 stnffly for geohydrologlc measurements and not for chemical 
sampling. The crushing strength of PVC may llmlt the depth of installation, but schedule 80 materials 
normally used for wells greater than SO 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 consrdenng the size of bailers or pumps to be used 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 rtsers may have to be decontaminated before use because oil-based preservatives and oil 
used during thread cutting and screen manufactunng 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 
recommended for metal analyses, as zinc and cadmium levels in groundwater samples may be 
elevated from the zinc coatmg. 

ml 

__ 

ml 

m 

m 

3 



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-jocnt steel casing is 
also acceptable. Glued PVC may release organic contamination into the well and therefore should 
not be used if the well is to be sampled for organic contaminants. 

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 WIII be compatible with the water bearing zone, to maximize groundwater inflow and 
mlnlmlze head losses and movement of fines Into the wells. (For example, as a standard procedure, a 
Mane No. 1 or Ottowa sand may be used with a 0.010~inch slot screen, however, with a 0.020~inch slot 
screen, the filter pack material must be the material retained on a No. 20 to No. 30 U.S. standard 
sieve.) 

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 bentomte seal, and cement-bentonite grout. The sand pack is usually a fine 
to medrum gramed well graded, silica sand. The quantrty 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 one to three feet of bentonite pellets or equivalent shall be placed 
above the sand pack. The cement-bentonne grout or equivalent extends from the top of the 
bentonlte pellets to the ground surface. 

On occasion, and with the concurrence of the invoived regulatory agencies, monltonng wells may be 
packea naturally, I.e., no anrficial sand pack will be Installed, and the natural formation maternal WIII 
be allowed to collapse around the well screen after the well is installed. This method has been 
utrlired where the formatron material Itself is a relatively uniform grain size, or when artificial sand 
packmg IS not possible due to borehole collapse. 

Bentonlte expands by absorbing water and provides a seal between the screened interval and the 
overlvtng portion of the annular space and formation. Cement-bentonrte grout IS placed on top of 
the oentomfe pellets to the surface. The grout effectively seals the well and eliminates the possibility 
for suriace Infiltration reaching the screened interval. Grouting also replaces marenal removed 
during drilling and prevents hole collapse and subsidence around the well. A tremle 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 boreholes that don’t collapse, it may be more practical to pour the grout 
from the surface without a tremle 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, i.e., a cement-bentonlte grout. A cement bentonite grout normally IS a 

mxture of cement, bentomte and water at a ratro of one go-pound bag of Portland Type I cement, 
3-5 pounds of granular or flake-type bentomte and 6 gallons of water. A neat cement.is made up of 
one ninety-pound bag of Ponland Type 1 cement and 6 gallons of water. 
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In certain cases, the borehole 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 (l’-2’) section of capped riser pipe sump IS sometimes installed immediately below 
the screen, as a silt reservoir, when significant post-development silting IS anticipated. This will 
ensure that the entire screen surface remains unobstructed. 

5.2.4 Protective Casinq 

When the well is completed and grouted to the surface, a protective steel casing is often placed over 
the top for 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 INSTALlATlON 

5.3.1 Monitorinq Wells in Unconsolidated Sediments 

After the borehole is drilled to the desired depth, well installation can begin. The procedure for well 
Installation WIII 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 wltharawn, then a 

temporary casing must be installed and well Installation will proceed through the center of the 
temporary casing, and contmue as the temporary casing is withdrawn from the borehole. In the case 
of horlow stem auger drilling, the augers WIII act to stabilize the borehole ouring well inrtallatlon. 

Before the screen and rrser pipe are lowered Into the borehole, all pope and screen sections should be 
measured with an englneen rule to ensure proper well placement. When measuring sections, the 
threaas on one end of the pipe or screen must be excluded whtle measuring, since the pipe and screen 
sections are screwed flush together. 

After the screen and riser pipe are lowered through the temporary casing, then the sand pack can be 
Installed. A weighted tape measure must be used dunng the procedure In order 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 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 bentonlte pellets should be installed above the sand pack. 
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The cement-bentonite grout is then mixed and either poured or tremied into the annulus as the 
temporary casing or augers are wlthdrawn. Finally, the protective casing can be Installed as detailed 
in SecTron 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. A typical overburden monitoring well sheet is shown. 

5.3.2 Confininq’Laver Monitorinq Wells 

When drilling and installing a well in a confined aquifer, proper well installation techniques must be 
applied to avoid cross contamination between. 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 underlying confining layer, and setting and pressure grouting or 
tremle 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 
monltorlng wells, with the exception of not using a temporary casing during installation. Sufficient 
time which WIII be determmed by the rig geologist; must be allowed for setting of the grout pnor to 
drllllng through the confined layer. A typical confining layer monitoring well sheet IS shown in 
Attachment C. 

5.3.3 Bedrock Monitorinq Wells 

When lnstalllng bedrock momtonng wells, a large diameter boring is drilled through the overburden 
and aoproxtmately 5 feet into the bedrock. A casing (typlcally steel) is installed and either pressure 
grouted or tremle grouted in place. After the grout IS cured, a smaller diameter bonng IS continued 
througn the bearock to the desired depth If the bonng 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 
detallw for overburden monitonng wells. However, if a screen IS to be used, then the casing which IS 
Installed througn the overburden and Into the bedrock does not require grouting and can be 
installed temporary until flnal well installation IS completed. Typlcal well ConstruCtIon forms for 
bedrock monltonng wells are shown In Attachment C. 

5.3.4 Drive Points 

Drive oolnts can be Installed with either a sledge hammer, drop hammer, or a mechanlcal 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 aeslred depth. If a heavy drop hammer IS used, then a 
tripod and pulley setup IS required to lift the hammer. Drive points typically cannot be driven to 
depths exceeding 10 feet. 

5.3.5 Innovative Monitorinq Well Installation Techniques 

Certain Innovative sampling devices have proven advantageous. These devices are essentially 
screened samplers installed in a borenole with only one or two small-diameter tubes extending to the 
surface. Manufacturers of these types of samplers claim that four samplers can be Installed in a 3-inch 
diameter borenole. This reduces drilling costs, decreases the volume of stagnant water, and provides 
a sampling system that minrmizes cross contamtnatlon from sampling equipment. These samplers 
also perform well when the water table IS within 25 feet from the surface (the typical range of suction 
pumps). Two manufacturers of these samplers are Timco Manufacturing Company, Inc., of 

3334901 



GROUNDWATER MONITORING 
POINT INSTALLATION 

Revlslon 
1 

Effective Date 9Slowg(j 

Prairie du Sac, Wisconsin, and BARCAD Systems, Inc., of Concord, Massachusetts. Each offers various 
construction materials. 

Two additional types of multilevel sampling systems have been developed. Both employ individual 
screened openrngs through a small-diameter casing. One of these systems (marketed by Westbay 
Instruments Ltd. of Vancouver, British Columbia, Canada) uses a screened port and a sampling probe 
to obtain samples and head measurements or perform permeability tests. this system allows sampling 
ports at Intervals as close as 5 feet, if desired, in boreholes from 3 to 4.8 inches in diameter. 

The other system, developed at the University of Waterloo at Waterloo, Ontario, Canada, requires 
field assembly of the individual sampling pons and tubes that actuate a simple piston pump and force 
the samples to the surface. Where the depth to ground water is less than 25 feet, the piston pumps 
are not required. The assembly is made of easily obtained materials; however, the cost of labor to 
assemble these 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 formatron which may have been 
reduced by dnlling operations. Wells are typically developed until all fine material ana 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 construffron and installation details, and the characteristics of the 
formation that the well is screened in. The primary methods of well development are summanted 
below. A more detailed discussion may be found In Driscoll (1986). 

Overoumplnq and Backwashinq - Wells may be developed by alternatively drawing the water level 
down at a hlgn 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 
througn the well screen and gravel pack serves to remove fines from the formatron Immediately 
adjacent to the well, while preventing bndgmg (wedging) of sand grains. Backwashing can be 
accomollshed by several methods including pouring water Into the well and then bailing, starting and 
stooping a puma Intermittently to change water levels, or forcing water into the well under pressure 
througn a water-tight fitting (‘rawhiding”). Care should be taken when backwashlng not to apply 
too much pressure, which could damage or destroy the well screen. 

Surqlnca with a Suroe Plunaer - 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 of the 
screens. Thus movement of water rpulls fine materials into the well, where they may be removed by 
any of several methods, and prevents bndglng of sand panicles 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 solld plungers tend to force water out of the well at a greater rate 
than It WIII flow back in. Valved plungers are designed to produce a greater inflow than outflow of 
water during surging. 

Comoressed Atr - 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 snould 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 atr suddenly into an open well below the water level 

-. .- 
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Scalf, M. R., J. F. McNabb, W. 1. Dunlap, R. L. Cosby, and 1. Fryberger, 1981. Manual of Groundwater 
Samplinq Procedures. R. 5. Kerr Environmental Research Laboratory, Office of Research and 
Development, U.S. EPA, Ada, Oklahoma. 

Barcelona, M. J., P. P. Gibb and R. A. Miller, 1983. A Guide to the selection of Materials for Monitorinq 
Well Construction and Groundwater Samplinq. ISWS Contract Report 327, Illinois State Water Survey, 
Champaign, Illinois. 

U.S. EPA, 1980. Procedures Manual for Groundwater Monitorinq of Solid Waste Disposal Facilities. 
Publication SW-61 1, Officeof Solid Waste, U.S. EPA, Washington, D.C. 

to produce a strong surge by vinue of the resistance of water head, friction, and inertia. Pumping the 
well is subsequently done with the air lift method. 

Hiqh Velocitv Jettinq - 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. 

6.0 REFERENCES 

Dnscoll, Fletcher G., 1986. Groundwater and Wells. Johnson Division, St. Paul, Minnesota, 1989 p. 

7.0 RECORDS 

A crItIcal pan of monitoring well instaliatlon is recording of significant details and events in the field 
notebook. The Geologist must record the exact depths of significant hydrogeologlcal features screen 
placement, gravel pack placement, and bentontte placement. 

A Monitoring Well Sheet (Attachment C) shall be used which allows the uniform recording of data for 
each mstallatron and raprd identrficatlon of missing Information. Well depth, length, materials of 
constructron, 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 location, installation date, 
problems encountered, water levels before and after well installation, cross-reference to the geologic 
boring log, and methods used during the lnstallatlon and development process. The documentation 
IS very Important to prevent problems involving questionable sample validrty. Somewhat different 
Information will need to be recorded.dependlng on whether the well is completed in overourden, in 
a conilned layer, In bedrock with a cased well, or as an open hole In bedrock. 

The quantities of sand, bentonne, and grout placed in the well are also imponant. 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 determine the driller’s final fee. 
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AlTACHMENT A 

TABLE 7-4 REiATlVE COMPATlBlLlTY OF RIGID WELL-CASING MATERIAL (PERCENT) 

PVC 1 
GalvanIzea 

Carbon Steel 
Lo-carbon Stamless StaInless 

Steel Steel steel 304 steel 316 
Teflon’ 

I 

nuncrea WWl Aad 100 56 51 59 97 100 100 
1 

wtau PC4 98 59 43 47 96 100 100 

Ml”C, nwa*qn wm 100 aa 57 60 00 82 100 

hxNo”*Or~anu HImturn 64 69 73 73 98 100 100 

PewCOt ovrrrlr natmq 91 58 56 59 93 96 100 
6 

Prelrmrnary Rantlnq of RIgId Materials 
‘eflon. 

Samless Steel 3 16 
Stalnlers Steel 304 
PVC 1 

a-Carbon Steel 
Galvrnaed Steel 
Caroon Steel 
-raoemarx of DuPont 

RELATIVE COMPATIBIUTV OF SEMI-RIGID OR ELASTOMERIC MATERIALS (PERCENT) 

PVC 

Flemole 
2P ‘E 

Conv 

PE 

dnear 
PMM Vito+* Shcone Neoorene Teflon** 

1u*v4 e... *toa 97 97 ‘00 97 90 92 07 05 100 

weam .‘d 92 90 94 96 78 70 75 75 100 

U~nCW .<a-qm \osr 100 100 700 :oo 9s 100 :a 82 100 

2 
3 
a 

S 
6 
7 

Source: 
. 

~wtrnlnary Rankmq of Semt-Rqla or Etarton-erlc %laterlals 
Teflon. 

Polyprooylene (PP) 
WC flexmIe/PE Ionear 
‘VlfOr+ 

‘E Convenrlonal 

SlexlqlavLucire (PMM) 
S~l~conetNeo~rene 

aarcelona et al.. 1983 
Traaemark of DuPont 



AITACHMENT B 

COMPARISON OF STAINLESS STEEL AND PVC FOR MONITORING WELL CONSTRUCTION 
I 

Characteristic 

Strength 

Stainless Steel 

Use in deep wells to prevent 
compression and closing of 
screen/riser. 

PVC 

I 
Use when shear and compressrve 
strength not critical. 

Weight Relatively heavier Lightweight, floats in water 
. 

cost Relatively expensrve Relatively inexpensive 

Corrosrvrty Detenorates more rapidly In Non-corrosive-may detenorate in 
corrosive water presence of ketones, aromatics, alkyl 

sulfides, or some chlorinated HC 
. 

Ease of Use Difficult to adjust size or length in Easy to handle and work in the field. 
the field. 

. 
Preparation for Use Should be steam-cleaned for Never use glue fittings-pipes should be 

organics sampling threaded or pressure-fit-ted. Should be 
steam cleaned if used for monrtoring 
wells. 

. 
Interactron witn May sorb organtc or tnorgamc May sorb or release organic substances. 
Contam t nants* substances when oxrdized 

1 
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l See also Attachment A. 
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ATTACHMENTC 

OVERBURDEN 
MONITORING WELL SHEET 

PROJECT s 
PROJECT 90. 
ELEVATION 
FIELD GEOLOGIST 

LOCATION 
BORING 
DATE 

DRILLER 

ORlLLl’uG 

MEW00 

DEVELOPMENT 

MEWOO 

5LEVATION OF TOP OF SURFACE CASING 

TYPE OF SURFACE SEAL. 

t 0 OF SURFACE CASING: 
TYPE OF SURFACE CASiN- 

t 
I 

30REHOLE DIAMETER: 
I 

TYPE OF BACKFILL. 

ELEVATION I OEPTH TOP OF SEAL: 

OEPTH TOP OF SAN0 PACK. 

ELEVATION I OEPTH TOP OF SCREEN: 

-YpE OF SCREEN: 

SLOT SIZE x LENGTH: 

3 OF SCREEN- 

TYPE OF SAN0 PACK: 

ELEVATION/ OEPfH BOTTOM OF SCREEN: 

ELEVATION ( DEPTH 8OITOM OF SAND PACK: 
NPE OF jACKFILL BELOW OBSERVATION 
WELL: 

- ELEVATION I own4 OF roiE: 



AlTACHMENT C 
PAGE TWO 

BORING NO : 

CONFINING LAYER 
MONITORING WELL SHEET 

PROJECT 
PROJECT NO. 
ELEVATION 
FIELD GEOLOGIST 

LOCATION 
’ DRILLER 

BORING 
DRILLING 

DATE 
METHOD 
DEVELOPMENT 
METHOD 

ELEVATION OF TOPOF PERM CASING : 
ELEVATION OF TOP OF RISER PIPE: 

II L TYPE OF SURFACE SEAL: 

I.D. OF PERM. CASING; 
TYPE OF SURFACE CASING: 

RISER P’PE I.D. 
TYPE OF RISER PIPE: 
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I 

BOREHOLE DIAMETER: 

SERM CLISING I D 
i”Pf OF -SING &BACKFILL: 

ELEVATiON I DEPTH TOP CONFINING LAYER: 
ELEVATION I DEPTC 9OnOM OF CASING: 
ELEVATION I DEPTH 801. CONFINING ‘LAYER: 

ELEVATION I DEPTH TOP OF SEAL: 
TYPE OF SEAL: 

i-e 
DEPTH TOP OF SAN0 PACK: 

fLEVAT~ON/OE~TH TOP OF SCREEN: 
TYPE OF SCREEN: 

IH NPE OF SAN0 PACK: 

- BOREHOLE OIA BELOW CASING. 

ELEVATION I OEPTH BOSOM OF SCREEN: 

ELEVATION / OEPTH BOnOM OF SAN0 PACK: 
TYPE OF BACKFILL BELOW OBSERVATION 
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ATTACHMENT C 
PAGE THREE 

‘flNUS 

BORING NO.: 

BEDROCK 

Q 
MONlTORlNG WELL SHEET 

AHaibbutt~nCCWWV OPEN HOLE WELL 

FIELD GEOLOGIST 

TYPE OF SURFACE SEAL: 

I 0 OFCASING. 
VW OF CASING. 

TEMP I PERM : 

OlAMETER OF HOLE. 

rYPC OF CASING SEAL: 

+ DEPTHfOTOPOFROCK: 

OEPTH TO EOROM CASING: 

DIAMETER OF HOLE IN BEDROCK: 

OELCRllE IF CORE I REAMED WITH BIT- 
I 
I 

OESCME IOINTS IN BEDROCK AN0 OEPTH. 

ELEVATION I 0EPtn of HOLE: 
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A7TACHMENT C 
PAGE FOUR 

BORING NO : 

BEDROCK 

MONITORING WELL SHEET 
WELL INSTALLED IN BEDROCK 

PROJECT 
PROJECT NO. 
ELEVATION 
FIELD GEOLOGIST 

LOCATION 
DRILLER 

BORING 
DRILLING 

DATE 
METHOD 
DEVELOPMENT 

METHOD 

ELEVATION OF TOP OF SURFACE CASING : 

GROUND 

ELEVATION 

, w . ‘.’ II 

1 
v r 
I ‘, 

ELEVATION OF TOP OF RISER PIPE: 
ELEVATION TOP OF PERM -SING: 
TYPE OF SURFACE SEAL: 

I.0 OF SURFACE CASING. 
-YPE OF SURFACE CASING: 

R:SER P!PE I 3 
TYPE OF RISER PIPE: 

30REHOLE DIAMETER: 

PERM CASING I.0 
T”PE OF CASING & BACKFILL 

-ELEVATION I DEPTH TO SEOROCK 
ELEVATION/DEPTH BO7OM OF CASING 

BOREHOLE DIA BELOW CASeNG 
TYPE OF SACKFILL. 

ELEVATION I OEPTH TOP OF SEAL: 
-PE OF SEAL. 

ELEVATION I DEPTH TOP 0~ SAND PACK: 

ELEVATION/OEPTH TOPOF SCREEN: 
T”PE OF SCREEN: 

TYPE OF SAN0 PACK 

ELEVAZON / DEPTH BOnOM OF SCREEN. 

EC!VATION I DEPTH BOTTOM OF SAN0 PACK. 
T”PE OF 3ACKf ILL BELOW OBSERVATION 
WELL. 

ELEVATION I DEPTH OF HOLE: 

0334901 
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ATTACHMENT C 
PAGE FIVE 

30RIP;G YO 

BEDROCK 

Q 

MONITORING WELL SHEET 
A HaMurtm ‘bWany WELL INSTALLED IN BEDROCK 

I 

PROJECT 
; PROJECT NO 
’ E;EVATlON 

! FfEi.3 GEOLOGIST 

LOCATION 
BORING 
DATE 

’ DRILLER 

1 
DRILLING 

a MET400 

) XVELOPMENT 
’ ME’L(O0 

:aOUNo 

-+- - . 
-_ 

= 
f 

ELEVATION OF TOPOF SURFACE CASiNG. 

STICK UP OF CASING ABOVE GROUNO 
SLRFACE. 

f:E’/AtlON TOP OF Q’SER 
:YoE OF SURFACE SEAL. 

1 3 OF SURFACE USING. 

- OIAMETEQ OF HOLE: 

:+;: 
RISER PlDt 1 3 

1 WOE OF RISER PIPE 

@j 1 

I,% 
‘“p! 0s BACKfILL. 

[&$ 
* 7 S.E dA’ ON I OEPT- -00 Ot SEAL. 

c E-EVA: OF1 I 3EPT* ‘OP Of BEDROCK 

we! Or SEAL 

r.LEVA-ION I OEPTH TOP OF IAND. 

ILE’JATION I OEPTw TOP OC SCREEN 

-“‘% OCKREE’(. 

’ 0 SCREEN. 

‘“f’E OF SAND PACK. 

- 3lAMCTER OF HOLE IN EEDROCK. 

CORE I REAM 

ELEJATION I OEPTH BOtfOM SCREEN: 

ELfVATrON I OEPW BOlTOM OF I-IOLE: 
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1.0 PURPOSE 

This procedure aescribes methods for proper excavation of test pits and trenches. 

2.0 SCOPE 

These procedures give overall technical guidance and may be modified by site-specific requirements 
for field exploratory test pits and trenches. Conditions which would make trench excavation 
technrcally difficult (such as shallow water table), potentially dangerous (presence of explosive 
materrals or underground utilities) or likely to cause even greater envtronmental problems (such as 
potential rupture of buried containerized wastes) would require modifications to the methods 
described herein and may prevent implementation of the exploratory excavation program. 
Furthermore, the costs and difficulties in disposing of potentially hazardous materials removed from 
test pits may constrain their use to areas where contamination potential is low. Consequently, the 
techniques described herein may be most applicable in areas of low apparent contamination and 
wnere potentrally explosive materials are not expected to be present. 

3.0 GLOSSARY 

Trenches or test olt. - Open shallow excava-‘?ns, typrcally longitudinal (if a trench) or rectangular (if a 
pit), to determtne the shallow subsurface ..iditions for engineering, geological, and soil chemistry 
expjoratron analor sampling purposes. These pits are excavated manually or by a machine, such as a 
backnoe, clamsnell, trencher excavator, or bulldozer. 

4.0 RESPONSlBlLlTlES 

Site Wlanaqer - ,s responsible for determining, in consultation wrth other project personnel (geologist, 
geocnemlst. engineer), the need for test olts or trenches, their approximate locations, depths and 
samorlng object:ves. 

Fmeld Operatlor Leader (FOL - IS responsible for flnalrzlng the location and depth of test pits/trenches 
based on site conaltrons and the site geologist’s advice. The FOL is ultimately responsible for the 
proper constructran and backfilling of test pits and trenches, including adherence to OSHA 
regulations If aoorlcable (see Section 5.0). 

I-Jeaith and Safetv Officer - responsible for air quality monitoring during test pit construction and 
samorlng, to ensure that workers and offslte (downwind) lndivrduals are not exposed to hazardous 
ievels of airborne contaminants. He/She may also be required to advise the FOL on other safety- 
related matters and mitigative measures to address potential physical hazards from unstable trench 
walls, punctunng of drums, or other hazardous oojects, etc. 

Site GeoloqrWSampler - responsible for recording all information and data pertainrng to the test pit 
excavation. Erglneers, field technicians, or other properly trained personnel may also serve in this 
capacity. 

5.0 PROCEDURES 

5.1 APPLICABILITY 

This subsection oresents routine test pit or trench excavation techniques. Specialized techniques that 
are applicable only under certain conditions are not presented. 
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During the excavation of trenches or pits at hazardous waste sites, several health and safety concerns 
arise and control the method of excavation. All excavations that are deeper than 4feet must be 
stabilized (before entry into the excavation) by bracing the pit sides using wooden or steel support 
structures. Personnel entering the excavation may be exposed to toxic or explosive gases and oxygen- 
deficient environments. In these cases, substantial air monrtoring is required before entry, and 
approorlate respiratory gear and protective clothing is mandatory. There must be at least two 
persons present at the immediate site before entry by one of the investigators. The reader shall refer 
to OSHA regulations 29 CFR 1926,29 CFR 1910.120, and 29 CFR 1910.134. 

Excavatrons are generally not practical where a depth of more than about 15 feet is desired. They are 
usually limited to a few feet below the water table. In some cases, a pumping system may be requtred 
to control water levels within the pits, providing that pumped water can be adequately stored or 
disposed. If data on soils at depths greater than 15 feet are required, the data are usually obtained 
through test borings instead of test pits. 

In addition, hazardous wastes may be brought to the surface by excavation equipment. This material, 
whetner removed from the site or returned to the subsurface, must be properly handled according to 
any and all applicable federal, state, and local regulations. 

5.2 TEST PIT AND TRENCH EXCAVATION 

These procedures descrtbe the methods for excavating and logging test pits and trenches to 
determine subsurface so11 and rock conditions. 

Test olts and trenches may be excavated by hand or by power equipment to permit detailed 
descriDtion of the nature and contaminatron of the tn situ materials. The size of the excavation will 
aeoend onmanly on the followlng: 

0 The ourpose ana extent of the exploration 
0 The soace required for efficient excavation 
0 The cnemlcals of concern 
0 The economrcs and efficiency of avarlable equipment 

Test pits normally have a cross sectron that IS 4 to 10 feet square; test trenches are usually 3 to 6 feet 
,wlde and may be extended for any length required to reveal conditions along a specific line. The 
followcng table, which IS based on equipment efflclencles, can give a rough guide for design 
conslaeratlon: 

4 
Equipment Typlcal Widths, in Feet 

Trenching machlne 2 

Backhoe 2-6 
t 

Track dozer 10 
1 

Track loader 10 

Excavator 10 
I 

Scraper 20 

333490’ 
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Fifteen feet is considered to be the economical vertical limit of excavation. However, larger and 
deeper excavations have been used when special problems justified the expense. 

The lateral limits of excavation of trenches and the position of test pits shall be carefully marked on 
area base maps. if precise positioning is required to indicate the location of highly hazardous waste 
matenals, nearby utilities, or dangerous condrtions, the limrts of the excavation shall be surveyed. 
Also, :f precise determrnation of the depth of burled materials is needed for desrgn or environmental 
assessment purposes, the elevation of the ground surface at the test pit or trench location shall also 
be determined by survey. It may be necessary to record several elevations for irregular or sloprng 
surfaces. If the test pit/trench will not be surveyed immediately, it shall be backfilled and Its positron 
Identified with stakes placed in the ground at the margin of the excavation for later surveying. For 
regional studies test pits and trenches may be located by survey or by using existing topographic maps 
and plans. 

The constructlon of test pits and trenches shall be planned and designed in advance as much as 
possible. However, field conditions may necessitate revisions to the initial plans. The final depth and 
constructron method shall be determlned by the field geologist. The actual layout of each test pit, 
temporary stagtng area and spools pile WIII be predicated on site conditions and wind direction at the 
trme the test pit IS made, Prior to excavation, the area can be surveyed by magnetometer or metal 
detector to ldentlfy the presence of underground utllltles or drums. 

The test pits and trenches shall be excavated in compliance with applicable safety regulations as 
specified by the nealth and safety officer. 

!f the oeoth exceeds 4feet and people will be enterrng the pit or trench, Occupational Safety and 
Healtn Admrnlstratlon (OSHA) requirements must be met: Walls must be braced with wooden or steel 
braces, ladders must be In the hole at all trmes, and a temporary guardrail must be placed alone -he 
surface of the note before entry. It IS advisable to stay out of test pits as much as possible; if pos. ale 
:he reaulred aata or samples shall be gathered without entering the pit. Samples of leachate, 
grounawater, or sidewall soils can be taken wtth telescoping poles, etc. 

Stabil~zatron of the sides of test pits and trenches. wnen required, generally IS achieved by sloping the 
NatIs at a suff:clently flat angle or by using sheeting. Senchlng or terracing can be used for deeper 
hOleS. Shallow excavations are generally staotllzed by sheetrng. Test pits excavated Into fill are 
generally mucn more unstable than pits dug Into natural In-place soil. 

Sufficient space Shall be maintained between trenches or pits to place so11 that will be stockplled for 
cover, as well as to allow access and free movement by haul vehicles and operattng equipment. 
Excavated so11 snail be stockplled to one sloe In one locatlon, preferably downwind, away from the 
edge of the olt to reduce pressure on the pit walls. 

Dewatenng may oe required to assure the stability of the side walls, to prevent the bottom of the cxt 
from neavrng, and to keep the excavation dry. This IS an Important consideration for excavations In 
coheslonless material below the groundwater table. Liquids removed as a result of dewatenng 
operations must be handled as potentially contaminated materials. Procedures for the collection and 
disposal of such materials should be discussed in the site-specific Work Plan. 

The overland flow of water from excavated saturated soils and the erosion or sedimentation of the 
stockolled soil shall be controlled. A temporary detention basin and a drainage system shall be 
planned to prevent the contaminated wastes from spreading, if necessary. 
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5.3 BACKFILLING OF TRENCHES AND TESTPITS 

Before backfilling, the onsite crew shall photograph all significant features exposed by the test pit 
and trench and shall include in the photograph a scale to show dimensions. Photographs of test pits 
shall be marked to include site number, test pit number, depth, description of feature, and date of 
photograph. In addition, a geologic description of each photograph shall be entered in the logbook. 
All photographs shall be indexed and maintained for future reference. 

After Inspection, backfill material shall be returned to the pit under the direciton of the field 
suoerv~sor. 

If a low permeability layer is penetrated (resulting in groundwater flow from an upper contaminated 
flow zone into a lower uncontamrnated flow zone), backfill material must represent original 
conditrons or be Impermeable. Backfill could consist of a soil-bentonite mix prepared in a proportion 
specified by the field supervisor (representing a permeability equal to or less than original 
conditions). Backfill can be covered by “clean” soil and graded to the original land contour. 
Revegetation of the disturbed area may also be required. 

6.0 REFERENCE5 

NUS and CHzMHill, August, 1987. Compendium of Field Operation Methods. Prepared for the 
U.S. EPA. 

OSHA, 1979. Excavation, Trenchinq and Shorinq 29 CFR 1926.650-653 

7.0 RECORD5 

Test pits and trenches shall be logged by the field geologist in accordance with Procedure GH-1 .S. 

Test olt logs shall contain a sketch of pit conditions (see Attachment A, Test Pit Log Form). In 
aadrtlon, at least one photograph with a scale for comparison shall be taken of each pit. Included in 
the pnotograpn snail be a card showrng the test prt number. Test pit locatrons shall be documented 
by tying In the location of two or more nearby permanent landmarks (trees, house, fence, etc.) and 
shall be located on a site map. Surveying may also be required, depending on the requirements of 
each oroject. Other data to be recorded In the field logbook include the followrng: 

Uame and location of job. 
Data of excavation. 
Approximate surface elevation. 
Total depth of excavation. 
Dlmenslons of prt. 
Vethod of sample acquisition. 
Type and size of samples. 
Soil and rock descnptlons. 
Photographs. 
Groundwater levels. 
Organic gas or methane levels. 
Other oerunent InformatIon, such as waste material encountered. 



Sub!efl Number ‘age 
GH-2.4 3of7 

IN-SITU HYDRAULIC Revision Effective Date 
CONDUCTIVITY TESTING 2 05/04/90 

The field geologist is responsible for performing the planned field tests as specified in the planning 
documents, or as directed by the project geologrst shall the field program require modification, and 
generally assists in the data evaluation process. The field geologist shall be knowledgeable in the 
testing methodologies required 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 geologidhydrogeologic 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 HYDRAULIC CONDUCTIVITY 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 mlnrmrze 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 wlthln the well. A rise In water levels can be induced by pouring water Into the well. A 
solld 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 tne 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 to change the 
water level (slug test) 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 
regardrng the representativeness of future groundwater samples. A bailer or pump can be used to 
wlthdraw water from the well. (If a pump IS used, pumping shall not conttnue for more than several 
seconds so that a cone of depression IS not created which would adversely impact testing results. The 
pumo nose snail also be removed from the well during the recovery period, as data analysis 
technraues Involve volume of recovery versus time, and leavrng the hose wrthln the well would distort 
the calculated testing results by altenng the apparent volume of recovery.) Falling head slug tests 
should only be performed In wells with fully submerged screens, whrle rising head slug tests can be 
performed In wells wnh either partially or fully submerged screens/open intervals. 

Other methods that can be used to change water levels wlthrn a well Include creating a vacuum or a 
high pressure environment wlthrn 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 permeaole formations where other methods are lneffectrve In creating 
measurable changes In water levels. Both 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) 
unttl water level recovery exceeds 90 percent of the Initial 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 WIII vary according to the rate of recovery of the well. For a 
moderately fast recovering well, water level readings at O,O.l, 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. With practice, readings at down to 0.05-minute (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 
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recovering wells. A typical schedule for measurements for a slow recovertng well would be 0, 0.25, 
0.5, 0.75, 1.0, 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 wrth 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 levels need to be taken during the performance of a slug test. 

The folIowIng data’shall be recorded when performing slug tests in wells or borings: 

0 Well/bonng ID number 
0 Total depth of welI/bonng 
0 Screened/open interval depth and length 
0 Gravel pack interval depth and length 
0 Well and boring radii 
l Well strckup above ground surface 
0 Gravel pack radius 
0 Static water level 
0 Aaurfer thickness 
l Death to confining layer 
0 Time/recovery data 
l Gravel pack porosity 

A vananon of the slug test IS a test In whtch water IS added to the well at a measured rate sufficient to 
malntarn the water level In the well at a constant height above the static water level, and is called a 
Constant-head test. Once a stable elevated water level has been achteved, discharge (pumprng) rate 
measurements shall be recorded In place of time/recovery data for approximately 10 to 20 minutes, 
then :ne nyaraullc conductivity calculated from this. This type of test IS generally not recommended 
ior -onl:oring wells as large volumes of water may be Introduced into the screened formation, 
ootentlally imoacflng later sampling events. 

5.2 IN-SITU HYDRAULIC CONDUCllVlTY TESTING IN BORINGS 

Slug Tests can oe performed In borings while the bonng IS being aavanced. This permits testing of 
iorra:ions at alfferent depths throughout :he dnlllnn --recess. Boreholes to be tested shall be drrlled 
tisrrg casing. so tnat drscrete deoths may be Invest gjted. Vanous tests and testing methods are 
descrlcea oelow The most appropriate test and testing method to be used In a sltuatlon varies with 
drilling. geotoglc, and general site condltlons and shall be selected after a careful evaluation of the 
above ‘actors. 

Rising nead or falling head slug tests can be performed In saturated and unsaturated formatrons 
during drllllng. 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 testrng depth has been reached. The 
hole IS then cleaned out to remove loose matenals, the dnll brt and rods are carefully withdrawn from 
the borrng, and a few feet of sana (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 snail be measured and recorded. The water level shall then be 
raised (falling head test) or lowered (rising head test) and the change in water level measured at time 
intervals as determined by the field hydrogeologlst. Only falling head tests can be performed for 
depth Intervals within the unsaturated (vadose) zone. As described for wells, time intervals for water- 
level measurements will vary according to the formatlon’s hydraulic conductivity. The faster the rate 



Suqect Numaer Page 
GH-2.4 5of7 

IN-SITU HYDRAULIC Revwon Effectwe Date 
CONDUCTIVITY TESTING 2 05/04/90 

of recovery expected, the shorter the time intervals between measurements shall be. A 
predetermined pattern of time intervals shall be used during each test. The rate of change of water 
level will be used to calculate hydraulic conductivity. The test shall be conducted until the water level 
again stabilizes, or for a mlnlmum of 20mlnutes. In low permeability formatrons, 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 consists of placing a temporary well wrth a short screen into the cleaned out 
boring, pulling the drilling casing back to expose the screen, allowing the formation to collapse 
arouna 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 mrnimum 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 conductrvity 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 informatlon can be gathered by measuring 
the rate of the drop In water level in the boring (for saturated formatrons). A limitation of the test is 
that foreign water is introduced into the formation which must be removed from the well area by 
natural or arrrficlai means before a representative groundwater sample can be obtained. 

Detalled descriptions regarding the performance of borehole hydraulic conductivity tests and 
subseauent data analysis techniques are provided in Ground Water Manual (1981). 

5.3 DATA ANALYSIS 

There are a number of data analysis methods available for use to reduce and evaluate slug testing 
data. The determination of which method IS most appropriate shall be made based on the testing 
condltlons (Including physical setup of the well/boring tested, hydrogeologlc condrtlons, and testing 
methoaology) 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 aqurfer) 
shall be taken Into account In selecttng an analysis metnod. Cooper, et al. (1967), and Papadapulos, 
et aj. (1973). nave developed test interpretation procedures for fully penetrating wells In confined 
aquifers. Hvorslev (1951) developed a relatively simple analytical procedure for point plezometers In 
an :niinlte Isotropic medium. In Cedergren(1967), Hvorslev presents a number of analytical 
proceaures whrch cover a wide variety of hydrogeologic conditions, testing procedures, and 
well/boring/ prezometer configurations. Bouwer and Rice (1976) deveioped an analytical technique 
applicable to both unconfined and confined condmons, 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 ooen 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 
hydrogeologlst. 

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 length of the gravel pack (if longer than the screened interval) may be used as the 
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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 calculatrons shall be reviewed by technical personnel thoroughly 
famtiiar 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 orlgrnal copy stored in the project 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 Engrneers, Waterways Experrment Statron, Washington, D.C., Bull. No. 36. 

Papaaopulos, I. S., 1. 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 Determinrng Hydraulic Conductivity of Unconfined 
Aaulfers wtth Comoletely or Partrally Penetrating Wells.” Water Resources Research, 12:423-28. 

Unrred States Department of the Intenor, 1981. Ground Water Manual. U.S. Government Printtng 
Of!ice, Denver, Colorado. 

7.0 RECORDS 

Fiela data snail be recorded on the data sheet Included as AttachmentA’. Any notes regarding 
:esting procedures, problems encountered, and general observations not Included on the data sheet 
shall De noted in the field logbook. The oorlng log and well constructlon diagrams for each 
welllborlng tested shall be used as references during testing and data analysis actlvltles. Orrgrnal data 
sheetsshall be olaced in the project file, along with the field logbook. 

t If an automated data recorder IS used, the data may be displayed using the printer output from 
the unrt. Such printouts should be annoted to Include the relevant data form, or attached to 
the form shown as Attachment A. 
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5.0 PROCEDURES 

5.1 GENERAL 

Grounawater level measurements can be made in monitoring wells, private or public water wells, 
plezometers, open boreholes, or test pits (after stabrlitation). Groundwater measurements should 
generally not be made in boreholes with drilling rods or auger flights present. If groundwater 
sampling activities are to occur, groundwater level measurements shall take place prior to well 
evacuation or sampling. 

All groundwater level measurements shall be made to the nearest 0.01 foot, and recorded in the 
geologrst’s field notebook or on the Groundwater Level Measurement Sheet (Attachment A), along 
with the date and time of the reading. The total depth of - -e well shall be measured and recorded, if 
not already known. Weather changes that occur over the period of time during which water levels 
are being taken, such as precipitation and bariometrrc pressure changes, should be noted. 

In measuring groundwater levels, there shall be a clearly-established reference pornt of known 
elevation, which IS normally identtfied by a mark on the upper edge of the inner well casrng. The 
reference point shall be noted In the field notebook. To be useful, the reference point should be tied 
in with an estaolished USGS benchmark or other properly surveyed elevation datum. An arbitrary 
datum could be used for an Isolated group of wells if necessary. 

Cascaalng water wtthrn a borehole or steel well casings can cause false readings with some types of 
sounolng aevlces (chalked line, electrical). 011 layers may also cause problems in determining the true 
water revel In a .well. Special devtces (interface probes) are available for measuring the thickness of oil 
layers and true aeoth to groundwater if required. 

Water level readings shall be taken regularly, as reaurred by the site hydrogeologist. Monitortng 
wells or open-cased boreholes that are subject to tidal fluctuatrons should be read In conjunction 
Wrth a :Idal ct-at-t (or preferably In conjunctron with readings of a tide staff or tide level recorder 
installed In the aolacent water body); the frequency of such readings shall be established by the site 
hydrogeologist All water level measurements at a site used to develop a groundwater contour map 
snail oe made ln the shortest oractlcal time to minimize affects due weather changes, and at least 
during the same day. 

5.2 WATER LEVEL MEASURING TECHNIQUES 

There are several methods for determining standing or changing water levels In boreholes and 
monltorlng wells. Certain methods have particular advantages and disadvantages depending upon 
well conditions. A general descrrptron of these methods IS presented, along with a listing of various 
advantages ana disadvantages of each technique. An effective technique shall be selected for the 
particular site conditions by the onsrte hydrogeologlst. 

In most Instances, preparation of accurate potentrometric surface requires that static water level 
measurements be obtained to a precision of 0.01 feet. To obtain such measurements In individual 
accessible wells, the Chalked Tape or Eiectrrcal Water Level Indicator methods have been found best, 
and thus are the most often utllrzed. Other, less precise methods, such as the Popper or Bell Sound or 
Bailer Line methods, may be appropriate for developing preliminary estimates of hydraulic 
condittons. When a large number of (or continuous) readings are required, time-consumrng 
individual readings are not usually feasible. In such cases, it is best to use the Float Recorder or 
Pressure Transducer methods. When condltrons in the well limtt readings (i.e., turbulence ir- the 
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water surface or limited access through small diameter tubing), less precise, but appropriate, methods 
such as the Air Line or Capillary Tubing methods can be used. 

I 

5.2.1 Methods 

Water levels can be measured by several different techniques, but the same steps shall be followed in 
each case. The proper sequence is as follows: 

1. Check operation of recording equipment above ground. Prior to opening the well, don 
personal protective equipment as required. 

2. Record all information specified below in the geologist’s field notebook or on the 
Groundwater Level Measurement Sheet. 

a. Well number. 
b. Record water level to the nearest 0.01 foot (0.3 cm). Water levels shall be taken from 

the surveyed reference mark on the top edge of the inner well casing. 
c. Record the time and day of the measurement. 

Water level measuring devices with permanently marked intervals shall be used when possible. If 
water level measuring devices marked by metal or plastic bands clamped at intervals along the 
measuring line are used, the spacing and accuracy of these bands shall be checked frequently as they 
may ioosen and slide up or down the line, resulting In Inaccurate reference points (see Section 5.2.3). 

5.2.2 Water Level Measurinq Devices 

Chalked Steel Tape 

The water level is measured by chalking a welghted steel tape and lowenng it a known distance (to 
any convenient whole foot mark) Into the well or borehole. The water level IS determined by 
suotracting the wetted cnalked mark from the total length lowered into the hole. 

The taoe shall be wnhdrawn quickly from the well because water has a tendency to rise up the chalk 
due to capillary action. A water finding paste may be used in place of chalk. The paste IS spread on 
the taoe the same way as the cnalk, and turns red uoon contacting water. 

3lsadvantages to this method include the foilowlng: depths are limited by the Inconvenience of 
using neavier weights to properly tension longer taoe lengths; ineffecttve If borehole/well wall IS wet 
or Inflow IS occurrtng above the static water level; chalking the tape IS time consuming; difficult to 
use aunng periods of precipitation. 

Electric Water Level Indicators 

These devices consist of a spool of small-diameter cable and a weighted probe attached to the end. 
When the probe comes In contact with the water, an electrrcal circuit is closed and a meter, light, 
and/or buzzer attachea to the spool WI” signal the contact. 

There are a number of commercial electric sounders available, none of which is entirely reliable under 
all conditions likely to occur In a contaminated monltonng well. In conditions where there is oil on 
the water, groundwater with high specific conductance, water cascading into the well, steel well 
casing, or a turbulent water surface In the well, measuring with an electric sounder may be difficult. 
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For accurate readings, the probe shall be lowered slowly into the well. The electric tape is marked at 
the measuring pornt where contact with the water surface was indicated. The distance from the mark 
to the nearest tape band is measured using an engineer’s folding ruler or steel tape and added to the 
band reading to obtain the depth to water. If band is not a permanent marking band, spacing shall 
be checked pertodically as described in Section 5.2.3. 

Popper or Bell Sounder 

A bell- or cup-shaped weight that is hollow on the bottom is attached to a measuring tape and 
lowered into the well. A “plopping” or “popping” sound is made when the weight strikes the surface 
of the water. An accurate reading can be determined by lifting and lowering the weight in short 
strokes, and reading the tape when the weight strikes the water. This method IS not sufficiently 
accurate to obtain water levels to 0.01 feet, and thus is more appropriate for obtaining only 
approximate water levels quickly. 

Float Recorder 

A float or an electromechanrcally actuated water-seeking probe may be used to detect vertical 
changes of the water surface In the hole. A paper-covered recording chart drum IS rotated by the up 
and down motion of the float via a pulley and reduction gear mechanism, while a clock drive moves a 
recording pen horizontally across the chart. To ensure continuous records, the recorder shall be 
Inspected, maintained, and adjusted periodically. This type of device is useful for continuously 
measuring penoalc water level fluctuations, such as tidal fluctuations or Influences of pumping wells. 

Air Line 

An air line IS esoeclally useful In pumped wells where water turbulence may preclude the use of other 
devices. A small-diameter weighted tube of known length IS installed from the surface to a depth 
below the lowest water level exoected. Compressed air (from a comoressor, bottled air, or air pump) 
1s used to purge the water from the tube, until air begins to escape the lower end of the tube, and IS 

seen (or heard) to be bubbling up through the water In the well. The pressure needed to purge the 
water from the air ltne multipIled by 2.307 (feet of water for 1 PSI) equals the length In feet of 
submerged air line. The depth to water below the center of the pressure gauge can be calculated by 
subtracting the length of air line below the water surface from the total length of the air line. 

The disadvantages to this method include the need for an air supply and lower level of accuracy 
(unless a very accurate air pressure gauge IS used, thts method cannot be used to ootaln water level 
readings to the nearest 0.01 f-t). 

Capillary Tubing 

In small diameter prezometer tubing, water levels are determined by using a capillary tube. Colored 
or clear water IS placed In a small “ii”-shaped loop In one end of the tube (the rest of the tube 
contains air). The other end of the capillary tube is lowered down the plezometer :,plng until the 
water In the loop moves, indicating that the water level has been reached. The point IS then 
measured from the bottom of the capillary tube or recorded if the capillary tube IS calibrated. This IS 
the best method for very small diameter tubing monitoring systems such as Barcad and other 
multilevel samples. Unless the capillary tube IS calibrated, two people may be required to measure 
the length of capillary tubing used to reach the groundwater. Since the plezometer t,Jbing and 
capillary tubing usually are somewhat coiled wnen installed, it is difficult to accurately measure 
absolute water level elevations using this method. However, the method is useful in accurately 
measuring differences or changes in water levels (i.e., during pumping tests). 
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Pressure Transducer 

Pressure transducers can be lowered into a well or borehole to measure the pressure of water and 
therefore the water elevation above the transducer. The transducer is wired into a recorder at the 
surface to record changes in water level with time. The recorder digitizes the information and can 
provide a prrntout or transfer the information to a computer for evaluation (using a well 
drawdown/recovery model). The pressure transducer should be initially calibrated wtth another 
water level measurement technique to ensure accuracy. This technique is very useful for hydraulic 
conductrvlty testing in highly permeable material where repeated, accurate water level 
measurements are required In a very short period of time. A sensitive transducer element is required 
to measure water levels to 0.01 foot accuracy. 

I Borehole Geophysics 

Approximate water levels can be determined during geophysical logging of the borehole (although 
this IS not the primary purpose for geophysical logging and such logging is not cost-effective if used 
only for this purpose). Several logging techniques will indicate water level. Commonly-used logs 
which will indicate saturated/unsaturated conditions include the spontaneous potential (SP) log and 
the neutron log. 

Bailer Line Method 

Water levels can oe measured during a balling test of a well by marking and measuring the bailer line 
from tne bottom of the bailer (where water IS first encountered) to the point even with the top of the 
well casing. This IS a useful techmque dunng oalllng tests (paRlcularly If recovery is rapid) if the bailer 
IS heard hlttlng the water However, It IS not recommended for measuring static water levels because 
It IS not usually as accurate as some of the other methods described above. 

5.2.3 Data Recordinq 

I 
Water level measurements, time, data, and weather condltlons shall be recorded in the geologist’s 
field notebook or on the Groundwater Level Measurement Sheet. All water level measurements shall 
be measured {ram a known reference point. The reference point IS generally a marked point on the 
uoper eage oi tne Inner well casing that has oeen surveyed for an elevation. The exact reference 
point shall be marked with oermanent InK on the casing since the top of the casing may not be 
entirely level tt IS Important to note cnanges In weather condltlons because changes In the 
barometric pressure may affect the water level within the well. 

I 5.2.4 Specific Qualitv Control Procedures for Water Level Measurinq Devices 
I 

All groundwater level measurement devices must be cleaned before and after each use to prevent 
cross contamrnatlon of wells. 

Some devices used to measure groundwater levels may need to be calibrated. These devices shall be 
calibrated to 0.01 foot accuracy penodrcally. A water level indicator calibration sheet shall be 
completed eacn time the measuring device IS checked. A water level indicator calibration form IS 
shown In Attachment A. The “actual reading” column on the sheet IS the actual length of the interval 
from the end of the Indicator to the appropriate marked depth interval. In many cases, these 
measurements are different Decause the water level measuring device IS connected to the end of the 
measuring tape or line, and may extend beyond “0” feet on the measuring line. 
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5.3 POTENTIOMETRIC SURFACE MAPPING 

5.3.1 Selection of Wells 

All wells used to orepare a flow net in a plan or map view should represent the same hydrogeologlc 
unit, pe rt aquifer or aquitard. All water level measurements used shall be collected on the same day. 

Sefore mapping, review the recorded water levels and monitoring-well construction data, site 
geology and topographic setting to ascertain that the wells are completed in the same hydrogeologlc 
un!t and to determtne if strong vertical hydraulic gradients may be present. Such conditions will be 
manifested by a pronounced correlation between well depth and water level, or by a difference In 
water level between two wells located near each other but set to different depths or having different 
screen lengths. Professional juagment of the hydrogeologist is important in this decision. If vertical 
gradients are significant, the data to be used must be limited vertically, and only wells finished in a 
chosen vertical zone of the hydrogeologic unit can be used. 

At least three wells must be used to provide an esttmation of the direction of groundwater flow, and 
many more wells wail be needed to provide an accurate contour map. Generally, shallow systems 
reaulre more wells than deep systems for accurate contour mapping. 

5.3.2 Construction of Equipotential Lines 

Plot The water elevattons In the chosen wells on a site map. Other hydrogeologic features associated 
wtn the zone of Interest -- such as seeps, wetlanas, and surface-water bodies -- should also be plotted 
along with therr elevations. 

The data should then be contoured, using mathematically valid and generally accepted techniques. 
Linear lnterpolatlon IS most commonly used, as It IS the srmplest techniaue. However, quadratrc 
nrerooiatron or any technique of trend-surface analysis or data smoothing IS acceptable. Computer- 

generated contour maps may be useful for large oata sets. Contour lines snail be drawn as smooth, 
comnuous lines wnlch never cross one another 

lnsoect the contour map, noting known features, sucn as pumping wells and site topography. The 
contour lines must be adjusted In accordance with these, utllrzlng the proiesslonal judgment of the 
nyarogeologlst. Closed contours should be avoided unless a known sink exists. Groundwater 
mourdlng IS common under lanafills and lagoons; If the data Imply this, the feature must show in the 
contour olot. 

5.3.3 Determination of Groundwater-Flow Direction 

Flow lines shall be arawn so that they are perpendicular to equlpotentral lines. Flow lines will begin 
at nlgn head elevations and end at low head elevations. Closed highs WIII be the source of additional 
flow lines. Closed depresslons WIII be the termination of some flow lines. Care must be used in areas 
with significant vertical gradients to avord erroneous conclusions concerning gradients and flow 
directic -5. 

5.4 HEALTH AND SAFETY CONSIDERATIONS 

Groundwater contamrnated by volatile organic compounds may release toxic vapors into the air 
space Inside the well pipe. The release of this air when the well is inltrally opened is a Health/Safety 
hazard which must be considered. lnltral monltonng of the well headspace and breathrng zone 
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concentrations using a PID (HNU) or FID (OVA) and combustible gas meters shall be performed to 
determine required levels of protectron. 

6.0 REFERENCES 

Freeze, R. A. and J. A. Cherry, 1979. Groundwater. Prentice-Hall, Englewood Cliffs, New Jersey, 
604 pp. 

Cedergren, H. R., 1977. Seepage, Dralnaqe and Flow Nets (2nd edition). John Wiley and Sons, 
New York. 

Fetter, C. W., 1980. Applied Hvdroaeoloqy. ME , Columbus, Ohio, 488 pp. 

7.0 ATTACHMENTS 

Attachment A - Groundwater Level Measurer neet 

Attachment B -Water Level Indicator Calibraton Sheet. 

233&901 
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l other wmdina ~~u~~ment - bikn and mOnOfihWnt he with tripod-pulley asumbty (if 
n~essary). Batlen snail be used to obtain samples for volatile organics from shallow and 
deep gtoundwatet wells. 

0 Pails - Plastic, graduated. 

l Decontamination solutions - Distilled water, Alconox, methanol, acetone. 

Ideally, samole withdrawal equipment shall be completely inert. economical, easily cleaned, 
stcrlliztd. and reused, able to operate at remote sites in the absence of power sources, and capaole of 
delivering vanable rates for well flushing and sample collection. 

5.3 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. Calculattons shall be entered in the field logbook and on the 
field data form (Attachment A): 

l Obtain all avallable mformatron on well construction (location, casing, screens, etc.). 

l DetermIne weil or casing diameter. 

l Measure and record static water level (depth below ground level or top of casing reference 
oo1nt). 

l Determine depth of well (if not known from past records) by sounding urmg a clean, 
aecontaminated welgnteo taoe measure. 

0 Calculate numoer of linear feet of stafrc wdtec (tud &$I ui ;ri$tie ;f “i:: p;rc ;;.;zu; :2 

deotn to stauc water level). 

l Calculate one stauc well volume tn gallons (V I 0.163Tr2). 

where: 

v 31 Static volume of well In gallons. 
T a Thickness of water table In the well measured in feet i l , . .I linear feet of static 

water. 
a 

;).I63 = 
Instde radius of well caring In inches. 
A connam convenlon factor which compensates for the conversion of the 
casing radius from Incnes to feet, the conventon of cubic feet to gallons, and 
PI. 

l Determtne the mmlmum amount to be evacuated before sampling. 
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I 5.4 EVACUATION OF STATIC WATER (PURGING) 

5.4.1 General 

The amount of flushing a well shall receive pnor to sample coilecuon wtll depend on the Intent of tne 
monttortng program and the hydrogeoiogic condttions. Programs to determtne overall auallty of 

water resources may require long pumpmg periods to obtain a sample that is reoresentatlve of a 
large volume of that aaulfer. The pumped volume may be specified prior to Samplmg so tnat tne 
sample can be a composite of a known volume of the aquifer. Alternately the well can be pumpea 
unul the parameters such as temperature, electrical conductance, and pH have stabilized. Onsite 
measurements of these parameters shall be recorded on the field data form. 

For defining a contaminant plume, a representative sample of only a small volume of the aquifer IS 
required. These circumstances require that the well be pumped enough to remove the stagnant 
water but not enough to induce slgmficant groundwater flow from other areas. Generally three to 
five well volumes are considered effective for purgmg a well. 

The Site hydrogeologtst. geochemist and nsk assessment personnel shall define the objectIves of the 
grounawater Samptmg program in the Work Plan. and provide appropriate criteria and gurdance tQ 
the sampling personnel on the proper methoos ana volumes of welt purging. 

5.4.2 Evacuation Devices 

The followmg discussion IS limited to thou devices commonly used at hazardous waste SIteI. 
Attacnment B provides guldance on the proper l vacuauon device to use for given ramollng 
sttuauons. Note that all of these techniques Involve equipment which IS portable and readily 
avallable. 

3allen are tne simplest evacuauon devices used and have many advantages. They generally consist of 
a Iengtn of 01pe with a sealed bottom (buc&et-type bailer) or, as IS more useful and favored, with a 
ball meek-valve It the bOttOfTI. An inert line IS used to lower the bailer and retrieve the Sample. 

AdvantageS of ballen include: 

0 Few limttations on sue and matenals used for bailers. 
0 No external pawor source needed. 
0 Bailers are inexpermve, and can be dedicated and hung tn a well to reduce the chances Of 

cross-contammauon. 
l There IS mrntmal outgaucng of volaule organic8 while the sample IS In the batter. 
l Bailers are rdatiVely easy to decantamtnate. 

Llmttauons on the use of batlen tnclude the followtng: 

0 It is time comummg to remove stagnant water using a bailer. 
l Transfer of sample may cause aerauon. 
l Use of bailen is phvcally demanding, especially in warm temperatures at proteCUOn levelS 

above Level 0. 
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1.0 PURPOSE 

The purbose of thrs procedure is to provide general reference tnformatron on the sampling of 
grounawater wells. The methods and ewtpment described are for the collecuon of water samples 
from the saturated zone of the subsurface. 

2.0 SCOPE 

This procedure provtdes tnformatian on proper sampling equipment and techntaues for grounawater 
sampling. Review of the InformatIon contained herein will facilitate planning of the field samollng 
effon by describing standard sampling techniques. The techniques deschbed shall be followeo 
whenever aoplicable, notmg that slttspecific conditions or project-spectfic plans may reautre 
adjustments in methodology. 

3.0 GLOSSARY 

None. 

4.0 RESPONSIBIWIES 

Site Hvdroaeolwist or Geochemist - responsible for selecting and detailing the specific groundwater 
sampling techniques and equtpment to be used, documenting these tn the Project Operations Plan 
(POP), anq properly bnefing the site ampling personnel. 

Sltc Geoloam - The Site Geologist IS pnmanly responsible for the proper acquisition of the 
grounc *iater samples. When appropnare. sucn responslbllitles may be performed by other auallfied 
penonrcl (engmeen. field techntclans). 

S,tc Manaaer- The SIX h4anagz ii iiic;r3;1*.& f;r ;iieiw~rlg $,a ;;,,lpling Giotedures used by the 
flc!d crew and for performing m-field spot checks for proper sampling procedures. 

5.0 PROCEDURES 

5.1 GENERAL 

la be useful and accurate, a groundwater sample must be representattve of the parucular zone of the 
water bong sampled. The physIcal, chemical, and bactenologxal intcgnty of the sample must be 
matntamecl from the Ume of samplmg to the time of testing in order to keep any changes In water 
auallty oarameten to a mimmum. 

Vlethoas for wlthdrawrng samples from comoleted wells Include the use of pumps, compressed air, 
bailers, and various types of samplers. The prtmary conslderattons In obtamtng a representative 
sample of the groundwater are to avold collectlon of stagnant (standing) water tn the well and to 
avold onyslcal or Chefmat alteratlon of the water due to sampling techntquo. In a non-pumolng 
well. there will be ltttle or no ventcal mlxlng of water tn the well pipe or casmg, and strattficatton WIII 
occur. The well water in the screened secuon WIII mix with the groundwater due to normal flow 
Patterns, but the well water above the screened sectton will remam isolated and become stagnant. 
To safeguard against collecttng non-representauve stagnant water in a sample, the followmg 
approacn malt be followed pnor to sample acqutsttton: 
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AII monltodng wells shall be purged prior to obtamng a SamPie. Evacuatmn Of three to 
five volumes IS re~ommcnoed for a rcpresentauva urnpie. In a nigh-ylerolng grounawatcr 
formatIon and wnere there is no stagnant water In the well above the screened sectton. 
evacuation prior to sample wtthdrawal is not as CfltiCal. 

For wells that can oe purged to dryness with the sampling equipment being used, the well 
shall be evacuated and allowed to recover prior to sample acaulsitlon. If the recovery rate 
IS fairly rapid, evacuation of more than one volume of water IS preferred. 

For high-yielding monltonng wells which cannot be evacuated to dryness. there 15 no 
aosolute safeguard against contaminating the sample with stagnant water. One of the 
followlng techniques shall be used to minimttr this possrbility: 

A submersible pump, intake line of a surface pump or bailer shall be placed just below the 
water surface wnen rcmovmg the stagnant water and lowered as the water level 
decreases. Three to five volumes of water shall be removed to prowde reasonable 
assurance that all stagnant water has been evacuated. Once thtS IS accomplished a bailer 
may be used to collect the sample for chemical analysis. 

fhe Inlet line of the sampling pump (or the submersible pump itself) shall be placed near’ 
the bottom of the screened secuon, and approxrmately one casing volume of water shall 
be rmwd from the well at a rate equal to the well’s recovery rate. 

Stratlficauon of contaminarm may exist in the aquifer formation, both in terms of a concentration 
graalenu clue to mlxmg and dispersion processes In a homogeneous layer, and In layers of vanable 
permcaollq Into which a greater or lesser amount of the contammant plume has flowed. Excessive 
pumoing can ellute or increase the contaminant concentrations in the recovered sample compared to 
wnat IS reoresentauve of the Integrated water column at that pomt. and thus result In the collectIon 
da I~ull-ersiiiin-auve sample. 

5.2 SAMPLING, MONITORING. AN0 NACUAIION EQUIPMENT 

Samolo contamen shall conform *~tn EPA rtgulatrons for the appropnate contammanu. 

The following equlpmem shall be on nand when sampling ground water wells: 

l Samde Mctaalna and shippfno l oulpment - Coolers for sample shipplng and cooling, 
CnemrU) pIesWatJve% appropnate packmg contaInen and filler. ice, labels and chain-of- 
custody doeurn- 

0 Field tools and inftrumeotatlon . Thermometer: pH papw/mffer: camera and film; tags; 
aPProPnate keys (for locked wells); engin- rule: water-level indicator: where 
appkable, s~fic-conducuvlty meter. 

l Pumq 

- Shallow-wdl pumtiemrifugal, pitcher, sucuon, or peristaltic pumps with droplines. 
air-lift l pprratus (compressor and tubing) where applicable, 

. Deepwell Pumps--submersible pump and electrical power generating unit, or aw-IlFt 
apparatus where applicable. 
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1.0 PURPOSE 

This procedure dcscrlbcs methods and couipment commonly-used for collecting l nvrronmentar 
samples of surface water and aquatic sediment for either on-sate exammatron and cnemtcai tcsung or 
for laboratory analysrs. 

I 2.0 SCOPE 

The InformatIon presented in this guIdeline is generally applicable to all envrronmentai sampimg oi 
surface waters (Secuon 5.3) and aquatic sediments (Section 5.4, except where the anaiyteb) may 
Interact with the sampilng equtpment. The collection of concentrated sludges or hazardous waste 
samples from disposal or process lagoons often requrres methods, precautions and equipment 
crlfferent from thosa oescrrbed herein. 

3.0 GLOSSARY 

Environmental Sample - low concentratron sample typically collected offsite and not requiring DOT ’ 
hazaroous wane labelmg or CLP handling as a high concenvatron sample. 

hazardous Waste Sampit - medium to high concenvadon sample (e.g., source materral, sludge, 
leachate) requrnng DOT labeling and CLP handling as a high concentration sample. 

4.0 RESPONSlBlUllES 

pieid Operattons Leader - has overall reswnsibility for the correct lmplementatron of surface water 
and searmcnt sampling actlvltws, including revrew of the sampling plan with, and any necessary 
tratnrng of, the sampimg technIcian( The actual collection, packaging, documentatton (sample 
label and loq sheet, Chaln-ofxUstody record, CLP traffic reports. etc.) and lnrtlal custody of samples 
~111 be me rcsoonsrblilty of the samollng teChnKlan(s), 

5.0 PROCEOURES 

5.1 INlROOUCnON 

COikting a repreWntauVe sample from surface water or sedimena is difficult because of water 
movement, suatificauon or patchmess. To collect represemauvr samples, one must standardize 
sampling bias reiatti to site selecuon: sampling frequency; sample collectlon; sampling devices; and 
sample handling, preservauon, and Identlficatlon. 

~CDresen~aUvenCU is a oualitative dwrtptlon of the degree to which an lndivldual samoie accurately 
reflects POPulauOn charactensucs of parameter varrations at a sampling pomt. It IS therefore an 
ImPoRant quality not oniy Of assessment and quanufication of envlronmental threats posed by the 
site. but ais for providing InformatIon for l ngmeenng deSlgn and ConStructIon. Proper sample 
location seimon and Proper sample collectron methods are important to ensure that a truly 

’ reprcuntauve sample has hn taken. Regardless of scrutiny and quality control applied during 
laboratory analwe% reponed data are not better than the confidence that can be placed cn the 
representativcness of the samples. 

i 
---*Ml 
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5.2 DEFINING THE 5AMWNG PROGRAM 

Many factors must be consrdered in developmg a samplrng program for surface water or sealments 
tnciuding study ob~ectlves: accesslotiity; stte topograpny; flow, mixing and otner pnyslcar 

charaCreristlcs of the water body: point and diffuse sources of contamtnatron: and personnel and 
equcpment avatlable to conduct the study. For waterborne conmtuents, dlspenion deco -ds on the 

--*cat and lateral mlxlng within the body of water. For sediments. dispenron deDQnC n bottom 

;WC 
l or flow charactenstlct. sedment charactertsticf (density, 8Ife) and geochemic xopemes 

#feet an ,adsorptlorvdesorptron). The hydrologist developmg the sampling plan must 
therefore, know not Only the mixing charactensttlcs of streams and lakes:but also must understand 
the role of fiuvral-sediment transport, deposbtlon, and chemrcai sorptton. 

5.2.1 Samdino Procrram Obiecttivcs 

The ob~effive of surface water sampling IS to determme tne surface water quality entering, leaving or 
remamlng wlthln tne site. The scooe of the sampimg program mun constder the sources and 
potential patnways for transpon of contammatron to or In a surface water body. Sources may Include 
pomt sources (leaky tanks, outfalls, etc.) or nonpomt sources (e.g., sptiis). The malor pathways for 

surface water contaminauon (not including airborne depoution are: (a) overland runoff: (b) Ieacnate , 
influx to tne waterbody; (c)direct waste disoosai (solid or liquid) into the water body; and 
grounowater flow Influx from upgradient. The retatrve Importance of these pathways, and therefore 
the design of the SafnPiing program, IS controlled by the physiographic and hydrologic features of the 
site, the oralnage basrn(s) which encompass tne site, and the hIstory of site aavttres. 

Physrograonrc and hydrologic features to be consldered Include slows and runoff direction. areas of 
temporary fbdmg or poolmg, tidal effects, anlficral surface runoff convois such as berms or 
dramage ditches (and when they were constructed reiauve to site operation), and locations of 
SPnngs. seeps. marshes. etc. In addition, the obvious consrderauons such as the iocarron of man-made 
dechaqe Poms to the nearest stream (intermIttent or flowmg), pond, lake. estuary. OTC., smz!! be 
consroered. 

A more subtie considerauon in designing the samplrng program is the potentral for O~sorn~on of 
dissolved or SWYimQnt-aSmlatrd contaminants away from the source. fhe atsoerscon could lead to a 
mole homogeneous Ornnbuuon of contamlnatron at low or posubiy non--detectable concentrauons. 
Such dlsoenlon Ooes not, however, always reaally occur. For example, obtamlng a re9resentatrve 
sample of contammauon from a maln sveam Immwlately bdow an outfall or a vlbutary IS alfficuit 
because tnt Infiow freWenUy foiiows a stream bank with little lateral mlxmg for some distance. 
sampiing alterrUtive¶ to overcome thus swatron are: (I) move the site far enough downStream to 
allow for adequate mixing, or (2) collect Integrated samples In a cross secuon. Also, 
nonhomogewous distnbuuon is a parrtcular problem wtth regard to sediment-arsoclateci 
contamlnam% which may accumulate tn low-energy envcronments (coves, river bends, deep spots, or 
even benrnd bouiden) near or distant from the source whrle hrgher-energy areas (marn stream 
chafmls) near tne source may show no contaminant accumuiauon. 

The distnbuuon of r3mculates within a sample itself is an Important conuderanon. Many organrc 
Compounds are only rlrghtly water soluble and tend to be l bsortnd @ paracuiate matter. Nitrogen. 
phcwhorw and the heavy metals may also be transported by prmcuiates. Samples will be coiimed 
with a reorewwuve amount of suspended ma* srlal; -. - - 
transfemng a proooroonate amount of the JU:-1 

tfer from the sampling devrce shall rncfuqe 
dcd ,101. 

3334901 
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5.2.2 Location uf kmdina Stations 

Acccsslblllty IS the primary factor affecting sampling costs. The deslrabllity and utility of a sample for 
analysis ano aesctiptlon of SIN conditions must be balanced against the .costs of collectIon as 
controlled by accnrlbclity. Bndges or pws are the first cnotce for locaung a sampling statron on a 
stream because bridges provide ready access and alsO permit the sampling tecnnlclan to sample any 
Oolnt across the Stream. A boat or pontoon (with an associated increase in cost) may be needed to 
sample locations on lakes and rewrvoin, as well as th0se on larger rivers. Frequently, however, a boat 
~111 take longer to cross a water body and will hinder manipulation of the sampling equipment. 
Wading for samples IS not recommenoed unless it is known that contam!nant levels are Low so that 
skin contact will not produce adverse health effects. This provides a built in margin of safety In tne 
event tnat wading boots or other proteCtwe equipment should fail to funcuon properly. If it IS 
-\ecessaq to wade into the water body to ootain a sample, the sampler shall be careful to mtnlmlze 
dlrturoance of bottom sediments and must enter the water body downstream of the sampling 
location. If necessary, the sampling technlaan shall writ for the sedimertts to senle before taking a 
ramoic. 

Samptmg In marshes or tidal areas may rcqulre the use of an all-terram-vehicle (AN). The same 
OrecautIons menttoned above with regard to sediment disturbance will apply. 

under local and uniform contaminant dtspersion conditions in a flowing. stream, the same 

concentrauons of each wwld Occur at all pomts along the crOss section. This sltuauon IS most likely 
aownsveam of areas of high turbulence. Careful site selection is needed in order to ensure, as nearly 
as Dossrole, tnat samples are taken where uniform flow or deposItion and good mixing conditions 
IEXiSt. 

-he avacldolllty of nreamfiow ana realment discharge records can be an Important consideration tn 
cnooslnq samollnq sites In Itreams. Streamflow data In associauon with contaminant concentration 
OPU are tssent~al for esumatlng the total contaminant loads camed by the stream. If a gagmq 
5tatton 15 not convanlentty located on i3 ~3ccrti ~UW~I~I , iiir giFC&t hy&‘&gist shall explore the 
~O~SIDIIIKV of ootaining streamflow oata by alrect or Indirect m-hods. 

5.23 Fftquencv Of kmolinq 

The umollng frequency and the oblect#ves of the sampling event will be defined by the work plan. 
;or SinglHveM Utt or areaxharactenzatron sampling, both bottom matenal and overlymg water 
5amoies mall be Collected at the specified sampling stations. If valid data are avaIlable on the 
amoutm of the CoMamtnant between tne solld and aqueous phases it may be appropriate KO 
sample only On0 Phase, although tl~s IS not often recommended. If samples are collected prlmarlly 
for monltOnng PU-. comlnlng of reoetrtlve, conttnumg measurements to define vaflatlons and 
:renOS at a qlven locauon, water samples snail be collected at a prctrublished and constant Interval 
as rpeclflcd In the work Plan (Often montnly or quarterly) and dunng droughts and flood% Samples 
of bonom matenal shall b collected from fresh depWU at least yearly, and preferably during both 
spnng and fall seasons. 

The varlablliry in avadable waterquality data shall be evaluated before deciding on the number and 
collection frecwency of samples required to mamtaln an l ffecuve monttortng program. 
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5.3 SURFACE WATER SAMPLE COUECnON 

5.3.1 Streams, Rivers. Outfallr and Drainaqe Features (Ditches. CulveRS) 

Methods for sampling streams, rivers, outfalls and drainage features at a single point vary from the 
5lmplm of hand sampling procedures to the more sophrstxated muklwlM sampling tecnntques 
known as the equal-width-Increment (EWI) method or the equal-discharge-Increment (EDI) methods 

(see below). 

Samples from different depths or cross-sectional locations in the water course taken during the same 
sampling eprsode shall be compoated. However, samples collected along the length of the 
watercourse or at different umes may reflect differing inputs or dilutions and therefore shall not be 
compostted. Generally, the number and type of samples to be taken depend on the river’s width. 
depth, discnarge and. on the suspended sediment the river’s ttamportr. The greater number of 
individual oomts that are sampled. the more likely that the composite sample will truly represent the 
overall characteRRlcs of the water. 

In small streams less than about 20 feet wide, a sampling site can generally be found where the water ’ 
IS well-mlxed. tn such cases. a smgle grab sample taken at mtddepth in the center of the channel is t 
adequate to represent the enttre cross-secuon. 

For larger streams, at least one vertical composite shall ba taken with one sample each from just 
below the surface. at mtddepth. and just above the bottom. The measuremem of DO, PH. 
temperature, conducuvity, etc., shall be made on each aliquot of the vertical composite and on the 
composite Itself. For riven. several venlcal compoutes shall be collected. 

5.3.2 Lakes, Ponds and Reservoin 
. 

LQ~*. r~onar. l nti rtiewolrs have as much greater tendency to stratify than riven and.strtams. The 
relative MiCk of mixing requires that more samples b obtaIned. 

The nufmer Of water sampling sites on a lake, pond, or Impoundment WIII vary wcth the site and 
shaoe of the baun. In ponds and small lakes, a smgle ventcal comwte at the deepest potnt may be 
suffiCieM. SlmllarlY, the measuremm of DO, ptl, temperature, etc., is to be conducted on eacn 
aliquot of the verucal comporcte. In naturally-formed ponds, the deepest poem may have to be 
detenmncd +mPmallY; in impoundments, the deepest pomt is usually near the dam. 

In lakes and larger mo(n, several venlcal comoostes shall be cornpouted to form a single sample. 
These verucals are often taken along a vansect or gnd. In some cases, it may be of interest to form 
separate CfNWOSJt~ Of l pthmtx and hypolimnetx zones. In a sxraufied lake, the l pllimnlon IS the 
thermffime which is exposed to the atmosphere. The hypolimnlon is the lower, “confined” layer 
whrch Is onrY mIxed with the l pilimnton and vented to the atmosphere dunng seasonal ‘oveRurn” 
(when density stratification disappean). These two zones may thus have very different 
ConCenVatlons of contamlnanu if input IS only to one zone. if the contammanu are volatile (and 
therefore vented from the l pllimnron but not the nypollmmon), or If the eptlimnlon only IS involved 
In shon-term flushing (i.e., inftow from or outflow to shallow streams). Normally, however, a 
ComP~lte CpfxrstS of several venrcals with samples collected at variousdepths. 

In lakes with irregular shape and with bays and coves that are protected from the wind, separate 
Compoute samples may be newed to adequately represent water quality srnce it is likely that only 
poor mlxrng will occur- Similarly, additional samples are recommended where discharges, thbutarres, 
land us*cnaractensU~~ and other Such factors are suspected of influencing water quality. 
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Many lake measuremenu are now made in-rrtu ustng sensors and automatlc readout or recoramq 
dcvtccs. Single and multloatameter Instruments are avaIlable for measuring temoeraturc, demn. gn, 
oxldatron-reaucuon potential (ORP), spectfic conductance, arssolvea oxygen, some catlons ana 
anIons, ano light penetration. 

5.3.3 Estuaries 

Estuanne areas are by definition zones where Inland freshwaters (both surface and ground) mix with 
oceanic wrne waters. Estuaries are generally categonted tnto three types deoenaent uoon 
fresnwater Inflow and mtxtng propenles. Knowledge of the enuary type IS necessary to determent 
rampiing tocattons: 

l Wired estuary - characterized by the absence of a venical halocline (gradual or no marked 
increase tn salinity in the water column) and a gradual Increase tn salinity seawara. 
TypIcally this type of estuary IS snallow and is found In major fresnwater sneerflow areas. 
acing well mixed, the sampling locauons are not cnucal in thts type of estuary. 

0 Salt wedge estuary - charaflented by a sharp vertical increase in salmlty and stratified I 
+eshwater flow along the surface. In these l stuanes the ventcal mrxlng forces cannot 
override the aenshy dlfferentlal between fresh and saline waten. In effect, a salt wedge 
:apenng inland moves honzontally, back and foM, with the tidal phase. If contamrnation 
IS being introduced into the estuary from upstream, water sampiing from the salt wedge 
may mrss it l nurely. 

0 Oceanrc estuary - charactenttd by saliniti~ approaching full strength oceamc waters. 
Seasonally, freshwater Inflow IS small with the preponaerance of the fresh-saline water 
-nlxrng occurring near, or at. the snore hne. 

Samprlng in estuanne areas is normally based upon tht LIC% ~;Io-, WIGI B,NI~~~ 4kxed cl1 
succeurve slack Udes (i.e. when the tide turns). Estuanne ~mplmg programs shall Include veRtcal 
samny measurements at 1 to 5 foot Increments coupled with verucal dlssorved oxygen ana 
temperature profiles. 

5.3.4 Stirface Water Srmdina Eauipmefl 

The stIMlOn of IlmPllng equipment deoenas on the site condlttons and sample type required. The 
most frequently used samplen are: 

l OPenaJk 

l 310 sampler 
0 ecand pump 
0 Kcmmerer 
0 Death-lntegraang Sampler 

The dlo samoler and the weighted bottle -ampler are used most often. 

3334901 
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The crrtena for selecting a sampler Include: 

l DisDoMble and/or easily decontaminated 
t Inexpenswe (if the item IS to be dlspoStd Of) 
0 Ease of operation 
l Nonreacuve/noncontamInatrng - Tef~on-coatmg, glass. stainless steel or PVC sample 

chambers are preferred (in that order) 

Each sample (grab or each aliquot collected for compositing) shall be measured for: 

l Specific conductance 
0 Temperature 
0 pn (optional) 
l Dissolved oxygen (optional) 

as soon as It IS recovered. These analyses will provide informauon on water mixinglstratlficatlon and 
potential contammauon. . 

5.3.4.1 Dip Sampling 

Water IS often sampled by filling a container either attached to a pole or held directly, from Wt 
beneath the surface of the water (a dip or grab sample). Constituents measured in grab samples are 
only rndicauve of conditions near the surface of the water and may not be a we reDresentatlOn Of 
the total concentration that is &tnbuteo throughout the water column and in the cross SectIOn. 
TF?erefore. wnenever ooruble it IS recommended to augment dip samples with samples that rePreSent 
both dtssolvcd and suspended comwuenu and both venrcal and horttontal dinnbutlons. 

5.3.4.2 Welghtad Bottle Sampling 

A grab samole can also be taken using a weighted holder that allow, a sample to be lowerti to any 
desmtl deDth. omened for filling, clos8d. and returned to the surface. whir allows dlKrete SamPllng 
with deDtJT. Several of these samples can be combined to provldo a vemcal compo%ite. Alternatively. 
an ooen wttfe can be lowera to the bottom and raised to the surface at a umform rate so that tlw 
bottle collects samole througnout the total depth and is just filled on reaching the surface. me 
rrrulung sample using either method wail rougnly approach what IS known as a depth+ntegratcd 
samole. 

A closed weighted bott!e sampler conmu of : aped glass or plastic bottle, a weight and/or holding 
device. and lines toopen the stopper and lower or rana the bottle. The prxe&Jre for sampling IS: 

l Gently kwer the sampler to the desired depth so as not to remove the stopper prematurely 
(watch for bubbles). 

0 Pull Out the stopper with a sharp Jerk of the sampler line. 

a Allow the bottle to fill completely, as evidenced by the absence of air bubbles. 

a Raise the sampler and cap the bottle. 

l Decontaminate the outside of the bottle. The bottle can he used as the sample container 
(as long as ownal bottle IS an approved container). 
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5.3.4.3 Ktmmerrr 

If samples are desired at a specific dcoth, and the parameters to be measured do not require a Teflon 
coated samoler, a stanoard Kemmercr sampler may be used. The Kemmcrer sampler IS a prass. 

stainless steel or acrylic cylinder wtth rubber stopwn that leave the ends ooen while being IowerM In 
a vertical position to allow free passage of water through the cylinder. “Messenger” is sent aown the 
line wnen the sampler IS at the designated depth, to cause the stoppers to close the cyllnaer, wnlcn IS 
Then raised. Water IS removed through a vaive to fill sample bottles. 

5.3.5 Surface Water Samplino fechniaues 

Most samples taken durmg site investigations are grab samples. Typically, surface water sampling 
:nvolvcs immersing tne sample contamer In the body of water: however, the followmg suggestIons 
are maae to neip ensure that the samples ootamed are reprnentauve of site condrtlons: 

0 

0 

l 

0 

a 

0 

0 

5.4 

5.4.1 

The most representative samples are obtained from mrd-channel at 0.6 stream deptn In a 
well-mrxed stream. 

Even thougn the contatners used to obtam the samples are previousiy laboratory cleaned,, 
It IS suggested that the samole container be rinsed at least once with the water to be 
sampled before the sample is taken. 

For samolmg running water, it is suggested that the famest downstream sample be 
ootalned first and that subsequent samples be taken as one works upstream. Work from 
zones susoecttd of low contammatlon to zones of high contammatlon. 

To samole a oond or other rtandtng body of water, the surface area may be dlvldtd Into 
gnas. A rams of samples taken from l acn grrd IS combined into one sample, or several 
gnas are selected at random. 

Care should be taken to avold l xcesstve agitation of the water that results in the loss of 
volatile constituents. 

When obtalmng samples tn 00 ml septum vials for volaUle organrcr. analyws, it IS important 
to exclude any air soace In the top of the bottte and to be sure that the Teflon liner faces In 
after the bottle 18 ftlled and capped. The bottle can be turned upslde down to check for air 
bubble% 

Do not wmple at the surface, unless sampling specifically for a known constituent which IS 

~mmlsciblo and on top of the water. Instead, the sample contamer should be Invencd. 
lowrrcd to the apProximate acoth. and held at about a 4S-degrtc angte with the month of 
the bottle faang upstream. 

SEDIMENT SAMPLING 

General 

Sediment SJmPks are usually collected at the same verticals at which water samples were collected. If 
Only one sediment sample IS to be collected, the site shall be approximately at the center of water 
body. Generally, the comer gramed sedlmentr are deposited near the headwaters of the reservoir 
Red sediments near the center will be composed of fine-gramed m&erialr which may, because of 
twlr lower Porosity and greater surface area avallable for adsorptron, contain greater concentrations 

‘71COn~ . - _-__- - .-. --.-- -- --- ---.- _....... -___-_. -- 
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of contaminants. The shape, flow pattern, bathometry (depth dinhbution), and water circulatron 
patterns must all be considered when seleffmg’seqiment sampling sites. In streams, areas tlketv fo 
love sediment accumuiauon (bends, behrnd Islands or bouiden, quiet shallow areas or very aeeo. I 
low-velocity areas) shall be sampled while areas likely to show net erosion (hlgn-vetocIty, turoulent 
areas) and suspensron of fine solid matenals shall be avolded. 

Chemical constituents associated with bottom material may reflect an integration of chemical and W 
bIological processes. bottom samples reflect the historical input to streams, lakes, and estuaries with 
respect to time, appiicauon of chemicals. and land uw. Bottom sediments (esoeclally fine-gramed 
material) may act as a sink or resewolr for adsorbed heavy metals and organic contaminants (even If w 
water column concenuauons are below detection limits). It is therefore rmpoftant to mlnlmire the 
loaof low-densty ‘fines” dunng any sampling process. 

I 
5.4.2 Semolina Eauiomem and Techniauq 

A bottom-matenal sample may consist of a single scoop or core or may be a comooslte of several 
lndividuai samples in the cross s-on. 

I 
Sediment samples may be obumed urrng on-shore or 

off -shore tecnnrques. 

When ctoau are used for sampling, life preservers must be provided and two lndivlduals must 
unaertake tne sampling. An addnronal person snali remain on-shore in visual contact at ail times. 

. I 

The followmg samplers may be used to collect bottom materials:: 

0 Sco30 sampler 
0 Drtage sample- 

5.4.2.1 Scoop Sampler 

A scoao sampler conscsts of a pole to whtch a jar or scwp IS attached. The pole may be made of 
bamboo, wood or aiummum and be either telescoptng or of ftxed length. The scoop or jar at the ena 
of tne pole is usually artached uung a clamp. 

If the water body can be sampled from the shore or If it can be wadti. the easmt and “cleanest” way 
to collect a searmom sample is to uw a scoop sampler. This reduces the POtentlal for CrOSl- 

contamrnaoon. This method is accomphshea by rerchmg over or wading Into the water body and. 
wnde faang upStrWn (into the current), scoopmg In the sample along the bottom in the upstream 
dmcuon. It IS vq difficult not to drnurb fincgralnti materials of the sedlmcnt-water Interface 
wnen uung ths method. 

5.4.2.2 Oredgoe 

Dreqges are generally used to sample sedtments wnich cannot easily be obtained using cortng aevlces 
(i.e.. coancgramed or paruaily-cemented matenals) or when large quantltres of matenals are 
rWulre& Dredges generally conust of a clam snell arrangement of two buckets. The buckets may 
wher Close won impact or be l cuvated by uw of a messenger. Most dredges are heavy (UP to 
several hunorcd pounds) and requwe use of a wtnch and crano assembly for sample retrieval. There 
are thrm malor types of dredges: Peterson, Eckman and Ponar dredgn 

The PetenC+n dmdgr is used when the oottom IS rocky, in very deep water, or when the flow veloctty 
is high- fhe dredge shall k lowered very siow~y as it approach- bottom, because tt can force out and 
mfss lighw materials if allowed to drop frw)y. 
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‘he Beckman dredge has only lrrn~ted USefUineSs. It performs well where bottom matcnal is unusually 
soft. as wnen covered with organtc sludge or ltght mud. It 1s UnSUttable. nowever, for sanay, rocky, 
and hard bottoms and IS too light for use In streams with htgh flow vcloc!tles. 

The Ponar aredgc IS a Peterson aredge moalficd by the addition of side plates and a screen on the too 
of the sample comoaftment. The screen over the sample compartment permfts water to oass tnrougn 
:he SamoIer as it descends thus reductng the “shock wave” and permtnrng direct access to the secured 
samole without opentng the closed jaws. The Ponar dredge is l auiy operated by one person In the 
rarnc iarnlon as the Peterson dreage. The Ponar dredge IS one of the most effectwe samoiers for 
general use on all types of substrates. Access to the secured sample through tne covenng screens 
oermrts suesampling of the secured matenal with cortng tubes or Teflon scoops, thus mlnlmlzrng tne 
cnangc of metal contamtnatlon from the frame of the drvrce. 
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4.0 RESPONSWUTIES 

‘*eld Ooeratlons Leader - Responslbie for determtning that chain-of-custody procedures are 
,molementea up to and lnctuding release to the shIpper. 

:!eld Samolen - Resoonslble for initiating the Chain-of-Custody Record and maintaming custody of 
samples until they are reitnquished to another custodian, to the shipper, or t0 the Common carrier. 

qemedlai lnvestiaation Leader - Responslbie for determtning that chain-of-custody procedures have 
Deco met by the sample snfpper and analytical laboratory. 

5.0 PROCEDURES 

5.1 OVERVIEW 

‘he term “chamof-custody’ refen to procedures which ensure that evidence presented in a coun of 
Faw IS wnat It IS represented to be. The chain-of-custody procedures track the evidence from the time 
ano place tt is first obtained to the courtroom and, secondly, provide ucunty for the evidence as it IS 

-noved and/orpasses from the custody of one individual to another. 

Chain-of-custody procedures, recordkeeotng, and documentation are an important part of the 
management control of samples. Regulatory agencies must be able to provide the chain of 
oossession and custody of any samples that are offered for evidence, or that form the basis of 
analytical test results introduced as evidence. Wnnen procedures must be available and followed 
wnenever evidence samples are collected, transferred, stored, analyzed, or destroyed. 

5.2 SAMPLE IDENTlFlCATlON 

Th\1 m,rrEcd zf jdrr+ii;rr*ir.r + --..r...--m-v.. E :rr?ole d~~!+s en the type of measurement or analyus 
oerformca. When InSltu measurements are made. the data are recorded directly In bound logbooks 
or otner field Oata recoras, with laentrfylng Informauon. 

5.2.1 Sam010 Label 

Samoles. other than In-situ measuremenu, are removed and transponed from tne sample Iocatlon to 
a IaDOratOV Or Other lOCatIOn for l narws. Before removal, however, a sample IS ofren divided Into 
Donlom. ClePending upon the analyses to be oerformcd. Each porbon is preserved In accordance 
wltn the 5amPhng Man. Each samole container IS Identified by a sample label (see Anacnment 8). 
Sample labels are provided by the PMO. The Information recorded on the sample label Includes: 

0 Pfoiea: EPA Work Assignment Number (can be obtained from the Samplmg Plan). 

l Station Locatron: The uniwc sample number Identifying this sample (can be obtamca 
from the Sampling Plan). 

l Data: A sIxdIgIt number indicatmg the day, month, and year of sample coltactIon: 
e.g., 12l2 1185. 

l Tim@: A four-dlglt number Indicating the 24-hour time of collection (for example: 0954 IS 
9:54 a.m., and 1629 is 4:29 p.m.). 

l Medium: Water, soil, sediment, sludge, waste, etc. 
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Concentration: The expecctd conccntraflon (i.e., low. medium, hIghI. 

Sample Type: Grab or compos~tc. 

Prcsorvation: Type of preservation added and pH levels. 

Analysis: VOA, eNAs, PC&, pcstlcidn, metals, cyanide. other. 

I 

V 
Sampled By: Pnnted name of the sampler. 

Case Number: Case number assrgncd by the Sample Management Office. 

Traffic Report Number: Number obtained from the traffic report tabels. 

I 

Remarks: Any phnrnem additional InformaUon. I 

Using just the work asrrgnment number of the sample label maintains the l nonymq of sites. This 
may De necessary. even to the extent of prcventmg the laboratory performtng anrlysls from knowtng or 
The laefmy of the me (e.g., If the laboratory IS pan of an organization that has performed previous 
work on tne site). 

5.2.2 SamDIe ldemification Taq 
I 

A Samole Identification Tag (Attachment F) must also be used for sampi- collected for CLP (Contract 
LaDoratOry Program) analysis. The Samole Idenuficauon Tag 1s a w- 3, waterproof paper label, w 
aooroxlmately 3-by-6 Inches. wtth a remforced eyelet, and stnrg or w ar attacnmenz to the neck 
oi the samow Dome. The Somole Tag IS a controlled document. and I, 
oifice. Following sample analy%S, the Sample Tag 1s fetalned by the la 

JVlatd by the regional EPA 
aory as l wdence of samole m 

wecot and analysis. 

fhe followmg mformatron IS recorded on the tag: v 

Project Code: Work Asugnment Number. 

Station Number: TUG mrddle ponron of the Sutton Locauon Number, (between the I 
hyphens). 

MontWDayPIorr: Same as Date on Sample Label. 

Tim.: Same as kne on Sample Label. 

V 

v 
Designate - Camp/Crab: Compoute or grab sample. 

Stat4on Location: Same as Stauon Locauon on Sample Labd. 

Srmpien: Same as Sampled By on Sample Label. 

Preservative: Yes or No. 

Analyses: Check aopropnrre box(w). 

I 

v 

II 
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l Remarks: Same as Remarks on Sample Label (make sure the Case Number and Traffic 
Repon numoers are recorded). 

l Lab Sample Number: For laooratory use only. 

The tag IS then tied around the neck of the sampie bottle. 

If the sample IS to be split, It IS aliquoted into similar sample containers. Identical infOrmatiOn 1s 
completed on the label attached to each split. 

alank. duplicate, or field spike samples shall s be identified as such on the label. as they may 
compromise the quality control funcbon. Sample blanks, duplicates, spikes. and splits are definea In 
Procedure SA-6.6. 

5.3 CHAIN-OKUSTOOY PROCEDURES 

Atter collection, separation, Idenuficauon, and preservation, the samDie is malntatned unaer 
cham-of-custody procedures until it IS in the cunody of the l naiytxai laboratory and has been stored 
or disposed of. 

5.3.1 Field Custodv Procedures 

Samples are collected as described in the site-specrfic Sampling Plan. Care musf be taken to 
record precisely the sample iocaaon and to ensure that the sample number on the label 
matches the sample log shwt and Chain-of-Custody Record l xact!y. 

The Dcrson undenaklng the actual sampling In the field IE resDonslble for the care and 
cunwy of the samples collected unul they are property transferred or dlspatcned. 

When photograpns are taken of Me umpimg as pan oi the oocume&atlon orocedurc, the 
name of the pnotographer, date, tlme, 81te iocatron. and site descnotlon are l nterea 
sequentially in the site logbook as photos are taken. Once developed, the photograpnlc 
prints shall be seflally numrnred. correspondmg to the logbook descnpuonr. 

Samole labels snail be completed for each sample, using waterproof ink unless prohIbIted 
by weather condrtiom, e.g., a logbook notauon would l xpirtn that a pencil was used to fill 
Out the sample label because a ballpomt pen would not function In freetmg weather. 

5.3.2 TranrfU Of Custodv and $hiDmem 

Sampler are accompanied by a Chamof-Custody Record Form. Chain-of-Custody Record Forms used 
In EPA Regions I-IV are shown in Attachments A through 0. The appropnate form shall be obtalned 
from the EPA RegIonal Offtce. When transfernng the possessIon of samples, the Individuals 
relinqulshmg and’ recelvmg will sign, date, and note the time on the Record. This Record documents 
samoh! custody transfer from the sampler. often through another penon, to the analyst in the 
laboratory. The Chalnsf-Custody Record IS filled out as follows: 

0 Enter header information (project number, samplers. and project name - project name can 
be obtained from the Sampling Plan). 

l Sign, date, and enter the time under “Relinquished by’ en+. 
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Enter station number (the statlon number is the mrddle ponton of the StatIon locatlon 
number, between the hyphens). 

Check compaslte or grab sample. 

Enter station iocation number (the same numoer as the stauon locatlon on the tag and I 
label). 

Enter the total number of contatncn per station number and the type of each bottle. II 

Enter either the inorganic trafftc repon number, the organic traffic report number, or tne 

SAS number for each station number in the remarks column. 

Enter the tag number from the bottom of the sample identtfkauon tag In the remarks 
column for tacn Statton locatton. 

m 

Make sure that the person recervmg the sample signs the “Received by’ entry, or enter the 
name of the earner (e.g., UPS, Federal Express) under “Recaved by.’ Recelvrng laboratory . 
~111 sign “Reccwd foriaboratory by* on the lower line and enter the date andume. 

Enter the brll-of-lading or Federal Express alrbill number under ‘Remarks.’ in the boKOm 
right comer, if appropnate. 

PIace the original (top, signed copy) of the Chain-of-Custody Record form !n the 
abDroDnate sample shtpptng package. Retam the punk copy with field records. 

Sign and date the custody seat. a l-by 3-inch white paper label with black lcncrrng and an 
adhesive backmg. Attachment G is an example of a custody seal. The custody seal IS pan of 
tne cnair+ottunwy process and IS used to prevent tampenng with samples after they have 
been Coliected in the field. Custody sears are provtded by ZPMO on an as-needed bards. 

Place the seal across the shipping container opening so that it would be broken If the 
container is opwmd. 

Complete other carrier-requtred shipping papers. 

The custody record is completed using black waterproof ink. Any correctJons are made by drawm a 
Ilne througn and initialing and dating the change, then l ntenng the correct Informauon. Erasures 
are not permttted. 

Common camers will usually not accept repomlbility for handling Chain-f-Custody Record form% 
thts necessitates pa&ing the record in the sample container (enclosed with other documentation In a 
plamc rttiock bag). As long as custody forms are sealed inude the sample contamer and the custody 
seals are Intact, commemal camen are not required to sign off on the custody form. 

If sent by mall, the package will be registered with return receipt requestti. If sent by common 
tamer or air freight, proper documentatron must be maintained. 

The laboratory representative who accepts the incoming sample shipment signs and dates the 
Chain-of-Custody Record, completing the sample transfer process.- It is then the laboraton/‘s 
reswmrbllity to maintam internal logbooks and custody records throughout Sample prePar8Uon and 

analysis. 
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5.3.3 Receiutfor Samoh form 

Whenever samples are split with a pnvate party or government agency, a reDarate Receipt for 
Samples Record Form IS prepared for those samples and marked to lndlcate with wnom the samples 
arc being spiit. The person reitnqulshlng the samples to the party or agency shall reoulre the 
signature of a representative of the appropriate party acknowledgrng receipt of the samples. If a 
reoresentatlve is unavaliable or refuses to sign, this is noted in the l Recetved by’ space. When 
aopropnate. as In the case where the rcoresentative is unavailable, the custody record shall contain a 
statement that the samples were delivered to the designated locauon at the designated time. fhts 
form must be completed and a copy given tD the owner, operator, or agent-in-charge even If the 
offer for split samples IS aecfined. The ongmai is retained by the field Operauons Leader. 

6.0 REFERENCES 

U.S. EPA, 1984. User’s Guide to the Contract Laboratory Program, Office of Emergency and Remedial 
Sesoonse. Washington, D.C 

7.0 A7TACHMENrS 

Anacnment A - Chain-of-Custody Record Form for use In Region I 
Attacnment 8 - Chain-of-Custody Record Form for use in Region II 
Attacnment C - Chain-of-Custody Record Form for use in Region III 
Anacnment D - Chalnsf-Custody Record Form for use In Region IV 
Artacnment E - Sample Label 
Anacnment F - Sample Idenoficatron Tag 
Axacnmcnt G - Chain-of-Custody Seal 
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SAMPLE PACKAGING AND SHIPPING 

Rcoonaoie Duantltv (RQ . A parenthetlcal nOto Of the form l (RQ-1000/4W’ followlng an entry In 
:he DOT Hazardous Materials table (49 CPR 172.101) indicates the reportable quantity of the 

substance rn pounds and kbgrams. If a ,p~ll of that amount or more of the substance occun Uurlng 
transit or storage, a report mun be filed with DOT according 10 ~171 .lS-IS COnCernlng hazamous 
materials Incidents repoa. If the maternal spilled is a hazardous waste, a repon must always be filed. 
regardlws pf the amount, and must Include a COPY Of the manlfrrt If the RD notaflon aopear% It 
must w shown either immediately before or after the proper shhlppmg name on the shIppIn paper 
(Or mrnlfest). lost shIppIng papers and manifests will have a column designated ‘HM’ which may 
be used for this purpose. 

4.0 RESPONSIBILITIES 

Field Ooeratlons Leader or Team Samplina Leader - responsible for deteimmmg that WWeS are 
property packaged and rhtpped. 

Sampltna Penannel - responsible for Implemenung the packagtng and shipping requirements. 

5.0 PRDCEDURES 

5.1 INTRODUCTlON 

Samples collected for shhrpment from a We shall be classified as either l nvtronmental or hazardous 
material (or waste) UrnpIes. In general, environmental samples are collected off-stte (for example 
frOm streams. ponds, or wells) and ate not expected to be grostiy contamtnared wrth high levels of 
haZarQOuI mrteflals. On-Me samples (for example, WI, water, and materials from drums or bulk 
storage tanks. Obviously COnUminatcd Ponds, IagWnS, pools. and Ieachates from hazardous waste 
rltcsl are consiaertd hazardous. A dmnctton must be made between the two types of urngie In 
oracr to: 

l DetermIne l oOromate PrOCedurm for transoortatlon of samples. If there IS any doubt. a 
SamPIe shall be comdered hazardous and sh~ppd accordingly. 

0 ProtfCt the health and safety of laboratory personnel recervlng the samples. Special 
WeCWtlons are Uti at IebOratOnes when samples other than l nvtronmental sampies are 
recented. 

5.2 ENVIRONMENTAL YMRES 

5.2.1 Prcfraincl 

Envlronmenfal samples may be packaged followlng the procdures outland In sm10n 5.4 for 
SWWM c~asufied as ‘flammable IiquiQs’ or ‘flammable solIds.* 
and shlocung papers do not apply. 

Requirements for markmg, Iabellng, 

Env’ronmrntal samples may also be packed wlthout being placed made metal cans as requrred for 
flammable liqurds or solids. 

3334901 
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0 place sample container, property Identified and with a sealed IId. In a polyethylene bag. m 

ana seal the bag. 

0 Place sample In a fiberboard container or metal ptcnlc cooler which has been lined wth a I 
large polyethylene bag. 

l pack with enough noncombustible, absorbent, cushioning materials to mIntmIte the 
possibility of the contatner breaking. 

I 

a Seal large bag. 
I 

l Seal or close ouulde contarner. 

5.2.2 Merkina Labelinq V 

Sample contamers must have a completed sample identification tag and the ouwde container mufi 
be marked ‘Envwonmental Sample.’ The appropriate side of the contamer must be marked ‘This 
End Up* and arrows placed l ppropnately. No DOT marking or Irkltng are requird. 

I 

5.2.3 dhipoina Pawq I 

No DOT shrppmg papers are required. However, the appropriate chain-of-custody forms must be 
included wtth the shipment. I 

5.2.4 TrmswfWtion I 

There are no DOT restrmorts on mode of transporutron. 

s.3 DETrRMlNATtON Of SHIPPING CLASWKATION FOR HAURDOUS MATERIAL SAMPLES m 

Samores not determIned to be l nwronmental umples, or samples known or expected to contam 
hataMour matenals. must be conwdered hazardous matenal samples and transported l ccordmg to m 
the rwuwements listed below. 

5.3.1 Known Submncq II 

If the substance in the sampI is known or can be Identified, package, mark, label and shtp according 
to the sDlofiC imaUC’bOm for that matenal (if tt 1s listed) In the DOT Hazardous Matenals Table. 
49CFR 172.101. 

I 

Unt and Company have published the following steps to help in locating a proper shlppmg name 
from me Hazardous Materials Table, 49 CFR 172.101. I 

1. Look fim for the chemical or txhnical name of the matonal. for example, ethyl alcohol. 
Note that many CtHmcals have more than one technical name, for example. I 
pemloro@Wfene (not listed in 172.101) IS also called tevachloroethylene (listed 172.101). 
It may be u&u1 to Consult a chemist for all possible techntcal names a matenal can have. If 
Your matenal is not hsted by its technical name then. . . . . . . I 

1334901 
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2. ~mk f0f the chemical family name. For examole, pentyl l lconol IS not I~sted but :pe 
chemical family name IS: alcohol, RO.S. (not otherwlw spectfied). If the chemlcaI famlty 
name is not listed then. . . . . . 

3. hook for a generic name based on end use. For example, Paint, n.o.s of Fireworks, n.o.s. If 
a genenc name based on end use is not listed then. . . . . . . . . 

4. Look for a generic family name based on end use, for example, drugs, n.0.s. of cosmettcs. 
n.o,s. Finally, If your material is nqt listed by a generic family name but you suspect or 
know the matensl is hazardous because it meets the definttton Of One or more hazardous 
classes, then. . . . . . . . 

5. YOU WIII have to go the the general hazard dau for a proper shrpping name. FOr example, 
flammable Liqutd, n.o.r, or Oxidizer, n.o.r. 

53.2 Unknown Substancq 

For samples of hazardous substances of unknown content. select the rpproprtate transmvtauon 

category according to the DOT Hazardous Materials Classification (Attachment A), a prionty system of 
transponruon categories. 

The cotrm shipping claulfication for an unknown sample is selected through a process of 
l llmrnauon, utiliung AttachmentA Unless known or demonstrated othemr~ (through the use of 
radiation survey instruments). the sample is considered rrdioacuve and appropriate shipping 
regulations for ‘radioacuve material. followed. 

If a raoIoanlve materral is eliminated, the sample IS conudered to contain ‘Poison A’ materials 
(Anacnmcnt B), the next classlficatlon on the 11% DOT defines ‘Poison A’ as extremely dangerous 
oolsonous gawr or ltaulds of such a nature that a very small amount of gas, or vapor of the I~qu~ds. 
rnlrm wtth air IS dangerous to life. Most Polson A matenalr are gases or compressed gases and would 
not M tour70 in drum-type containem. Liquid Poison A would be found only In closed contamen: 

?owever.all samples Uken from ctosed drums do not have to be shppd as Poison A. which provides 
for a .WOCR case. Utuauon. Based upon mformatlon l vwlable. a judgment must be made whether a 
umoie from a closeo contamer IS a Pawn A. 

If Potson A is l ltmmated as a shipment category, the next two cfassific8tions are ‘flammable’ or 
‘nonflammable’ gasok Since few gas samoles are collected, ‘flammable liquid’ would be the next 
apolicable cat-. With the elimrnaoon of radmacuve material, Polson A, flammable gas, and 
nonflammable gu the sample can be classified as flammable liquid (or solid) and shipped 
accordmgly. Thm procedures would also suffice for shipprng any other samples classified betow 
flammable liquids in the DOT dnufication uble (AttachmentA). For samples contammg unknown 
matehal% categones lined below flammable IiquldVsohds on Attachment A are generally not used 
because shhowlng that these matenrls are not flammable liquids (or s&ids) requires flashpomt tesung, 
which may be Imoracucal and possibly dangerous at a site. Thus, unless the sample is known to 
consisx of materials listed as less hazardous than flammable liquid (or solid) on Attachment A, it IS 
ConrIdered a flammable liquid (or sooltd) and shipped as such. 

For any harrrdour mrtenal shipment, utilize the shipping checklist (Attachment Q as a guideline to 
ensure that all wmpl+handling requirements are sausfied. 

I 
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s.4 PAaGING AND SHiPPiNG Of SAMPLES USSiHgD AS FUMMAILE LIQUID (da SOUD) II 

5.4.1 P8ckrainq 

Applying the word ‘flammable’ to a rumple does not imply that it IS In fact flammable. The word- 
prescribes the class of packaging according to DOT regulations. 

t. 

2. 

3. 

A. 

5. 

Collect sample in the prwnbed container with a nonmetallic, Teflon-Itned screw coo. To W 
prevent leakage, fill container no more than 90 percent full. 

Complete sample label and umplo Identification tag and attach securely to samvfl 
container. 

Seal container and place in 2-mil thclc (or thicker) polyethylene bag, one sample per bag. I, 
Posluon sample idendficauon tag so tnat rt can k read through bag. Seal bag. 

Place sealed bag imtde metal can and cushion it with enough noncombunrble. absorbent 
matenat (for l xrmple, vermiculite or diatomrceous l 8rth) between the bottom and slow ma 
of the can and bag to pmmnt breakage and absorb leakage. Pack one bag per can. Uw 
cups, tam or other posctive means to hold can lid securely, ughtly and permanently. Mark 
can as Indicated in Paragraph 1 of Won S.0.2. below. I 

Place one or more metal cam (or single l-gallon bottle) into a strong outude container, 
such as a metal picnic tooter or a DOT-approved fiberboard box. Surround cans wrtn I 
noncombustible, absorbent cushioning materials for stability during transpon. Mark 
container as Indicated in Paragraph 2 of kcuon S.0.2. 

5.4.2 MwkinqAaklinq 

1 Use l bbmviatiorts only where spectfied. Place the following InformatIon. either hand- 
pnnted or In label form, on the metal can (or l-gallon bottle): I 

0. Labomoy tume and address. 

I 
0 ‘Flammable Liquid, n.o.s. U’Nlp93’ or ‘flammable Solid, n.o.8. UN1325.’ 

Not otherwise specified (n-03) is not used if the flammable liquid (or solid) is idenufied. Then the I 
name of the specific material is listed Mfore the category (for example, Acetone, flammable LiQuld), 
followed by its r$propnrte UN number found In the DOT Haurdous Materials table (49 CFR 172.10 1 I. 

2. flaC0 ail information on ouurde shipping conutner as on can (or bottle), spwfically: I 

l Proper shipping name. 
l UN or NA number. II 
l ProPer hbd(r). 

l Addressee and sender. 

Plato the fdlewing labels on the outside shipptng contains: *Cargo Aircraft Only’ and 
I 

‘Flammable Liquid’ (or ‘Flammable wid'). -Dangerous WhewWet’ label shall be used If 
the solid ha8 not been exposed to a wet l nvironmem “bboratory Srmpks’ and ‘THIS 
SIDE UP’ or ‘THIS END UP’ shall &so M marked on the top of the outude contamer. and - 
uWad*potntJng arrows shall be placti on all four sides of the contalnef. ._ 

0331901 
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5.4.3 Shiooina PIDWS 

1 Uw l bbrevtatlOM Ofdy Where SDdi~- Complete the earner-provtded bill of lrdlng ana 
sign cenlficatlon statement (if canter does not provide, use stanaard Industry form, see 
AttachmeMO). Provide the following information in the order Itsted (one form may be 
uA for more than one l nenor conulner). 

0 ‘Flammable i,iquld, n.o.s. UN19%’ or ‘Flrmmrble Solid, n.O.8. UN1325.’ 

0 ‘timtted Quantrty’ (or ‘Ltd. Qty.‘). 

0 ‘Cargo Aircraft Only.’ 

l Net weight (w) or net volume (vol), just before or just after ‘Flammable Liautd, n.O.5.’ 
or ‘Flammable wid, n.o.s.,’ by item, if more than one metal can is Inude an l xterupr 
container. 

0 .bborrtoy Samples’ (if applicable). 

2. Include Charnsf-Custody Record, properly executed in outside contamer. 

3. ‘Limited Quantity’ of ‘Flammable Liqurd, n.o.r’ is limited to one pint per Inner contrlner 
For ‘Flammable Solid, n.o.s..’ net weight of inner container pius sample shall not exceed 
one pound; total package weight Mall not exceed 25 pounds. 

5.4.4 TrrnsoorWtion 

1 Transoon unknown nazardous substance samples classified as flammable Ilquids by rented 
or common tamer truck, rrllroad. or l xoress ovemlgnt package serv~es. Do not transpon 
by any passenger-carrying l tr tranwn system, even if they have cargo-only l lrcrak DOT 
rqulatlOM Bermit regular l tritne cargo+nly l trcr8ft, but difficulties with most suggest 
rvadmg them. Instead. shp by airltne crmen thrt only carry cargo. 

2. For tranrOoR by gowmmwwwned vehicle, Including rtrark DOT regulauons do not 
aPP(y. how-r, Pr#edUrWs Oescnbed above, with tne l xcepuon of l xecuuon of the bfll of 
ladrng mtb centfiuuon, snail still be used. 

6.0 REfEREMa3S 

u .S. DePawwt of Trmwnruon, 1983. Hazardous Materials Regulations, 49 CRF I 7 I -I 77 

WS Standard OpWUng Prowlure SA-6.1 - Sample Idenoficatron and CJlrin-of-Cundy 

NUS Standard Ovratmg Procedure W-l.2 - Sample Preservation 

NUS Standard Operatmg Procedure SF-1 .S - Compatlbillty Tesung 
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1.0 PURPOSE 

Thts procedure describes the process for keeping a site logbook. 

2.0 SCOPE 

The sate logbook is a controlled document which records all major on-site activities during a Remedtal 
tnvesttgatton/Feasibility Study. At a mlnlmum, the following actwitle~events shall be recorded tn the 
me logbook: 

0 Arrivrlldepanure of site visitors 
l Arrival/departure of equipment 
l Sample pickup (chain-of-custody form numbers, carrier, time) 
l Sampling activities/sample logsheet numkn 
0 Start or completion of borehoWtrench/monitoring well installation or sampling activities 
0 Health and Safety issues 

The site logbook is initiated at the start of the first on-site activity (e.g., initial reconnaissance Survey). 
Entrtes are made for every day that on-site activities take place which involve RUFS contractor 
personnel. One current site logbook is mamtamed par we. 

The site logbook becomes part of the permanent site file maintamed in the RI contractor’s Office. 
Because tnfonnation contained in the site logbook may be admitted 8s evidence in cost recovery or 
other legal proceedings, it is critical that this document be properly maintained. 

3.0 GLOSSARY 

Sltc LOPbOO!: - The logbook IS J bound n’???-k wcth mnucr~twly numbered pages that cannot be 
removea. Upon entry of data, the logbook reoulres signature by the responsible site leader (see 
Semon 5.1). 

4.0 RESPONSIBILITIES 

fhe sate logbook is issued by the Regtonal Manager (or his designee) to the Site Manager for the 
duration of the Projm fhe Site Manager releases the srte logbook to the Field Operauom Leader or 
other penon rwble for the dirmton of on-ltte activities (e.g., Reconnatssance Survey Team 
Leader. SamPling fe8m Leader). It IS the responsibility of this penon (or his dntgnee) to keep the site 
logbook current while in his possesuon. and return It to the Site Manager or turn it over to another 
field team. Following the completion of all fieldwork, the site logbook is returned to the Site 
Manager for Inclusion tn the permanent site files. 

5.0 PROCEDURES 

S.l GENERAL 

The cover of each 81th logbook contains the followtng Information: 

0 Project Name 
l NUS Project Number 
0 RUFS Contractor and Site Manager’s Name 
l Seouenttal Book Number 
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0 Stan Date 
l End Date 

Daily entries Into the logbook may contarn a variety Of infOrmWOn. At the bwlnnln9 of eacn day tne 
foilowtng InformatIon must be recorded: 

l Date 
0 Stantime 
l Weather 
l All field personnel present 
0 Any visitors present 

During the day, a summary of ail site activities and level of persqnrl prOttiOn shall be recorded In 
tne logbwk. The informauon need not duplicate that recorded in Other field notebooks (e.g., 
sample logbook. Site Geolot~~st’s notebook, Health and Safety Officets notebook, etc.), but mall 
summanze the contents of thesa other notebooks and refer to the page louttons in these notebooks 
for detalled informauon. An example of a site logbook page is shown in Attachment A. 

The sample logsheet for each sample coilectrd (saa ProcadureS&6.6) must be referenced. . If 
measurements are made at any locatron, the measurements and equipment used must l tther be 
recorded In the site logbook or reference must be made to the notebook and page number(s) on 
whtch they are recorded (see Attachment A). 

All l ntnes shall be made in black pen. No erasures are permitted. If an incorrect envy is made, the 
data shall k crossed out with a ungle svike mark. and Initialed and dated. At the completion of 
entries by any individual, the logbook must be ugned. It must also be signed by the Field Operauons 
Leraer or tnponuble wte leader at the end of each day. 

5.2 PHOTOGRAPHS 

When ~owes, slides. or Photographs are taken of a site or any monitonng location, they are 
numBwed to correspond to logbook l rimes. The name of the photographer, date, ume. site 
location. we descnpuon, and weather conditlom are entered in the lO@ook as the photographs are 
taaen. A unes l mry may be used for rao$d-Hquence photographs. The photographer IS not 
rtqulred to record the aperture %ettIngs and shutter speeds for photographs taken within the normal 
automauc l xposuff range. Howaver, spectai lenses. films, fiiten, and other tmage-enhancement 
technlaues must k noted in the iogbodc If posuble, such techniques shall be l votded, nnce they can 
adve-ly affect thp admissibility of photographs as l vtdence. Chain-of-custody procedures depend 
uOon the We WtuI, typo of film, and the procrucng it rwuires. Film used for renal 
pnowvww, corrfidwttjai infonnauon, or cnminal investrgation require chvnof-custody 
procedures. Admate logbook notauon and receipts may ba used to account for rouune film 
ProcesSn9. Once PrWW, the slides of photographic prtnu shall be senally numbered and labeled 
according to the logbook descnptmng. 

6.0 REFERENCES 

None. 

7.0 ATTACHMEIYTS 

Atmhment A - Typical Site Logbook EW 

d 
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Efhc~r Date os,oo/go 

ARACHMENTA 
TYPICAL SITE LOGBOOK ENTRY 

START TIME: _ - DATE: 

SITE LEADER: 
PERSONNEL: 

NUS DRILLER EPA 

ACTIVITIES: 
1. 

2. 

Steam jenney and fire hoses were set up. 

Drilling actlvitio at well resumes. Rig geologist was 
See Geologtst’s Notebook, No. 1, page29-30, for details of anllrng acuv~ty. Sample 
No. 123-2164 collected; see sample logbook, page42. Drilling l cuvities completed at 1l:SO 
and a 4 inch stamless steel well installed. See Geolog~st’s Notebook, No. 1, page 31, and well 
construCtIon detarls for well 

3. Drilling rig No. 2 steam-cleaned at decontamination pit Then set up at Iocatlon of 
well 

4 Well :nlled. Rig geologist was See 
Geologm’s Noteoook. No. 2, page for emails of dnlllng activities. Sample 
numbers 123-22-51, 123-22-52, and lm collected: see sample logbook, pages43, M, 
and AS. 

5. Well was developed. Seven 5Sgrllon drums were filled in the flushmg stage. The 
well was tnen pumped using the pitcher pump for 1 hour. At the end of the hour, water 
pumped from well was ‘sand free.’ 

6.’ 

7. 

EPA remedial project manger arrives on-site at l&25 houn. 
. e.’ 

Large dumpuuck arrives at 14~45 and IS steam<leaned. Backhoe and dump truck set up over 
test pit 

8. Test pit 

Pit l CWltle% Ttrt Pit subsequently filled. No samples taken for chemical analysis. Due to 
shallow groundwater table. filling tn of test pit resulted in a very soft and wet area. A 
mound was developed and the area roped off. 

9. Express carrier picked up samples (see Sample Logbook, pages 42 through 45) at 17:S0 hours. 
Site l ctivnies termmated at 18:22 houn. All personnel offsite, gate locked. 

WEATHER: Clear, WF, 2-5 mph wtnd from SE 

dug with cutttngs placed in dump truck. Rig geologist was 
See Geologist’s Notebook, No. 1, page 32. for details of test 

Field Operations Leader 
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5.0 CUIDEUNES 

5.1 MEASUREMENT OF PH 

5.1.1 General 

Measurement of pH is one of the most important and frequently Uwd tWtS in Water chmnw. 
Fracucally every phase of water supply and wastewater treatment SUCtl a% acid-base neutrallratlon, 
water softening, and corrosion control. is PH depmdent Likewise, the pH of Ierchate can be 

correlated with other chemical analyses to determine the probable Source Of CO~tar’fMat~O~. It IS 

tnerefore rmporunt that reasonably accurate Pn ~~8SU~~~ntS be taken. 

Measuremenu Of pH can also be used to check the quality and comsivity Of soil and solid--waste 

samoles. However, these samples must be immersed in water pnor to analysis, and SPWfiC 
tecnniaues are not described.. 

TWO methods are given for pH fneaSUrefWnt: the pH meter and pH indiutor paper. The indicator 
paper IS used when only a rough estrmate of the pH is required, and the pH meter when a more 
accurate measurement is needed. The response of a pll meter can be affected to a slight degrw by 
high levels of colloidal or suspended solids, but the effect is usually small and generally of little 
stgnlficance. Consequently, speufic methods to overcome this interference are not described. The 
resmnse of pH paper is unaffected by solutron interferences from color, turbidity, colloidal or 
luroenoed materials unless extremely high levels capable of coating or maskmg the paper are 
encountered. In such cases, use of a pH meter is recommended. 

s.1.2 Principles of Eauioment Operation 

Use of on papers for pti measurement relies on a chemical reaction caused by the acidity or bastcrty of 
tne solution wtth the mdtcator compound on the pamr. Depending on the indicator and the pH 
range oi Interest, a variety oi differen- coton can be uti. Typiirl indicitcrt l ;z v;cak ;:i$: =: kz:::, 
or botn Process chemistry and mokulrr urmformatiom leading to the color change are vanable 
an0 comolex. 

Jse of a ori meter relies on the same Pnnclple as other iommific electrodes. Measurement relies on 
trrabhsnment of a wtenual difference across a glass or other typo of membrane tn response to 
nyamgen ton COncenUaUOn l cms that membrane. The membrane IS conducbve to lonrc species and, 
In complnatron mth a standard or reference l iectrode, a potential difference proportIonal to 
nyarogcn ion COrKerrVatIOn can be generatti and measured. 

5.1.3 EQU~D~ 

The following equipment is needed for taktng PH measurements: 

0 Accumet 1 SO ponable pH meter, or tqulvalent 

l Combinaaon elmOde with polymer body to fit the l bOve meter (alternately a pi 
l lmde and l refwence l learode can be used if the pn meter is equipped with sultaole 
electrode inputs. 

l PH indicator Paper. such as Hydrion or Alkacid. to cover the pi range 2 through i 2. 

l Suffer solutions of PH 4 7 and 10, or other buffers which bracket the expected pn range. 

3334901 -. _ __ 
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5.1.4 Measurement Tachniauas for Field Detarmination of DH 

1. pH Meter ml 

The followmg procedure is used for mcawrmg pH with a pll meter (Standardltatlon IS - 
according to manufacturers tnnrucuons): m 

a. 

b. 

C. 

d. 

e. 

f. 

9. 

h. 

I. 

j. 

k. 

I. 

The instrument and batteries shall be checked and calibrated pnOr to initiation of the field - 
l ffOlt. I 

me accuracy of the buffer solutions used for field and laboratory calibration shall be 
chtckd. Buffer soluuons need to be changed often due to degradatw uPon *xP~ur@ to 
.the atmosphere. !l 

Immerse tha tip of the electrodes in water overnight If this is not possible due t0 field 1 
conditions, Immerw the electrode tip in water for at least an hour hforr use. fhe I 
electrode tip may be Immersed in a rubber or plastic sack containing buffer solution for 
field transport or noragr. This IS not applicable for all electrodes as some mun be Stored - 
dry- I, 

Make sure all electrolyte solutions within tha l lactroda(s) are at their proPer levels and that 
no air bubbles are present wlthm the l lactroda(s). 

lmmew the alewode(s) in a pH-7 buffer solution. 

m 

Adjust the temperature compensator to the proPer temperature (on models with m 
automauc tempwature adjustment,, immerse the temParaturr probe into the buffer 
soluuon). Alternately, the buffer solution may bo Immersed in the sample and allowed to 
reach temPerature equilibrium before rquipm~~t ralibration. It is best to mamtaln buffer I 
soluuon at or near expected sample temperature kfor8 crlibration. 

Adjust the PH meter to read 7.0. 
m 

Remove the l lectrodds) from the buffer and rinsa wall with demineralized water. 
Immersa the electroWs) in pH4 or 10 buffer soluuon (dePendin on the expected pH of 
the samPI and adjust the slope control to read the l ppropnrte pH. For bast results, the ?r 
mvladuuon and sJopr adjustments shall be rePeated at least once. 

Immm the l lectrod&) in the unknown solution, slowly stirring the probe until the PH m 
stabilizes. Stabilirauon may take several seconds to mmutes. If the pH conunues to drifr. 
the WmPle temPeraWe may not be stable, a chemtcal reaction (e.g.. degasong) may be 
taking Place in the sample, or the meter or l lecuode may be malfuncuoning. This must be 
clearly noted in the logbook. 

I 

Read end record the PH of the solution, aftor adjusting the temperature compensator to 
*e -mole temperature. pn shall be recorded to the naarast 0.1 pH unit Also record the w 
sample trmPeratur0. 

Amy the deWodds) with deionized watar. 

Ke@P the d-odds) immarsad in detomted water when not in use. 

I . 
0331901 
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fhe umple u#d for pn measurement shall n@v@r be Sued for subs@ouent conductlvlfy or 
chemical analqis. All oH electrodeS leak Small quatltltk Of ektrOiyteS (e.g.. SOdlum Or 
potassium chjonde) IntO the soluQon. Prectpitation of saturated l lectroiyte solution. l sp=lalb 
at colder temperatures, or in cold water, may result in slow electrode r@SPOnS@. Any visual 
observation of conditions which may tnt&@re with pli m@WUrement. such aI Oily ffIaterlak Or 
turbidity, shall be noted. 

2. pH Paper 

use of pH paper is very simple and requires no sample preparation, standardization, etc. OH 
paper is available In several ranges, including wida-range (indicaung approximat@ly Dn 1 
to 12). mid-range (approxtmately pH 0 to6, 6to 9, 8 to 14) and narrow-range (many avadaole, 
with ranges as narrow as 1.5 pH units). The appropriate range of pH paper shall be selected. If 
the pH is unknown the mvmlgauon shall RIR with wide-range paper. 

5.2 MEASUREMENT OF SPEORC CONDUCTANCE 

5.2.1 General 

Conductance provides a measure of dissolved ionic specws in water and can be used to identify the 
drrectlon and l nent of mlgrauon of contaminants in groundwater or surface water. It can also be 
used as a measure of subsurface biodegradauon or to Indicate alternate sources of groundwater 
contammatlon. 

Conau~~vq IS a numerical l xoression of the ability of a water sample to carry an electric current. 
‘his value beoends on tne total concentration of the Ionized subStanceS dissolved In the water and 
:nc temoerature at which the measurement IS made. The mobility of each of the various disserved 
nnc tn*tr vrl*ncn, and th*lr actual and rclauve concenuauons affect conductivity. 

It 1s imoortant to ObUln a specific conductance measurement soon after taking a sample, since 
Temoerature changes, precipitauon reacuons. and absorption of carbon dloadc from the air all affect 
the soeclfic conductance. 

5.2.2 Pnncides uf Eauipmem Owranon 

An aaueous SySteWl containing ions wall conduct an electric current In a directturrent field. the 
OOSltlve IOM migrate toward the negative l lecLrod8, while the negatively chmed Ions migrate 
toward the PoytiW electrode. Most inorganic acids. bases and salts (such as hydrochloric acid, sodium 
caroonate. Or sodium chloride, respccuvely) are relauvety good conducton. Conversely, organtc 
compounds such 8% SUCrPS8 or benzene, wnicn do not disassociate m aqueous solution, conduct a 
current very poorly, if ax all. 

A conductance C@(l and a Wheatstone Bridge (for the measurement of potential difference) may be 
used for measurement of l ltcvlC8l resistance. The ratio of current applied to voltage across the cell 
may ah be used 8% a rrmsure of condumnce. The core element of the apparatus IS the conductwty 
Cell contaInIn the SolUUOn of interest Depending on lontc strength of the l qumus solution to be 
testd, a POt@Mial difference IS developed across the cell which can be convened dirmly or Indirectly 
(depending on imrment type) to a measurement of spac~fx conducrmca. 
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5.2.3 Eauiomrfl 

The following equipment IJ needed for taking sp8cific conductance measuremenU: m 

* 0 YSI Model 33 ponable conductivity, meter, or equivalent 
0 Probe for above meter I 

A variety of conductivity meters are available which may also be used to monttor salintty and 
temperatures. Probe types and cable lengths vary, so equipment may be obtained to meet the 
specrfic requirement of the sampling program. 

1 

5.24 Measurement Techniques for Soecific Conductany 
$I 

The steps involved in taking specific conductance measurements are listed b&w (standardization IS 
according to manufacture- instructions): 

I 
l Check batteries and calibrate inruument before going into the field. 

l Calibrate the instrument daily when used. Potassium chloride solutrons with a specific 1 
conductance closest to the values expected in the field shall be used. Attachment A may be 
useo for guidance. 

l Rinse the cell with one or more portions of the sample to be tested or with delonrzcd MI 
WlWf. 

0 Immerse the electrode In rho sample and measure the conducttvity. Adjust the ,W 
temperature setung to the sample temperature. 

l Read and record the results in a field logbook or wr-p!+ !og ?h41?‘1 3 

If tne rlnclfic conductance measurements become erratic, or inspection shows that any platrnum - 
blxic has flaked off the electrode. rcptatrnlration of the electrode is necessary, See the 
manufacturer’s mswcuons for detads. a 

Note that scwfic conductance IS occauonally reDoned at temperatures other than ambrent. 

5.3 MEASUREMEFCT OF TEMPERATURE 
m 

I 

5.3.1 v Cen@ 

In combinatton with other parrmeten, temperature can be a useful indicator of the likelihood of 
bloloqlcal l crron In a water sample. It can also be used to trace the flow direction of contaminated 
groundwater. Temperature measurements shall be taken m-lltu. or as quickly as possible in the field. n 
Collmcd water WTIP~~S may mpldly equilibrate wtth the temperature of thar surroundings. 

5.33 Eauipmeq 

I Temperature measurements may be taken witi alcohol-toluene, mercuy filled or dial-type 
thermometers. In addition, various meten such as specific conductance or dissolved oxygen mete% 

*, 

which have temperature measurement capabilitIes, may also be used. Using such instrumentaKron 
my 

along wM surtablo probes and cables, irt+tu measuremqntr of temperature at great depths can be * 
pWf0md. 

lls 
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5.3.3 Measurement Techniaues for Water Temmraturt 

If a thermometef is used on a collected water sample: 

0 Immem the thermometer In the sample until tcmperrtu~ epuilibnum IS obtamd 
(1.3 mrnutes). To avoid the possibility of contaminauon, the thermometer shall not be 
inserted into samples which will undergo subseQuent chemical analysis. 

l Accord values in a field logbook or hple log sheet. 

If a temperature maer or pro& is to be used, the instrument shall be calibrated according 10 

Tanufaaurer’s rccommendauons with an approved thermometer before each measuremint Or 

group of closely spaced measurements. 

5.4 MEASUREMENT OF DISSOLVED OXYGEN CONCENTRATION 

5.4.1 Gonenl 

~ISSO~V~CI oxygen (DO) 1aveLs in natural water and ‘wastewater depend on the physical, chemical and 
plocnemlcal acuvities in the water body. Conversely, the growth of many aquatic organrrms as well as 
tne rate of corrosivity, are dependent on the dissolved oxygen concentration. Thus, analysis for 
olssolved oxygen is a key test in water pollution and waste treatment process control. If at all 
3osstblt. DO measurements shall be taken in-situ, since concentration may show a large change In a 
snon time If the sample 1s not adequately preserved. 

Ye method momtorrng discussed herein is limited to the use of dissolved oxygen meters only. 
Oemlcal methods of analyws (i.e., Winkler methods) are available, but require more equcpment and 
greater sample manipulation. FuKhermore, DO meten, usmg a membrane electrode, are suitable for 
-tgnly polluted waters. because the probe is completely submersible, and are free from Interference 
cause0 by color, turbidity, collotdal matenal or suspended matter. 

5.4.2 kindDIeS of EauiDment Oowetion 

3ssolved oxygen probes are normally electrochemical cells that have two solid metal electrodes of 
dlffcfent nobMy immerwd m an electrolyte. The electrolyte IS retamed by an oxygen-permeable 
membrane. The metal of highest nobility (the cathode) is positioned at the membrane. When a 
wtabk Potenual l xms between the two metals, reduction of oxygen to hydroxide ion (OH) occun at 
:ne cathode surface. An elmCal current 1s developed that is dtrectly proportional to the rate of 
arrival of oxygen molecules at the cathode. 

Since the Current Produced in the probe IS directly propoNonal to the rate of arrival of oxygen at the 
cathode. It is ImpoMnt that a fresh supply of sample always be in contact with the membrane. 
OtherwIse, the oxygen in the aqueous layer along the membrane is quickly depleted and false low 
rcaaings are obtained. It 1s therefore ntCeS8itry t0 SW the tampIe (or the probe) constantly to 
maintain fresh solUuOn near the membrane interface. Stimng, however, shall not be so vigorous that 
additional oxygen is introduced through the air-water interface at the sample surface. To avoid this 
oosslbility, some Pro& are Cqul~pcd with stirrers to agitate the solution near the probe, but to leave 
:nc surface of the solution undisturbed. 

Dissolved oxygen Pro& are relatively free of interferences. Interferences that can occur are 
reactlons with oxldinng gases (such as chlorine) or with gases such as hydrogen sulfide which are not 
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easily depolarized from the lndicatlng ektrode. If the gawous interference IS 81~8Pecced. It shall be I 
noted In the field log book and checked if possible- Temperature vartatlons can also cause rL 
interference bwauu prom exhibit temperature sensrtivity. Automatrc temperature COmPensatlon 1s 

normally provided by the manufacturer. m? 

54.3 EauiDmetq 
In 

me folIowIng equipment is needed to measuredissolved oxygen concentration: 

0 YSI Model 56 dissolved oxygen monitor or ecwivalent. I 
0 Dis$&& oxygen/temperature probe for above monitor. 
l Sufficient cable to allow the probe to contact the sdmple. 

54.4 Measurement Techniaues for Dissolved Oxvarn Determination luu 

Probes differ as to specifics of use. Follow the manufacturer’s instructions to obtain an accurate -* 
reading. The followmg general steps shall be used to measure the dissolved oxygen concentrauon: I 

0 The equipment shall be calibrated and have its batteries checked in the laboratory before 
going to the field. Y 

l 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 shon periods of use In the field 
may result in inaccurate readings. II’ 

l Ihe Instrument shall be calibrated in the field before each measurement or group of 
closely spaced measurements by placing the probe in a water sample of known dissolved m 
oxygen CDnceMraQon (i.e., deterrmned by Winkler method) or in a freshly air-saturated 
water sample of known temperature. Dissolved oxygen values for air-saturated water can 
ta dewmined by consulting a table listmy oxygen roiubilitrr a~ 1 iuncuon oi wmperaturc II 
and salinity (see Attachment 6). 

0 Immerse the probe in the sample. Be sure to provide for sufficient flow past the - 
membrane, enher by rtlmng the sample. or placing the probe rn a flowtng stream. Probes 
wIthout sunen placed in wells can be moved up and down. 

l Record the dissolved oxygen content and temperature of the ample in a field logbook or * 
sample log sheet Ir 

l Pecaiibrrte the Probe when the membrane is replaced, or as needed. 
manufacturer9 insuuaiom. 

follow the y 

Note that In-litu Placement of the probe is preferable, smce sample handling IS not involved. This I 
however. may not always be Praacal. 8e sure to record whether the liquid was analyzed in-situ, or tf 
a sample was taken. 

fpe~~al care shall be taken duhng sample collection to avoid turbulence which can lead to increased sr@ 
oxygen mlubilization and porttive tm interferences. 

0334901 
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5.5 MEASUREMENT OF OXIDATION-REDUCTION POTENTIAL 

S.S.1 Gentrd 

The oxidauonq~u~ion potential (ORP) provides a measure Of the tendcnce Of Organic or InorganK 
compounds to l xrn in an oxidized state. The technique therefore provides l vrdencc Of the M&hood 
of anaerobIC &gradatlon of biodegradable organio Or the rW0 Of XtiVltl~ Of oxldired t0 reduced 

spwas In the sample. 

5.5.2 Ptincioles of Eauioment Omration 

When an inen m-1 l l@ctr&e, such as phthttll, iS hlWSOd in a SOiU~On, a pOtentill iS dWdOPd 

at that erectrode depending on the ions present in the SOhtiOrL If a reference elmrode 18 placed in 

the Idme soiution, an ORP electrode pair is eStabliShed. This electrode pair allows the POtentMl 
difference between the two electrodes to be mersured and will be dependent on the COnCenVatrOn 
of the Ions In solution. By this measurement the ability to oxidize or reduce species in soiuQOn may 

be determIned. Supplemental measurements, such as dissolved oxygen, may be correlated wcth ORP 
KO provide a knowledge of the quality of the &Won, w8ter. or wastewater. 

5.5.3 EauiomenJ 

The followmg equipment IS needed for measunng the oxidation-reduction potential of a soluuon: 

0 Accumet 150 ponrble pH meter or equivalent, with a millivolt scale. 
0 Platinum electrode to fit above pH meter. 
0 Reference l Iectrode such as a calomel, silver-silver chloride, or equivalent 

5.5.4 Measurement Techniaues for Oxidation-Reduction Puterrtiel 

The followlng procedure IS used for measunng oxidaoon-reductton potential: 

l The equipment shall be Calibrated and have its banmes checked before gomg to the field. 

l Check that the platinum prok ts clean and that the platinum bond or up is unoxidized. If 
duty, polish with emery paper or, If necessary, clean the electrode using aqua regla, mtnc 
rad, or chromic rod, in accordance with manufacturer’s instructrons. 

l Thoroughly rinse the electrode with demtnerrlired water. 

l Venfy the sensitivity of the electrodes by noung the change in millivolt reading when the 
PH of the test IolUtlOn IS altered. The ORP WIII Increase when the pH of the test solution 

decreases and the ORP wtll decrease If the test soolutron pH is Increased. Place the sample in 
a Clean glass beaker and agitate the sample. Insert the electrodes and note the ORP drops 
sharply when the causuc IS added, the electrodes are wnsttive and operating propedy. If 
the ORP IncreaM shamly when the caustic is added, the polarity is reversed and must be 
COWCNd in accordance with the manufacturer’s mstructronr, If the ORP dm nOI r-pond 

as above when the caustic IS added, the electrodes shall be cleaned and the above 

procedure repeated. 

o Afrer the assembly has been checked for senutivity, wash the electrodes with three 
Changes of water Or by means of a flowing stream of water from a wash bottte. Place the 
sample in a clean @aSS beaker or sample cup and insert the electrodes. Set temperature 

-,, --m, _ _ 
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compemrtor throughout the meaSuremeM perrod. Read the mtllivoh potential of tne 
solutron, allowing sufficient time for the system to stabilize and reach temperature 
equilibrium. Measure successtve ponrons of the sample until reaoings On two successive ja 
ponlons differ by no more than 10 mv. A system tnat IS very slow to stabilize prooeny ~111 
not yceld a meanrngful ORP. Record all results in a field logbook, including ORP (to nearest 
10 mV), sample temperature and pH at the time of measurement. 

‘I 

5.6 SPECIFIC ION ELECTRODE MEASUREMENTS 

5.6.1 GeneA 

usa of spcific ion electrodes can be beneficial in the field for determining the presence and 
concentratron of diss&M inorganIc spectes which may be associated with contaminant plumes or II 
leachate. . Thus, electrodes can be used for rapid screening of water quality and determmaoon of 
water migration pathways. 

This procedure prondes generic information for specific ion electrodes commonly used in I 
groundwater quality monrtonng programs and dnaibes the essential elements of a field 
investigation program. Analytical methods usmg some specific ion electrodes have not been 
aoproved by the USEPA. In addition, calibration procedures and solutions, interferences and p 
condluons and raqulrements for use for vanous electrodes vary greatly. Consequently, review of 
manufacturer’s literature is mandatory prior to use. 

. . 

5.6.2 Princides of Eauipmem Operation 

All ILWCI~IC ion electrode measurements involve the use of a reference electrode. a pH meter, and a 
roeclfic Ion electrode (SIE). When the SIE and the reference electrode are lmmentd in a solution of Jlr 
:ne Ion to be measured, a potenual difference is developed between the two electrodes. This 
potenual can be measured by a pH meter and related to the concenttatlon of the Ion of interest 
:nrougn tne use of standard solutions and colibrauon curve% fm 

Several dtfferont types of Sib are in use: glass, solid-state. liquid-liquid membrane, and gas-senllng. - 
All of the electrodes function uung an Ion exchange process as the potenual determlning mechanism. m 
Glass electrodes are used for pH measurement The glass in the tip of the electrode actually acts as a 
semi-pennerMe membrane to l llw soluuon. Solid-state electrodes replace the glass membrane with - 
an lonlcally-conducbng membrane. (but act in essentially the same manner) while IiquldJiquld 
membrane electrodes have an organlc liquid ion exchanger contalned in the pores of a hydrophobic 

111- 

membrane. MainteMnce of the conducung rntdace, in combination with a reference elMrode. A 
allows COmoleti~ of the electneal clrcult and subsequent measurement of the potential difference. 
Gas-sensmq l ktrodes haw a membrane that pmn~u the passage of gas only, thus allowing for the J 
meawemem Of gas concentration. Regardless of the mechanism involved in the electrode. most SIEs 
are easy to use under field conditions. The sensitivity and applicable concentrauon range for vanous 
membranes and electrodes will vary. I 

I 

I 

I 

033rP01 
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5.6.3 Eauiom8q 

The following equipment is required for performIng quantitative analyses using a specific ton 

etKCtOOe: 

l A pH meter with a millivolt scale, or eWivalent 
l The specific ion electrode for the parameter to be measured. A paniai list of iom which can 

be measured includes cyantde, sulfide, rmmonra, lead, fluorrde and chlonae. 
l A suitable reference electrode to go with the above SIE. 

Soeclfic electrodes for other ions have also been developed, but are not widely used for field 
lnvesttgatlon effort at this time. Note that of the specific electrodes referenced above, only fluonde 
ana ammonla have analytical methods approved by the U.S. EPA. 

I 
5.6.4 Measuromont Techniques for tnorarnic lam Usina Soecific ton Electrodes 

Different types of cl-odes are used in slightly different ways and are applicable for different 
concentraaon rang=. Followmg the manufacturer’s innructiom, the general steps given beI& are 
usually followed: 

l Immerw the electrode in water for a suitable period of time prior to sample l naly%is. 

l Standardize the electrode according to the manufacturer’s instructions, Including 
neceswv chemtcal additions for Ionic Strength adjustment, etc. Standard solutlom 
normally differ by facton of ten in concentration. Constant ntmng IS needed for accurate 
rcaaingr. 

l Immerse the electrode In the sample. Allow the reading to stabilize and record the results 
In a site logbook. Stir the rumple at the 9v-e rer! l 5 th- s?anriwls. Air bubbles near the 
membrane shall be avolded, since this may cause interference In millivolt readings. 

(NOTE: Each SIE has substances which interfere with proper measurement These may be eliminated 
using pretreatment metnods as detailed by the manufacturer. It IS important to know If interferences 
are oresent so that suspect readings may be noted as such.) 

0 If the ptl meter does not read out directly, plot millivolts versus concentratton for the 
standards and then determine sample concentrauon. 

6.0 REFER- 

Amencan Public Health MsoclaOon, 1980. Standard Methods for the Examtnatlon of Water and 
Wastewater, 15th Edition, APHA, Washmgton, D.C. 

I U.S. EPA, 1979. Methods for Chemical Analvsls of Water and Wanes. EPA-600/k79-020. 

U.S. Geological Survey, 1984. National Handbook of Recommended Methods for Water Data 
Acauisltlon, Chapter 5: Chemical and Phvlcal Quality of Water and Sediment U.S. Depanment of 
the lntenor, Reston, Virgmla. 
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1.0 PURPo% 

This pr=dure describes the appfopnate contmen to be used for samples depending on the 

analyses to be performed, and the steps necessav to pre%ewe the umpk when shopped offsrte for 
chemical analysis. 

2.0 SCOPE 

Different types of chemicals react differently with sample containen made of various materials. For 

example, trace metals adsorb mon strongly to glass than to plastic, while many organic chemicals 
may dissolve vanous typos of plastic container% tt is thQrefon criticrl to s~kct the correct container In 
order to maintam the quality of the sample prior to analyus. 

Many water and &j samples are unstable, and therefore require preservation when the time interval 
an field collection and laboratory l nalyw is long enough to produce changes in l tther the 
concentrauon or the physical condition of the constituQnt(r) r-ding analysis. While complete and 
Inevenrble preservation of samples is not possible, prwrvation does retard the chemtcal and 
bIologIcal changes that inevitably take pi8CQ after the SMlplQ is colkted. 

Presemauon techniques are usually limited to pH control, chemical addition(s) and refrigeration/ 
freerwig. Thew purpose is to (1) retard biological activity, (2) retard hydrolysis of chemical 
compoundJcompiexes, (3) reduce consutuent volatdity, and (4) reduce l dsorpuon effects. 

3.0 GLOSSARY 

HU - Hydrochloflc Acid 
HzSO,- Sulfuric Acid 
HNO3 - Nitnc Acid 
NaOH - Sodlum Hydroxide 

NormaliN (N) - Concenuauon of a solution expressed as equivalent per liter, an equivalent bemg the 
amount of a substance containing one gram-atom of replaceable hydrogen or IO equivalent Thus, a 
one molar solution of HO, containing one gram-atom of H, is ‘onmormai,’ while a one molar 
solution of H2SO4 containing two gram-atoms of H, is ‘two-normal.’ 

4.0 RESPONYUUTIES 

Field Ooeratlonl clrpzr - retains overall responsibility for the proper storage and prewrvatron of 
samples. During thQ actual collet3on of samples, the sampling technician(s) will be dlredy 
resoonslble for the bottling, preservation, labeling, and custody of the samples tney collect until 

releasui to 8nOthQf party for storage or transpon to the rnalyucal laboratory. 

5.0 PROCEDURES 

5.1 SAMPLE CONTAINERS 

For moft samples and analytical parameten either glass or plastic containen are satisfactory. In 
general. if the l nalYte(S) to be deterrntned is organic in nature, the container shall be made of glass. 
If the anaWe is inorganic. then the container shall be plastic Since contatner specification ~111 
depend on the l nalyte and -mPlQ matnx types (as indicated in AttachmQntA) duplicate samples 
shall be taken when both Organic and inorganic analysas are required. Containen shall be kept In the 
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dark (to minlmlze biological or photooxidattonlphotolysis breakdown Of constituent) unttl they WiCh 

the analytIcal laboratory. The sample contalner shall allow approximately 5-10 Percent air JPaCC 
(*ullage') to allow for cxpanston/vaporttatron if the sample is heated durmg transport (1 liter of 
water at 4’C expands by 1 S ml if heated to 13QF/WC), however, head space for volatile orgrntc 
analyses shall be omened. 

For CLP laboratories, containen will be obtamed through the CLP Sample Management Office. For 
Resoonsrble party actions or non4.P laboratones, the laboratory shall provide contamers that have 
been cleaned according to U.S. EPA procedures. Sufficient lead time shall be allowed. Shtpplng 
contamers for samples, consisting of sturdy ice chests, are provided by the laboratory of the remedial 
investigation contraCtor. 

Once opened, the container must be used at once for storage of a particular sample. Unused but 
opened contamen are to be considered contaminated and must be discarded; because of the 
potential for introduction of contamination, they cannot be reclosed and saved for later use. 
Likewise, any unused containen which appear cormminated upon receipt, 01 which are found to 
have loose caps or missing Teflon liner (if required for the container) shall be discarded. 

General sample container and sample volume requiremew are listed in Attachment A. Specific 
contamer requirements are listed in Attachment 8. 

5.2 PRESERVAllON TECHNIQUES 

The Presewation techniques to be used for various l nalytes are listed in AttachmentsA and B. 
Reagents rcquwd for sample preservauon WIII either be added to the sample containers by the 
laboratory Pmr tO their shipment to the Field or added in the Field. In general, aqueous samples of 
low concenuauon orpanics (or soil samples of low or medium concentfatron organiu) are cooled to 
4% Mecbum conCeMraUOn aweous samples and high hazard organia sample are not preserved. 
Low concentraSon l qw3u; ;;xp!z ft.- c:s!: ;:TC -*ercXd it!! 9UO3, while medium concentraflon --.w...-- 
ano hqh bard aqueous metal samples are not preserved. LOW or mwlum concentratron SOII 

SamPIeS for metals are cooled to 4’C while high hazard samples are not preserved. 

The foll~l%J Scion describe the procedures for preparing and adding chemical presewauves. 
Aftlcnments A and 8 indicate the smfic l nalytes which require thy pmatlva. 

5.2.1 Addition 04 Acid (HAOA. Ha. or wn-) or ~sq 

Addltlon of the f~~owing acids or bases may be specified for sample preservation; these reagents 
shall be analytid V (AN gtie and shall be diluted to the requwed concentration with double- 
dlmlld, deionlzad water in the laboratory, before Field sampling commences: 
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Acid Base Concentration Normality 
Amount for 

Acidification’ 

t+a 
H2SO4 

HN% 

NaOH 

1: 1 dilution of concentrated Ha 

1: 1 dilution of concentrated H2S04 

Undiluted concentrated HN& 

400 grams solid NaOH in 870 ml water 

6N S-10 ml 

18N 2-S ml 
/ 

16N 2-S ml 

10N 2 ml.* 
\ 

l Amount of acid to add (at the specified Strength) per liter of water to rtduCe the urn@@@ 
~II to less than 2, assuming that the water is initially at pH 7, and is poorly buffered and 
dcnr not contain paniculatcl mat-w. 

l * To raise pH of 1 liter of water to 12. 

I%@ approximate volumes needed to acidify one liter of neutral water to a pH of less than 2 (or raise 
the pH to 12) are shown in the last column of the above table. These volumes are only approximate; 
If the water is more alkaline, contains inorganic or organic buffers, or contains suspended patiides. 
more acid may be required. The final pH must be checked using narrow-range pH paper. 

Sample acidification or base addition shall proceed as follows: 

0 Check initial pH of sample with wide range (Gl4) pH paper. 

0 Fill sample bottle to within S-10 ml of final desired volume and add about l/2 of estimated 
actd or base required. Nr gently and check pH with medium range pH paper (pH O-6 or 
pH 7.5-14, respwtively). 

0 Add l ud or base a few drops at a time while stirring gently. Check for final pH using 
narrow range (O-2.5 or t l-1 3, respecuvely) pH paper; when desired pH is reached, cap 
sample bottle and seal. 

Never dip pH paper into the sample: apply a drop of sample to the pH paper using the 
sttmng rod. 

5.2.2 Cvrnide h+rewation 

Pr+sample presewtion is required if oxidizing agents such as chlorine are susoected to be present. 
To test for oxidizing agents, place a drop of the sample on Kktarch paper: a blue color indicates the 
need for treatment Add ascorbic acid to the sample, a few cryruls at a time, until a drop of sample 
produces no color on the Kl-starch oaoer. Then add an additional 0.6 g of ascorbic acid for each liter 
of sample volume. Add NaOH solution to raise pH to greater than 12 as described in 5.2.1. If 
oxldiang agents are not suspected, add NaOH as directed. 

5.2.3 Sulfide Presewation 

Samples for sulfide analysis must be preserved by addition of 4drops (0.2 ml) of 2N zinc acetate 

solutron per 100 ml sample. The ample pH IS then rats&d to 9 using NaOH. The 2N zinc acetate 

solution 1s made by dissolving 220g of zinc acetate in 870 ml of distilled water to make 1 liter of 
solution. 

---.I-* 
_ . __. . . . ._._ . . . - _. ___.---- ._. -. - . . . . ~~. 
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5.2.4 -sew&on of Drqanic krmies Cominina Residual Chlorine 

Some organic wampicr containing residual chlorine must be treated to remove this chlorrne upon * 
collmron (See Attachment A). Test the samples for residual chlorine using EPA methods 330.4 or 
330.5 (Field Test Kits are avai4able for thts purpose). If residual chlorine is present. add 0.008% sodium 
thlosulfate (80 mg per liter of sample). If 

5.2.5 Field Filtration 
* 

When the objective is to determine concentration of dissolved inorganic ConsUtuents in a water 
system, the sample must be filtered through a non-metallic 0.45 micron membrane filter Immediately 
after collection. A filtration system is recommended if large quantities of samples must be filtered in 
the field. .The filtration systam shall consist of a BOchner funnel inserted into a singlthole rubber 

I 

stopper. sized to form a seal when insened into the top of l vacuum filter flask equipped wrth a 
smgle side arm. Heavy-wall Tygon tubmg shall be attached to the single side arm of the vacuum filter 
flask and the suction pon of a vecuum pump. The stem of the Biichnef funnel shall extend below the w 
loved of the side arm of the vacuum filter flas& to prevent any solvent from entartng the tubing 
leading to the vacuum pump. Before filtration, the filter paper,. which shall be of a size to lay flat on 
the funnel plate, shall be wetted with the sdvem in order to ‘seel’ it to the funnel. Slowly pour the I 
solvent Into the funnel and monitor the amount of solvent entering the vacuum filter flask. When 
the rate of solvent entering the flask is reduced to intermittent dripping and the added aliquot of 
solvent in the funnel has passed through the filter, the us4 filter paper shall be replaced wcth new ) 
fitter paper. If the solvent contalm a high percentage of suspended solids, a coa-r-sired 
nonmetallic membrane filter may be used prior to usage of the 0.45micron membrane filter. This 
l prefiItenng’ step may be necessary to expedite the filtration procedure. Discard the first 20 to 50 ml 
of filtrate from each sample to rinse the filter and filtration apparatus to minimize the risk of altermg m 
the ComPoMon of the samples by the ftltanng operation. For l nalysrs of dissolved metals, the filtrate _ 
11 Colkted in a suitable bottle (see Secuon 5.1) and is immediately acidified to pH 2.0 or less wcth 

nltnc aud whose Punty is consrstent with the measurement to be made. Inorganic anlonrc m 
ConNtuenU may be determned uung a ponron of the filtrate that has not been acidified; 

Sw’nOh used for determIning twnpwrture, dissolved oxygen, Eh. and pH should not be filtered. Do a 
not use vmum filtanng vmr to detennmmg carbonate and bicarbonate concentrauon because It 

removes drss&ed Carbon dioxide and exposes the ample to the atmospnere. Pressure filtration can * 
be done usng water P-sm from the well. If gas pressure is required, use an inen gas such as argon 
or nitrogen. 

I, 

Do not filter WmPles for l neltis of volatile organic compounds. If semples are to be filtered for 
analflIng other diaved organic conrtrtuents, use a glas&Iber or metal-membrane filter and collect ee 
the umples in a suitaue container tsm Secuon 5.1). 
Of the l tva wpk .do not discard any of it. 

Because most organic analyses require extractron 
After filtering, the membrane conurning the _.- 

susmnded fraction can be sealed in a glass container and analyzed seperately as soon as practtcable. ~(I 
Total r=overable inorganIc constituents may be determined using a second, unfiltered sample 
Co(kted at the same ttme as the sample for dissolved constrtueml. 

a 
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1.0 PURPOSE 

The purpose of these pr=dura is to provide a g8n8ral methodology, Protocol. and reference 
,nformatron on the propr decontammatlon procedures t0 be Used on cnemical samplmg and field 
analytical equipment. 

2.0 SCOPE 

This procadure addresses chemrcal sampling and field analytical eouipment only, and should be 
consulted when equipment decontamtnatlon procedures are being developed as P*n of Project- 
speafic plans. 

3.0 GLOSSARY 

None. 

4.0 RESPONSIBIUTIES 

Site Manao& - responsible for ensuring that project-specific plam and the implementation of field 
Invesugauons are In compliance with these guIdeline% 

Field Omratlom Leader - respomlble for emuring that decontamination procedures for all chemical 
sampllng and field analytical eoulpment are programmed prior to the actual field effort and that 
personnel reourred to accomplish the task have been briefed and tramed to execute the task. 

5.0 PROCEDURES 

In order to assure that chemical analysis results are reflmve of the actual concentrauons present at 
samoltng Iocauom. chemical sampling and field l nalyrrs epulpment must be properly 
eecontaminrted ~nor to the field l ffon, dunng the sampling program (i.e., between sample points) 
and at the conclurron of the sampling program. This WIII mmrmrre the potential for cross- 
contaminauon between Wmple pomts and the transfer of contammauon offsite. 

fhlr procedure incorporates only those as- of decontamlnauon not addrwd In other 
procedures Specifically It incwporates those Items involved in decontamlnauon of chemical 
samplmg and field analytical equipment 

5.1 ACCESS FOR SAMPLING 

51.1 Bailen and Bailino Line 

fhe potential for crossxomrmrnauon between sampling pornts via the uu of common bailer, or tu 
attached line, is high unless strict procedures for decontammation are followed. It is preferable, for 
fha aforamentioned reason, to dedicate an individual bailer and its line to each sample point, 
although thrs does not eliminate the need for deconuminauon of dedicated bailers. For 
nondedicatad WmPling eoulPmenS the followmg conditions and/or decontammauon procadures 
should be followed. 
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Before the initial sampling and after each succeeding sampling point, the barler must be 
decontaminated. The followlng steps should be followed if sampling for organic contammants: 

0 Potable water rinse 
8 
0 

Alconox or Llquinox detergent wash 
Scrubbing of the line and barler with a scrub brush may be required if the sample point if 
heavily contaminated with heavy or extremely viscous compounds 

II 

Potable water rinse 
Rinse with 10 percent nltnc acid solution* 
Deronited water rtnse 
Acetone or methanol rinse 
Hexane rinse” 
Dlrtllled/Deionited water rinse 
Air dry 

If sampling for organic8 only, the nitric acid. acetone, methanol, and hexane rinses may be omitted. 
Contract-rprcific requirements may permrt altemauve procedures. 

m 

Warded nylon or polypropylene lines may be used with a bailer, however, the same line must not 
come In contact with the sample medium, otherwrse, the line must be discarded in an approved - 
receptacle and replaced. Prior to use, the bailer should be wrapped in aluminum foil or polyethylene 
shaetmg. 

I 5.1.2 Samdina Pumg 

Most samoling pumps are normally low volume (less than 2 gpm) pumps. These Include pemtaltic. 
dlaonragm, air-lift. pitcher and bladder pumps, to name a few. If thesa pumps are uti for sampling 

. 

from more than one samoling mnt, they must be decontamrnated. . . 

The procedures to be used for deconuminauon of sampling pumps compare to those used for a I 
bailer l xceot the 10 percent nrtic acrd solution IS omltted. Each of the liquid facbom IS to be pumped 
through the system. fh8 amount of pumprng is dependent upon the site of the pump and the length 

of the Inuke and discharge hoses. Cenrm types of pumps are unacceptable for sampling purposes. I 

An additIonal problem is introduced when the pump relies on absorpuon of water via an Inlet or s 
outlet hose. For organic sampling, thus hose should be Teflon. Other types of hoses leach organlcs 

Into tne water bmg Wmpled fespeclally the phthalate esters) or adsorb organlcs from the sampled 
m 

Wafer. For elf other sampling, *he hose should be Won, polyethylene, or polyvmyl chlortde (in order - 
of Preference). Whenever poswble, dedicated hoses should be uti. 

l Due to the leaching ability of nitric acid, on stainless RW, this step is to be omitted if a staInleSs 
Steal sampling device is being used and metals l nalysjs is required with detecuon limits less than 

Ir 

l * 
aoproxrmately 50 ppb; or the sampling equipment is dedicated. 
If sampling for pesucides. PCBs. or fuels. 



Sb8l.a NurnDer Prpr 
DECONTAMINATION 9-2.3 4of4 

I 
OF CHEMICAL SAMPLING AND Rowon E *mw oate 
FIELD ANALUICAL EQUIPMENT 1 OYou90 

1 

5.1.3 FiltrrineJpClioment 

I PaR of the sampling plan may incorporate the filtering of groundwater samples, and subsequent 
oresewatron. This should occur as soon after sample retneval as poulble; preferably In the field as 
soon as the sample is obtamed To thus end, three basic filtration systems are most commonly used - 
the in-tine divble Teflon filter, the inert gas over-pressure filtration system, and the vacuum 
filtration system. 

ior the in-line filter, decontamination is not requird since the filter canridge is disposable, however, 
the canndge must be disposed of in an approved receptacle and the-tntake and discharge lines must 
still be decontaminated. 

ior the over-pressure and the vacuum filtration systems, the potions of the apparatus which come tn 
contact with the sample must be decontaminated as outlined in the paragraphs describing the 
decontamination of bailer% (Note: Varieties of both of these systems come equipped from the 
manufacturer with Teflon-lined surfaces for those that would come into contact with me sample. 
These filtration systems are preferred when decontamination procedures must be employed.) 

5.2 FIELD ANALYXAL EQUIPMENT 

5.2.1 Water Level Indiatorq 

Water level indicators that come into contact with groundwater must be decontaminated using the 
followmg steps: 

0 Rinse with potable water 
l Rinse with detontred water 
0 Acetone or methanol nnw 
l Rmse with dmonmd water 

Water level indicators that do not come in contact with the groundwater but may encounter 
Incidental contact dunng mstallabon or retneval need only undergo the fim and last steps stated 
above. 

5.2.2 Probes 

Probes, e.g., pH or specific ion d-odes, geophysical probes, or thermometers which would come In 
dtrect contact witithe rumple, will be decontammated using the procedures specified above unless 
manufacture&s instwniorts indicate otherw~u: in those cases, the methods of decontamination must 
DC clearly d&b@ in the FSAP. Probes that contact a volume of groundwater not used for 
laooratory analF can be nnsed with aelonlzcd water. For probes which make no direct contact, 
e.g., OVA eoulpment, the probe will be wiped with clean paper-toweb or cloth wetted with alcohol. 

6.0 REFERENCES 

None. 

7.0 RECORDS 

None. 
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1 .O INTRODUCTION 

1.1 Purpose and Scope 

This manual details the quality assurance program in effect in the PACE NE Analytical 
Chemistry Laboratory. It is meant to be a teaching tool and source of information for 
laboratory personnel. The Manual is divided into logical sections, each dealing with a 
different phase of laboratory operation, yet all sections overlap and function together to 
form a complete quality assurance program. The Manual is based on Good Laboratory 
Practices, common sense, and industry-accepted standard analytical practices. 

The Manual must be read and understood by all laboratory personnel as part of their 
training program. The Manual should also be referred to regularly as a source of 
information. A system of continuous updating is built into the Manual to allow it to 
change as laboratory conditions change or as new regulations are promulgated. This 
manual is a controlled document, which means that its identity, development, 
distribution, and status must be known and traceable at all times. All PACE NE 
permanent laboratory personnel will be assigned a controlled copy. 

Whenever a technician or analyst is in doubt as to proper procedures in a specific 
circumstance, the Manual should be consulted. Omissions or errors should be 
immediately reported to the Quality Assurance Officer, for corrective action. IT IS 
THE RESPONSIBILITY OF EACH LABORATORY WORKER TO ENSURE 
THAT THE PROVISIONS OF THIS MANUAL ARE FOLLOWED. Disagreement 
with specific requirements or knowledge of changes causing deviation from the 
procedures should be discussed with the immediate supervisor before further work is 
completed. Laboratory personnel are encouraged to comment on the Manual and make 
recommendations for more efficient procedures. 

The latest revision of each section of the Manual is the applicable rule. Therefore, 
revisions will be announced to all laboratory personnel. An uncontrolled copy of the 
Manual is offered to clients and regulatory agencies as the definitive quality assurance 
program used at PACE NE. 

1.2 QA Policy and Objectives of the Program 

PACE NE is committed to quality as priority number one. PACE NE’s quality assurance 
policy is based on the definition of quality as conformance to requirements; and further, 
on the premise that the requirements are governed by Company policies and standard 
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operating procedures. This commitment recognizes the need for data to be 
representative of the environmental conditions under consideration, and for data to be 
generated within a system of functions that that is designed to meet applicable regulatory 
compliance criteria. To this end, PACE NE has developed a company-wide Quality 
Assurance (QA) Plan and maintains an ongoing QA Program. Our Quality Assurance 
Program contains provisions for establishing, maintaining and executing protocols which 
lead to results of known, appropriate and acceptable quality; documentation of these 
activities is an integral part of the QA program. No other concern will be permitted to 
interfere with the quality of data PACE NE provides to clients. 

This manual describes the set of policies and principles which guide day-to-day 
operations. Specific protocols are included by reference and are contained in a series of 
volumes cited in Section 8.0 of this document. 

1.3 Quality Assurance Documents 

1.3.1 QA Manual 

This document describes management policies related to operation of the 
analytical laboratories. It provides overall guidance regarding acceptable 
practices and discusses each element of the Quality Assurance Program. It 
functions as the Project QA Manual where no other Quality Assurance Project 
Plan, Statement of Work or other contractually mandated project plan has been 
specified. Adherence to the practices described in this manual is required of all 
employees. This manual may be revised and/or superseded only with the written 
authority of the PACE NE Regional Director. Copies of this manual are 
controlled and distribution is administered by the QA Officer. 

1.3.2 Standard Operating Procedures Manuals 

I 

All procedures related to sample collection, storage, preparation, analysis, 
disposal, data validation, data reporting and employee training and safety shall be 
contained in written Standard Operating Procedures Manuals (SOP’s). Each SOP 
shall contain the elements outlined in PACE NE SOP QA-553, Preparation of 
SOP’s. All sections shall be structured in a step-wise manner using numbered 
sections. All record-keeping requirements shall be described at each step in the 
SOP. Examples of forms used shall be included as tables or figures and 
referenced within the text. Preparation of SOP’s shall be the responsibility of 
each Group Supervisor. SOP’s shall be assigned a number from the Inventory 
List for SOP’s maintained by the Quality Assurance Department. This number 
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1.3.3 

1.3.4 

shall become part of the document control number when the SOP is accepted for 
implementation by PACE NE management. SOP’s shall be reviewed and 
approved by the Group Supervisor (and Lab Manager for all SOP’s related to 
analytical procedures) and the QA Officer, and submitted by the QA Department 
to the Technical Directors and the Regional Director for approval prior to 
implementation. 

Project QA Manuals 

Project QA Manuals shall be implemented as required. These shall include such 
documents as Quality Assurance Project Plans (QAPP’s). For those projects 
which require specific QA/QC criteria, a QAPP which has been approved by a 
regulatory agency, usually the EPA, is provided to PACE NE by the client. 

Document Control, Distribution and Revision 

In order that this document achieve the goals outlined in Section 1.2, it is 
necessary that each PACE NE laboratory employee be familiar with the current 
provisions of this document. It is also necessary that this document represent a 
consensus among PACE NE Management and operational personnel as to the 
quality level desired and the means to that end. 

Prior to its publication as a controlled document, this manual must be approved 
by the Quality Assurance Officer, the Laboratory Technical Directors, and the 
Regional Director. To obtain such approval, the document proceeds through an 
iterative process of review and revision, involving the affected managers and their 
designated representatives. The signature page at the beginning of the manual 
represents acceptance. 

Each time a revision is made to this manual, it must also be approved. The 
Quality Assurance Officer must approve each revision. If the revision constitutes 
a complete rewrite of the document, then review and approval by the Quality 
Assurance Officer, the Laboratory Technical Directors, and the Regional Director 
becomes necessary. The appropriate approval process will be decided in each 
case by the Quality Assurance Officer. 
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The degree of agreement between a measured value and the true or 
expected value. 

A measured portion of a sample taken for analysis. 

. The specific entity an analysis seeks to determine. 

A grouping of samples of similar matrix which are prepared and analyzed 
together with the same method and the same lots of reagents within the 
same time frame. A sample may be analyzed in a different analytical 
batch than the one with which it was prepared. 

A blank is an artificial sample designed to detect and/or monitor the 
contribution of analyte and non-analyte contamination, instrumental 
background and sample processing to the measurement system. 

A sample submitted for analysis whose composition is known to the 
submitter but unknown to the analyst. 

The process of establishing the relationship between instrument response 
and known, traceable quantities of analytes of interest. 

Comparability is a qualitative parameter expressing the confidence with 
which one data set can be compared to another. Comparable data are 
produced through the use of standardized procedures and techniques. 

Measure of the amount of valid data obtained from a measurement system 
compared to the amount that was expected to be obtained under correct 
normal conditions. 

The process of analyzing standards periodically to verify the maintenance 
of calibration of the analytical system. 

A graphical plot of test results with respect to time or sequence of 
measurement, together with limits within which they are expected to lie 
when the system is in a state of statistical control. 



PACE NEW ENGLAND, INCORPORATED Dot. No. QAM-004 

TITLE: NEESA Quality Assurance ‘Manual Section No. 1.0 
Revision No. 0 

Date: 10193 
Page 5 of 10 

Control Limit: 

Detection 
Limit- A 

Drv WeiPht: 

Duplicate 
Analvsis: 

Duplicate 
Sample: 

Equipment 
Blank: 

Field Blank: 

Field Sample: 

Holding Time: 

A range within which specified measurement results must fall to signify 
compliance. Control limits may be mandatory, requiring corrective action 
if exceeded, or advisory, requiring that nonconforming data be flagged. 

The minimum concentration of a substance that can be measured and 
reported with 99% confidence that the analyte concentration is greater 
than zero. 

The weight of a sample based on percent solids. The weight after drying 
in an oven. 

A second measurement made on the same sample extract or digestion to 
assist in the evaluation of precision of analysis. 

A second aliquot of the same sample that is treated the same as the 
original sample in order to determine the precision of the method. 

Special type of field blank used primarily as a check on equipment 
decontamination procedures. Laboratory deionized water is passed over 
sampling equipment after decontamination. 

A quality control sample used to assess the contamination effects on 
accuracy due to the combined activities of sampling and analysis. 
Typically, it is composed of a reagent and analyte free matrix (deionized 
water) provided by the laboratory. 

A portion of material received by the laboratory to be analyzed, that is 
contained in single or multiple containers and identified by a unique field 
ID number. 

The elapsed time expressed in days from the date of sample collection by 
the field personnel until the date of its processing/analysis. For the 
Contract Laboratory Program, holding times start at the Verified Time of 
Sample Receipt by the laboratory. Holding time requirements are dictated 
by the method or QAPjP. 
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The degree to which a property or substance is evenly distributed 
throughout a material. 

The minimum concentration of a substance that can be measured and 
reported with 99% confidence that the analyte concentration is greater 
than zero. The instrument detection limit is generally more sensitive than 
the method detection limit. 

The process of analyzing standards, prepared at specified concentrations, 
to define the quantitative response, linearity and dynamic range of the 
instrument to the analytes of interest. Initial calibration is performed 
whenever the results of a continuing calibration do not conform to the re- 
quirements of the method in use or at a frequency specified in the method. 

Analytes added to every standard blank, matrix spike, matrix spike 
duplicate, and sample at a known concentration, prior to analysis for the 
purpose of adjusting the response factor used in quantitating target 
analytes. Internal standards are used as the basis for quantitation of the 
target compounds, and are generally applicable to organic analyses. 

A control sample of known composition spiked with known 
concentration of analytes of interest. Aqueous and solid laboratory control 
samples are analyzed using the same preparation, reagents, and analytical 
methods employed for field samples received. 

The Hewlett-Packard A900 based Laboratory Information Management 
System. It is used to collect data from instrumentation and preparation 
laboratories for later combination into final reports. Data is collected a 
number of ways including direct ports from instrument computers, 
interactive manual entry direct to the database using HP provided 
procedures, importing data from spreadsheets, and importing batch data 
entered manually. Data is combined, calculated, and formatted either by 
HP provided or custom reporters and stored in directories where it can be 
printed initially for manager review and later as part of a final report. 
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Hewlett-Packards’ A900 based 3350a Laboratory Automation System. Its 
function is to collect, calculate, and present chromatographic data. The 
system allows the operator to calibrate for, identify and quantitate the 
data. Requantitation is possible without reinjection of the sample. 
Typically the data provided to the analyst by the LAS is entered into 
LABUX for combination with data from the preparation laboratory to 
generate a final report. Alternatively, the preparation information can be 
entered into the analysis sequence on the LAS to generate results corrected 
for preparation volumes, dilutions, and dry weights. 

A quantity of bulk material of similar composition processed or 
manufactured at the same time. 

The predominant material of which the sample to be analyzed is 
composed. 

Aliquot of sample fortified (spiked) with known quantities of specified 
compounds and subjected to the entire procedure in order to indicate the 
appropriateness of the method for the matrix by measuring recovery. 

A second aliquot of the sample that is treated the same as the original 
matrix spike sample. The relative percent difference between the matrix 
spike and matrix spike duplicate is calculated and used to assess analytical 
precision. 

An analytical control consisting of all reagents, internal standards and 
surrogate standards, that is carried through the entire analytical procedure. 
The method blank is used to define the level of laboratory background 
contamination in the associated sample batch. 

Method Detection Limits may be determined using replicate spike samples 
The detection limit is calculated using the appropriate student’s t- 
parameter times the standard deviation of a series of spiked samples. 

A process to evaluate the proficiency of an analyst or laboratory by 
evaluation of the results obtained on known test materials. 
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Precision; The measurement of agreement of a set of replicate results among 
themselves without any prior information as to the true result. Precision 
is assessed by means of duplicate/replicate sample analysis. 

Protocol: 

QAPP: 

Quality 
Assurance: 

Quality 
Control: 

Replicate 
Samples; 

Reporting 
Limit- - 

Rounding 
Rules- - 

A stated plan that clearly defines the objectives, methods and procedures 
for accomplishing a task. 

A Quality Assurance Project Plan or QAPP is a project specific document 
that describes the policies, organization, objectives, functional activities, 
and specific QA and QC activities designed to achieve the data quality 
goals of a specific project. 

A system of policies and procedures whose purpose is to ensure, confirm 
and document that the product or service rendered fulfills the requirements 
of PACE NE and its client. Quality Assurance includes quality planning, 
quality control, quality assessment (auditing), quality reporting and 
corrective action. 

A system of checks and corrective measures, integrated with the activities 
that directly generate the product or service, that serves to monitor and 
adjust the process to maintain conformance to predetermined 
requirements. 

A second, separate sample collected at the same time, from the same 
place, for the same analysis, as the original sample in order to determine 
overall precision. 

The level at which method, permit, regulatory and client specific 
objectives are met. The reporting limit may never be lower than the 
statistically determined MDL, but may be higher based on any of the 
above considerations. Reporting limits are corrected for sample amounts, 
including the dry weight of solids, unless otherwise specified. 

If the figure following those to be retained is less than 5, the figure is 
dropped, and the retained figures are kept unchanged. As an example, 

m 

a 

m 

a 

w 

I 

a 
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11.443 is rounded off to 11.44. If the figure following those to be re- 
tained is greater than 5, the figure is dropped, and the last retained figure 
is raised by 1. As an example, 11.446 is rounded off to 11.45. If the 
figure following those to be retained is 5, and if there are no figures other 
than zeros beyond the five, the figure 5 is dropped, and the last-place 
figure retained is increased by one if it is an odd number or it is kept 
unchanged if an even number. As an example, 11.435 is rounded off to 
11.44, while 11.425 is rounded off to 11.42. If a series of multiple 
operations is to be performed (add, subtract, divide, multiply), all figures 
are carried through the calculations. Then the final answer is rounded to 
the proper number of significant figures. 

Sensitivity: Capability of methodology or instrumentation to discriminate between 
samples having differing concentrations or containing differing amounts 
of an analyte. 

Split Sample: A portion or subsample of a total sample obtained in such a manner that 
is not believed to differ significantly from other portions of the same 
sample. 

Standard: A substance or material the properties of which are believed to be known 
with sufficient accuracy to permit its use to evaluate the same property in 
a sample. 

Standard Blank: 

Standard 
Operating 
Procedure: 

An analytical control sample consisting of the same solvent/reagent matrix 
used to prepare the calibration standards without the analytes. It is used 
to construct the calibration curve by establishing instrument background. 

A procedure adopted for repetitive use when performing specific 
measurement or sampling operation. It may be an industry accepted 
standard method or one developed by the user. 

Surrogates: When employed, these are compounds added to every blank, sample, ma- 
trix spike, matrix spike duplicate, and standard prior to any processing or 
preparation; used to evaluate analytical efficiency by measuring recovery. 
Surrogate compounds are not expected to be detected in environmental 
media, but are similar to the analytes of interest. Surrogates are generally 
utilized for organic analyses. 
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An on-site inspection or assessment of a laboratories’ quality control 
system. 

The ability to trace the source and accuracy of a material (i.e. standard) 
to a recognized primary reference source such as the National Institute of 
Standards and Technology (NIST) or USEPA. Also, the ability to 
independently reconstruct and review all aspects of the measurement 
system through available laboratory notebooks and documentation and 
reach the same results. 

This blank is used to detect sample contamination from the container and 
preservative during transport and storage of the sample. A cleaned sample 
container is filled with laboratory pure water; any preservative used in the 
sample is added; and then the blank is stored, shipped, and analyzed with 
its group of samples. 

The process by which a sample, measurement, method, or piece of data 
is deemed useful for a specified purpose. 

The limits (typically 2 standard deviations either side of the mean) shown 
on a control chart within which most results are expected to lie (within a 
95% probability) while the system remains in a state of statistical control. 

m 
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2.0 QA ORGANIZATION AND PERSONNEL 

It is important for efficient laboratory operation that all laboratory employees understand the 
operational structure, specific areas of responsibility and lines of authority within the 
organization. 

It is equally important for laboratory personnel to understand that the structures of the Quality 
Organization may be separate from other laboratory operations but that the quality function is 
totally integrated into every aspect of laboratory operation. All laboratory personnel are 
responsible for knowing and following proper methods and standard operating procedures; 
recording quality control information required by those procedures in the proper location; and 
suspending analyses when quality control criteria are not met. 

The organizational structure of the analytical chemistry laboratory is provided in Figure 2-l. 
Under the direction of the laboratory technical directors, the technical staff of the laboratory is 
organized into the following functional groups: 

Sample Management (Receipt and Log-in) 
Sample Preparation - Organic 
Sample Preparation - Metals 
Wet Chemistry 
Metals Analysis 
GC Analysis 
GC/MS Volatiles Analysis 
GC/MS Semivolatiles Analysis 
Reporting 
Project Management (Client Services) 

Each group is headed by a Group Supervisor who is responsible for operations on a daily basis. 
Environmental chemists, analysts, laboratory technicians and laboratory assistants report to the 
Group Supervisors. See Appendix A for resumes of all technical staff employed as of this 
revision date. 

2.1 Laboratory Organization 

It is the individual responsibility of each analyst and technician to perform their assigned 
tasks according to the applicable SOPS, QA Project Plans, Study Protocols, and Work 
Plans. This includes responsibility for performing quality control analyses as specified 
in the method SOP and for entering the QC data in the appropriate method control file 
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system. The analyst shall report out-of-control results to the Group Supervisor. 

Group Supervisors shall assure that analysts and technicians are instructed in the 
requirements of the PACE NE Laboratory QA Manual, study-specific QA Project Plans, 
SOPS, Protocols, and Work Plans for the analytical method or other procedure. Group 
Supervisors shall review sample QC data at frequent intervals designed to assure that QC 
analyses are being performed at the required frequency, that data are documented in the 
method control file system and that established corrective action procedures for 
out-of-control situations are followed and the results documented. It is the responsibility 
of the Group Supervisor to assure that data have been validated and reported to the 
Laboratory Manager. Group Supervisors shall report to Laboratory Managers. 

Laboratory Managers shall be the Technical Directors and shall take overall responsibility 
for technical conduct, evaluation and reporting of all analytical tasks associated with each 
study. Laboratory Managers assure that approved procedures are documented and 
followed, that all data are recorded and verified and that all deviations from approved 
procedures are documented. Laboratory Managers shall assure that Group Supervisors 
are instructed in the requirements of the PACE NE Laboratory QA Manual, 
study-specific QA Project Plans, SOPS, Protocols, and Work Plans. Laboratory 
Managers approve standards for QC control limits for methods and work with Group 
Supervisors to bring out-of-control methods back to within established acceptance limits. 
Laboratory Managers shall report to the Regional Director. 

The Quality Assurance Department, under the direction of the Quality Assurance Officer, 
shall be responsible for conducting systems audits and inspections for compliance with 
this manual, SOP’s and QA Project Plans or other project-specific protocols, maintaining 
the archives, maintaining historical files of all QA documents, reviewing QC charts, 
documenting findings and corrective actions, and reporting findings to management. The 
Quality Assurance Officer shall report directly to the Regional Director of PACE NE. 

The PACE NE Regional Director shall designate Laboratory Manager(s)/Technical 
Director(s) and replace if necessary. The PACE NE Regional Director shall assure that 
there is a Quality Assurance Department, that personnel and other resources are 
adequate, that personnel have been informed of their responsibilities, that deficiencies are 
reported to Laboratory Managers and that corrective actions are taken and documented. 
Any significant changes to written SOP’s shall be authorized in writing by the Regional 
Director of PACE NE. 
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Each new permanent employee receives a four part orientation: a human resources 
orientation, a safety department orientation, a quality assurance department orientation, 
and a supervisory orientation. The human resources orientation involves matters of 
immediate personal concern such as benefits, salary, and company policies. The safety 
department orientation is an in-depth examination of the PACE NE Chemical Hygiene 
Plan and safety program, which are consistent with the requirements of OSHA’s Hazard 
Communication Program (29 CFR 1910.1200). The Quality Assurance orientation 
provides the new employee with information on the PACE NE QA program through a 
brief introduction to the QA manual and SOPS, acceptable recordkeeping practices, and 
the individuals responsibility. The new employee’s group supervisor provides the 
employee with a basic understanding of the role of the laboratory within the structure of 
PACE, Inc. and the basic elements of that individual’s position within the laboratory. 
The training of a new employee concentrates on his/her scientific background and work 
experience to provide the employee with a level of competence so that the individual will 
be able to function within the defined responsibilities of his/her position ASAP. 

Training is a process used to assist laboratory personnel in their professional 
development. The training techniques utilized include: 

0 on-the-job training 
0 lectures 
0 programmed learning 
0 conferences and seminars 
0 short courses 
0 specialized training by instrument manufacturers 
0 participation in check-sample or proficiency sample programs. 

Group Supervisors shall be responsible for providing documentation of training and 
proficiency for each employee under their supervision. The Training Documentation File 
indicates what procedures (SOPS) a technician is capable of performing either solo or 
only with supervision. The files shall also include logbook pages and sample reports 
indicating performance of passing QC samples. The Group Supervisor is responsible for 
keeping training documentation updated and current. The QA department shall maintain 
a file for each technical employee. In addition to the training documentation, these files 
shall include a current CV and proofs of education such as college transcripts or 
certificates from continuing education coursework or specialized training. 

Temporary employees receive the same orientation as permanent staff with the exception 
of the human resources orientation. 
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Figure 2-1 
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Experience 

b?%iuca&ion 

Pubticarionr 

DEWRAE l? MC~ZH 
RegionalDirector 
PACE New Englmd, Inc. 

As Regional Director, Ms. McGrath is responsible for the overalt 
management of PACE New England which includes the oversight 
and coordination of Laboratory and Field Operarions, Quality 
Assurance, Support Systems, Administrative, and Sates/Marketing 
departments. In addition, she serves as liaison for PACE NE on 
beharf of both clients and other laboratories within the PACE 
network. 

Prior to joining PACE NE in 1993, Ms. McGrath served as Vice 
President and Division Manager of NET Inc., Cambridge Division, 
in Bedford, MA flonnerly Cambridge Analytical Associates, Inc.), 
from 198PlPP3 where her responsibilities included oversight of the 
technical operations and business development of the division. She 
was Vice President of Environmental Services for one year and 
Director of Analytical Services for two white employed by 
Cambridge Analytical Associates, Inc. from 1986-l 989. 

Ms. McGrath served in the position of Manager ‘of the Laboratory 
Analysis Depamnent and Inorganic Section white employed by 
GCA Technology Division, Bedford, MA from 1981 -I 986. 

Previous to her management positions, Ms. McGrath held the 
position of analytical chemist at Kennecott Copper Ledgemont 
Laboratory, Lexington, M-4. 

B.S. Chemistry, Simmons College, Boston, MA 1971 

Ms. McGrath is the author/co-author of over 15 publications on 
methods development and comparison studies, waste oil and biota 
anaiysis, combustion assessments and waste minimization. 



QualityAssluance cgicer 
Pace New England, Inc. 

Ms. Beck is responsible for quality assurance activities at Pace 
New England, Inc. She is responsible for auditor training and 
Quality Assurance training for new employees. She pelfonns 
internal inspections of PACE NE Iabs and is responsible for the 
implementation of quality programs at Pace l%?Z, Inc. She reviews 
data for internal and regulatory compliance. Ms. Beck prepares 
Quality Assurance Project Plans. She reviews SOPS. Ms. Beck 
reports to Deborah McGrath, Regional Director. 

Prior to joining PACE NE, INC. Ms. Beck worked in the same 
capacity for Resource Analysts, Inc. which was acquired by PACE 
NE, INC. in June 1992. Ms. Beck came to PACE NE, INC. with 
over 4 years laboratory experience peeorming inorganic chemistry 
analysis. Ms. Beck has over 2 years experience in the Quality 
Assurance department (1990 - present) pevonning the duties to 
assure management that facilities, equipment, personnel, methods, 
practices, records, and controls are adequate and in conformance 
with regulations. She has over 2 years experience reviewing 
Aquatic Tox. studies and Organic and Inorganic Chemistry data 
for FIFRA, TSCA, OECD, and FDA compliance as a GLP auditor. 
She has experience reviewing CLP data packages. 

QA Oficer, PACE NE, INC., Inc., Hampton, NH 5192 - Pres 

QA Auditor, Resource Analysts, Inc., Hampton, NH 4/9O - 5192 

&iucation B.S., Environmental Economics, University of New Hampshire, 
1988 

conrinrcing Education Environmental and Natural Resource Law, 1992 U. of N.H. 
Durham, NH 
Introduction to Computer Validation SQA Annual Meeting 1991, 
Kansas City, MO 
Intro. and Advanced WordPer$ect 1991 OMC, Portsmouth NH 
Producing Results with Others, 1991 Millipore, Bedford MA 
SQA Basic Training GLP SQA Annual Meeting Ott 1990, 
OrIando FL 
Lotus 123, 1990 Millipore, Bedford UA 



Experience 

RIcHARDL,m 
Inoqanic Ldnmory Director 
New England Regional Q@kz 

As Inorganic Laboratory Manager, Mr. Wellman manages the 
groups providing wet chemistry, metals prep and metals analysis. 
He reports to Ms. McGrath, Regional Director. 

Prior to joining PACE, Mr. Wellman worked in similar capacities 
for Resource Analysts, Inc. which was acquired by PACE in June 
1992. Mr. Wellman joined RAI in 2/88 and worked as the GC Lab 
Director until l/91 when his responsibilities changed to managing 
the Metals Labs and the Reporting/Data Review and Lab Data 
Services Depamnents. 

Mr. Wellman has extensive experience in the analytical chemistry 
field as a Consultant and Chemist. Mr. Wellman has over thirteen 
years of experience in Gas Chromatography, High Pressure Liquid 
Chromatography, Infrared Spectrophotometry, UV-VIS 
Spectrophotometry, GPC, and NMR. 

Consultant, Medical & Scientific Enterprises, Sudbury, MA 
Summer I986 

Consultant, Acadia Management, Boston, MA Summer 1986 

Systems Specialist, DuPont/NEN Products, Boston, MA 
1984 - 1985 

Group Leader Analytical Chemistry, DuPont/NEN Products, 
Boston, MA 1978 - 1984 

Education M.B.A., Business Administration, Boston University, Boston, MA, 
1987 

B.S., Chemistry, Union College, 1975 

Continuing Uucation “Environmental Data Requirements”, conference, April 25, 1989 

“HP RTE System Managers Course”, May 22-26, 1989” 

“Newest Analytical Methods and Techniques *, Hewlett Packard 
video Teleconference, April 19, 1990 
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Neiv I3@nd Regitinal Q@e 

Mr. Rhodi? manages the organics Exnactons, GC and GC/MS 
organics laboratories through four laboratory group supervisors. 
He and his sta$ conduct standard EPA analyses as well as 
non-routine GC/MS approaches to special analyticalproblems. Mr. 
Rho& is Project Manager for PACE NE, Inc. ‘s CLP contract 
work. He is responsible for workflow and technical review and 
approval of all data generated by the GC and GUMS organics 
laboratoties. Mr. Rhode reports to Deborah McGrath, Regional 
Director. 

Prior to joining PACE NE, Inc., Mr. Rho&! worked for four years 
for National Environmental Testing, Inc. (N?ZJ managing the CLP 
GC and organic preparation laboratories. He had two years 
experience working as a GCMS analyst for Cambridge Analytical 
Associates using EPA methods and CLP protocol. His experience 
includes the programming of HPIOCK) data systems to automate 
data analysis and also includesmanagement pf RTE-6 and RTE-6A 
series data systems. 

Mr. Rhode was a teaching fellow at Boston University Department 
of Chemistry for four years. There he organized and taught 
laboratory and discussion sections for graduate and undergraduate 
courses in instrumental analysis, qualitative analysis and general 
chemistry. 

Ph.D. candidate, Chemistry, Boston University 

MS., Chemistry, University of New Hampshire, 1983 

B.S., magna cum laude, Marine Science/BiologylChemistry, 
University of Tampa, FL, 1980 



Expetience Ms. Dupere is responsible for the supervision of the GUMS 
Volatile Organics Laboratory. As a Supervisor-in-Training, she 
reports to Mr. Rhode, Organics Laboratory Manager, who 
maintains the ultimate responsibility for work pel=fomzed by the 
Volatiles Lob. 

Prior to joining PACE NE, INC. Ms. Dupere worked as an analyst 
for Resource Analysts, Inc. which was acquired by PACE NE, 
INC. in June 1992. She joined RAI in 1987 as a technician in the 
Wet Lob. She became a GC operator in 1988 and in 1990 became 
a GUMS operator. Ms. Dupere currently has approximately two 
and a half years experience in volatile organics analysis. while 
employed in the organics laboratory, Ms. Dupere has received 
approximately two years ’ training in gas chromatography. She has 
experience in the use of detectors, including Hall and ECD, as 
well as FLD, FPD, and NPD. As a Laboratory Technician in the 
wet lab, she has also received 10 months training in wet chemistry 
techniques. 

Education B.S., Biochemistry, University of New Hampshire, 1987 

Continuing I&cation “Use of Widebore Columns w, By Restek, Inc., Boston, MA, 
December, 1989 

“Mass Spectral Interpretation “, By Bill Rounds, University of New 
Hampshire, spring, 1990 

“Air Analysis Symposium ’ IQ Tekmar, Inc., Lexington, MA. May 
1991. 

“GUMS Troubleshooting “, seminar, Hewlett Packard, Burlington, 
MA, Spring 1992 



Educaron 

Semi-Volatiles Group Supervisor 
New England Regional O@e 

Ms. Hall is responsible for the supervision of the Semi-volatiles 
laboratory, analysis of environmental samples by GC and GC/MS, 
pet$onnance and documentation of all specified QC measures and 
instrument maintenance and troubleshootingl Ms. Hall reports to 
Mr. Rhode, Organics Laboratory Manager. 

prior to joining PACE NE, INC., Ms. Hall worked in the same 
capacity for Resource Analysts, Inc. which was acquired by PACE 
NE, INC. in June 1992. Ms. Hall joined RAI in 1989 and worked 
as an AM&ical Chemist until l/91 when she became Supervisor 
of the Semivolatiles lab. 

Ms. Hall has over 3 years experience, prior to RAI, in the 
environmental field. As a Research Assistant/Technician for the 
University of Maine, Ms. Hall was responsible for analyses of 
microbial processes in marine sediments utilizing Gi=, HPLC, 
UVMS Spectroscopy and AA. While employed as a Chemist II, 
GC/MS Operatorfor the State of Maine, Ms. Hall was responsible 
for timely VOA and SVO arm&es, adherence to QC procedures 
and accurate report generation utilizing HP 59% and 5970. 

Candidate for Doctor of Philosophy degree, Loyola University of 
Chicago, 1980 - 1984 

M.S., Chemistry, Northwestern University, 1980 

B.S., Chemistry, Massachusetts Institute of Technology, 1979 

&uinuing Education “GC/MS Operator I” by Jim Stacy, Hewlett Packard, April, 1989 * 

“Aquarius Sofiware” by Jim Stacy/Pam Kelly, Hewlett Packard, 
May, 1989 

“Mass Spectral Interpretation “, by Bill Rounds, University of New 
Hampshire, Spring, 19% 

“Capillary Chromatography” by Neil MosesmanlDavid Shelow, 
Restek, November, 1990 



Mr. L.emay is responsible for the analysis of PCB’s, Pesticides, 
PNA ‘s, PHC’s, DI solvents, and Herbicides and for the supervision 
of three GC analysts. He reports to Mr. Rhode, Organics 
Laboratory Manager. 

Prior to joining PACE, Mr. Lemay worked in the same capacity 
for Resource Analysts, Inc. which was acquired by PACE in June 
1992. Mr. Lemay joined RAI in I987. While employed at RAI, 
Mr. Lemay acquired three and a harf year’s experience on the 
following GC’s: HP 5890, HP 5880, HP 5840; Tracon and waters 
dimension GC using the following detectors: ECD, ELCD, NPD, 
FID, FPD with either packed or capillary columns. 

Mr. Lxmay served as a chemist for Burgess hdyt-kal Laboratory, 
North Adams, MA from 1985 to 1987. His duties included 
performing chemical analyses on a variety of materials, sample 
preparation, operation of instruments, evaluating and reporting 
results, and training new employees. 

Medical Laboratory Specialist, United States Air Force. 1977 - 
1981 

l%.ucarion B.A., Chemistry, University of Maine, Orono, ME 1985 

Gxuinuing Ekiuciuion Intro to GC/MS - Hewlett Packard, 1988 

Occupational and Environmental Radiation Protection, Harvard 
School of Public Health, Aug 1991 



PAUL Run 

Mr. Rain’ is responsible for the supervision of a stagof technicians 
pefonning sample preparation for ABN, PCB, PHC, PNA, 
pesticide and other organic methods. The Organics Prep Lab is 
also responsible for the oil and grease and phenol methods which 
Mr. Rain’ oversees. As part of the organics sample preparation 
process, Mr. Raiti also pevonns and directs the operation of two 
GPC/HPLC units for sample clean-up. As supervisor, Mr. Raiti 
monitors all holding times and schedules daily workflow to ensure 
timeliness of all extract preparation. He is also responsible for the 
training of technicians to meet all PACE specific ‘and general 
method requirements for data quality. As a supervisor-in-training, 
Mr. Rain’ reports to Mr. Rhode, Organics Laboratory Manager, 
who has the ultimate responsibility for the Extractions Lab. 

Prior to becoming the lab supervisor, Mr. Raiti had over two years 
experience as a Senior Technician in the Organics Prep Lab. He 
was hired as a Senior Tech by Resource Analysts, Inc. in 8190 and 
continued to work in the same capacity afier RAI was acquired by 
PACE in June 1992. Mr. Raiti is filly qualtfied in all organics 
sample preparation procedures perjormed at PACE. 

Education B.S., Plant Science, University of New Hampshire, 1989 

A.S., Horticulture, Essex Agricultural and Technical Institute, 
1987 

Gmtirudng Educcrron “Laws in Natural Resource and Environment”, University of NH, 
Spring 1991 

“Wetland Resource Management”, University of NH, Fall 1991 

“Analytical chemistry =, University of Massachusetts, 1992 



Bperience 

cLI.l?FoRD - 
Metds Inst~ncnr Group Supenisor 
New Englmrd Regional @ice 

Mr. Chase presently supervises the metals instrument laboratory, 
and provides operation for the instrumental analyses of metals. 
Mr. Chase reports to Mr. Wellman, the Inorganics Laboratory 
Manager. 

Prior to joining PACE, Mr. Chase supervised the organic 
extraction laboratory for Resource Analysts, Inc. which was 
acquired by PACE in June 1992. Mr. Chase joined RAI in 1988 
and worked as an analyst until 1990 when he became Organics 
Extractions Group Supervisor. Mr. Chase has over three years of 
supervisory experience and a strong background in 
instrumentation. He is experienced in the analysis of environmental 
samples and has 6 months training on the Extrel ELQ-4a) GC/MS, 
the HP 5880 and HP 5840 GC/FID, and the HP 58PO/5970 
GC’MSD. 

During afive year tenure at the University of New Hampshire, Mr. 
Chase was responsible for analyses, operator training, repair and 
maintenance of JEOL FXPOQ FTNMR, Instrumentation Laboratory 
Model 951 AA and a Varian Cary 219 UV/vIS. 

I&cation B.S. Chemistry, University of New Hampshire, 1986 

&&ruing *ation “Mass Spectral Interpretation “, University of New Hampshire, 
April/May 1988 

“Aquarius GC/MS Data System Training Seminar”, Hewlett 
Packard Co., Andover, MA, September 13-14, 1988 

“Management Lead Skills Training “, Millipore Corp., Bedford, 
MA, July 17, 24, 31, Aug. 7, 1990 

“UV Detector Service Training “, Waters Chromatography 
Division, MILLIPORE Corp., Marlborough, MA, April 20-21, 
1992 



Expeence 

IZxation 

Wa QIcmisny Gmp Supentsor 
New England Regional Q+&z 

Ms. Hennessey is responsible for managing and overseeing all Wet 
Lab workflow, analyses, spreadsheet review, raw data review, data 
handling and tracking, report generation, review and timely 
completeness. Ms. Hennessey supervises a staff of 7 - 8 
technicians and is responsible for scheduling work hours, vacation 
and biannual peformance and salary reviews. Ms. Hennessey 
reports to Mr. Wellman, Inorganics Laboratory Manager. 

Prior to joining PACE, Ms. Hennessey worked in the same 
capacity for Resource Analysts, Inc. which was acquired by PACE 
in June 1992. While employed at RAI, Ms. Hennessey gained over 
six year’s experience on the pH meter, Specific Conductance 
Meter, Zero Headspace Extractors, High Pressure Filtration 
System, Spectronic 20, Flashpoint Apparatus, Top Loading 
Balances, Analytical Balance and BTU. Ms. ‘Hennessey has 
experience in the proper preparation .of sample digests for trace 
metal analysis, including the digestion of tissues, solidr, waxes, 
oils, plastics and polymers as well as the usual soils and water 
samples. Ms. Hennessey supervised the Metals Digests Lab for 
two and a halfyears with a staff of 3. For one year, she managed 
both the Wet Lub and Metals Digests Lab with a staff of 11-12. 
She has one year’s experience in reviewing final Wet Lab &a and 
reports and one year’s experience in the use of Lotus Quattro. 

B.S., Environmental Conservation/Resource Economics, UNH 
1984 

conrinrring Education ‘General Chemistry” University of New Hampshire, Spring, 1987 

‘Leadership Skills for Women” March, 1988 

‘Introduction to Lotus @‘, Millipore Corp., Bedford, MA, Nov. 1990 

l Quantitative Analysis “, University of New Hampshire 1992 

‘Organic Chemistry n, University of New Hampshire 1992 



Epa?la? 

Educmion 

lGUZlBUIAwsON 
Labtmory Tccfuricimr 
NewIhg~Regional Q&e 

As Lead Technician for the Metals Prep Laboratory, Ms. Lawson 
is reponsible for digestion of samples by EPA methods 3010,3020, 
7M0, 3050 (HNOJ, 3050 (HCL) andfiltering of samples for ICP 
and@nace analysis, fluoride distillation, calibration ofi hoods, 
pipettes, extractors, and pH meters. Her Metals Prep 
responsibilities also include TCLP, EPTOX, and California W. E. T. 
She is responsible for the wet chemistry tests: Specific 
conductance, Total Phosphonrs, AU&in@, and BOD. Ms. 
Luwson reports to Mr. Rick Wellman, Metals Prep Lab Manager. 

Prior to joining PACE, Ms. Lawson worked in the same capacity 
for Resource Analysts, Inc. which was acquired by PACE in June 
1992. Ms. Lawson joined RAI in February 1991. 

Ms. Lawson was a Cardiac Technician at Sisters of Charity 
Hospital, Bu$alo, NY where she gained 8 years of experience in 
EKG, Holter monitoring and record keeping in an 800 bed 
hospital. 

H.S. Diploma, Mt. Mercy Academy, Buflalo NY 



senior Data Validatorr/Reporter 
New England Regional wee 

l@mience Ms. Stelzer is primarily responsible for the review, validation, and 
reporting of organics data as it pertains to special projects. 
Special projects include those under USEPA CLP protocol, state 
or government agene protocols, or unique PACE/client contracts. 
Part of her job involves reviewing Statements of Work, Quality 
Assurance Plans, and Bid Requests to ident special analytical, 
QC, or reporting requirements. Findings are communicated to 
Sales and AM&iCd sta$ to help ensure appropriate bidding and 
compliant analyses. Ms. Stelzer subsequently reviews organics 
data generated for these jobs to ensure accuracy and scienttfic 
defensibility. Ms. Stelzer is responsible for generating special 
forms and diskettes as required to complete the data package. She 
is the Project Manager/Data Reporting and Delivery Oficer for 
the EPA CLP Organics Contract 68020026. Ms. Stelzer reports 
to Mr. Rhode, Organics Laboratory Manager. 

Prior to joining PACE, Mrs. Stelzer worked in the same capacity 
for Resource Analysts, Inc. which was acquired by PACE in June 
1992. Ms. Stelzer joined RAI in 1987. She has worked as a 
Technician and Analyst in the Volatile Organics and Semivolatiles 
Lob. She has experience in GC/MS analysis using both packed and 
capillary columns under USEPA methods 624, 8240,524. I, 501.3, 
625, 8270 and 1988 CLP protocol. She is also experienced with 
gas chromatographs equipped with FID, PID, and Hall ELCD 
detectors for methods including 601, 8010, 602, 8020. Ms. Stelzer 
has thorough familiarity with the HP RTE sofnvare used for 
GC/MS data acquisition and reporting and is procficient in using 
HP LAS and LIMS data systems. She has a thorough understanding 
of USEPA CLP requirements for volatiles, semivolatiles, and 
pesticide/PCB 3 under 1988 and 1991 protocols. 

Laboratory Technician, Environmental Testing Lab, Chicopee, MA. 
1986 - 1987 

Research Assistant, Elms College, Chicopee, h4A. 1985 - 1986 

Laboratory Assistant, Chemical Specialties, Springfield, MA. I984 

Education B.A., Chemistry and Biology, Elms College, Chicopee, MA, 
Magna cum laude 1986 



cIiFIRIsT7NE STELZER, continued 

c’ontinuing Education “Systems Maintenance and Wastewater Treatment” Springfield 
Technical Community College, Springfield, A&, I/195/29, 1987 

Hewlett Packard RX96 Operator School by Hewlett Packard, New 
Orleans, LA, September 14-18, 1987 

“Statistics” Springfield Tech. Comm. College, Springfield, MA, ‘87 

“Custom Reponing *, Hewlett Packard class by Hewlett Packard, 
1988 

Mass Spectral Interpretation Course University of New Hampshire, 
April 23 - May 18, 1988 

Career Track Communication Skills Workshop August I7, 1988 

Capillary Chromatography Seminar Restek, 12/11/89 

“Train the Trainer”, seminar by Maggie Dean, RAI, 4/92 

Publications Wright, M-L., and S. T. Jorey, X M. Myers, M. L. Fieldstad, C. M. 
Paquette, and M-B. Clark, 1988. Influence of Photoperiod, 
Daylength, and Feeding Schedule on Tadpole Growth and 
Development. Development Growth and Dtrerentiation, 30, 
315-323. 

Wright, M-L. et al, 1988. Efect of Changing the Light/Dark 
Schedule, the Time of Onset of the Light or Dark Period, or the 
Daylength, on Rhythms of Epidennal Cell Proliferation. 
Chronobiology International, 5, 317-330. 

Wright, M. L. and L-S. Blanchard, S. T. Jorey, CA. Basso, Y. M. 
Myers and C. M. Paquette, 1990. Metamorphic Rate as a Function 
of the Light/Dark Cycle in Rana pipiens Larvae. Comp. Biochem. 
Physiol., %A, 215-220. 



Eqwience 

KERRY- 
Data Validotor 
New Btghnd Regional O#ice 

Ms. Hunter is responsible for the review, validation and reponing 
of organics data (specicfically pesticide/PCB packages) as it 
pertains to work conducted under specific protocols such as 
USEPA CLP protocol, state or govemment agency protocols or 
unique PACE/client contracts. Ms. Hunter is responsible for the 

generation of spectyc forms and diskette deliverables required to 
complete a data package. Ms. Hunter reports to Mr. Rhode, 
Organics Laboratory Manager and Technical Director. 

Prior to her position as a Data Validator, Ms. Hunter worked in 
the Reporting Depanment where she was responsible for the 
generation of commercial reports for organic and inorganic 
analyses. Prior to joining PACE NE, Inc., Ms. Hunter worked in 
the same capacity for Resource Analysts, Inc. (RAI) which was 
acquired by PACE NE, Inc. in June 1992. MS, Hunter joined RAI 
in 1986 and worked as a GC operator until 1990 when she ,became 
an analyst for the Product Registration Group (PRL) of RAI. In 
this capacity she was responsible for method validation and 
analysis of samples in support of GLP aquatic toxicology studies. 
In 1991, she was promoted to Senior Analyst for the PRL. Ms. 
Hunter has more than four years experience on the HP 5880, HP 
5840, HP 5890 Capillary ECD, and the Tracer Hall, 5890 Hall, 
NPD, TCD, FID, LAS and EPA somare, and HPLC experience 
using the Waters 490, 470, and 430 detectors. 

Education B.S., Biology, University of New Hampshire, 1985 

Gnuinning E&cation Laboratory Health and Safety - 1986 

Fundamentals of LC - Hewlett Packard - P/90 

Radiation Safety Training course - Dr. George Chabot, Univ. of 
Lowell - 3/PI 

Waters service training for 420 and 470 detectors - Millipore 
cop - 4191 



Erpetience 

I3lucation 

DAWD BUCK 
Gnnpuler Systems Manager 
Pace New England, Inc. 

Mr. Buck is responsible for pelfonning daily, weekly and monthly 
housekeeping duties on the PACE Network, LAS, and LABUX 
computer systems. He designs and implements new procedures for 
data entry and repomrtg. Mr. Buck is responsible for computer 
networks and their security. Mr. Buck reports to Ms. Deborah 
McGrath, Regional Director. 

Prior to joining PACE NE, INC. Mr. Buck worked in the same 
capacity for Resource Analysts, Inc. which was acquired by PACE 
NE, INC. in June 1992. He joined RAI in 1988 and has had more 
than four years experience as a Computer Systems Manager and 
six years training on Hewlett Packard loo0 computers, 
RlE-A/RTT+6/RlE-IVB. Mr. Buck has converted order tracking 
systems to database systems and centralized collection of electronic 
test data. 

Computer Analyst, Sprague Electric, Sanford, ME 1987 - 1988 

Computer Analyst, Fairchild Semiconductor, South Portland, ME 
1985 - 1987 

M.B.A., Business Administration, Nasson College, 1987 

B.S., Mathematics, University of Maine, 1982 

&ttinuing Educarion “Second Annual LIMS Conference”, June, 1988 

“LABSAM System Manager Course”, January, 1989 

“Novell System Manager”, February 1991 

“Unix Basics I and II w, December 1991 

“Unix System Manager”, January 1992 



Experience 

I 

JAMESCVlTER 
Senior Tecfmid Specialist 
New Eitgland Regional Q@e 

Mr. Cutter is responsible for technical support for all analytical 
chemistry. This includes instrument operator supervision and 
training, instrument trouble shooting and maintenance, method 
development, and analysis of samples. He is responsible for 
analyses by various methodologies including but not limited to 
HPLC, GC, and GCYMS. Mr. Cutter reports to Mr. Rhode, 
Organics Laboratory Director. 

Prior to joining PACE, Mr. Cutter worked in a similar capacity 
for Resource Analysts, Inc. which was acquired by PACE in June 
1992. Mr. Cutter joined Envirosystems, Inc., a division of RAI in 
IO/P1 as Product Registration Chemistry Manager. In 3/92 he 
became Senior Technical Specialist. 

Mr. Cutter has more than sixteen years of experience in the areas 
of environmental and life science analysis and methods 
development using HPLC, GC, GCYMS, NMR, AAS. 

Senior Scientist, ENSECO Inc., Cambridge, MA lo/88 - lO/Pl 

Chromatography Group Leader, ESA Labs, Inc., Bedford, MA 
10/86 - 10/x) 

Chromatography Section Manager, Cambridge Analytical Assoc., 
Boston, MA 4/86 - 10186 

Chemist II, DuPont/NEN Products, Boston, MA 4178 - 4186 

Chemist, ESA, Inc., Boston, MA lo/75 - 10177 

l&cation B.S., Chemistry, University of Massachusetts, Amherst, MA 1974 

Ckmtbming IZucation Waters Assoc. training courses in HPLC methods development and 
maintenance 

Axiom Labs training in asbestos analysis (PLM and PCM) 



Qoerience 

&lucation 

KA- HUDSON 
Ptvject Management/~le Mmuzgement Supervisor 
New England Regional mce 

Ms. Hudson is responsible for the management of the Sales and 
Marketing programs and Client Service Depanment at PACE New 
England, Inc. Her duties include the development and 
implementation of marketing strategies and programs, preparation 
and maintenance of sales forecasts, and supervision of the sales 
force. ne Client Services/Project Management StaRalso report 
to Ms. Hudson. Ms. Hudson reports to Ms. McGrath, Regional 
Director. 

Prior to joining PACE NE, INC., Ms. Hudson worked in the same 
capacity for Resource Analysts, Inc. which was acquired by PACE 
NE, INC. in June 1992. Ms. Hudson has over seven years of 
experience in the service industry. She has experience in the 
environmental, engineering and banking industries. 

6/92 - Pres Marketing Manager 

B/BP - 6/92 Dir. of Client Svcs., Resource Analysts, Inc., 
Hampton, N. H. 

l/89 - 8/9 Client Services Representative, R-A. I. Hampton, N. H. 

1986 - 1987 Commercial Lender, Granite State National Bank, 
Rochester, N. H. 

1985 - 1986 Ofleer’s Assistant/Analyst, Bank of Vermont, 
Brattleboro, Vt. 

B.S. Management Science, Keene State College, Keene, N. H., 
1983 

M.B.A. New Hampshire College (In Process) 
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Experience 

&lucotion 

STUART BRONSON 
Senior project Manager 
New England Regional mce 

Mr. Bronson serves as a Project Manager for clients who 
specialize in large scale, complex and on-going site work. He 
reviews Quality Assurance Project Plans for completeness, 
applicability and conformance to established protocols. QAPP 
information is condensed for Laboratory Project Alert Forms. 
Negotiates project specijications with clients, insures specifications 
are met by the lab and delivered to the client in the required time 
frame- Fields questions from a diverse clientele to determine 
testing needs; issues advice and answers technical questions about 
the lab, data, methodologies, protocols and procedures. He also 
maintains communication channels with the Sales Dept. and the 
Laboratory Stafand serves as the USEPA-CLP contact person for 
the lab. He gives tours of the Sample Management Dept. to 
visitors and auditors. Mr. Bronson reports to Ms. Hudson, 
Project Management/Sample Management Supervisor. 

Prior to joining PACE, Mr. Bronson worked as Director of Sample 
Management for Resource Analysts, Inc. which was acquired by 
PACE NE, INC. in June 1992. Mr. Bronson joined RAI in 1990. 

Mr. Bronson worked at Lou&s Testing Laboratory in Seattle, 
Washington for four years prior to RAI in the capacity of analyst 
and manager. 

B.A. Ecology and Evolutionary Biology, University of Arizona, 
Tucson, Arizona, 1985. 

Coursework towards M.S. in Limnology, University of Washington, 
Seattle, Washington, P/BP - 5190. 

t3ntinuing I%ucation Customer Service Seminar. Dun and Bradstreet, held at Nashua, 
New Hampshire, May 1991 



&verience 

&iuccuion 

GWI;‘RANzHEcM 
I?wject Manager 
New Ezrgland Regional OJke . 

Ms. Franzheim currently serves as a Project Manager for clients 
specializing in large-scale, protocol-specific projects. She reviews 
Requests For Proposal (UFPs) and Quality Assurance Project 
Plans (QAPPs) for completeness, applicability and conformance to 
established protocols. She is responsible for communicating special 
project requirements to laboratory stafl to ensure adherence to 
protocol or spectfic client project requirements. Ms. Franzheim 
serves as primary PACE NE contact with designated clients and is 
responsible for managing analytical projects from onset to 
completion. In addition, she fields questions from a diverse 
clientele to determine testing needs and to answer technical 
questions regarding protocol, methods, reporting and procedures. 
Ms. Franzheim reports to Ms. Hudson, Project 
Management/Sample Management Supervisor. 

Previous to her position as a Project Manager, Ms. Franzheim 
functioned as a Senior Data Reviewer, Ms. Franzheim was 
responsible for the review of Inorganic CLP data and also served 
as a backup Organics CLP data reviewer. She is expen’enced in 
the review of environmental data for a wide variety of Organic and 
Inorganic Methods and Protocols including USEPA SAS (Special 
Analytical Services) projects, NJ ECRA, NYASP, NEESA, and 
HAZWRAP. 

Prior to joining PACE, Ms. Franzheim worked for Resource 
Analysts, Inc. which was acquired by PACE in June 1992. She 
joined RAI in 1987 and served in the capacity of Data Review 
Supervisor until June 1992. Her responsibilities included the 
tracking of samples and documents through the analytical process 
while under contract to EPA. She supervised the assembly, review 
and validation of data for Organics CLP case packages, as well as 
handling the responsibility of training stagto per$orm these duties. 

Ms. Franzheim has extensive experience in the chemistry Jield 
within a variety of areas. Ms. Franzheim gained experience in 
data review and quality assurance at Aquatec, Inc. and a Chemist 
at La&i Research Industries, Inc. From 1977 to 1982, she taught 
chemistry, biology, physics, and mathematics in public schools. 

B.S., Chemistry, St. Lawrence University, 1975 

M.S. Candidate, Environmental Studies, U. MASS, Lowell, MA 
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GRETCHEN l%UZHEM, continued 

“Seminar on CLP Organics “, Technical Management Consulting, 
January, 1988 

“Mass Spectral Interpretation”, University of New Hampshire, 
Durham, NH, April - May, 1988 

“In Search of Excellence *, seminar by Tom Peters, October 18, 
1988 

“CL P/Supe@ui Automated Analytical Data Management Caucus *, 
June 28-30, 1989 

“Supe@kd Data Management Caucus”, Raleigh, NC, June 12-13, 
1990 

“Sixth Annual Waste Testing and Quality Assurance Symposium”, 
Washington, D. C., July 16-20, 1990 

“Ward CLP Training Class”, Ward Scientific, Ltd., Burlington, 
MA, Aug. 7-8, 1990 

“Law of Natural Resources and Environment”, University of New 
Hampshire, Durham, NH, Spring 1991 

“lrukstrial Pretreatment Pollution Prevention *, by New England 
Interstate Environmental Training Center, WeslJbrd, MA, February 
12, 1992. 

“Environmental Law Update 1992”, sponsored by Sheehan Phinney 
Bass + Green Professional Association, Nashua, NH, April 9, 
1992. 

“Environmental Chemistry Laboratory”, University of 
Massachusetts, Lowell, MA, Fall 1992. 



dEt=perience 

A!.lUUN PEPN 
Rvject Mimager 
New Enghd Regional Q@e 

Ms. Pepin is responsible for project management from initiation to 
completion. Ms. Pepin is the point of client contact for projects, 
priorities, preliminary data, bottle orders and price quotes for 
commercial work. Ms. Pepin also serves as liaison for Network 
projects that New England Regional O,tt?ce is involved with. Ms. 
Pepin reports to Ms. Hudson, Project Management/Sample 
Management Supervisor. 

Prior to joining PACE, Ms. Pepin worked in sample management 
for Resource Analysts, Inc. which was acquired by PACE in June 
1992. Ms. Pepin joined RAI in 8/90 and worked in Sample 
Management where she was responsible for the receiving, 
handling, storage, and distribution of incoming samples. Her 
duties also included client contact, data entry, maintenance of 
sample storage area security, and sample separation for proper 
disposal. 

Ms. Pepin has significant previous experience in the health care 
industry and has pursued an education in data processing. 

Data Processing Cent&ate, Hesser College, Portsmouth, NH 
1989 

Nursing Assistant Centficate, State of NH I985 

Gmtinuing Education “Exceptional Customer Service”, Seminar, Dun & Brad-street, 
Portland, ME May I991 



Experience Mr. Campbell is responsible for maintenance of internal custoa’y 
of samples, preservation of samples, scheduling sample analysis, 
sample storage, bottle orders, resolving client di$?culties, writing 
SOP’s, and documentation of client and sample related 
information. Mr. Campbell assists in coordinating projects within 
Sample Management that require special client protocol such as . 
CLP, NEESA, ECRA, and NPDES. He also assists in the 
supervision of department employees. During periods of high 
sample volume, Mr. Campbell has assisted in perj?orming certain 
inorganic analyses. Mr. Campbell reports to Ms. Hudson, Sample 
Management Supervisor. 

Prior to joining PACE NE, INC. Mr. Campbell worked in the same 
capacity for Resource Analysts, Inc. which was acquired by PACE 
NE, INC. in June 1992. Mr. Campbell joined RAI in 1990 and 
worked as Lab Safety Assistant until 1991. His responsibilities as 
Safety Assistant included managing lab chemical inventories, 
MSDSs, and hazardous waste shipping manifests. He assisted in 
implementing the Chemical Hygiene Plan and laboratory safety 
practices. 

Mr. Campbell ha-s experience in customer service, civil 
engineering, and consumer electronics as well as academic 
training in the sciences. 

B. G.S., Planetary Geology, University of Iowa, 1986 

Schoolteacher Certtfication, State of Maine, Spring 1987. 

Intro. to Surveying (20 hours), UNH DCE, Fall, 1988. 

continuing Education “Hazardous Waste Management in NH”, Seminar, BIA/NHDES, 
March 19, 1992 

&cellent Customer Service seminar, Dun & Bradstreet Business 
Education Services, May 13, 1991 

Standard First Aid and Adult CPR Certtscation, October 15, 1990 

“New Hampshire Safety Council Conference & Bhibition”, 4190 
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3.0 OBJECTIVES 

PACE NE is committed to the philosophy that quality operations result from quality planning, 
design, and work performance by skilled operational personnel. PACE NE’s policy is to 
perform its varied types of technical work in accordance with standard quality assurance 
practices such as Good Laboratory Practices (GLP) and the EPA Contract Laboratory Program 
(CLP). PACE NE has a Quality Assurance Officer responsible for maintenance of standard 
operating procedures, laboratory audits, performance evaluations, federal and state certifications 
and quality assurance documentation. 

Each laboratory worker is responsible for checking standard operating procedures when 
necessary; following these procedures during routine analyses; recording quality control 
information required by those procedures in the proper location, and taking appropriate 
corrective action including suspending analyses when quality control criteria are not met. 

Objectives of the quality program are: 

to provide a quality organization independent of the pressures of project 
performance with the responsibility and authority for auditing and recommending 
corrective action; 

to provide a quality organization with clear paths of communication with 
management; 

to perform regularly scheduled audits and thereby document an objective 
evaluation of quality-related practices; 

to promptly identify variances and implement corrective actions; 

to maintain readily identifiable and retrievable records that provide documentary 
evidence of the quality of activities performed; 

to provide procedures for implementing project-specific quality plans; 

to define responsibility and authority for developing and implementing quality 
plans; 

to provide quality reference documentation for each project. 
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Quality Assurance objectives for measurement data can be expressed in terms of completeness, 
representativeness, accuracy, precision, comparability and traceability. 

3.1 Completeness 

Completeness is a measure of the amount of valid data obtained from a measurement 
system compared to the amount that was expected. The QA objective for completeness 
is to maximize the number of valid results. This can be attained by: 

l minimizing sample loss and breakage 
l performing sufficient QC samples to document control 
0 documenting all aspects of the analytical system 

The laboratory goal for completeness is 95% where: 

D 
----- x 100 = % complete 

n 

D : number of samples analyzed that met the Data Quality Objectives 

n : number of samples recieved for analysis 

3.2 Representativeness 

Representativeness is the extent to which reported analytical results truly depict the 
chemistry of the sampled environment. Representativeness is a qualitative objective 
which is optimized through proper selection of holding times and procedures, through 
proper sample preservation, and through prompt extraction and analysis. Refer to Table 
6.1. 

USEPA guidance is followed for sample preservation and field preservation is checked 
upon sample receipt in the laboratory. Refer to PACE NE SOP QA-400, Sample 
Receiving and Identification, current revision. 

Sample holding times follow EPA recommendations. In cases where no formal 
recommendation has been made, the holding time for that analyte in a different matrix 
or a similar analyte in a similar matrix is applied. 
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3.3 Accuracy and Precision 
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Accuracy and precision data are optimized through the use of analytical procedures that 
minimize biases through the use of standard procedures, through the meticulous 
calibration of analytical equipment and by implementing corrective action whenever 
measured accuracy and precision exceed pre-established limits. 

Accuracy and precision are assessed through the analysis of Laboratory Control Check 
Samples. Laboratory generated QC samples, such as method blanks and Laboratory 
Control Spike/Spike Duplicate Samples are used to assess the accuracy and precision of 
measurements due to laboratory activities. QC Samples, such as surrogate spikes and 
matrix spike/matrix spike duplicates are used to monitor the effects of the sample matrix 
on precision and accuracy. QC Check Samples such as field blanks, field duplicates and 
trip blanks are used to assess the accuracy and precision of both sampling and laboratory 
activities. Accuracy and precision goals for the laboratory are based on laboratory 
historical data, specific method requirements and the requirements of each specific 
project. A more detailed discussion of these goals is provided in Section 11. 

3.4 Comparability 

Comparability is the extent to which comparisons among different measurements of the 
same quantity or quality will yield valid conclusions. Comparability is a qualitative 
objective that will be attained by utilizing standard techniques for sample analysis and by 
reporting analytical data in appropriate units. Comparability between PACE NE 
analytical results and those obtained by other researchers will be ensured through the use 
of EPA, ASTM, and other recognized methods. 

3.5 Traceability 

Traceability is the extent to which results can be substantiated by hard-copy 
documentation. Traceability documentation exists in two forms: that which links final 
numerical results to authoritative measurement standards, and that which explicitly 
describes the history of each sample from collection to analysis. Refer to Sections 6 and 
10 for more specifics on PACE NE procedures. 
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4.0 STANDARD PRACTICES 

4.1 Laboratory Safety 

Sample receiving areas and laboratories shall be equipped with suitable hoods, 
respirators, protective clothing and eye wear, gloves, barrier creams and other measures 
to prevent or minimize staff contact with hazardous substances. Safety equipment such 
as eyewash stations, drench showers, spill adsorbents and neutralizers, fire extinguishers, 
first aid materials, and breathing oxygen shall be available. 

As a matter of policy, PACE NE shall not accept known initiator explosives, known 
dioxin-contaminated materials or unusual biohazard materials. PACE NE shall accept 
only those radioactive materials for which the isotope and emissions are clearly 
identified, and are in compliance with the terms and conditions of any and all applicable 
license(s). PACE NE shall accept nitroaromatics and nitroamines providing that the 
client makes provisions for disposal of samples with a positive explosive identification. 

A laboratory staff member shall be designated as Safety Manager by the Regional 
Director. The Safety Manager prepares and maintains safety-related SOP’s, conducts 
safety and occupational health orientation, training and review sessions as required, and 
maintains up to date familiarity with safety and occupational health issues pertinent to the 
laboratory. 

The Safety Manager prepares and maintains educational programs as required to comply 
with state and federal “right to know” legislation. 

The Safety Manager or his designee shall conduct an orientation session with each new 
staff member to familiarize him/her with routine and emergency safety procedures and 
equipment. Generally, the first one to three days shall be devoted primarily to health and 
safety concerns. Eye protection and a lab coat shall be issued to the employee. A 
respirator will be issued, as required, after respiratory protection training. Refer to 
PACE NJ3 NE SOP QA-607, Respiratory Protection. A tour of the laboratory shall be 
conducted. During the tour, needs for eye, skin, and respiratory protection shall be 
discussed as well as the use of safety glasses, face shields, goggles, partial and full-face 
respirators, ventilated work areas, fume hoods, gloves, barrier creams, and Tyvek 
coveralls. The location of eye wash stations, drench showers, fire extinguishers, and 
first aid equipment shall be shown to the employee and their use shall be described or 
demonstrated. Fire and spill notification, emergency procedures, and evacuation stations 
shall be taught during this session. Refer to PACE NE NE SOP QA-602, Employee 
Training Safety Tours. The orientation concludes with an introduction to potential 
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chemical hazards and the Material Safety Data Sheets (MSDS). MSDS shall be made 
available for review. 
Employees shall be responsible for their own safety. Laboratory Managers and Group 
Supervisors may require that certain levels of protective equipment be worn when in their 
judgement it is appropriate. Failure of an employee to wear required protective 
equipment will result in immediate disciplinary action. 

4.2 Training 

Laboratory Manager(s) shall be responsible for staff training programs, which may be 
administered by the Laboratory Managers and Group Supervisors. 

Training shall be conducted for each individual on each procedure that he or she is to 
perform. 

No individual shall conduct any analysis, experimental procedure or other professional 
function without continuous direct supervision until training in that procedure has been 
completed and the individual’s ability to produce acceptable results has been documented. 

Training Documentation Forms and written records of training activities shall be 
generated and maintained by the Laboratory Managers or Group Supervisors. 

Records of attendance at professional development seminars, conferences, courses and 
the like shall be kept by the Quality Assurance Department in individual training files 
maintained for all technical staff. Refer to PACE NE SOP QA-556, Training Files. 

4.3 Security and Confidentiality 

Three tiers of security shall be maintained within all PACE NE, Inc. facilities with the 
purpose of controlling external influences on samples, analytical processes, and data. 
This helps assure the completeness, representativeness, accuracy, and precision of 
analytical results. 

The first tier of security maintained shall be controlled access to laboratory buildings. 
Exterior doors to laboratory buildings shall remain either locked or continuously 
monitored by a PACE NE, Inc. staff member. Keyless door-lock combinations shall be 
changed every time an employee terminates employment at PACE NE. Posted signs 
shall direct visitors to the reception office and mark all other areas as off limits to 
unauthorized personnel. All visitors to the facilities must sign the Visitors’ Logbook 
maintained by the receptionist. All visitors shall be accompanied by a staff member 
during the duration of their stay on the premises. The staff member shall escort the 
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visitor back to the reception area at the end of their visit where they shall sign out in the 
Visitor’s Logbook. Prior to departure of the last staff member at the close of each day, 
all windows shall be locked and all doors checked and locked by the last staff member. 

The second security level shall be within the facility and may be designated as required 
by the Laboratory Managers in consultation with the Regional Director. Individual 
Laboratory Managers or Group Supervisors may close specific areas under their 
responsibility to entry by unauthorized persons. A list of authorized persons shall be 
prepared and signed by the Regional Director. “Closed Areas” shall be designated by 
prominent postings at all points of access. 

The final tier of security shall be comprised of specific secure areas for sample, data and 
client report storage which shall be lockable within the facilities, and to which access 
shall be limited to specific individuals or their designees. Security of sample storage 
areas shall be the responsibility of the Sample Manager. Refer to PACE NE SOP QA- 
401, Sample Storage. Security of samples and data during analysis and data reduction 
shall be the responsibility of Group Supervisors and Laboratory Managers. Security of 
client report archives shall be the responsibility of the Quality Assurance Officer. Refer 
to PACE NE SOP QA-550, Data Archives. These secure areas will be locked whenever 
these individuals or their designees are not present in the facility. 

Designated laboratory sample storage locations are designed to limit access to authorized 
personnel only, and provisions for lock and key access shall be provided. No samples 
are to be removed without authorization, which consists of having a worklist requesting 
analysis on an aliquot and without filling out the associated chain-of-custody records. 

Standard business practices of confidentiality shall apply to all documents and information 
regarding client analyses. Specific protocols for handling confidential documents are 
described in PACE NE SOP QA-557. Additional protocols for internal identification of 
samples and data by number only shall be implemented as required under 
contract-specific Quality Assurance Project Plans. 

4.4 Traceability of Standards, Instrumentation, and Data 

Since standard solutions used for analytical method calibration affect all data derived 
from the method, the importance of quality and traceability shall be paramount. 

Laboratory staff may order only materials of certified purity from reputable suppliers. 
Records of reference material purchased shall be maintained by the appropriate 
department. 
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PACE NE strives to purchase only the highest quality materials. To that end, reference 
materials shall be NIST traceable, EPA certified (CRADA), or American Association for 
Laboratory Accreditation certified whenever possible. 

If assayed materials are unavailable, the material of highest purity available shall be 
obtained and assayed in-house before use. 

Reference material containers shall be identified with the standard serial reference 
number and dated upon receipt. 

Bound laboratory notebooks shall be used by analysts and technicians to record 
preparation of working standards from identified reference material. The following 
information shall be recorded: 

date of preparation 
analyst’s initials 
source of reference material 
amounts used 
final volume 
serial reference number and expiration date of the stock standard used 
expiration date of the working standard made 

All standards containers shall be labelled with, at minimum (as on small glass ampules), 
the standard serial reference number; when possible, the name, concentration, date of 
preparation and expiration date of the stock standard. 

All diluted working standards not consumed during an analytical session shall be labelled 
fully, including the serial reference number of any stock standard used in its preparation. 

Instrumentation used shall be as prescribed in the SOP for the analytical method. 

All instruments used to collect samples, generate sample results and/or reduce data shall 
be designated by a unique alphanumeric identifier. This instrument identifier shall appear 
on the instrument, in the analysts’ notebooks, instrument logbooks and/or 
computer-generated hardcopy for all sample analyses. 

Preventive maintenance shall be provided for all instruments and equipment as specified 
by the manufacturer, or as established by the Laboratory Manager (or Group Supervisor), 
whichever is more frequent. Preventive maintenance shall be conducted in order to 
assure timely, accurate and reproducible analytical processes in a safe laboratory or field 
environment. 
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All maintenance activities shall be recorded in either the instrument run log or a separate 
logbook unique to the instrument. 

All data generated in and/or reported from the laboratory shall include reference to the 
person(s) who performed the analysis, the date of analysis, the method used, the 
identification of the instrument and the acceptability of the results in the context of the 
QC system. 

The Laboratory Control Sheet issued to laboratory departments shall be used to initiate 
a laboratory data file for the project. 

All data pertinent to sample preparation shall be recorded by the laboratory staff in bound 
notebooks with numbered pages, on preprinted bench sheet forms and/or in LABUX. 
If bench sheets are used, the original forms will be retained in a 3 ring binder and a true 
copy will be forwarded to the reporting group for inclusion with the archived report 
package. During the sample preparation process, a preparation sheet shall be prepared 
for the project by the preparation specialist. It shall contain the following information: 

Sample identification numbers 
Date of preparation 
Method reference 
Analyst’s initials 
Preparation weights and/or volumes 
Relevant blank 
Spike and surrogate data including the serial reference number and 
the instrumental analysis to be performed on each extract. 

The preparation sheet shall be filed with the Laboratory Control Sheet in the Laboratory 
Project File. 

At the time of sample analysis, the laboratory identification number, amount injected or 
otherwise analyzed, any dilution of the original sample and/or extract and other relevant 
sample data shall be entered into either an analyst’s notebook or instrument logbook, or 
if possible into the instrument header. 

All data relevant to the calculations should, where possible, be entered onto the 
instrument header including sample weight or volume, final volume, dilution, and spike 
level. 
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4.5 Accountability 

All areas of the laboratory in which samples are received, stored, processed, or analyzed 
shall be kept in a condition that minimizes the risk of samples becoming lost or 
accidentally destroyed, contaminated, degraded, misidentified, improperly handled or 
otherwise compromised. The following practices shall be followed to assure that data 
reported represent results on the sample as submitted to the facility. 

All employees shall be responsible for the cleanliness and order of their work areas. The 
Laboratory Manager(s) shall routinely tour the facilities noting major and minor 
infractions. These shall be brought to the attention of the respective group supervisors 
who formulate and institute corrective action through their staff. 

Each sample, defined as a unit of matrix enclosed by a single container, shall be assigned 
a Laboratory Control Number by the Sample Management staff member who receives 
the sample. Provisions to identify field replicates and additional sample volume shall be 
incorporated into this procedure as described in PACE NE SOP QA-400, Sample 
Receiving and Identification. 

Cross-referencing of Laboratory Control Numbers and Client Sample ID’s shall be 
implemented in Sample Management documents as described in PACE NE SOP QA-400, 
Sample Receiving and Identification. 

Sample analyses shall be identified by Laboratory Control Number in analysts’ notebooks 
or instrument logbooks, which shall consist of bound laboratory notebooks with 
prenumbered pages or on pre-printed benchsheets. 

Transfers of samples in and out of storage shall be recorded in Internal Custody Records 
maintained by the Sample Manager. 

Standards shall be stored separately from samples and extracted samples. 

Computerized systems for data generation designed in house shall be validated prior to 
implementation and shall contain provisions for password access and additional security 
measures as required. 

Where commercial computer software is used for data generation within PACE NE, the 
software producer is responsible for validation of their system. 
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4.6 Sample Analysis 

Samples shall be analyzed within holding times as specified in Table 6.1, unless a more 
restrictive holding time is prescribed under a contract-specific QA Project Plan. 

Samples shall be analyzed and experimental procedures conducted following written 
Standard Operating Procedures (SOP’s) which have been approved in writing by 
management. Where PACE NE SOPS differ from EPA or Standard Methods, these 
differences will be noted in the SOP. Refer to Section 8.0, Analytical Procedures. 
Substantial changes to established procedures shall be authorized in writing by 
management via an SOP revision process as described in PACE NE SOP QA-553, 
Preparation of SOP’s. 

Departures from SOP’s need management approval prior to implementation and shall be 
recorded in the raw data and on an SOP Deviation Form obtained from the QA 
Department (Figure 12-1). A copy of the form should be filed with the associated report 
file. 

Laboratory Managers shall assure that samples are scheduled for analysis in compliance 
with the analytical request as issued by the Sample Manager in the form of a Laboratory 
Control Sheet(s). 

A written Worklist System approved by the Technical Director shall be used to assign 
work to preparatory and instrumentation lab staff members. 

4.7 Data Validation 

Each department shall have written procedures for data validation which incorporate the 
quality assurance goals of traceability, accountability completeness, precision and 
accuracy. 

No written reports shall be issued which have not undergone the data validation process. 

4.8 Documentation 

All information related to the quality assurance practices outlined in this manual shall be 
contained in records. This shalI include, but not be limited to, standard operating 
procedures, study protocols, results of instrument calibrations, analysis of quality control 
samples, analysis of samples, sample custody and disposal, preparation of standards, 
corrective action reports, audits and inspections. 

The Quality Assurance Office shall keep written inventories of quality-related documents. 
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5.0 MATERIALS AND APPARATUS 

5.1 Reagents, Solvents and Gases 

Chemical reagents, solvents, gases, and standards, supplied by reputable chemical 
suppliers, are used in the laboratory. All chemical reagents used for analyses shall be 
at least “Analytical Reagent Grade”. Individual method references may indicate specific 
reagent requirements. 

Materials are dated upon receipt in the laboratory. Solvents are checked for purity 
before use (Section 5.2.2, Solvent Lot Checks). Filters are placed on gas lines supplying 
instruments as an extra precaution. 

All solvents and gases used shall be chosen to assure compliance with specific method 
and SOP requirements. 

5.2 Laboratory Equipment 

5.2.1 Refrigerator/Freezer Temperature Logs 

Refrigerators and freezers are checked every weekday to ensure that they are 
operating properly and within established temperature ranges. All information is 
recorded on monthly data sheets taped to the door of each unit. Routine 
maintenance such as defrosting is performed as needed. Refer to PACE NE SOPS 
QA-800 and QA-801. Responsibility for performing the checks is assigned within 
the laboratory section where the units are located. The QA Department is 
responsible for ascertaining that checks have been performed and that necessary 
corrective actions have been instituted when needed. The QA Department is 
responsible for maintaining all historical temperature logsheets. 

5.2.2 Solvent Lot Checks 

Solvents are checked for trace contaminants on a lot-by-lot basis. When a new lot 
is opened, the chromatogram for the blank associated with the first samples 
extracted using this new lot is checked for any contamination. All information 
relevant to the check is recorded and maintained in a Solvent Check File. 
Responsibility for performing the checks and maintaining the records is assigned 
to the Extractions Laboratory Group Supervisor. 
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All glassware used in the laboratory is maintained in good condition, cleaned, properly 
stored, and separated according to its specific laboratory application. Cracked, 
excessively chipped or otherwise defective glassware is either discarded or repaired. 
PACE NE’s analytical laboratory purchases the majority of glassware from recognized 
commercial laboratory glassware suppliers such as Fisher Scientific and Baxter. All 
volumetric glassware utilized is class “A” certified. 

Each laboratory maintains its own set of glassware, completely independent from the 
other laboratories. Cleaning of glassware is performed in each preparation laboratory 
to ensure that the glassware remains within each laboratory. 

5.4 Glassware Cleaning 

Laboratory glassware is scrupulously cleaned prior to use. Different cleaning procedures 
exist for different types of analyses and glassware. Refer to PACE NE SOP QA-802 
(inorganics), QA-805 (metals preparation), and QA-804 (general organics). 

5.5 Sample Preservation and Storage 

Samples are preserved according to the EPA’s recommendations (refer to Table 6.1) 
unless otherwise instructed, and stored to minimize sample contamination. To keep 
samples of differing levels of contamination separate, samples are segregated when high 
levels of contamination are known to be present. The laboratory must rely upon 
information supplied by the sampling team to document any known hazards. If there are 
samples that are suspected of having contaminants at high levels, they are unpacked in 
a hood. For Log-In procedures and supporting documentation, see Section 6 and PACE 
NE SOPS QA-400 and QA-401. 

A holding blank comprised of DI water is placed into the volatiles storage refrigerators 
in the sample Receiving Area to monitor the potential of cross contamination. The 
holding blank is created daily for volatiles and analyzed whenever the associated jobs are 
analyzed. 

5.6 Instruments 

Laboratory instrumentation used shall be as specified in the protocol for the analytical 
method. Table 5-l is a listing of major analytical instrumentation present in this 
laboratory. 

w 
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Preventive maintenance is performed for each instrument by analysts and technicians on 
an ongoing basis and the activities documented in a bound instrument maintenance 
logbook or in the analysts runlogs. 

Corrective maintenance shall be provided as required for all instruments and equipment 
and documented in appropriate logbooks. Factory replacement parts, trained service 
technicians and first quality materials shall be used whenever available. It is PACE NE’s 
policy to conduct repairs at the lowest level of complexity necessary and to obtain parts 
directly from primary manufacturers whenever possible. The purpose of this policy is 
to maintain efficiency, economy and reliability of quality maintenance. 
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TABLE 5-l 

ANALYTICAL INSTRUMENTATION 

ITEM QTY. DESCRIPTION 

GUMS & GC SYSTEMS: 

GCIMSIDS 
GC/MS/DS 
GCIMSIDS 
GCIMSIDS 
GC/(2ECD) 
GC(2ECD) 
GC(FID, FPD) 
GC(NPD, ECD) 
GC(FID, ECD) 
GC(FID, TCD) 
GC(PID, HECD) 
GC(HECD,ELCD) 
GC(FID) 
GC(NPD-FID) 
GC(HalI-PID) 
Auto Sampler 
Auto Sampler 
Auto Sampler 
Purge & Trap 
Purge & Trap 
Dynamic Headspace Concentrator 
Thermal Desorber 
Auto Sampler 
Auto Sampler 
Auto Sampler 

2 HP 5970 on RTE A900 HP-1000 
2 HP 5970 on RTE A900 HP-1000 
2 HP 5970 on RTE 600 HP-1000 
1 Extrel, ELQ 400 on Digital PDP-11 
2 HP 5890 
1 HP 5880 
1 HP 5890 
1 HP 5890 
2 HP 5840, HP 5890 
1 HP 5880 dual channel 
1 Tracer 540 
2 HP 5890 
1 HP 5890 
1 Waters Dimension 1 
1 Waters Dimension 1 
9 HP 7673A 
1 Tekmar ALS 2016 
5 Tekmar ALS 
2 Tekmar LX 2000 
5 Tekmar LX 2 
1 Tekmar 4000/4200 
1 Century ATD 
2 HP 7672A 
1 Varian 8050 
2 Dynatech PTA-30 

HPLC SYSTEMS: 

LC System-Auto Sampler 6 Waters Assoc. 48 position 712 WISP 
LC System-Chromatography Pumps 5 Waters Assoc. 510 
LC System-Conductivity Detector 1 Waters Assoc. 431 
LC System-Fluorescence Detector 1 Waters Assoc. 420 
LC System-Pump Controller 3 Waters Assoc. 680 
LC System-RI Detector 1 Waters Assoc. 410 
LC System-UV Spectrophotometer 2 Waters Assoc. 490E 
LC System-UV Spectrophotometer 1 Waters Assoc. 441 
LC System-Chromatography Pump 1 Waters Assoc. 590 
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TABLE 5-l - CONTINUED 

ANALYTICAL INSTRUMENTATION 

ITEM OTY. 

HPLC SYSTEMS - CONTINUED: 

LC System-Fraction Collector 1 
LC System-Fraction Collector 1 
Post Column Derivatization System 1 
LC System-WAVS 1 
Ion Chromatograph 1 
LC System-UV Detector 1 
LC System-S canning Fluorescence Detector 3 
LC System-Tunable Absorbance Detector 
LC System Controller & Pump 
LC System Temperature Control Module 

ISCO - “Foxy” 
Waters Assoc. 
Waters Assoc. 
Waters Assoc. Auto. Valve Station 
Dionex 2000i 
LDC Spectromonitor II 
Waters Assoc. 470 
Waters Assoc. 484 
Waters Assoc. 600E 
Waters Assoc. TCM 

METALS INSTRUMENTATION: 

ICP I Therm0 Jarrell Ash ICAP 61 
ICP 1 Leeman Labs Plasma Spectrophotometer 
AA Spectrophotometer 1 Hitachi 29000 Zeeman (4 channel) 
AA Spectrophotometer 1 Varian Spectra AA 2OAA 
AA Spectrophotometer 1 Perkin-Elmer 5100 Zeeman Furnace 
AA Spectrophotometer 1 Perkin-Elmer 3 100 
Vapor Generation Accessory 1 Varian VGA-76 
Auto Sampler 1 Varian PS-56 
Auto Sampler 1 Perkin-Elmer AS90 
Auto Sampler 1 Perkin-Elmer AS60/70 
Furnace Atomizer 1 Perkin Elmer HGA 600 
Mercury/Hydride System 1 Perkin-Elmer FIAS 200 

DATA MANAGEMENT EOUIPMENT: 

Lab Automation System (LAS) 
Lab Information System (LABSAM) 
Tape Backup System (LABSAM, LAS) 
Tape Data Archival (GCIMS) 
Tape Data Archival (GC/MS) 
LAS/LABSAM Terminals 
Personal Computers 
Organic CLP Software 
Inorganic CLP Software 

1 
1 
1 
2 
2 

22 
85 

HP 3350 on RTE A900 HP-1000 
HP on RTE A900 HP-1000 
HP 35401 
HP 7970B 
HP 7974 
HP B&W/Color/l 50 Terminals 
NEC, CompuAdd & Compaq 
Finnigan For-master 
Telecations 

DESCRIPTION 
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TABLE 5-l - CONTINUED 

ANALYTICAL INSTRUMENTATION 

DESCRIPTION 
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OTHER INSTRUMENTATION: 

Autoanalyzer 
IR Spectrophotometer 
Total Organic Carbon Analyzer 
Total Organic Halide Analyzer 
Liquid Scintillation Counter 
UV-Vis Spectrophotometer 
Visable Spectrophotometer 
Analytical Balance 
Analytical Balance 
Analytical Balance 
Top-loading Balance 
Top-loading Balance 
Top-Loading Balance 
Top-Loading Balance 
pH Meter 
pH Meter 
pH Meter 
Conductivity Meter 
Rotary Extractors 

1 Lachat QuickChem AE 
1 Perkin Elmer 1420 
1 Astro 2001 
1 Dohrman 
1 LKB Wallac 1214 Rackbeta 
1 Bausch & Lomb Spectronic 601 
2 Milton Roy 301 
2 Mettler AE200 
1 Mettler H3 1AR 
1 American Sci. Prod. SP182 
1 American Sci. Prod. 23000 
1 American Sci. Prod. 2410 
1 Mettler PJ400 
1 AND EK-1200A 
1 Beckman 43 
1 Beckman 11 
1 Jenco Electronics 607 1 
1 YSI Scientific Model 32 
4 Associated Design Model 3740-12-BRE 

Revised 2192 
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6.0 SAMPLE CUSTODY 

Chain-of-Custody encompasses three major elements: field sampling, laboratory analysis and 
final data file. A Chain-of-Custody (COC) document may be the means in some types of legal 
proceedings by which evidence of custody of samples from time of receipt to completion of 
analysis is proved in the courts. PACE NE has implemented standard operating procedures to 
ensure that sample custody objectives of traceability and responsibility are achieved for every 
project. This section covers quality related activities from the receipt of samples at the laboratory 
through the issuance of final analytical data and the storage of data in its final data file. 

6.1 Chain-of-Custody 

The National Enforcement Investigations Center (NEIC) of EPA defines evidence of 
custody in the following manner: 

1. It is in your actual possession, or 

2. It is in your view, after being in your physical possession, or 

3. It was in your possession and then you locked or sealed it up to prevent 
tampering, or 

4. It is in a secure area. 

Samples may be physical evidence and should be handled according to certain procedural 
safeguards. Field personnel or Client representatives complete a Chain-of-Custody Form 
for all samples. Samples are received by the laboratory accompanied by these forms. 

The sampler should provide the following information: 

0 Client project name 

0 Project location 

0 Field sample number/identification 

0 Date and time sampled 

0 Sample type 
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0 Preservative 

0 Analysis requested 

0 Sampler signature 

0 Signature of person relinquishing samples 

am 
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0 Date and time relinquished 

0 Sampler remarks 

0 Custody Seal Number 

The record is filled out completely and legibly. Errors are corrected by drawing a single 
line through and initialing and dating the error. The error is also “error coded” to explain 
the reason for the correction (refer to Table 9-l). The correct information is then 
recorded with indelible ink. All transfers of samples except to and from commercial 
couriers must be recorded on the Chain-of-Custody via the “relinquished” and “received 
by” sections. All information except signatures may be printed. 

When samples are received into the laboratory (refer to Section 6.3), Sample 
Management Personnel sign the Chain-of-Custody, verify their integrity as they are 
unpacked and explicitly state in the receipt records whether the Chain-of-Custody seal 
is intact, whether the sample is received intact or broken, and whether the sample is 
appropriately identified. This information is documented on the Sample Receipt 
Condition Report (SRCR) and the client is contacted if any discrepencies or problems are 
found. If the integrity requirements are met or when any discrepancies are resolved, the 
sample is assigned a laboratory identification number, the sample is stored in the 
appropriate refrigerator and the pertinent information is entered into the Laboratory 
Information Management System (LIMS). Once samples are in the laboratory, an 
Internal Custody Record is generated to track the transport and status of each sample 
within the laboratory. After sample log-in, a project file is started by the Sample 
Management Group Supervisor which includes the Chain-of-Custody record, and all 
sample receipt documentation. Further detail on internal laboratory custody procedures 
is provided in subsequent subsections. 

111 
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6.2 Sampling Kits 

In general, sampling kits comprise the following: 

Sampling containers 
Preservatives (upon request) and appropriate MSDSs 
Chain-of-Custody forms 
Custody Seals (upon request) 
Sample labels 
Packing Material 
Shipping containers 
Ice Packs 

Sample kit requests are received by the laboratory personnel (generally the Sample 
Manager) from a Project Manager or sampling team members via telephone request, 
memo, or facsimile. 

Based upon the specific request, the Sample Manager or Project Manager determines the 
appropriate containers, preservatives and the necessary volume/quantity to specify for the 
analysis. This information is outlined in Tables 6-l. Refer to PACE NE SOP QA-402, 
Bottle Orders and QA-403. 

6.2.1 Sample Containers 

VOA vials (40 mL) are purchased pre-cleaned from Industrial Glassware. 

Sample bottles for all analyses other than VOA are purchased from Fisher 
Scientific. All glass and plasticware is purchased in lots of about 15-50 cases per 
size and type of bottle. 

An internal lot number is assigned to each batch of bottles purchased so that each 
batch may be tracked and tested for cleanliness. One or two bottles per batch per 
type of analysis is taken at random and tested. PACE NE tests its glassware for 
cyanide, 23 metals, acid/base/neutrals, pesticides, PCBs, and volatile organics as 
follows: 
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Parameter 

Orpanics: 
Drinking water CC/MS VOA 
Wastewater GC/MS VOA 
Purgeable Halocarbons 
Aromatics 
Acrolein, Acrylonitrile 
TOX (Total Organic Halides) 
Acids/Base Neutrals 
PesticideslPCB’s 
Carbamate Pesticides 

Herbicides (SDWA) 
Petroleum Hydrocarbons-GC/FID 
Petroleum Hydrocarbons-IR 
Polynuclear Aromalics 
Oil & Grease - Gravimetry 
Oil & Grease - IR 
NMZP 
Total Phenolics 
Dioxins 

Mercury 
Arsenic & Selenium 
Lead, Thallium, Antimony 
All other metals (ICP metals) 

plus Hardness 

Table 61 

Sampling and Preservation Requirements 

Method 

EPA 524.1 t524.2 3 x 40 ml Glass vial 
EPA 624iSW846 8240 2 x 40 ml Glass vial 
EPA 6Ol/SW846 8010 2 x 40 ml Glass vial 
EPA 602lSW846 8020 2 x 40 ml Glass vial 
EPA 603/SW846 8030 2 x 40 ml Glass vial 
subcontracted 250 ml Glass,amber 
EPA 625fSW846 8270 loo0 ml/30 g Glass.amber 
EPA 608fSW846 8080 1000 ml/30 g Glass 
EPA 531.1 12oml Glass 

SM 509A/SW846 8150 
ASTM D-3328-78 
EPA 418.1 
EPA 61OlSW846 8100 
EPA 413.1 
EPA 413.2 
EPA 625fSW846 8270 
EPA 420.3 
subcontracted 

1000 ml/30 g Glass 
1000 ml130 e Glass 
1000 ml/30 g Glass 
1000 ml/30 g Glass,amber 
1000 ml130 g Glass 
1000 ml130 g Glass 
1000 ml130 g Glass 
200 ml/30 g Glass,amber 
1000 ml/lo0 g Glass 

245.117470 (7471) 
EPA 200/7CQO Series 
EPA 200/7000 Series 
EPA 200.7tSW 6010 
SM 314AIEPA 200.7 

Rquired Volume 
& Containers 3 

50 ml/l0 g 
50 ml/l0 g 
50 ml/IO g 
50 ml/l0 g 
(Included) 
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Preservation ’ 
Holding 
m (in days) 

HCl; 4*C 5 No headspace 14 
HCI; 4°C 5 No 14 
HCI: 4’C 2. 

headspace 
No 14 

HCI; 4°C 5 
headspace 

No headspace 14 
pH 4-5;4’C f No headspace 14 
H$O,; 4’C; No headspace 7 

4*c 2 7(14)/40 
NaOH,H$O,,pH 5-9;4’C ’ 7(14)/40 

3.6 ml Monochloroacetic acid 
buffer pH 3; Freeze 28 

4°C 2 7(14)/40 
H$iO,; 4°C 7(14)/40 6 
H$O,; 4*C 28 

4°C 2 7(14)/40 
1+ 1 HCl; 4OC 28 
1+ 1 HCl; 4°C 28 

4OC 7(14)/40 
H$O,; 4’C 28 

4°C 2 7( 14)/40 

HNO, 28 
HNO, 180 
HNO, 180 
HNO, 180 
HNO, 180 

The following elements can be analyzed by ICP: AI, Ag, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Mg. MO. Mn, Si, Sr, Sn. Na, Ni, Pb, Ti, V and Zn 
in water, wastewater. and digested solids. As, Pb (water), Se, Tl and other metals normally analyzed by furnace may be determined by ICP but only with 
reduced sensilivity and therefore higher detection limits. Hg is analyzed by cold vapor. 

NOTE: If duplicates and spikes are required, triple the sample volume for water samples. 

EPTOX 
TCLP 

SW846 1310 
Fed.Ren.Vol. 55 
Nov. 24, 1992 
Rules and Reg. 

250 grams 
250 prams 
f2 X 250 g containers 
if VOAs are required) 

NIA 
4OC 

N/A 
See Below 

TCLP PARkMETER 

VOLATILES 
SEMIVOLATILES 
MERCURY 
METALS EXCEPT MERCURY 
PESTS/HERBS 

FROM COLLECTION 
TO TCLP EXTRACTION 

14 

tt 
180 
14 

PROM TCLP EXTRACTION FROM PREP EXT’N 
TO PREPARATIVE EXT’N TO ANALYSIS 

NIA 14 
7 40 

NIA 28 
N/A 180 

7 40 



PACE NEW ENGLAND, INCORPORATED 
TITLE: NEESA Quality Assurance ‘Manual 

Parameter 

Inomanics: 
Acidity 
Alkalinity 
Asbestos 
Bromide 
BOD 
BTU 
Chloride 
Chlorine upon Combustion (oil) 
Chlorine, Residual 
COD 

Table 6-1, continued 

Sampling and Preservation Requirements 
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Method 
Required Volume 
& Containers 3 Preservation ’ 

EPA 305.1 125mll2g 
EPA 310.1 125 ml/ 2 g 
subcontracted loo0 ml Glass 
EPA 300.0 10 mu20 g 
EPA 405.1 25Ollll 
ASTM D 240 5ml12g 
EPA 300.0 or 325.1 10 ml/20 g 
ASTM D 129-64l300.0 2og 
APHA 45OO-CLG 2OOml 
EPA 410.4 SOmll5 g 

4*c 
4-z 
4°C 
PC 
4°C 
4°C 
4T 
4°C 

HPO,; 4°C 

Holdine Time 
On Ws) 

14 
14 

28 
2 

NIA 
28 

N/A 
Field Test 
28 

Coliform Bacteria subcontracted 125 ml sterile 
Color EPA 110.2 1OOml 
Conductance EPA 120.1 lOOnIl 
Cyanide, Total EPA 335.2lSW 9010 loooatln5g 
Cyanide, Ammenable EPA 335.11SW 9010 1OOOml/25g 
Flashpoint ASTM D 93-77 80 ml180 g 
Fluoride EPA 340.11340.2 100 ml (NPDE.S=SOOml) Plastic 
Formaldehyde NIOSH 3500 mod 20 ml120 g 
Grain size (dry sieving) EPAKE-81-I I~‘? 

4*c2 
4*c 
4*c 

NaOH; 4°C ’ 
NaOH; 4°C t 

4°C 
4*c 

4OC 

24(6) Hours J 
2 

28 
14 
14 

NIA 
28 

NIA 
NIA 

Hexavalent Chromium SW846 7196 125 ml/20 g 4*c 1 
Ignitability SW846 1010 50 ml/25 g 4OC N/A 
MBAS (Surfactants) EPA 425.1 15oml 4°C 2 
Nitrogen - Ammonia EPA 350.1 or .3 2oomll5g H.$O,; 4’C 28 

I - Nitrate EPA 300.0 or 353.2 25 ml120 g 4°C 2 
. - Nitrite EPA 300.0 or 354.1 25 ml120 g 4°C 2 

Niuogen - Nitrate + nitrite EPA 353.2 25 ml120 g H$S04; 4°C 28 
. -TKN EPA 35 1.3 200 ml/S g HPO,; 4’C 28 
. -TON (NH,&TgN) EPA 350.3135 I .3 250 ml/ 5 g H$O,; 4*C 28 

Ottho Phosphate-P EPA 365.1 or .3 1OOml 
Particle size (wet digestion) EPA/CE-II-1 l@Jki 
PH EPA 150.1 25ml 
Phosphorus, Total EPA 365.3 or .4 lOOmll5g 
Radiology - R, U, Alpha,Beta,Gamma subcontracted 3OQoml 
Radon subcontracted 2X4Oml GISSS 
Reactivity- Sulfide Spot Test SM 427.3C IO ml/IO g 
Reactivity- Cyanide Spot Test SM 4121 IOmlllOg 
Reactivity- Releasable Cyanide SW 846,Sec.7.3.3.2 log 

4°C 
4°C 

H$O,; 4’C 
HNO,; 4’C 

4OC 
4°C 
4°C 

No Headspace. 4’C 

2 
N/A 
Field Test 
28 
180 

2 
N/A 
N/A 
N/A 

Reactivity- Releasable Sultide SW 846.Sec.7.3.4.1 
Silicate, Reactive EPA 370.1 
Solids, Settleable EPA 160.5 
Solids, Total (TS) EPA 160.3 
Solids, Total Suspended (TSS) EPA 160.2 
Solids, Total Dissolved (TDS) EPA 160.1 
Solids, Total Volatile (FVS) EPA 160.4 
Solids, Total Suspended Volatile EPA 160.4 or .2 
% Solids (% moisture) APHA 254OG 

Specific Gravity EPAKE 1981 30 ml 
Sulfate EPA 300.0 or 375.2 10 ml120 g 
Sulfide EPA 376.2 25Otd 
Sulfite EPA 377.1 1OOml 
Tannins and Lignins APHA 5550B lOOmI 

log 
100 ml/ 2 g Plastic 

1000 ml 
1OOml’ 
IOOml 
lOOmi’ 
lOOnIl’ 
1OOml’ 

3og 

No Headspace, 4*C N/A 
4°C 28 
4OC 2 
4T 7 
4OC 7 
4T 7 
4OC 7 
4OC 7 
4°C N/A 

-- 
4°C 
4T 

ZnAc;NAOH,pH >9; 4’C 

4OC 

--- 
N/A 
28 
7 

Field Test 
N/A 
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Table 6-1, continued 
Samphg and Preservation Requirements 

um 

Method 
Required Volume 
& Containert? Preservation’ Holding Time 1 

Inomanics: 
(in days) 

TIC (Total Inorganic Carbon) EPA 415.1 mod 6OmV2g 
Ta! EPA 415.1 6Omlf2g 
Turbidity EPA 180.1 lOOmI 
Viscosity ASTM D-445 3ooml 

m 
4*c 

No He$pace H$O,; 4*C 
2 

4*c NIA 
w 

Refmnces: 

EPA = 40 CFR 136 
SW846 = Test Methods for Evaluatine Solid Waste PhvsicallChemical Methods, US EPA SW846, 3” edition, 1986 
SM = Standard Methods For The Examination of Water and Wastewater, 16tb ed., 1985 
APHA = Standard Methods For The Examination of Water and Wastewater, 17th ed., 1989 
ASTM = American Society for Testing and Materials 

’ .006X ascorbic acid if residual chlorine is present. 
2 -008% sodium thiosulfate if residual chlorine is present. 
3 Plastic or glass jars are suitable unless otherwise indicated. 

I 
’ TSS. TDS and TSVS are performed on the same 100 ml sample. TS & TVS are performed on the same 100 ml sample. 
’ ‘Holding time is not to exceed six hours if the data is to be used in litigation.’ 
6 No holding time is published - these times are suggested/borrowed from the ARN hold time. 
’ Acid preservations fH$04. HNO,, HCI) are adjusted to pH < 2, base preservations (NaOH) are adjusted to pH > 12 unless othenvise noted. 

Y 
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Cyanide: Fill a one liter plastic bottle with DI water and preserve with 
NaOH. Analyze the water according to normal laboratory 
procedures. 

Metals: Fill a 500 mL poly bottle with 100 mL of 2% nitric acid solution 
from the metals instrumentation room. Shake. Analyze for metals. 

ABNs, Pesticides, PCBs: Submit an empty 1 L glass jar to the Organics 
Extractions Laboratory for testing with instructions for special extraction 
procedures to be employed as follows - Add 60 mL MeCL,, shake for 2 minutes, 
KD to appropriate test volume and analyze under normal laboratory procedures. 

VOA: Submit an empty 120 mL jar to the volatiles laboratory with instructions 
to fill the jar with VOA-free DI water. Let stand for 24 hours and 
analyze under normal laboratory procedures. 

If any analyses indicate contamination, the affected lot is washed according to one 
of the following protocols and a random sample is retested. 

Cleaning Procedure 1 (Extractable Organics) 

0 wash glass bottles, teflon* liner and caps in hot tap water with laboratory 
grade non-phosphate detergent 

a rinse with tap water 

l rinse with 10% HCl (metals-grade HCI in ASTM deionized water) 

a rinse three times with ASTM type 1 deionized water 

0 rinse with hexane 

l rinse with pesticide grade methylene chloride 

0 air dry or oven dry at 125°C 

l place liners in lids and cap containers 

Procedure 1 is used for amber and clear glass wide mouth jars, amber and clear 
glass Boston round, and amber and clear glass jugs. 
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Cleaning Procedure 2 (Purgeable Volatile Organics) 

l bake opened jars and lids in a 125°C oven for 30 minutes 

0 cool 

l caP 

Procedure 2 is used for 40 ml glass vials, amber and clear, open and closed top, 
and 8 oz. amber Boston round with septa top. 

Cleaning Procedure 3 (Metals, Cyanide) 

l wash polyethylene bottles and caps in hot tap water with laboratory grade 
non-phosphate detergent 

l rinse with tap water 

l rinse with 10% HNO, (metals-grade HNO, in ASTM deionized water) 

l rinse with deionized water 

l invert and air dry in contaminant-free environment 

l cap bottle 

3 

J 

J 

Procedure 3 is used for HDPE modem round bottles and cubitainers. 

6.2.2 Assembling Kits 

All glass containers are to be surrounded with packing material to prevent 
damage. 

All preservatives are stored in 10 - 20 ml plastic squeeze bottles, contained within 
250 ml plastic wide mouth jars which are appropriately labelled. 

The appropriate number of labels and COCA are affixed to the ziplock plastic bag 
that the sample is stored in. 

m 

m 

.- 
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All the above contents are to be placed inside a cooler with ice packs (if 
requested) and secured for shipment using Styrofoam (packing peanuts or other 
appropriate packing materials). 

Sample kits are delivered to the sampling team via Federal Express, UPS, 
courier, or personally picked up by the sampling team. 

6.3 Sample Receipt and Log-In 

Refer to PACE NE SOP QA-400, Sample Receiving and Identification. 

Typically, samples are received by the laboratory during normal business hours (890 am 
to 690 pm), Monday through Friday and 8:00 am to noon on Saturday. 

Shipments for after hours and Sunday delivery are prearranged with laboratory personnel 
to ensure that personnel will be available to sign the airbill, record the date and time of 
sample receipt and to place the cooler in the sample management area under refrigeration 
until the next business day. 

Upon sample receipt, the coolers are inspected for the general condition of the Custody 
Seal, if present. The coolers are then opened and each sample is inspected for damage. 
The sample containers are removed from the packing material and identities are verified 
against the Chain-of-Custody. All information regarding sample condition upon receipt 
is documented on the Sample Receipt Condition Report (SRCR). The report documents: 

0 Name of person if hand delivered 

0 Presence/Absence of COC forms and custody seals 

0 Condition of the custody seals, if present 

0 Discrepancies noted 

l Holding times and preservatives 

0 Proper sample containers 

0 Appropriate sample volume 
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The Sample Receipt Condition Report is completed by signing and recording the date and 
time. If there are any discrepancies or problems with the samples or documentation, the 
sample custodian immediately notifies the client or the appropriate PACE NE project 
manager. 

The samples are logged into the laboratory system. Each sample group is assigned a 
unique five digit laboratory number. This number is preprinted on the SRCR sheets. 
A unique number is assigned to each sample in the group during the receiving process. 
This Laboratory Number consists of the PACE NE Laboratory Number followed by a 
numerical suffix serialized to account for the number of samples in a sample group. This 
laboratory ID is also recorded on the Chain-of-Custody form. 

All of this paper work is then used to log the samples into the PACE NE Laboratory 
Information Management System (LIMS), a computerized management and tracking 
system. The LIMS generates laboratory worklists of all samples in the system. 

6.4 Initiation of Testing Program 

Once samples are received and logged into the laboratory system, the Chain-of-Custody, 
Sample Receipt Condition Report, and any memo or other documentation is placed into 
a project file created by sample management. If a sample group is a priority or if 
samples have a short holding time, sample management will immediately provide 
notification to the appropriate laboratory personnel that samples have arrived and are 
ready for processing or will deliver the samples directly to the lab. Otherwise, the LIMS 
automatically produces a daily worklist for each laboratory section listing all samples in 
the system which need to be processed, the type of quality control samples required, the 
priority status, holding time and test(s) required. 

There is a system for tracking the status and internal chain-of-custody of samples within 
the laboratory once sample processing begins. The system documents the movement of 
samples from sample receiving to sample preparation and back and also the movement 
of processed sample extracts from sample preparation through analysis. The Internal 
Custody Record is used by sample preparation personnel to locate samples in the sample 
management storage areas. The transfer from storage to preparation is documented on 
this sheet. It also serves to document: 

0 Who removed the sample from storage 

0 When 
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0 Which samples are associated with a Lab Number 

l If the entire sample was entirely consumed 

l When and by whom the remainder of sample was returned to storage 

The original Internal Custody Record is maintained by Sample Management until the 
sample disposal date is recorded on it. After sample disposal, the Internal Custody 
Record is forwarded to the QA department for archiving. 

The second system for tracking samples is the LIMS generated worklist. The worklist 
is generated every night and lists the status for each sample batch/project and for each 
analytical section. The worklist is distributed to each laboratory section. When the 
section personnel completes the particular task, they log into the LIMS and complete the 
information for that batch of samples. 

6.5 Sample Disposal 

After completion of sample analysis and submission of the analytical report, unused 
portions of samples are retained by the laboratory for a minimum of 2 weeks. After 2 
weeks, samples will be disposed of according to the nature of the samples. The 
Hazardous Waste Manager receives a copy of the data report and uses that information 
to select the appropriate waste steam for the samples. The samples are considered 
hazardous waste and are handled by state and federally licensed hazardous waste disposal 
firms. 

Upon disposal of samples, a computer spreadsheet is maintained by the Hazardous Waste 
Manager listing the sample number, inherent waste stream and date disposed. This data 
file is updated on a weekly basis and is kept on file by the Hazardous Waste Manager 
and Sample Management. 

6.6 Subcontracting Analytical Services 

Every effort is made to perform chemical analyses for PACE NE clients within the 
PACE NE laboratory. There are, however, instances where subcontracting of analytical 
services is necessary. Currently, the following analyses are subcontracted: 
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When subcontracting becomes necessary, a preliminary verbal communication with an 
appropriate laboratory is undertaken. Work involving NEESA samples may be 
subcontracted only to NEESA approved laboratories. Approval must be obtained from 
the prime contractor before work may be sent out. The contact and preliminary 
arrangements and terms of agreement are made between the PACE NE Project Manager 
and the appropriate subcontract laboratory personnel (i.e., laboratory manager, customer 
services contact, or the appropriate laboratory section manager). The specific terms of 
the subcontract laboratory agreement should include (when applicable): 

0 Method (EPA or otherwise) of analysis 

0 Number and type of samples expected 

0 Project specific QA/QC requirements 

0 Deliverables required 

0 Applicable laboratory certification status 

0 Price per analysis 

0 Turn around time requirements 

Chain-of-Custody forms must be generated for samples which require subcontracting to 
other laboratories. The sample management personnel repackage the samples for 
shipment, create a transfer chain-of-custody form and record the following information: 

l PACE NE Laboratory Number 

0 Matrix 

0 Requested analysis 

0 Special instructions (quick turn around, required detection limits, anything 
unusual known about the samples or analytical procedure). 
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w Signature in “Relinquished By” 

All subcontracted sample data reports are sent to the PACE NE Project Manager. The 
Project Manager sends the report to the appropriate PACE NE laboratory manager for 
review. 

Any PACE NE work sent to other labs within the PACE, Inc. network is handled as 
subcontracted work. All of the conditions and considerations noted in Section 6.6 above 
aPPlYa 
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7.0 CALIBRATION PROCEDURES AND FREQUENCY 

All instruments and equipment used in the laboratory must follow a well defined calibration 
routine. Calibration may be accomplished by laboratory personnel using certified reference 
materials traceable to NIST or EPA certified materials or by external calibration agencies or 
equipment manufacturers. The discussion presented here is general in nature because the 
requirements for calibration are instrument (or equipment) and method specific. Details of 
calibrations can be found in PACE NE Standard Operating Procedures, analytical methods; and 
operations manuals. 

7.1 Standards and Traceability 

Analytical standards are prepared from pure compounds or are purchased prepared from 
reputable vendors. They are used to prepare serial dilutions that are used as calibration 
and spiking standards. Each laboratory section is responsible for the preparation, storage 
and disposal of its standards. The preparation information is recorded into section 
specific Standards Notebooks. The notebooks are where the preparer records all 
information needed to maintain proper traceability. 

Each standard is given an internal identification number. In some instances, particularly 
with pre-mixed organic standards, the identification number is the solution lot number 
followed by an PACE NE assigned letter. The preparation of all stock standards shall 
be documented in a Standards Notebook which is used to record the date of preparation, 
the analyst, the source of the reference material, amounts used, final volume, etc. and 
the serial reference number of that stock solution. All standards shall be labelled with 
the standard serial reference number (small glass ampules), and with the name, 
concentration, date of preparation and expiration date of the stock standards. All diluted 
working standards not consumed during an analytical session shall be labelled fully, 
including the serial reference number of any stock standard used in its preparation. 

If no expiration date has been assigned by the manufacturer, then an expiration date of 
one year from the date of preparation (or the date first opened in the case of sealed 
ampules) is reported unless degradation prior to this date is observed. To help determine 
if a standard has degraded, one must note inconsistencies. For instance, very poor 
recoveries from newly prepared quality control spikes or abnormally low instrument 
response to a specific standard are indications of possible standard degradation. 
However, for some standards, degradation is more easily noted. For instance, DDT 
breaks down to form DDD and DDE. Here one can visually note, on a chromatogram, 
the degradation of DDT by the increased concentrations of DDD and DDE. If 
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degradation is observed before the default expiration date, it should be noted in the 
Standard Notebook for that standard and the standard removed from service. Standards 
can be held past assigned expiration dates only if it can be demonstrated, by using NIST 
procedures and a standard from a separate source, that there has been no degradation. 

Before any set of non-CRADA standards can be utilized in a calibration curve they must 
be verified by a secondary means: 

Analysis of an EPA QC Check Sample, or 
Analysis of an independently prepared check standard. 

7.2 General Calibration Procedures 

Calibration standards for each parameter are chosen to bracket the expected 
concentrations of those parameters in the sample, a to operate within the linear 
response range of the instrument. Samples that fall outside of the calibration range are 
diluted until bracketed by the calibration standards. Calibration standards are prepared 
typically at a minimum of three concentration levels, usually chosen at two times, three 
to five times, and five to ten times the estimated method detection limit plus a calibration 
blank, with the exception of most organic analyses which do not require a calibration 
blank. Either an internal standard or external standard quantification technique can be 
utilized. 

Calibration standards are prepared from materials of the highest available purity. To 
establish instrument calibration, working standards are prepared from more concentrated 
working stock solutions. All organic standards are refrigerated or frozen. Inorganic 
standards are refrigerated as necessary. Data regarding their preparation is recorded in 
the each laboratory sections’ Standards Notebook. 

Instrumental responses to calibration standards for each parameter are subjected to an 
appropriate statistical test.of fitness (least squares linear regression, quadratic equation, 
or relative standard deviation of response factors) or as required by the method or QAPP. 
The calibration must reflect an acceptable correlation of data points or linearity to be 
acceptable. In cases where the calibration data are outside of these criteria, the analyst 
must rerun the calibration standards (meeting the same criteria), changing instrumental 
conditions as necessary. 

For analyses which are performed frequently and for which substantial calibration data 
is available, a complete recalibration is not required each time an analysis is performed 
providing that the following criterion is met: one calibration standard is analyzed at the 
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beginning of the analysis which may vary from the expected response (based on the 
initial, most recent calibration curve) by no more than +25% or as specified by the 
method, SOP or QAPP. If this criterion is not met, a complete recalibration is 
necessary. 

During the course of analysis, calibration standards are routinely analyzed to ensure that 
the instrumental response has not changed Again the criterion stipulated in each 
method, or SOP for expected response is used by the analyst to determine whether the 
instrument must be recalibrated or the instrument conditions further optimized. 

The accuracy of prepared standards is periodically checked by comparison with a 
standard from an independent source. 

Certain pieces of equipment such as balances, pH meters, and turbidity meters are 
normally calibrated with MST traceable standard reference material. 

7.2.1 Analytical Balances 

Every six months, calibration of the entire analytical range shall be checked by 
a qualified service technician. The calibration of each balance is checked each 
day of use using weights traceable to the National Institute of Standards and 
Technology (MST). Calibration weights are Class S or better and are recertified 
every two years. If balances are calibrated by an external agency, verification 
of their weights shall be provided. All information pertaining to balance 
maintenance and calibration is found in the individual balance logbook. 

7.2.2 Thermometer 

Certified, or reference, thermometers are maintained for checking calibration of 
working thermometers. Reference thermometers are provided with MST 
traceability for initial calibration and are recertified every year with equipment 
directly traceable to the MST. 

Working thermometers are compared with the reference thermometers every 12 
months. Bach thermometer is tagged and individually numbered. In addition, 
working thermometers are visually inspected by laboratory personnel prior to use. 

Calibration temperatures and acceptance criteria are based upon the working 
range of the thermometer and the accuracy required for its use. Laboratory 
thermometer inventory and calibration data is found in the thermometer logbook. 
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The meter is calibrated before use each day, and once after each four hours of 
use using buffer solutions as required by PACE NE SOP QA-800, Use, 
Calibration, and Maintenance of Equipment - Inorganics Lab. 

7.2.4 Spectrophotometer 

During use, spectrophotometer performance is checked against CCVs and ICVs. 
The instrument operating capability is also evaluated every six months by an 
outside service (QC Services). 

7.2.5 Titrimetric Methods 

Reagents are standardized when newly prepared and every six months following. 
If the stability of a solution is known to be less than six months it is checked 
more frequently. Check standards are run with each batch of samples to 
demonstrate the integrity of the reagents and that the technique employed has not 
been comprimised over time. 

7.2.6 Oven Calibration 

Oven temperature is monitored prior to use and daily once in use by calibrated 
thermometers. 

7.2.7 Refrigerator Calibration 

Refrigerator temperature is monitored two times on a daily basis by calibrated 
thermometers. 

7.3 GC/MS Calibration Procedures 

All volatile and semivolatile analyses by GC/MS performed in support of NEESA shall 
follow current CLP methodologies (EPA CLP SOW OLM01.8). The following 
operations should be performed routinely in the laboratory: 

Documentation of GC/MS mass calibration and abundance pattern 

Documentation of GC/MS response factor stability 

Internal standard response and retention time 
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Prior to initiating data collection, it is necessary to establish that a given GC/MS meets 
the standard mass spectral abundance criteria. This is accomplished through the analysis 
of decafluorotriphenylphosphine (DFTPP) for base/neutral and acid (BNA) compounds 
or p-bromofluorobenzene (BFB) for volatile compounds. The ion abundance criteria for 
each calibration compound should be met before any samples, blanks, or standards can 
be analyzed. 

Each GC/MS system used for the analysis of semivolatile organic compounds by EPA 
methods must be tuned to meet method specific abundance criteria for a 50 nanogram 
(ng) injection of DFTPP. This criteria must be demonstrated every twelve (12) hours. 
Documentation of the calibration must be provided in the form of a bar graph plot and 
as a mass listing. 

Each GC/MS system used for the analysis of volatile organic compounds by EPA 
methods must be tuned to meet method specific abundance criteria, typically for a 50 ng 
injection of BFB. The criteria must be demonstrated every twelve (12) hours. 
Documentation of the calibration should be provided in the form of a bar graph and a 
mass listing. 

Prior to the analysis of samples and after tuning criteria have been met, the GC/MS 
system must be initially calibrated with a minimum of five concentrations of each 
compound being analyzed to determine the linearity of response. USEPA criteria specify 
both the concentration levels for initial calibration and the specific internal standard to 
be used on a compound-by-compound basis for quantification. The response factor (RF) 
for each compound at each concentration level is calculated using the following Equation 
7.1: 

Ax Ci. 
RF=- * - 

Ah G 
(7.1) 

where: 

AX = area of the characteristic ion for the compound to be measured. 

A, = area of the characteristic ion for the specific internal standards. 

Ch = concentration of the internal standard (ng/ul). 
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G = concentration of the compound to be measured (nghl) 

Using the RI? from the initial calibration, the percent relative standard deviation (%RSD) 
for compounds identified as Calibration Check Compounds is calculated using Equation 
7.2: 

%RSD = ~xloo (7.2) 
X 

where: 

RSD = relative standard deviation 
S = standard deviation of initial five response factors (per compound). 

X = mean of initial five response factors (per compound). 

The %RSD for each individual CCC should be & than 25 % or as specified by the 
method. This criteria must be met for the initial calibration to be valid. 

A calibration standard containing all compounds of interest as well as all required 
surrogates, is performed each day of analysis. The RF data from the standards is 
compared each day against the average RF from the initial calibration for a specific 
instrument. If the response to a calibration check standard differs from the initial 
calibration by more than &25% or as specified by the method, then investigation and 
corrective action must be performed, including a complete recalibration if necessary. 

7.4 Gas Chromatography Calibration Procedures 

Calibration of a gas chromatograph (GC) for volatiles analyses is similar to GC/MS 
calibration procedures. Initially, a five point calibration curve, consisting of all 
compounds of interest at five different concentrations plus a calibration blank, is 
established to define the linear range of the instrument. The curve is determined to be 
linear if the correlation coefficient is 2 0.99. Linearity may also be determined using 
response factors. Response factors are calculated for each compound at each 
concentration level. These RI? will be averaged to generate the mean daily RF for each 
compound over the range of the standard curve. The mean response factor will be used 
to calculate the sample concentration of the compound of interest. When sample 
responses exceed the range of the standard curve, the sample will be diluted to fall within 
the range of the standard curve and be reanalyzed. The results of the daily GC 
standardization will be tabulated and filed with the corresponding sample analyses. Daily 
full calibration is not necessary if a calibration check standard validates the initial 
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calibration curve. If the response to a calibration check standard differs from the initial 
calibration by more than +15% for any analyte being quantitated or as specified by the 
method, then investigation and corrective action will be performed, including complete 
recalibration, if necessary. 

Initial Calibration of a GC for semivolatile compound analyses (pesticides/herbicides) 
typically involves a five point calibration curve, consisting of all compounds of interest 
at five different concentrations to define the working range. Using anaIyte peak height 
or peak area, a quadratic curve is applied and extrapolated through the origin. A 
correlation coefficient of the calibration data should be 0.99 or better for the calibration 
to be used for quantitation. Continuing Calibration is checked every ten samples or 24 
hours, whichever comes first after the initial calibration by analyzing mid-point 
calibration standards. Each analyte of interest in the continuing calibration must be 
within 15% of the peak height observed in the initial calibration. For certain multi-peak 
compounds, the average result for 5 peak heights must be within 15% of the average of 
the same 5 peak heights observed in the initial calibration. 

7.5 Calibration of Inductively Coupled Argon Plasma Spectrophotometer (ICP) and Atomic 
Absorption Spectrophotometer (AAS) 

The ICP and AAS are standardized for the metal of interest by the analysis of a set of 
calibration standards prepared by diluting a stock solution of known concentration. 
Working standards are prepared by dilution of the stock standard. For the AAS, the 
concentration of the calibration standards is chosen so as to cover the working range of 
the instrument. For ICP, a standard is analyzed as a sample to determine the upper limit 
of the calibration. Subsequently, all sample measurements are made within this working 
range. Once the working standards are prepared, they are analyzed on the ICP or AAS 
and the instrument response is calibrated to provide a direct readout in concentration. 

The calibration is accomplished by entering the metal concentration equivalent to the 
readout in absorbance units (or emission intensity) during analysis of the working 
standards. 

Once the instrument has been initially calibrated, the analysis of the working standards 
is repeated during sample analysis to standardize instrument response during analysis and 
to confirm the calibration settings. A typical analysis sequence is presented below. 

0 Working standards are prepared by dilution of a stock standard solution of the 
metal of interest. 
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A calibration curve within the working range of the instrument is established by 
analysis of three to five working standards. 

An independent standard is analyzed to confirm the calibration settings. If the 
calibration settings are not confirmed, the instrument is recalibrated. 

The samples are analyzed for the metal of interest. 

During sample analysis, a check standard is analyzed to monitor instrument 
stability. If the analysis indicates that instrument calibration has changed by more 
than +lO% for ICP or more than +20% for AAS, the instrument is recalibrated 
and the analysis is repeated. 

Following completion of the sample analyses, the check standard is reanalyzed 
to confirm calibration settings. If calibration settings are confirmed, the analysis 
is completed. However, if the calibration settings are not confirmed, the problem 
is corrected, and the analyses are repeated. 

Written records of all calibrations shall be kept in the appropriate instrument logbook. 
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8.0 ANALYTICAL PROCEDURES 

PACE NE Laboratories are capable of analyzing the full range of environmental samples from 
all media, including surface and groundwater, soil, sediment, tissue, and waste. Refer to Table 
8-2 for a listing of specific PACE NE analytical capabilities. The methodologies generally 
employed constitute the most recent guidance from agencies such as EPA, ASTM, USGS, 
MOSH and in certain instances, state regulatory agencies. In some situations, PACE NE 
develops and validates methodologies which are more applicable to a specific problem or 
objective. 

Analytical procedures are detailed descriptions of any and all processing, preparation and 
analysis of samples in the laboratory. In some instances, data format, presentation and delivery 
are also described. All analytical procedures shall be conducted in strict adherence with written 
Standard Operating Procedures manuals which have been reviewed and approved by the 
Laboratory Manager(s)/Technical Director(s), the PACE NE QA Officer and the PACE NE 
Regional Director. Documents from which SOPS are developed include the references listed in 
Table 8-1. Additional SOPS may be adapted from other sources or generated in-house as project 
needs require. 

8.1 Analytical Methods 

Numerous sources of information are available to offer guidance in analytical methods. 
Selection of the appropriate method is dependent upon data usage and the regulatory 
requirements during the analysis. Table 8-l describes the analytical references routinely 
used by PACE NE Laboratories. PACE NE may modify existing methods based on the 
following considerations: 1) in order to meet project specific objectives; 2) in order to 
incorporate modifications or improvements in analytical technology; 3) in order to 
comply with changing regulations and requirements; 4) in order to address unusual 
matrices not covered in available methods. 

PACE NE will make every effort to disclose to its clients any instances in which 
modified methods are being used in the analysis of samples and shall obtain permission 
from the appropriate prime contractor prior to using any modified methods for NEESA- 
related work. 

8.2 Method Validation 

When an established method is first used by the laboratory or when the laboratory 
develops a method, the laboratory establishes the validity of the method prior to applying 
it to client .samples. Method validity is established by meeting certain criteria for 
precision and accuracy. 
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The design of the validation study will vary with the nature of the matrix, parameters and 
requirements of the client. However, in all cases, the laboratory demonstrates that 
adequate and reproducible recoveries are attainable. The precision of the test method is 
measured as the relative standard deviation for a minimum of four (4) replicate analyses 
of the lowest concentration recovery sample. 

Accuracy of the test method is established as the relative standard deviation of the 
average measurement of each recovery sample (at a specific concentration). Design of 
validation studies incorporates several recovery samples at each concentration level. 
Thus, it is feasible to determine the test method accuracy at each concentration level, if 
significant variances occur with concentration. 

8.3 Method Detection Limits (MDLs) 

When an analytical procedure does not detect a parameter of interest, it is important to 
know what the lower limit of detection is for that particular method and sample matrix. 
The laboratory endeavors to prevent matrix interferences from substantially reducing 
analytical sensitivity, thereby raising the analytical detection limit. When matrix 
interferences are present, various clean-up techniques may be employed to reduce or 
eliminate them. 

Method detection limit studies are performed for each method in use at least annually and 
after any procedural or configurational change. 

Method detection limits may be determined using replicate spiked laboratory water 
samples. A minimum of seven aliquots of a sample spiked for the purpose are processed 
through the entire analytical method. The concentration of the detection limit sample 
should be between 2 and 5 times the anticipated detection limit. 

The laboratory calculates the detection limit as 3.143 times the standard deviation of 
replicate measurements of the spiked samples. The reader is referred to 40 CFR Part 
136, Appendix B for further discussion. 

IT IS IMPERATIVE TO NOTE THAT METHOD DETECTION LIMITS LISTED IN 
THE CITED METHODS ARE FOR GUIDANCE AND MAY NOT ALWAYS BE 
ACHIEVABLE. 

PACE NE may report results of analyses based on Reporting Limits which are the 
method detection limits adjusted for practical limitations such as sample size, matrix 
interferences and dilutions. Reporting Limits may never be lower than the statistically 
determined MDL. 
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8.4 Compliance 

8.4.1 Definition - Compliance is the proper execution of recognized, documented 
procedures which are either approved or required. Adherence to these procedures 
is required in order to provide data products acceptable to a regulatory body of 
competent jurisdiction in a specific regulatory context. Compliance is separate 
from, but not inconsistent with, technical scientific quality. PACE NE accepts 
compliance as part of the PACE corporate definition of quality: “Quality is the 
jblj?llment of expectations and needs in all activities, demonstrated by the 
satisfaction of those we serve.” PACE NE understands that the expectations of 
our clients commonly include the assumption that data and reports will satisfy a 
regulatory purpose and will be found acceptable and compZiant with regulatory 
requirements for the performance of tests and generation of data. 

8.4.2 Understanding the Regulatory Framework - Compliance is not likely to be 
achieved in the absence of an understanding of the regulatory framework. PACE 
NE will attempt to ascertain, prior to beginning a project, what regulatory 
jurisdiction (USEPA, NJDEPE, etc.) pertains to a project; within the regulatory 
jurisdiction, what body of regulation is meant to be satisfied (RCRA, SDWA, 
ECRA, 21E, etc.); and finally, within this context, what protocols are 
required/expected (CLP, AFCEE, NEESA, ASP, etc.). PACE NE will work 
with its clients to come to a mutual understanding of all requirements. 

8.4.3 Commitment - Clients may, but often do not, fully understand their compliance 
needs. Clients may sometimes fail to communicate their compliance requirements 
to PACE NE. Nevertheless, PACE NE, Inc., in defining quality as in 8.4-l 
above, has accepted much responsibility for compliance. 

PACE NE makes the following commitments to its clients: 

1) PACE NE will proactively attempt to identify and understand the regulatory 
context of clients’ needs. 

2) PACE NE will strive to be expert in understanding and executing the 
regulatory requirements for compliance. 

3) PACE NE will identify and disclose to clients instances of non-compliance in 
a forthright fashion. 
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8.4.4 Resolving Compliance Cantradictions and Hierarchies - It is a common 
occurrence that multiple regulatory juristictions overlap in a specific case. This 
causes uncertainty or even contradictions to arise in a work plan. PACE NE will 
make every effort to detect such inconsistencies, and will communicate them to 
clients so that an informed decision can be made by the client regarding execution 
of the project. Similarly, methods and protocols will often be prescribed in a 
scope of work or QAPP which either will not achieve stated or implied DQOs or 
which are in conflict with the regulatory requirements. PACE NE will attempt 
to detect these inconsistencies, and upon detection, disclose same to our client. 
PACE NE voluntarily accepts a responsibility to provide advice to clients, 
however, the primary responsibility for this issue remains with the client. 

8.4.5 Disclosure of Noncompliance - As stated previously, it is PACE NE policy to 
disclose in a forthright manner any detected noncompliance that may effect the 
usability of data produced by PACE NE. It is not within our expertise to predict 
the manner in which a specific regulator or regulatory body will interpret the 
rules governing analysis; PACE NE is unable to guarantee compliance. It is 
PACE NE policy that our responsibility begins with a bona fide and competent 
attempt to evaluate potential compliance issues and ends with disclosure of any 
findings that may be useful to our client in their making the final judgement. 

Y! 
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ANALYTICAL PROTOCOLS 

“Guidelines Establishing Test Procedures for the Analysis of Pollutants Under the 
Clean Water Act. ” Federal Register, 40 CFR Part 136, October 26, 1984. 

“Test Methods for Evaluating Solid Wastes: Physical/Chemical Methods. ” SW- 
846. 3rd edition, 1986, and Update I, Office of Solid Waste and Emergency 
Response, U.S. EPA. 

“Methods for Chemical Analysis of Water and Wastes”, EPA 600/4-79-020, 1979 
Revised 1983, U.S. EPA. 

U.S. EPA Contract Laboratory Program Statement of Work for Organic Analysis, 
SOW OLM01.8, 8191. 

U.S. EPA Contract Laboratory Program Statement of Work for Inorganic 
Analysis, SOW ILM03.0. 

“Standard Methods for the Examination of Water and Wastewater”, 15th, 16th 
and 17th editions, 1980, 1985, 1989. APHA-AWWA-WPCF. 

“Annual Book of ASTM Standards”, Section 4: Construction, Volume 04.04: 
Soil and Rock; Building Stones, American Society for Testing and Materials, 
1987. 

“Annual Book of ASTM Standards”, Section 11: Water and Environmental 
Technology, American Society for Testing and Materials, 1987. 

“NIOSH Manual of Analytical Methods”, Third Edition, 1984, U.S. Department 
of Health and Human Services, National Institute for Occupational Safety and 
Health. 

“Methods for the Determination of Organic Compounds in Finished Drinking 
Water and Raw Source Water”, U.S. EPA, Environmental Monitoring and 
Support Laboratory - Cincinnati (September 1986). 

New York State Department of Environmental Conservation. Analytical Services 
Protocol, September, 1989. 
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TABLE 8-2 

PACE NJ3 ANALYTICAL CAPABILITIES 
ORGANIC ANALYSES 

Analyte 
EPA Methods 

Volatile Organic Compounds 

GUMS 
GUMS + 15 Peaks* 

CLP Volatiles Analysis and Deliverables 

GUMS Low Detection Limits 

GUMS Drinking Water Volatiles 
GUMS Drinking Water VOA (Extended List) 

GC Drinking Water Halogenated Compounds 
GC Drinking Water Aromatic Compounds 

GC Drinking Water VOA(Combined 502.1 & 503.1) 
Purgeable Halocarbons 

Purgeable Aromatics 

Combined Purgeables 

Acrolein, Acrylonitrile 

Non-halogenated Volatiles (Partial List) 

Base Neutral/Acid Extractables (HSL) 
Base Neutral/Acid Extractables + 25 Peaks* 
Acid Extractables Only (HSL) 
Acid Extractables Only + 10 Peaks* 

Base Neutral Extractables Only (HSL) 

Base Neutral Extractables Only + 15 Peaks* 

CLP Semivolatiles Analysis and Deliverables 
Polynuclear Aromatics (PNA) GUMS 

Polynuclear Aromatics (PNA) GC 

624 8240 

624 8240 

3/91 sow 3191 sow 

624 8240 

524.1 NA 

524.2 NA 

502.1 NA 

503.1 NA 

502.2 NA 

601 8010 

602 8020 

601&602 8010 & 8020 

603 8030 

8015 8015 

625 8270 

625 8270 

625 8270 

625 8270 

625 8270 

625 8270 

3/91 sow 3/91 sow 

625 8270 

610 8100 

* Tentative identification via computer search of specified number of non-target peaks. 
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TABLE 8-2, continued 

ORGANIC ANALYSES (continued) 

Analyte 

EPA Methods 

Organochlorine Pesticides & PCBs 

CLP Organochlorine Pesticides & PCBs 
Organochlorine Pesticides & PCBs (Tissue) 

Organophosphorus Pesticides 614 8140 

Chlorinated Phenoxy Herbicides 

PCBs in oils 

PCBs wipes/filters 

Petroleum Hydrocarbons, Extractables 

(water/soil, tissues) 

Petroleum Hydrocarbons, Purgeables 

Gasoline Hydrocarbons 

BTEX( +MTBE) 

608 8080 

3/91 sow 3191 sow 
608 8080 

8150 

ASTM 

ASTM 

Capillary 

GC/FID 

Modified 8015 

602 8020 

Compositing 



w 
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EP Toxicity Extraction 131011330 

Metals in Extract 

ArseniC 

Barium 

Cadmium 

Chromium 

Lead 

Mercury 

Selenium 

Silver 

6010 

6010 

6010 

6010 

6010 

7470 

6010 

6010 

Pesticides in Extract 

Endrin 

Lindane 

Methoxychlor 

Toxaphene 

8080 

Herbicides in Extract 

2,4-D 

2,4,5-TP 

8150 

Corrosivi ty pH 9040/9045 

Reactivity Releasable Cyanide 

Releasable Sulfide 

Releasable Cyanide & Sulfide 

Water Reactivity 

SW 846 7.3.3.2 

SW 846 7.3.4.1 

NIA 

Ignitability 1010 
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TABLE 8-2, continued 

TCLP ANALYSES 

Quality Assurance section of the method requires that a matrix spike be performed for each sample type. 

A determination as to whether a spike is needed must be made prior to submitting the sample. Matrix 

spikes are made at five times the method detection limit or at the regulatory limit unless other levels 

are specified in advance. 

Matrix spike for pesticides requires that single component pesticides be analyzed separately from 

multicomponent pesticides (toxaphene). Therefore, two matrix spikes are required and are reflected in 
the matrix spike analysis. 

Samples containing free liquid that is not miscible with the TCLP extract require that both the free 

liquid and the extract be analyzed separately and that the results be combined mathematically. An 
additional charge is required for the analysis of the free liquid or of multiple phases. If a matrix spike 

is required, only the TCLP extract is spiked. 

Analyte EPA Methods 

Extraction for Volatiles (ZHE) 

Extraction for Metals, Semivolatiles, 

Pesticides & Herbicides 

1311 

1311 

Volatiles benzene 

carbon tetrachloride 

chlorobenzene 

chloroform 

1.2dichloroethane 

1.1 dichloroethylene 

methyl ethyl ketone 

tetrachloroethylene 

trichloroethylene 

vinyl chloride 

8240 
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TCLP ANALYSES (continued) 

Analyte EPA Methods 

Semi-Volatiles pyridine 

m-cresol (3-methyl phenol) 

ocresol (2-methyl phenol) 

pcresol (It-methyl phenol) 

1,4dichlorobenzene 

2,4dinitrotoluene 

hexachloro-1,3-butadiene 

hexachlorobenzene 

hexachloroethane 

nitrobenzene 

pentachlorophenol 

2,4,5-trichlorophenol 

2,4,6-trichlorophenol 

8270 

Pesticides chlordane 

endrin 

heptachlor 

heptachlor epoxide 

lindane 

methoxychlor 

toxaphene 

Herbicides 2.4dichlorophenoxyacetic acid 

2,4-5-trichlorophenoxypropionic acid 

Metals As, Ba, Cd, Cr, Pb, Se, Ag 6010 

Hg 7470 

8080 

8150 

Y 
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TABLE 8-2, continued 

METALS ANALYSES 

Analyte Required Digest EPA Methods 

Aluminum 
Antimony 
Antimony (furnace) 
Arsenic (furnace) 
Barium 
Beryllium 
Boron 
Cadmium 
Cadmium (furnace) 
Calcium 
Chromium 
Chromium (furnace) 
Cobalt 
Copper 
IroIl 

Lead (furnace) 
Magnesium 
Manganese 
Mercury (cold vapor) 
Molybdenum 
Nickel 
Potassium 
Selenium (furnace) 
Silver 
Sodium 
Strontium 
Thallium (furnace) 
Till 
Titanium 
Vanadium 
zinc 

Packages Available 

Digestions 
Water 
SoilKP 
Soil/GFAA 
Tissues/ICP 
TissucslGFAA 
Mercury-water/soil 

Dissolution (Oils) 

3010/3050 
3010/3050 
3010/3050 
7060/3050 
3010/3050 
3010/3050 
301013050 
3010/3050 
3020/3050 
3010/3050 
3010/3050 
302013050 
3010/3050 
301013050 
301013050 
3010/3050 
302013050 
3010/3050 
3010/3050 
74701747 1 
3010/3050 
3010/3050 
3010/3050 
774013050 
3010/3050 
3010/3050 
3010/3050 
302013050 
3010/3050 
3010/3050 
3010/3050 
3010/3050 

CLP Deliverables-23 Metals 
13 Priority Pollutant Metals 

8 Safe Drinking Water Act Metals 
23 HSL Metals-Commercial Deliverables 

3010,3020,7060,7740 
3050 
3050 

3050 Modified 
3050 Modified 

7470/7471 

3040 

__._ .- .._ .--_. 
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TABLE 8-2, continued 

INORGANIC ANALYSES 

Analyte Methods 

Acidity 
Alkalinity 
Bromide 
Biochemical Oxygen Demand 
Bicarbonate 
Carbonate 
Bicarbonate & Carbonate 
Carbon - Total Inorganic (water) 

- Total Organic (water) 
- Total (soil) 
- Total Organic (soil) 

Cation Exchange Capacity (soil) 
Chemical Oxygen Demand 

Detection limit of 20 mg/L 
Detection limit of 5 mg/L 

Chloride 
Chlorine, Total Residual 
Coliform Bacteria - Total 

- Fecal 
Color 
Chromium - Hexavalent 
Cyanide - Total 
Cyanide - Total & Ammenable 
Cyanide, WAD 
Density 
Fluoride EPA 340.2 
Formaldehyde 
Hardness (Ca. Mg by calculation) 

Calculation only 
Halides, Total Organic (TOX) - Water 

- Solids/Oils 
Lime Equivalence 
Nitrogen - Ammonia 

- Nitrate plus Nitrite Nitrogen (combined) 
- Nitrate 
- Nitrite 
- Total Kjeldahl 
- Total Organic-Calculation Fee 

(requires analysis of TKN & NH3) 

EPA 305.1 
EPA 3 10.1 
EPA 300.0 
EPA 405.1 
APHA 2320 
APHA 2320 
APHA 2320 
EPA 415.1 

EPA 415.1 

EPA 9080 

EPA 410.4 
EPA 410.4/410.2 

EPA 300.0 or 325.1 
APHA 4500-CLG. 

APHA 9222B 
APHA 9222D 

EPA 110.2 
SW846 7196 
EPA 335.2 
EPA 335.1 

APHA 4500-CNI. 

NlOSH 3500 
EPA 200.7 and SM 314 B 

9020 

AOAC 1.004-6 
EPA 350.1 or 350.3 

EPA 353.2 
EPA 300.0 or 353.2 
EPA 300.0 or 353.2 
EPA 351.2 or 353.3 

‘I, 
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TABLE 8-2, continued 

INORGANIC ANALYSES (continued) 

Analyte Methods 

Oil & Grease (Gravimetric or IR) 
Oxidation Reduction Potential 
Free Liquid Content (Paint Filter Test) 
Total Petroleum Hydrocarbon IR 
PH 
Phenols - Total 
Phosphorus - Total 

- Ortho 
Silicate - Reactive 
Solids - Total 

- Suspended 
- Dissolved 
- Volatile 

- Suspended Volatile 
- Settleable 

Specific Conductance 
Specific Gravity 
Sulfate 
Sulfide 
Sulfite 
Surfactants - MBAS 

EPA 413.U413.2 

EPA 9095 
EPA 418.1 
EPA 150.1 
EPA 420.3 

EPA 365.3 or 365.4 
EPA 365.1 or 365.3 

EPA 370.1 
EPA 160.3 
EPA 160.2 
EPA 160.1 
EPA 160.4 

EPA 160.2 or 160.4 
EPA 160.5 
EPA 120.1 

EPAKOE 1981 
EPA 300.0 or 375.2 

EPA 376.2 
EPA 377.1 
EPA 425.1 

Tannins and Lignins (as tannic acid) 
Turbidity 

Sample Prep: 
Cornpositing 
Filtration 

APHA 5550B 
EPA 180.1 

APHA 303OB 

- .-- 
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TABLE 8-2, continued 

APPENDIX NINE ANALYSES 
Appendix IX is derived from Appendix VIII Hazardous Constituents. These parameter lists are intended to apply to - 

groundwater monitoring at hazardous waste storage and disposal sites and are applied to uncontrolled site investigations and 
remediations. 

Analyte EPA Methods 

Volatile Organics 
(extended list 19 Compounds) 

Acrolein and Acrylonitrile 8030 

Acid and Base Neutrals 
(extended list 48 Compounds) 

Dioxins12378 TCDDD 

Pesticides and PCB’s 

Herbicides 

Total Cyanide 

Hydrogen Sulfide 

PH 

17 Metals 
Arsenic 
Antimony 
Barium 
Beryllium 
Cadmium 
Cobalt 
Chromium 

Copper 
Mercury 
Nickel 
Lead 
Selenium 
Silver 
Tin 
Thallium 
Vanadium 
zinc 
Metals Digest 

8240 

355018270 

8280 

354018080 

8150 

9010 

376.1 

150.1 

7060 
6010 
6010 
6010 
6010 
6010 
6010 
6010 
7470 
6010 
7421 
7740 
6010 
6010 
7841 
6010 
6010 

3010,3020,7060,7470 
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TABLE 8-2, continued 

FORM 2C ANALYSES FOR NPDES PERMITS 

Analyte Methods 

PartA 

Biochemical Oxygen Demand 
Chemical Oxygen Demand 
Total Organic Carbon 
Total Suspended Solids 
Ammonia as Nitrogen 

PH 

EPA 405.1 
EPA 410.4 
EPA 415.1 
EPA 160.1 

EPA 350.21350.3 or 350.2l350.1 
EPA 150.1 

PartB 

Total Residual Chlorine 
Color 
Fecal Col i form 
Fluoride 
Nitrate 
Nitrite 
Total Organic Nitrogen 
Oil and Grease 
Total Phosphorus 
Alpha 
Beta 
Radium 
Sulfate 
Sulfide 
Sulfite 
Surfactants 
Aluminum 
Barium 
Boron 
Cobalt 
Iron 
Magnesium 
Molybdenum 
Manganese 
Tin 
Titanium 
Metals Digestion 

EPA 330.5 
EAP 110.2 

APHA 9222D 
EAP 340.11340.2 

EPA 353.2 or 300.0 
EPA 353.2 or 300.0 

350.2l350.3i351.3 or 350.2f350.11351.2 
EPA 413.1 or 413.2 
EPA 365.1 or 365.4 

EPA 300.0 
EPA 376.1 
EPA 377.1 
EPA 425.1 
EPA 200.7 
EPA 200.7 
EPA 200.7 
EPA 200.7 
EPA 200.7 
EPA 200.7 
EPA 200.7 
EPA 200.7 
EPA 200.7 
EPA 200.7 

(3010) 
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TABLE 8-2, continued w 

FORM 2C ANALYSES FOR NPDES PERMITS (continued) 

I 

Analyte Methods 

Part C 

Antimony 
Arsenic 
Beryllium 
Cadmium 
Chromium 

Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
zinc 
Total Cyanide 
Total Phenols 
Dioxin 
Volatile Organic Compounds 
Acid and Base Neutral Compounds 
Pesticides and PCB’s 
Metals Digestions 

EPA 200.7 
EPA 206.2 
EPA 200.7 
EPA 200.7 
EPA 200.7 
EPA 200.7 
EPA 239.2 
EPA 245.1 

EPA 200.7 
EPA 270.2 
EPA 200.7 
EPA 279.1 
EPA 200.7 

EPA 335.2 or 335.3 
EPA 420.3 
EPA 8280 
EPA 624 
EPA 625 
EPA 608 

(3010,3020,7060) 



PACE NEW ENGLAND, INCORPORATED 
TITLE NEESA Quality Assurance Manual 

Dot. No. QAM-004 

Section No. 8.0 
Revision No. 0 

Date: 10193 
Page 17 of 18 

TABLE 8-2, continued 

NON-ROUTINE ANALYSES 

PACE New England has the capability to perform the following analyses upon request. Turnaround time is subject to 

instrument availability and prices are quoted based on analyst and instrument time required and quantity of samples 
submitted. 

Analysis Methods 

BTU 
Chlorine (9%) 
Sulfur (%) 
Halogens 
Viscosity 
Flash point 
API Gravity 
Ash Content 

PH 
Free Liquids 
% Moisture 
% Sand, Silt, Clay 
Sieve Analysis (6 fractions > 8mm to < 2mm) 
Particle Size (19 fractions > 8mm to .02mm) 
Diquat, Paraquat by HPLC 
Carbamate Pesticides by HPLC 
PNA by HPLC 
Ethylene Glycol by HPLC 
Nitrogen-Phosphorus Pesticides by GC 
EDB & DBCP by GC 
GC Direct Inject for Alcohols 
Volatile Air Analysis in Tedlar Bags by GC or GC/MS 
Calibrated Volatile Non-target Compounds by GC/MS 
Method Development for any Organic Compounds by HPLC, GC/MS, or GC 
Non-routine Furnace or ICP Metals 
Bromide by Ion Chromatagraph 
Formaldehyde by HPLC 
Nitroaromatic Explosives by HPLC 

ASTM D 240 
ASTM D 129-64 
ASTM D 129-64 

ASTM D 808 
ASTM D 445 

ASTM D 93-77 
ASTM D 287 

ASTM D 482-87 
SW846 9045 
(Paint Filter) 
APHA 25406 
EPA/CE-81-I 
EPAKE-81-1 
EPAICE-81-l 

EPA 549 
EPA 531 

EPA 8310 

EPA 507 
EPA 504 

EPA 300.0 
EPA 8315 
EPA 8330 

_. 
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APPENDIX B 

Representative Method Detection Limits 
For Parameters and Methods Performed by PACE NE 



PACE, INC. 

Metals Instrumentation Laboratory Method Detection Limits 3-93 

ICP-3010 DETECT. TRUE ANALYSIS 
ELEMENT REP.1 REP.2 REP.3 REP.4 REP.5 REP.6 REP.7 MEAN S.D. LIMIT VALUE DATE 
ALUMINUM 135 130 130 134 136 140 151 136.6 6.72 21.1 100 01/11/93 
ANTIMONY 33 27 22 29 32 30 29 28.9 3.36 10.5 40 01/18/93 
ARSENIC 193 174 195 185 177 177 174 182.1 8.25 25.9 200 01/11/93 
BARIUM 2 1 1 3 1 1 1 1.4 0.73 2.3 1 01/18/93 
BERYLLIUM 0.7 0.8 0.6 0.6 0.8 0.7 0.8 0.71 0.08 0.3 1 01/18/93 
BORON 49 18 13 19 14 26 81 31.43 23.22 72.9 21 01/11[93 
CADMIUM 9 9 10 9 11 11 10 9.86 0.83 2.6 10 01/11/93 
CALCIUM 126 128 136 209 139 174 138 150 28.2 88.7 51 01/11/93 
CBROMIUM 25 24 25 26 26 24 23 24.7 1.03 3.2 21 01/11/93 
COBALT 9 0 10 10 10 10 9 8.29 3.41 10.7 10 01/11/93 
COPPER 10 10 10 9 10 10 10 9.9 0.35 1.1 10 01/11/93 
IRON 289 231 244 229 259 229 237 245.4 20.37 64.0 200 03/19/93 
LEAD 106 94 101 99 102 106 105 101.9 4.05 12.7 100 01/11/93 
MAGNESIUM 97 96 106 99 109 101 109 102.4 5.12 16.1 101 01/11/93 
MANGANESE 4 5 5 5 5 5 5 4.9 0.35 1.1 5 01/11/93 
NICKEL 50 52 55 57 50 53 48 52.1 2.90 9.1 51 01/11/93 
POTASSIUM 1540 1640 1560 1620 1760 1640 1550 1616 70.9 222.7 1500 01/11/93 
SELENIUM 196 190 209 192 191 167 180 189.3 12.12 38.1 201 01/11/93 
SILVER 1 1 2 1 1 1 2 1.3 0.45 1.4 4 01/18/93 
SODIUM 100 68 80 81 93 110 224 108.0 49.1 154.2 52 01/11/93 
THALLIUM 149 201 186 175 170 173 166 174.3 15.0 47.2 199 01/11/93 
TIN 64 57 62 57 60 58 60 59.7 2.43 7.6 50 01/11/93 
VANADIUM 2 2 3 2 3 1 4 2.4 0.90 2.8 2 01/18/93 
ZINC 29 29 34 37 34 34 30 32.4 2.87 9.0 21 01/11/93 
MOLYBDENUM 87 101 113 104 114 102 101 103.1 8.34 26.2 100 03/23/93 
STRONTIUM 98 95 99 94 99 90 97 96.0 3.02 9.5 100 03/23/93 
TITANIUM . 95 95 99 92 99 91 98 95.6 3.02 9.5 100 03/23/93 

GFAA-7060 

ARSENIC 5.28 5.64 4.94 5.2 5.15 5.4 5.24 5.3 0.20 
SELENIUM 4.2 4.3 4.2 4.3 4.3 4.1 4 4.2 0.11 

GFAA-3020 

LEAD 4.95 4.55 4.95 4.95 4.8 4.75 4.45 4.8 0.19 
THALLIUM 4.33 2.68 4.99 4.4 3.94 3.58 3.73 4.0 0.68 

CVAA-7470 

MERCURY 0.61 0.63 O-58 0.61 0.61 0.64 0.53 0.60 0.034 

0.63 
0.3 

0.6 
2.1 

0.11 

5 01/08/93 
5 01/18/93 

5 02/02/93 
5 01/15/93 

0.5 01/08/93 

All values are in ug/L (ppb). 
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TlDTALm 335.3 0.0435 0.0460 0.0435 0.0430 0.0415 0.0425 0.0440 
ToTAlrORGANICcARBoN 415.1 5.00 5.06 5.10 4.90 5.29 5.34 5.00 
CHERlICALoxyGEND~HIGH 410.1 75.76 78.28 75.76 73.23 73.23 75.76 78.28 
CHEXKALOXYGEZiDMiNDI.OW 410.1 10.10 9.40 9.90 9.50 9.70 6.80 9.30 
SULFATE 300.0 2.04 1.77 1.96 1.60 1.63 1.76 1.79 
BRcmDE 300.0 1.97 1.78 1.88 1.67 l-.79 1.80 1.88 
lTlRm.DEKYDE P&CAM 125 0.54 0.52 0.53 0.51 0.52 0.51 0.54 
ORTHO -TE 365.2 0.045 0.046 0.046 0.047 0.047 0.046 0.047 
ziLKALam 310.0 4.4 4.9 5.3 4.3 4.6 4.5 4.7 
SPECIFIC - 120.1 5.08 4.97 4.52 4.46 4.37 4.35 4.29 
SIlJCA 370.1 0.54 0.49 0.47 0.47 '0.49 0.49 0.47 

350.1 0.103 0.105 0.103 0.106 0.105 0.099 0.101 
-+mTE 353.2 0.270 0.250 0.259 0.259 0.253 0.257 0.263 
NITRATE 353.2 0.126 0.098 0.116 0.115 0.106 0.112 0.114 

353.2 0.144 0.152 0.144 0.144 0.147 0.145 0.149 
HElxA~cHRrn 7196 0.0532 0.0532 0.0546 0.0546 0.0546 0.0532 0.0532 
TURBIDITY 180.1 0.44 0.43 0.42 0.43 0.42 0.43 0.42 

377.1 4.00 3.90 3.75 3.90 3.85 3.75 3.50 
lVI'ALPHOSJJHORUS 365.2 0.052 0.046 0.048 0.047 0.048 0.047 0.050 
cIlmRIDE 325.1 4.370 5.052 4.918 5.124 4.664 4.710 4.708 
lvrALlKJELDAHI.lNrrR~ 351.3 1.11 1.08 1.09 1.15 1.05 1.08 1.09 
SlJL!XDE 376.1 4.18 3.35 3.05 4.00 4.04 3.53 3.31 
'IWTALDISSOLA'EII SOLIDS 160.1 40.2 38.5 35.2 34.7 37.1 39.2 36.1 
TOTAL SusPmEo SOLIDS 160.2 20.8 21.3 18.4 18.8 18.4 16.8 20.8 
XYrAL SOLIDS 160.3 66.0 65.3 59.2 56.2 54.2 64.6 59.8 
'IWI'AL ORGANIC CARECU WANLE'f BLACK 0.039 0.042 0.040 0.042 0.039 0.040 0.039 
BOD 405.1 1.5 0.94 1.8 1.5 1.4 1.5 1.5 
TANMNS-LIGNIIVS SM513 0.995 1.00 1.00 1.02 1.04 1.02 1.02 
FUOIUDE 340.2 0.043 0.045 0.038 0.044 0.036 0.043 0.039 

4lW 0.0365 0.0395 0.0375 0.0375 0.0345 0.0350 0.0380 

SrD MDL SPIRE 
DN mg/L hEAN LNEL 

-- m- 
0.0014 0.004 0.043 0.04 
0.1609 0.51 5.10 5.0 
2.0617 6.47 75.76 75 
1.1133 3.50 9.24 10 
0.1604 0.50 1.79 1 
0.0957 0.30 i.82 1 
0.0127 0.04 0.52 0.5 
0.0008 0.002 0.05 0.05 
0.3402 1.07. 4.67 5.58 
0.3165 0.99 4.58 1.68 
0.0248 0.08 0.49 0.5 
0.0025 0.008 0.103 0.1 
0.0066 0.021 0.259 0.20 
0.0087 0.027 0.112 0.10 
0.0031 0.010 0.146 0.10 
0.0007 0.0023 0.0538 0.05 
0.0076 0.02 0.43 0.4 
0.1618 0.51 3.81 10 
0.0021 0.006 0.048 0.05 
0.2588 0.813 4.792 5.0 
0.0309 0.10 1.09 1.0 
0.4348 1.37 3.64 3.55 
2.0860 6.55 37.29 32.96 
1.6640 5.23 19.33 27.9 
4.6547 14.62 60.76 56.8 
0.0013 0.004 0.040 0.04 
0.2566 0.81 1.45 2.0 
0.0160 0.05 1.01 1.0 
0.0034 0.01 0.04 0.05 
0.0017 0.01 0.04 0.04 

a 

m 

ml 



PACE, INC. 
. 

. 

QXPOUND (1 ppb, aceptions noted) 

(zIlLcR= 
BR- 
DICHL0RODIFLWJRCMElWNE 
(IIam- 
VINYLCBURIDE 
MEIWLlWCHWRIDE 
ACJEIWF, (5 PPB) 
CARBON DISULFIDE 
TRICHWRW 
l,l-DICHLCROEIMFNE 
BRORD 
l,l-DICHUXOEl'HANE 
1,2-DICHLCROEXWE (CIS) 
1,2-DICHK'ROElXQJE(TRANS) 
CHlDROFORM 
2-BWAIKfJE 
Bm 
mm 
DIBR- 
1,2-DICHLOROEI'HANE 
2,2-DICHUXOPROPANE 
1,1,1-TRIm~ 
C?WKNlzTRAcHLaRIDE 
BROtlKIDICHLORCtQXWF, 
1,2-DICKLOROPROPANE 
l,l-DICHLOROPROPFXE 
CIS-1,3-DICHWROPROPENE (.!!a ppb) 
TR1mom 
1,1,2-TR1CHmR0mHANE 
1,3~DICWROPROPAJJE 
TRANS-1,3-DICHLOROPROPINE (-6 ppb) 
4-~2-PlWrAWG (5 PPB) 
2-HEXAt0E (5 PPB) 
-lTrRAmm 
C 
EmlYLBDfzE?E 
BROl%JB= 
ISOPROPYLB~ 
o-XYlmE 
M,P-XYLEYGS (2 PPB) 

I+PROPYLB- 
TERT-BLJTYLBEIfZEUE 
zaIJ.mw 
4+IiImRw 
SK-BUIYLBmJE 
DIBR(XXHlORaQZHANE 
1,2-DIBRGDEI'HANE 
1,3-DICHI0?OBEXZW 
1,2-DICHLOROB~ 

METHODDEI'EXTIUVLIMTl'V'EUFICATI~sIuDy 
lftlLATILE ORGANIC CoMwIRJDs 

l4EIWD 524.2 INS WA'mS 
8/93 

>D6760 XI6765 X%764 x16763 XX755 >D6759 >D6756 
CctK. ax. ax. ate amt. txNc. CCNC. 
w/L WL w/L w/L ug/L w/L llg/L 

0.76 0.8 0.9 0.95 1.03 0.87 0.76 
1.01 0.97 1.11 1.12 1.02 1.15 0.88 
1.04 1.08 1.37 1.25 1.12 1.24 0.99 
0.98 1.23 1.27 1.08 1.18 1.35 1.07 
1.19 1.3 1.41 1.35 1.26 1.26 1.05 
0.77 0.62 0.45 0.59 0.76 0.59 0.98 
7.07 7.39 6.26 7.31 7.59 7.29 5.86 
1.00 1 1.1 1.03 0.96 1.01 0.99 
0.95 1.05 0.44 1.02 1.08 1.01 0.99 
1.04 1.11 1.2 1.09 1.08 1.09 1.12 
0.97 1.09 1.06 1.01 1.43 1.05 1.01 
0.98 1.02 0.97 1 1.02 1.04 1.1 
1.04 1.02 0.95 0.94 0.99 0.95 1.09 
0.94 1.02 1.06 1 1.02 0.99 1.02 
1.01 1.01 0.98 0.96 0.96 1.01 1.04 
5.33 5.66 5.46 5.45 6.73 5.79 6.78 
1.00 1.02 1.04 1.01 1.01 1.02 1.06 
1.07 1.03 0.97 0.99 0.94 1.06 1.09 
1.08 1.02 1 0.92 1.08 1.03 1.1 
0.98 1.03 0.93 1.01 1.12 1.05 1.11 
1.04 1.07 1.08 1.07 1.09 1.09 1.11 
0.98 1.01 0.99 0.98 1.03 1.03 1.07 
0.94 1.03 1.03 0.98 1.13 1 1.04 
1.02 1 0.97 0.98 1.07 1.04 1.1 
1.07 1.03 1 1.02 1.03 1.1 1.15 
0.92 1.01 1.01 0.97 1.05 1 1.03 
0.98 0.94 0.96 0.91 0.98 1 0.99 
1.00 1.01 1.04 0.99 1.04 0.96 1.07 
0.95 0.96 0.96 0.93 0.97 0.97 1 
0.96 0.97 0.92 0.96 0.99 0.91 i.08 
1.03 1.01 0.98 1.02 1.08 1.08 1.12 
4.46 4.45 4.35 4.47 4.89 4.66 5.65 
4.86 4.75 4.56 4.43 5.22 4.95 6.02 
0.99 0.91 0.91 0.87 0.91 0.91 0.99 
1.04 1.05 1.09 1.07 1 1.03 1.07 
1.13 1.04 1.09 1.03 1 1.11 1.08 
1.03 1.03 1.07 1.02 1.02 1.05 1.03 
1.06 1.06 1.08 1.05 1.03 1.08 1.06 
1.01 1.02 1.07 1.03 1.02 1.06 1.08 
2.13 2.17 2.2 2.08 2.06 2.14 2.11 
1.00 1.02 1.04 1.04 1.01 1.02 1.03 
1.06 1.05 1.14 1.09 1.03 1.08 1.09 
1.02 1.01 1.09 1.07 1.04 1.04 1.04 
1.05 1.12 1.17 1.19 0.99 1.11 1.08 
1.11 0.97 1.05 0.98 1.07 1 1.09 
1.08 1.09 1.15 1.13 1.04 1.12 1.09 
1.07 1.02 0.99 1.03 1.04 1.03 1.14 
1.13 1.01 1.08 1.1 1.13 1.15 1.14 
1.07 1.02 1.04 1.05 0.98 1.06 1.07 
1.08 1 1.01 1.05 1.01 1.06 1.07 

x 3.14 
STD MDL 
DN l&L MEAN 

--- --- 
0.1016 0.32 0.87 
0.0959 0.30 1.04 
0.1353 0.42 1.16 
0.1292 0.41 1.17 
0.1163 0.37 1.26 
0.1719 0.54 0.68 
0.6487 2.04 6.97 
0.0439 0.14 1.01 
0.2219 0.70 0.93 
0.0493 0.15 1.10 
0.1556 0.49 1.09 
0.0434 0.14 1.02 
0.0559 0.18 1.00 
0.0368 0.12 1.01 
0.0299 0.09 1.00 
0.6l'27 1.92 5.89 
0.0206 0.06 1.02 
0.0561 0.18 1.02 
0.0618 0.19 1.03 
0.0680 0.21 1.03 
0.0219 0.07 1.08 
0.0330' 0.10 1.01 
0.0593 0.19 1.02 
0.0476 0.15 1.03 
0.0528 0.17 1.06 
0.0426 0.13 1.00 
0.0315 0.10 0.97 
0.0369 0.12 1.02 
0.0214 0.07 0.96 
0.0560 0.18 0.97 
0.0489 0.15 1.05 
0.4538 1.42 4.70 
0.5300 1.66 4.97 
0.0454 0.14 0.93 
0.0300 0.09 1.05 
0.0467 0.15 1.07 
0.0181 0.06 1.04 
0.0173 0.05 1.06 
0.0279 0.09 1.04. 
0.0489 0.15 2.13 
0.0150 0.05 1.02 
0.0355 0.11 1.08 
0.0276 0.09 1.04 
0.0689 0.22 1.10 
0.0555 0.17 1.04 
0.0365 0.11 1.10 
0.0479 0.15 1.05 
0.0486 0.15 1.11 
0.0324 0.10 1.04 . 
0.0327 0.10 1.04 



. 
. 

. 

coMpcuM (lppb, exceptions noted) 
1,4-DICHUIROB~ 
P-IsoPRoFYL~ 
1,3,5-m 
BRORM 
1,1,1,2-mmom 
1,1,2,2-TJTmAmo~ 
1,2,3-TRIG 
N-BUIYLB- 
1,2,4--m 
1,2,4-'IRICHLOROBE 
1,2,3-+rRImoBm 
FIAFJ- 
1,2-DIBRCN33C 
HExKHmRoBurAD~ 

PACE, INC. 
hJcdhed) 

METWDDEl'El'ICNLTMITVEXlTICATIONSIUDY 
VOIATILEORGANICCXMNNDS 
MEMOD 524.2 DMS WJiTERS 

8/93 

X)6760 X%765 >D6764 >D6763 X%755 >D6759 >D6756 
ax. CCNC. ax. CCNC. cave. aJNc. ax. 
ug/L WL w/L ug/L w/L w/L ug/L 
1.05 1.01 1.05 1.11 0.99 1.08 1.09 
1.07 1.05 1.15 1.12 1.01 1.05 1.08 
1.05 1.01 1.14 1.06 0.96 1.01 1.05 
1.04 1.01 0.98 1.05 0.96 1.06 1.07 
1.00 1.01 1.02 0.98 1.02 1.07 1.1 
1.15 1.07 1.02 1.06 1.13 1.12 1.17 
1.14 0.95 1.05 1 1.16 0.73 1.13 
1.08 1.06 1.16 1.11 0.99 1.03 1.03 
1.03 1.06 1.12 1.05 0.94 1.02 1.05 
1.02 1.01 1.16 1.11 0.93 1.02 1.13 
1.12 1.03 1.14 1.1 1.07 1.06 1.07 
1.08 0.89 1.11 1.1 0.95 1.03 1.12 
0.68 0.83 0.92 0.87 1.27 1.24 0.69 
1.14 1.06 1.19 1.12 1.04 1.12 1.13 

x 3.14 
SIB MDL 
DEV ug/L 

0.0431 0.14 
0.0469 0.15 
0.0560 0.18 
0.0420 0.13 
0.0418 0.13 
0.0541 0.17 
0.1507 0.47 
0.0568 0.18 
0.0540 0.17 
0.0814 0.26 
0.0378 0.12 
0.0887 0.28 
0.2400 0.75 
0.0503 0.16 

1.05 
1.08 
1.04 
1.02 
1.03 
1.10 
1.02 
1.07 
1.04 
1.05 
1.08 
1.04 
0.93 
1.11 



PACE, INC. 

x5034 X5035 X5036 >G5037 X5038 X5042 X5043 
CXNC. CiNc. alvc. aNc. CCNC. aNc. alvc. 

coMp(xEs) (1 ppb, exceptions noted) WnJ w/L &lb mJ WJ ug/L w/L 

" 
lir.cRoErHANE 

VINYL(IWRIDE 
-- 

cmlcs(5PPB) 
ARBCI DISULFIDE 

T 
-,l-DICHLOR~ 

l,l-DIB 
~,2-DICHILROFiINM kid 

,2-DICXUR~( tram) 
bAmmFm! 
2-m (5 FPB) 

3mNE 

IlIBRcEeJMGIHANE 
-,2-DICIWROEIWANE 

,2-DI~OPROPANE 
l,l,l-lTKHLmoErHANE 
-mm 

?CE)DIC 
,,2-DICHUXWROPANE 
l,l-DICHILX~ 

IS-1,3-DICHLOROPFtOPEE 
RI-- 

1,1,2-TRI~O~ 
',3-DICHUXOPROPANE 

XANS-1,3-D1CHUROFROP'W.E 
HEIWL-2-m (5PPB) 
2-w (5 Pm 

EiIRAB 

SoPRm 
0-m 
-,p-xnwn: (2 PPB) 

rrPRm 
terts 

SW-B- 
--I 

,2-DIBR(XEIWW 
1,3-DKHIiXOB~ 
1,2-DICHURWNZNE 

,4-DIB 

0.97 1.24 0.97 1.04 1.05 1.10 1.10 
1.14 1.54 1.39 1.31 1.45 1.30 1.42 
1.01 1.19 1.07 0.98 0.97 0.93 0.98 
0.59 0.64 0.67 0.62 0.62 0.60 0.54 
0.97 1.01 0.94 1.08 1.04 1.02 1.00 
0.98 1.09 1.04 1.02 1.11 1.16 1.09 
4.78 5.57 4.80 5.52 4.93 5.03 5.58 
0.99 0.97 0.97 1.03 0.89 1.78 0.94 
0.95 1.08 1.07 1.02 0.98 1.01 1.03 
0.91 1.07 1.01 0.94 1.04 1.00 0.92 
0.89 1.16 0.96 0.93 1.02 1.04 0.95 
0.94 1.12 1.04 0.85 0.99 0.99 0.97 
1.01 1.09 1.03 0.95 1.07 1.05 0.99 
1.03 1.09 1.04 0.98 1.12 1.09 1.06 
0.91 1.02 1.04 0.96 1.05 1.02 0.99 
6.21 7.01 5.54 4.79 5.74 4.67 4.00 
0.97 1.02 0.93 0.98 0.99 0.98 0.94 
0.94 0.98 1.02 0.89 0.99 1.00 0.97 
1.01 1.13 1.15 1.23 1.19 1.24 1.14 
1.00 1.09 1.11 1.03 1.10 1.05 1.06 
1.01 1.06 0.98 0.91 0.98 0.92 0.89 
0.99 1.07 0.96 0.97 0.98 1.02 0.96 
0.96 1.00 1.01 0.94 1.05 0.93 1.02 
0.95 1.00 1.02 0.96 0.98 1.00 0.93 
0.91 1.22 0.96 0.97 1.07 0.95 0.99 
0.92 1.09 0.94 0.89 0.94 0.90 0.94 
0.87 0.94 0.98 0.92 0.93 0.85 0.93 
0.91 0.92 1.01 0.96 1.01 0.93 0.95 
0.73 1.05 0.88 0.86 0.87 0.91 0.92 
0.93 1.14 1.01 1.00 0.97 1.05 0.85 
0.91 1.10 0.88 0.92 1.01 0.95 0.95 
4.67 4.51 4.46 4.50 4.94 4.35 4.55 
4.85 5.45 5.37 5.08 4.56 4.66 4.74 
0.95 1.23 1.06 0.97 1.02 1.04 0.99 
0.99 1.02 1.00 0.95 1.06 0.99 1.04 
0.98 0.93 1.04 0.97 0.97 0.98 0.99 
0.99 1.03 0.95 1.02 1.07 0.97 1.03 
0.94 0.91 0.96 0.95 0.95 0.97 1.01 
0.88 0.94 0.98 0.83 0.92 0.98 0.97 
2.12 2.27 2.21 2.04 2.05 2.20 2.32 
0.86 0.85 0.88 0.85 0.91 0.83 0.93 
1.00 0.93 0.98 0.98 0.99 0.99 1.02 
1.00 0.90 0.95 0.97 0.97 1.01 1.04 
0.86 0.88 0.86 0.85 0.86 1.01 1.00 
0.93 0.90 0.99 0.97 0.72 0.84 0.96 
1.05 0.94 1.02 1.00 1.04 1.02 1.11 
1.10 1.13 1.02 0.93 1.13. 1.02 1.07 
1.09 1.16 1.17 1.03 1.05 1.09 1.02 
0.96 0.99 0.99 0.94 0.98 0.94 0.98 
1.00 1.08 0.98 1.05 1.02 0.98 1.05 
0.96 0.99 0.95 0.94 0.98 0.94 0.98 

0.0930 
o.l.287 
0.0869 
0.0410 
0.0456 
0.0606 
0.3689 
0.3llo 
0.0462 
0.0619 
0.0898 
0.0834 
0.0482 
0.0467 
0.0495 
1.0202 
0.0304 
0.0432 
0.0774 
0.0399 
0.0608 
0.0399 
0.0446 
0.0320 
0.1047 
0.0668 
0.0439 
0.0408 
0.0948 
0.0914 
0.0739 
0.1899 
0.3495 
0.0934 
0.0364 
0.0327 
0.0410 
0.0305 
0.0567 
0.1070 
0.0359 
0.0276 
0.0454 
0.0704 
0.0944 
0.0516 
0.0725 
0.0596 
0.0219 
0.0386 
0.0206 

MD& 
w/L = -- -- 
0.29 1.07 
0.40 1.36 
0.27 1.02 
0.13 0.61 
0.14 1.01 
0.19 1.07 
1.16 5.17 
0.98 1.08 
0.15 1.02 
0.19 0.98 
0.28 0.99 
0.26 0.99 
0.15 1.03 
0.15 1.06 - 
0.16 1.00 
3.20 5.42 
0.10 0.97 
0.14 0.97 
0.24 1.16 
0.13 1.06 
0.19 0.96 
0.13 0.99 
0.14 0.99 
0.10 0.98 
0.33 1.01 
0.21 0.95 
0.14 0.92 
0.13 0.96 
0.30 0.89 
0.29 0.99 
0.23 0.96 
0.60 4.57 
1.10 4.96 
0.29 1.04 
0.11 1.01 
0.10 0.98 
0.13 1.01 
0.10 0.96 
0.18 0.93 
0.34 2.17 
0.11 0.87 
0.09 0.98 
0.14 0.98 
0.22 0.90 
0.30 0.90 
0.16 1.03 
0.23 1.06 
0.19 1.09 
0.07 0.97 
0.12 1.02 
0.06 0.96 

SID 
DEV 

x 3.14 



. 
c 
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. 

PACE, INC. 

axmuND (lppb,excepti~Iboted) 

P--m 
L3,5 
BR- 
1,1,1,2-TErRAB 
1,1,2,2+IEnIAB 
1,2,3-TI?ICHLOROPROF'ANE 

1,2,4- 
1,2,4-TRIB 
1,2,3-WB 

1,2,-DIEsRCEF3- 
IiExllm= 

(continued) 
VCWFEJSmc- 
MGRIc8 524.2GfSUATW 

4/93 

>G5034 >G5035 >G5036 XT5037 >G5038 )G5042 X5043 
cu?c.ooNc. axvc. ax. cmc. ax. CCK. 
WA w/L w/L WDJ w/L w/L w/L 

0.94 0.91 1.02 0.96 0.99 1.01 1.10 
1.08 0.97 1.03 1.02 0.97 1.02 1.08 
0.85 1.23 0.96 1.05 0.97 1.01 0.91 
1.06 1.13 1.04 1.06 1.12 1.10 1.09 
1.04 1.20 1.19 1.03 0.97 1.11 1.13 
1.12 1.74 1.04 1.32 1.46 1.40 1.04 
0.98 0.93 0.99 1.00 0.97 1.02 1.03 
1.00 0.93 1.03 1.01 0.97 0.89 1.08 
1.01 1.03 1.05 1.07 1.06 1.03 1.15 
0.99 0.93 0.98 0.97 1.07 0.94 1.05 
0.94 1.05 0.99 0.99 1.00 0.94 0.96 
0.68 1.09 0.60 0.81 0.85 0.73 0.99 
0.96 0.87 0.93 0.91 0.93 0.96 1.02 

x 3.14 
SrD MDL 
DEV w/L 

- - 
0.0622 0.20 
0.0450 0.14 
0.1215 0.38 
0.0336 0.11 
0.0860 0.27 
0.2573 0.81 
0.0334 0.10 
0.0634 0.20 
0.0457 0.14 
0.0526 0.17 
0.0389 0.12 
0.1727 0.54 
0.0469 0.15 

1 

a 

0.99 
1.02 
1.00 
1.09 
1.10 
1.30 
0.99 
0.99 
1.06 
0.99 
0.98 
0.82 
0.94 

II 

II 

w 

I 

w 

w 

m 



PACE, INC. 
HEl'HODDEJIXI'I0IUMITVEXFICATICNSWDY 

VOLATILE ORGANIC txNRNDS 
IERQD 624 MS VAm - 

3/93 

>D4719 >D4726 >D4724 >a725 )D4727 )D4728 )D4730 x 3.14 
ax. ax. cmc. txlNc. CXJNC. cmc. alNc. STD !fDL 

GrfFWf?D (5 ppb, amptions noted) w/L w/L ug/L w/L w/L ug/L w/L DEV ug/L NEAl~ 

7.63 6.83 6.23 6.24 
4.82 4.42 4.12 4.21 
4.22 4.01 3.97 4.36 
5.23 4.36 4.74 4.65 
4.63 4.78 4.56 4.79 
4.04 3.71 4.28 3.88 
4.41 4.48 4.07 3.78 
5.05 5.25 4.82 5.05 
4.85 4.71 4.12 4.67 
4.85 2.13 4.44 4.24 
5.11 4.50 4.31 4.41 
4.39 4.20 3.84 3.84 
5.91 5.93 5.50 4.88 
3.62 3.47 3.22 3.33 
3.75 3.37 3.29 3.39 
5.04 4.74 4.37 4.60 
5.68 5.03 4.54 4.33 
4.79 4.69 4.86 4.71 
5.13 5.19 5.12 5.02 
4.27 4.00 4.04 4.27 
5.08 4.98 4.95 5.05 
5.14 4.65 4.73 4.95 
4.87 4.43 4.18 4.44 
4.86 4.67 4.61 4.57 
4.89 5.01 4.79 5.43 
5.27 4.97 4.79 4.91 
4.99 4.67 4.73 4.69 
5.27 4.72 4.50 4.76 
5.15 4.59 4.93 4.93 
4.83 5.28 5.16 5.10 
5.09 4.38 4.50 4.63 
4.43 4.05 4.21 4.26 
5.28 5.08 4.90 5.25 
4.94 4.75 4.66 4.65 
4.88 4.61 4.44 4.69 
4.90 5.04 4.60 5.04 
4.85 4.30 4.49 4.67 
4.59 4.38 4.28 4.53 
4.43 4.37 4.38 4.35 
9.51 9.41 8.98 9.38 

--- --- 
6.68 5.33 5.75 0.7524 2.36 6.38 
4.30 4.18 4.13 0.2475 0.78 4.31 
3.60 4.03 4.44 0.2819 0.89 4.09 
5.05 4.74 5.33 0.3454 1.08 4.87 
4.54 4.25 4.34 0.2045 0.64 4.56 
4.68 4.74 4.85 0.4532 1.42 4.31 
4.43 4.42 4.45 0.2649 0.83 4.29 
4.15 4.66 5.35 0.4075 1.28 4.90 
4.60 3.86 4.13 0.3767 1.18 4.42 
5.16 3.85 2.06 1.2498 3.92 3.82 
4.50 4.16 4.60 0.3002 0.94 4.51 
4.15 3.59 3.92 0.2707 0.85 3.99 
5.91 5.17 6.17 0.4706 1.48 5.64 
3.31 3.24 3.33 0.1402 0.44 3.36 
3.38 3.53 3.12 0.1963 0.62 3.40 
4.79 4.49 4.72 0.2181 0.68 4.68 
5.20 4.62 4.89 0.4561 1.43 4.90 
4.71 4.76 4.66 0.0683 0.21 4.74 
4.84 5.30 5.23 0.1516 0.48 5.12 
3.80 3.94 3.91 0.1787 0.56 4.03 
5.07 5.03 4.93 0.0596 0.19 5.01 
4.92 4.91 4.56 0.2000 0.63 4.84 
4.33 4.43 4.19 0.2313 0.73 4.41 
4.75 4.90 4.42 0.1685 0.53 4.68 
4.94 5.44 5.06 0.2573 0.81 5.08 
4.89 5.14 4.87 0.1688 0.53 4.98 
4.54 4.73 4.48 0.1634 0.51 4.69 
4.62 4.77 4.15 0.3369 1.06 4.68 
4.67 4.88 4.51 0.2263 0.71 4.81 
5.34 5.17 4.98 0.1742 0.55 5.12 
4.66 4.40 4.35 0.2583 0.81 4.57 
4.46 4.11 3.87 0.2096 0.66 4.20 
5.59 5.20 5.13 0.2122 0.67 5.20 
4.70 4.72 4.34 0.1786 0.56 4.68 
4.88 4.68 4.50 0.1703 0.53 4.67 
5.07 4.87 4.69 0.1835 0.58 4.89 
4.69 4.66 4.13 0.2510 0.79 4.54 
4.46 4.50 4.13 0.1600 0.50 4.4l 
4.54 4.52 4.22 0.1088 0.34 4.40 
9.67 9.62 8.70 0.3559 1.12 9.32 



COMPOUND (10 ppb, exceptions noted 

CHLOROhETHANE 8.40 10.18 10.98 10.89 10.00 11.56 10.84 
BROMOMETHANE 9.15 9.67 10.92 10.37 9.96 11.07 10.46 
VINYL CHLORIDE 9.87 11.08 11.44 11.01 10.94 11.48 11.68 
CHLOROETHANE 9.97 10.79 11.59 11.63 10.66 11.61 11.46 
METHYLENE CHLORIDE 10.70 10.44 11.35 11.93 10.58 11.27 11.48 
ACETONE 9.48 9.12 8.86 10.72 12.93 9.13 8.41 
CARBON DISULFIDE 10.95 10.52 11.98 11.39 11.14 1209 11.16 
TRICHLOROFLUOROMETHANE 10.01 10.59 11.60 10.50 10.71 11.58 11.01 
l,l-DICHLOROETHENE 11.18 10.81 11.05 10.31 10.40 11.27 10.20 
TETRAHYDROFURAN 5.79 4.25 5.01 4.53 7.10 4.61 6.29 
1.1.DICHLOROETHANE 9.77 10.31 11.29 10.50 10.30 10.39 10.10 
1,2-DICHLOROETHENE(tota1) (Zdpp 20.27 20.75 22.10 21.25 20.58 22.01 21.22 
CHLOROFORM 9.79 10.17 11.26 10.66 10.16 11.10 10.95 
ZBUTANONE 10.45 7.87 9.83 9.64 7.47 9.53 8.99 
1,2-DICHLOROETI+iNE 9.02 10.05 10.93 10.39 10.34 10.88 10.76 
MTBE 9.76 10.24 10.92 10.12 9.88 11.06 10.91 
l,l,l-TRICHLOROETHANE 9.59 10.20 10.37 9.66 9.55 10.26 9.53 
CARBON TETIbKHLORIDE 9.68 10.63 10.42 9.91 9.72 10.65 9.61 
VINYL ACETATE 9.70 10.23 11.14 9.75 10.50 11.97 10.87 
BROMODICHLOROMETHANE 9.79 10.26 10.12 10.15 9.90 10.90 9.81 
1,2-DICHLOROPROPANE 9.14 9.95 10.25 9.74 9.78 10.44 9.50 
CIS-I$-DICHLOROPROPENE (9.6 pp 8.70 9.51 9.83 9.48 9.45 10.17 9.47 
TRICHLOROETHENE 10.35 10.33 10.52 10.18 9.17 10.75 9.90 
DIBROMOCHLOROMETHANE 9.43 10.25 10.37 9.89 10.05 10.93 10.37 
1,1,2-TRICHLOROETHANE 9.29 10.03 10.86 10.00 9.37 10.23 9.63 
BENZENE 10.11 10.10 10.57 10.19 10.02 10.73 10.00 
TRANS-1,3-DICHLOROPROPENE (1 9.82 10.42 10.67 10.36 9.84 10.82 10.30 
2-CHLOROETHYLVINYLETHER 8.02 8.97 10.07 9.50 8.40 10.25 8.98 
BROMOFORM 9.73 10.39 10.50 9.17 10.10 10.75 9.76 
4-METHYL2-PENTANONE 10.46 9.98 10.61 9.98 11.42 11.00 9.81 
2-HEXANONE 10.15 8.55 8.19 9.65 8.47 8.75 8.56 
TETRACHLOROETHENE 9.43 9.37 10.46 9.92 9.16 10.42 9.76 
1.1.2,2-TETRACHLOROETHANE 10.03 10.27 lo.% 9.95 10.31 10.72 10.29 
TOLUENE 9.53 9.73 10.27 9.98 9.78 10.54 9.94 
CHLOROBENZENE 9.26 10.01 10.33 9.95 9.48 10.27 9.60 
ETHYLBENZENE 9.30 9.91 10.48 9.89 9.71 10.34 9.64 
STYRENE 8.95 9.51 10.38 9.59 9.64 9.80 9.79 
XYLENE 9.26 10.22 10.14 10.13 9.64 10.13 10.15 
XYLENE (total) 18.53 19.32 21.23 19.64 19.94 21.47 1955 

PACE New EnSland, Inc 
MATRIX DETECTION LIMITVERIFICATION STUDY 

VOLATILE ORGANIC COMPOUNDS 
METHOD 624 DMS WATERS - 

l/93 
p& o/I) 

>D384 >D384 >D385 >D385 >D385 >D385 >D3854 
CONCCONCCONCCONCCONCCONCCONC 

ugn. u&s ugn w w-f- *g/L W-L 

x 3.14 
STD MDL 
DEV q/L MEAN 

---- --- ----- -v-w -em --e-m 

1.0266 3.22 10.41 
0.6840 215 10.23 
0.5969 1.87 11.07 
0.6426 2.02 11.10 
0.5463 1.72 11.11 
1.5531 4.88 9.81 
0.5580 1.75 11.32 
0.5825 1.83 10.86 
0.4411 1.39 10.75 
1.0554 3.31 5.37 
0.4663 1.46 10.38 
0.6969 219 21.17 
0.5545 1.74 10.58 
1.0811 3.39 9.11 
0.6640 208 10.34 
0.5399 1.70 10.41 
0.3766 1.18 9.88 
0.4622 1.45 10.09 
0.8083 2.54 10.59 
0.3832 1.20 10.13 
0.4394 1.38 9.83 
0.4472 1.40 9.52 
0.5 148 1.62 10.17 
0.4660 1.46 10.18 
0.5449 1.71 9.92 
0.2869 0.90 10.25 
0.3797 1.19 10.32 
0.8243 259 9.17 
0.5433 1.71 10.06 
0.5942 1.87 10.47 
0.7158 2.25 8.90 
0.5110 1.60 9.79 
0.3610 1.13 10.36 
0.3423 1.07 9.97 
0.4061 1.28 9.84 
0.4070 1.28 9.90 
0.4256 1.34 9.67 
0.3619 1.14 9.95 
1.0503 3.30 19.95 
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1 

X-PCUND (10 ppb, exceptions noted) 

PACENew England, Inc. 
MEI'HODD~@?LIMITWUFICATICNsNDy 

VOLATILF: OR-c coImmDs 
MEniOD624EMsUA= 

9193 

c3llKx- lo.29 10.65 11.31 9.36 9.66 10.46 9.68 
I- 10.82 11.36 11.32 9.58 10.23 10.30 10.81 

*NYLcHlMuDE 10.16 10.05 10.18 9.60 9.53 10.57 10.50 
Clll.OR0- 9.02 9.09 8.66 8.29 8.49 9.43 8.80 
WIXYLBGCHLORIDE 9.46 9.48 11.53 10.15 10.75 10.71 11.85 

.liYIlxE 
'&RKNDISIJLFIDE 

7.16 3.44 6.93 6.79 6.70 8.92 6.12 
10.28 10.72 10.98 10.06 9.94 10.15 10.35 

T 8.72 9.07 9.15 8.80 8.65 9.04 8.93 
: l-DICHUXO~ 8.70 9.54 8.81 7.28 8.38 8.21 7.90 
: BE 10.52 9.89 10.23 9.17 9.34 10.65 10.25 
l,l-DICHLOROEl'HANE 9.18 9.59 10.39 9.16 9.62 10.05 9.55 
+ 2-DICHKBOEITiENEkis) 8.52 8.47 9.5 8.15 8.90 9.10 8.52 
: 2-DICHUXQEIYBJE(trans) 9.06 9.16 9.55 8.55 9.48 9.30 8.90 
cHu)Rm 9.17 9.34 10.17 8.79 8.84 9.85 9.26 
2-B- 9.69 8.75 10.82 5.75 7.71 7.22 10.20 
: 2-DICHUXOEl'HANE 9.47 9.40 10.18 9.31 9.54 10.69 10.19 
i,l,l-TRIC 9.91 9.20 9.77 9.13 9.46 10.02 10.01 
CARBCNTETRACHUlRlDE 9.03 9.70 10.48 9.64 9.31 10.37 9.93 
\ WLACEl'ATE 10.19 6.71 5.05 6.53 6.14 5.68 7.93 
I IMODKHUR~~ 8.75 9.48 9.84 9.10 9.36 10.02 9.76 
1,2-DICIUROPROPANE 9.34 9.70 9.43 8.41 9.69 9.06 10.12 
F-T-1,3-DIOROPROPENE 9.75 9.99 10.18 9.78 10.09 10.85 9.72 
: KHLcR0~ 9.41 9.78 10.25 8.82 9.11 9.99 9.31 
DIBRCBKHIdRCMElWUE 9.62 9.17 9.17 8.91 8.90 9.67 9.64 
1.1,2-TRIcHInoEnMANE 9.39 10.66 9.76 10.25 8.63 10.84 10.41 
1 $lzlNE 10.00 9.51 10.58 9.47 9.99 9.69 10.33 
'.dNS-1,3-DICHUNPROPENE 9.75 9.99 10.18 9.78 10.09 10.85 9.72 
2- 10.60 8.84 9.9 8.83 9.46 9.18 9.39 
I 3Mom 10.30 9.58 9.08 8.11 8.49 9.52 9.44 
d QTHYL-2-PEI?rm 10.45 10.84 11.26 9.36 10.55 11.97 11.07 
2-w 10.65 8.06 12.77 11.94 5.06 11.09 8.99 
?=TRAmm 8.33 9.82 9.18 8.62 9.73 8.88 8.35 
: 1,2,2-TErRA=oErHANE 9.75 11.54 11.71 8.47 9.07 9.86 13.18 
-.&UENE 8.60 9.31 10.08 8.84 9.60 9.72 9.75 
OR- 9.44 9.80 10.34 8.83 9.49 9.05 9.40 
l!lYmmmE 9.19 9.67 9.51 9.33 8.96 8.58 9.64 
L-IRENE 9.87 10.88 10.53 10.22 10.66 10.47 10.94 
xYi.mE (0) 8.90 10.07 10.53 9.30 9.11 9.29 10.49 
: -iENE (m,p) (20 PPEU 18.16 21.37 21.5 18.66 18.41 20.84 20.57 

dZ4570 >a572 X4578 >E4575 >E4576 >E4577 >E4579 
m. axvc. ax. ax. ctxc. aNc. ax. 
w/L w/L w/L w/L w/L ug/L &r/L 

x 3.14 
STD MDL 
DEY WA I+mN --- --- 

0.6804 2.14 10.20 
0.6389 2.01 10.63 
0.4014 1.26 10.08 
0.3874 1.22 8.83 
0.9317 2.93 10.56 
1.6363 5.14 6.58 
0.3721 1.17 10.35 
0.1899 0.60 8.91 
0.7186 2.26 8.40 
0.5693 1.79 10.01 
0.4441 1.39 9.65 
0.4565 1.43 8.74 
0.3468 1.09 9.14 
0.5061 1.59 9.35 
1.8036 5.66 8.59 
0.5261 1.65 9.83 
0.3780 1.19 9.64 
0.5276 1.66 9.78 
1.7101 5.37 6.89 
0.4455 1.40 9.47 
0.5466 1.72 9.39 
0.3945 1.24 10.05 
0.5059 1.59 9.52 
0.3417 1.07 9.30 
0.7829 2.46 9.99 
0.4155 1.30 9.94 
0.3945 1.24 10.05 
0.6269 1.97 9.46 
0.7325 2.30 9.22 
0.8075 2.54 10.79 
2.6438 8.30 9.79 
0.6146 1.93 8.99 
1.6766 5.26 10.51 
0.5303 1.67 9.41 
0.4929 1.55 9.48 
0.3951 1.24 9.27 
0.3742 1.17 10.51 
0.6782 2.13 9.67 
1.4624 4.59 19.93 



CCXXUHD (5 ppb, exceptions notd 

ClWR@lEi?WIE 
BXO!%XETHUE 
VI?JYLC?WRIDE 
ClWROmX~lE 
IEIYYIBIE CHIdRIDE 
ArnrE 
C?AlGOI: DISULETDE 
TRJmoRoFL~R~~m*~ 
1,1-31CHm?0ErHE!E 
l,1-3ICHWROEXh~JE 
1,2-DI0WROEI'iWEE(cis) 
1,2-DIC~RXTHE%(tras1 
CIWROFQRI{ 
2-BUTXX? 
1,2-DICHldROEI'HUE 
l,l,l-TRICH 
cxE?m TI.lrRAWrnE 
?mxL AcErATE 
BRO;IODICHLORWETHANE 
~,~-DICH~~ROPROPAWE 
CIS-1,3-DICk!!QR3IE I:.38 ppb) 
TWZL@F.O~!X'HEfJE 
DIBR~:IXXK~OF.CNX~,~ I 
1,1.2-TKCIiL~ROFI'H;JfE 
BE??X*IE 

?AcE New Ellglancl, Inc. 
I?ElWOD DETECTION LIXIT VERIFICATICN STUDY 

VOLATILE ORGANIC CXKFCWDS 
I$ZINOD 624 EK lJXEXS 

4i93 

,E3859 ,E3S60 >E3861 ,E3S67 >E3863 >E3SGS )E3865 
ccw. CONC. COIK. coi?c. CCK. COK. cmc. 
U&L ug/L ug/L lKJ/L ug/L ug/L Ug/L 

4.85 4.51 4.72 3.95 3.59 4.60 4.73 
4.79 4.85 4.S3 4.81 4.98 4.69 4.54 
4.50 4.37 4.74 4.68 4.90 4.10 4.36 
3.27 5.43 5.25 4.25 5.28 4.35 4.98 
4.58 4.61 4.62 5.96 5.36 5.85 5.69 
3.58 3.04 4.52 3.26 4.20 3.74 4.83 
3.93 4.73 4.31 4.89 4.27 3.81 4.0: 
4.86 4.88 4.65 4.88 4.83 4.80 4.65 
4.37 4.35 4.40 4.17 4.68 4.42 3.76 
4.40 4.46 4.40 4.43 4.32 4.34 4.14 
4.75 4.81 4.68 4.55 4.53 4.12 4.11 
4.s5 4.47 4.47 4.37 4.51 4.32 4.46 
5.04 4.67 4.56 4.67 4.32 4.74 4.31 
8.72 7.09 7.27 4.29 7.87 4.32 3.48 
5.11 5.22 5.65 5.35 5.74 5.25 5.43 
4.70 5.07 4.91 5.02 5.41 5.44 5.38 
4.67 4.70 5.02 5.01 4.99 5.59 5.27 
4.54 5.31 5.97 4.71 6.83 5.98 6.64 
5.21 5.10 5.23 5.13 5.51 5.34 5.59 
4.60 4.54 4.74 4.74 5.02 5.24 5.06 
4.65 4.47 4.G 4.81 5.32 4.81 4.82 
4.74 4.72 4.93 5.19 4.9s 5.19 4.85 
5.18 5.19 5.Sl 5.48 6.43 5.59 6.15 
4.68 5.00 5.33 5.02 5.96 5.76 6.09 
4.96 5.11 5.01 4.82 5.17 4.97 4.74 

~,!S-1,3-PICE~R3FE@?EIiZ (5.52 p>b) 5.74 5.50 5.73 5.93 6.55 5.93 5.94 0.3267 1.03 5.90 
BF.O!IOKXQl 5.48 5.54 6.30 5.57 7.42 G.68 7.00 0.7821 2.46 6.28 
4-:-mwL-2-mrrxx~ 5.57 6.48 9.52 5.88 10.85 6.31 9.65 2.2146 6 'F 7.79 .dh 
2+IExxarE 7.87 8.37 10.87 6.74 7.08 10.87 12.72 2.2719 7.13 9.22 
?!-ETG~CROWlE 4.87 5.19 4.82 4.97 5.12 5.04 4.70 0.1733 0.54 4.96 
1,1,2,2-TExmxmROm~~ 5.72 5.82 6.31 5.40 7.05 5.91 7.52 0.7703 2.42 6.25 
TQLUENE 4.84 5.05 5.22 5.07 5.24 4.74 5.09 0.1852 0.5s 5.04 
cl3.~oBEl~rzDE 4.93 4.so 5.09 4.92 5.19 4.75 4.91 0.1539 0.38 4.94 
Ii7wfLBDDrE 5.00 5.33 5.25 5.26 4.94 5.02 5.13 0.1507 0.47 5.13 
Sl-iIUE 4.96 5.47 5.23 5.24 5.57 5.28 4.96 0.2310 0.73 5.24 
XYLmE (0) 4.83 5.28 5.10 4.81 4.91 4.86 4.77 0.1854 0.58 4.94 
Xi-EXE h,p) (10.0 ppb, 9.84 9.28 10.00 9.45 10.25 9.19 9.62 0.3888 1.22 9.66 

x 3.14 
SD IlDL 
DEV q/L MEA!! 

--- --- 
0.4693 1.47 4.42 
0.1378 0.43 4.78 
0.2718 0.85 4.52 
0.7745 2.43 4.69 
0.6224 1.95 5.24 
0.6601 2.07 3.88 
0.4034 1.27 4.23 
0.1016 0.32 4.79 
0.2841 0.89 4;31 
0.1067 0.34 4.36 
0.2859 0.90 4.51 
0.170s 0.54 4.49 
0.2251 0.71 4.69 
2.0672 6.49 6.15 
0.2282 ,0.72 5.40 
0.2845 0.29 5.13 
0.3193 1.00 5.04 
0.8934 2.81 5.71 
0.1878 0.59 5.30 
0.2236 0.70 4.89 
0.2659 0.83 4.79 
0.1928 0.61 4.94 
0.4722 1.48 5.69 
0.5395 1.69 5.41 
0.15w 0.47 4.97 



:O POUND (5 ppb, exceptions noted) 

:I-&DROMETHANE 
:R MOMETHANE 
‘I?. ,Z CHLORIDE 
:HLqROE’THANE 
IE HYLENE CHLORIDE 
ic- I-ONE 
:ARBON DISULFIDE 
-IX :HLOROFLUOROMETHANE 
J- ICHLOROETHENE 
ETRAHYDROFURAN 
,l. ICHLOROETHANE 
,2. ICHLOROETHENE(cis) 
2-DICHLOROETHENE( tram) 

:H 3ROFORM 
!-B TANONE 
VITBE 
;,2- - ICHLOROETHANE 
l,l, TRICHLOROETHANE 
XRBON TETRACHLORIDE 
JIP”IL ACETATE 
3R MODICHLOROMETHANE 
t,ZDICHLOROPROPANE 

PACENcwEngland,In~ 
METHOD DETECTION LIMITVERIFICATION STUDY 

VOLATILE ORGANIC COMPOUNDS 
METHOD 624 GMS WATERS 

l/93 

>G370 >G370 >G370 >G370 >G370 >G370 >G3709 x 3.14 
CONCCONCCONCCONCCONCCONCCONC STD MDL 

3.58 3.73 3.66 3.41 3.39 3.93 3.59 

3.36 3.14 3.15 3.17 3.40 3.30 3.39 
3.40 4.15 3.80 3.45 3.16 3.84 3.52 

3.04 3.42 2.91 3.23 3.21 3.43 3.10 
3.50 3.22 3.08 3.81 3.90 3.46 3.78 
3.91 2.57 3.72 4.85 3.75 3.86 3.87 
3.82 3.56 3.47 3.78 3.43 3.64 3.53 
3.49 3.33 3.32 3.32 3.34 3.53 3.37 
3.51 3.55 3.37 3.52 3.59 3.35 3.56 

3.79 3.39 3.62 4.59 3.77 3.51 3.57 
3.44 3.48 3.31 3.47 3.51 3.68 3.48 
3.38 3.29 3.22 3.19 3.39 3.33 3.24 
3.39 3.27 3.28 3.54 3.42 3.26 3.35 
3.58 3.58 3.50 3.64 3.44 3.49 3.72 
3.77 3.63 3.89 4.54 4.35 4.22 4.22 
3.72 3.67 3.56 3.87 3.79 3.56 3.60 
3.65 3.41 3.42 3.37 3.37 3.43 3.34 
3.06 3.46 3.29 3.25 3.36 3.27 3.25 
3.44 3.74 3.45 3.51 3.53 3.72 3.38 
3.43 3.58 3.66 3.37 3.50 3.27 3.33 
3.44 3.43 3.50 3.53 3.61 3.44 3.46 
3.59 3.49 3.71 3.48 3.46 3.32 3.58 

ugn ugn 

ZIP !$-DICHLOROPROPENE (4.7 PP 3.19 3.53 3.60 3.15 3.33 3.16 3.10 0.1991 0.63 3.29 
I-R :HLOROETHENE 3.28 3.56 3.67 3.55 3.45 3.60 3.46 0.1270 0.40 3.51 
DIBROMOCHLOROMETHANE 3.44 3.57 3.52 3.57 3.77 3.54 3.61 0.1015 0.32 3.57 
1,l ‘-TRICHLOROETHANE 3.44 3.57 3.33 3.71 3.68 3.48 3.67 0.1429 0.45 3.55 
BE ZENE 3.15 3.43 3.34 3.32 3.42 3.41 3.40 0.0986 0.31 3.35 
TRANS-1,3-DICHLOROPROPENE (5. 3.43 3.54 3.47 3.45 3.53 3.40 3.28 0.0879 0.28 3.44 
2-CHLOROETHYLVINYLETHER 2.86 1.45 2.95 3.89 1.46 2.71 3.85 0.9930 3.12 274 
BF ,MOFORM 3.32 3.60 3.53 3.51 3.68 3.47 3.61 0.1168 0.37 3.53 
~-I~~IXI-IYI~~-PENTANONE 3.50 2.% 3.40 3.76 3.06 3.12 3.65 0.3088 0.97 3.35 

2-HEXANONE 3.52 3.74 3.76 4.25 3.65 3.63 4.01 0.252 1 0.79 3.79 
TE RACHLOROETHENE 3.38 3.54 3.53 3.67 3.55 3.63 3.47 0.0963 0.30 3.54 

l&,2-TETRXHLOROETHANE 3.27 3.72 3.45 3.43 3.42 3.20 3.33 0.1673 0.53 3.40 
TOLUENE 3.39 3.23 3.18 3.69 3.58 3.44 3.47 0.18% 0.57 3.43 
Cf .OROBENZENE 3.48 3.43 3.73 3.42 3.58 3.73 3.73 0.1446 0.45 3.59 
E-l. IYLBENZENE 3.57 3.62 3.58 3.53 3.76 3.67 3.49 0.0905 0.28 3.66 
STYRENE 3.20 3.31 3.48 3.47 333 3.44 3.31 0.1036 0.33 3.36 
x’ ENE (0) 3.56 3.61 3.51 3.69 3.40 3.86 3.36 0.1717 0.54 3.57 
Xx_ ENE (total) (10 PPB) 6.67 7.08 6.57 7.43 7.20 7.09 6.85 0.3039 0.95 6.98 

ugn ugn ur& uls DEV ugn MEAN 
---- --- ----- ---- --- ----- 

0.1866 059 3.61 
0.1166 0.37 3.27 
0.3318 1.04 3.62 
0.1921 0.60 3.19 
0.3114 0.98 3.54 
0.6639 2.08 3.79 
0.1498 0.47 3.60 
0.0873 0.27 3.39 
0.0946 0.30 3.49 
0.3967 1.25 3.75 
0.1092 0.34 3.48 
0.0786 0.25 3.29 
0.1012 0.32 3.36 
0.0962 0.30 3.56 
0.3311 1.04 4.09 
0.1191 0.37 3.68 
0.1034 0.32 3.43 
0.1219 0.38 3.28 
0.1397 0.44 3.54 
0.1397 0.44 3.45 
0.0652 0.20 3.49 
0.1229 0.39 3.52 



PACE New England, Inc. 
METHOD DETECTION LIMIT VERIFICATION STUDY 

VOLATILE ORGANIC COMPOUNDS 
METHOD 8240 CMS LOW SOIL 

l/93 

>c548 >c548 >c548 s.548 s.548 >c548 >C5490 x 3.14 
CONCCONCCONCCONCCONCCONCCONC STD MDL 

COMPOUND (5ppb,exceptions noted) q/Kg @Kg @Kg @Kg ug/Kg @Kg ugKg DEV ugn MEAN 
---- --- ----- ---- --- ----- 

CHLOROMETHANE 4.20 4.74 4.15 4.45 4.38 4.93 5.21 0.3940 1.24 4.58 
BROMOMETHANE 3.93 4.96 4.97 4.85 5.06 5.26 5.27 0.4553 1.43 4.90 
VINYL CHLORIDE 4.05 4.99 4.64 4.54 5.12 4.% 5.05 0.3815 1.20 4.76 
CHLOROETHANE 4.28 5.24 5.18 4.57 5.49 5.48 5.53 0.4933 1.55 5.11 
METHYLENE CHLORIDE 4.21 5.15 5.14 5.26 5.09 5.73 5.21 0.4527 1.42 5.11 
ACETONE 3.18 4.36 2.87 3.20 5.20 4.15 5.27 0.9821 3.08 4.03 
CARBON DISULFIDE 4.57 3.43 4.74 3.72 3.46 3.73 4.05 0.5212 1.64 3.96 
TRICHLOROFLUOROMETHANE 5.17 4.54 5.43 3.75 6.51 4.83 6.76 1.0668 3.35 5.28 
l,l-DICHLOROETHENE 4.94 5.31 5.55 5.13 5.87 5.70 5.67 0.3365 1.06 5.45 
TETR4HYDROFURAN 3.55 3.91 5.17 4.97 4.68 4.37 3.79 0.6209 1.95 4.35 
l,l-DICHLOROETHANE 4.00 5.26 5.23 5.14 5.62 5.66 5.85 0.6110 1.92 5.25 
1,2-DICHLOROETHENE(tota1) (10 PP 8.36 10.25 10.40 10.02 10.29 10.72 11.13 0.8752 2.75 10.17 
CHLOROFORM 3.69 5.09 5.01 5.00 5.11 5.53 5.34 0.5952 1.87 4.97 
ZBUTANONE 3.53 3.89 5.36 5.03 4.52 4.19 3.90 0.6612 2.08 4.35 
1,ZDICHLOROETHANE 3.49 5.28 5.04 4.93 5.07 6.04 5.35 0.7712 2.42 5.03 

MTBE 3.83 5.08 4.93 5.07 4.64 5.72 5.19 0.5813 1.83 4.92 
l,l,l-TRICHLOROETHANE 4.00 5.03 4.34 4.73 5.24 5.32 5.35 0.5247 1.65 4.86 
CARBON TETRACHLORIDE 4.03 4.95 4.39 4.29 4.72 5.02 4.94 0.3854 1.21 4.62 
VINYL ACETATE 5.04 5.15 5.55 5.33 5.12 3.73 5.13 0.5887 1.85 5.01 
BROMODICHLOROMETHANE 3.92 5.31 5.27 4.89 5.01 5.64 5.23 0.5477 1.72 5.94 
1,ZDICHLOROPROPANE 3.77 5.20 5.35 5.01 4.99 5.68 5.15 0.5996 1.88 5.02 
CIS-1,3-DICHLOROPROPENE (4.7 PP 4.10 5.11 5.26 4.96 5.08 5.59 5.20 0.4606 1.45 5.04 
TRICHLOROETHENE 4.27 4.98 4.75 4.38 4.70 5.49 4.87 0.4041 1.27 4.78 
DIBROMOCHLOROMETHANE 4.40 5.24 5.17 4.85 4.72 5.47 5.05 0.358 1 1.12 4.99 
1,l.ZTRICHLOROETHANE 4.51 5.71 5.52 5.48 5.51 6.09 5.62 0.4808 1.51 5.49 
BENZENE 4.03 5.09 4.97 4.90 5.02 5.46 5.28 0.4549 1.43 4.96 
TRANS-1,3-DICHLOROPROPENE (5. 4.01 5.61 5.73 5.32 5.40 6.03 5.47 0.6437 2.02 5.37 
2-CHLOROETHYLVINYLETHER 3.91 5.21 5.27 4.95 4.65 5.73 4.90 0.5704 1.79 4.95 
BROMOFORM 5.47 5.29 5.13 4.96 4.70 5.25 4.77 0.2836 0.89 5.08 
4-METHYL-ZPENTANONE 4.23 4.99 5.44 5.21 4.95 5.59 4.26 0.5344 1.68 4.95 
2-HEXANONE 4.87 4.16 5.29 5.05 4.91 5.50 3.80 0.6082 1.91 4.80 
TETRACHLOROETHENE 4.02 4.79 4.34 4.31 4.51 4.63 4.64 0.2592 0.81 4.46 
1,1,2,2-TETRACHLOROETHANE 6.11 4.93 5.24 4.92 4.77 4.92 4.69 0.4845 1.52 5.08 
TOLUENE 4.09 5.22 4.99 4.86 4.83 5.20 5.16 0.3938 1.24 4.91 
CHLOROBENZENE 3.99 5.22 5.04 4.80 4.76 5.24 5.02 0.4286 1.35 4.87 
ETHYLBENZENE 3.84 5.21 4.88 4.91 5.06 5.37 5.19 0.5078 1.59 4.92 
STYRENE 3.99 5.14 5.16 4.65 5.03 5.50 5.27 0.5003 1.57 4.96 
XYLENE 3.91 5.31 5.04 5.22 5.20 5.55 5.42 0.5466 1.72 5.09 
XYLENE (total) (10 PPB) 7.94 10.83 10.31 10.23 IO.36 11.01 11.12 1.0819 3.40 10.26 

a 

a 

V 

V 

a 

W 



PACE New England, Inc. 
METHOD DETECTION LIMITVERIFICATION STUDY 

VOLATILE ORGANIC COMPOUNDS 
METHOD 8240 DMS LOW SOIL - p~Locccmck 

l/93 

>D387 >D387 >D387 >D387 >D387 >D387 >D3876 x3.14 
CONCCONCCONCCONCCONCCONCCONC STD MDL 

OMPOUND (lOppb, exceptions noted q/Q @IQ ug/Kg ufig ug/Kg US& Ug/Kg DEV Ug/L 
---- ---- === 

HLOROMETHANE 8.62 9.19 8.27 8.50 8.48 8.53 8.26 0.3122 0.98 
ROMOMETHANE 9.08 8.65 8.39 8.55 8.34 8.12 8.56 0.3005 0.94 

VINYL CHLORIDE 9.09 9.04 8.89 8.18 8.30 8.43 8.13 0.4146 1.30 
^ HLOROETHANE 8.14 7.84 7.89 8.12 7.07 7.87 7.81 0.3566 1.12 

ETHYLENE CHLORIDE 8.66 8.54 8.27 8.42 8.23 7.86 8.39 0.2578 0.81 
ACETONE 6.63 5.05 6.18 6.29 5.73 6.59 5.41 0.6032 1.89 
“4RBON DISULFIDE 8.45 8.99 7.67 8.17 8.55 8.16 8.50 0.4108 1.29 

~ICHLOROFLUOROMETHANE 9.25 9.53 7.97 8.36 8.68 8.93 8.94 0.5273 1.66 
l,l-DICHLOROETHENE. 9.97 10.58 9.49 9.72 9.06 9.47 9.46 0.4845 1.52 
-ROFURAN 9.57 9.19 9.02 5.21 4.60 8.60 8.49 2.0255 6.36 

I-DICHLOROETHANE 9.09 9.09 8.36 8.47 8.22 8.43 8.56 0.3487 1.09 
1,2-DICHLOROETHENE(tota1) (20 PP 17.71 17.62 15.69 16.33 15.63 15.85 16.38 0.8742 2.74 
CHLOROFORM 9.25 9.40 9.17 9.07 8.93 8.83 8.80 0.2240 0.70 
: BUTANONE 9.84 8.33 6.97 7.67 6.61 8.30 6.07 1.2724 4.00 
1,2-DICHLOROETHANE 9.71 9.76 9.34 9.30 9.54 9.10 9.00 0.2911 0.91 
MTI3E 9.30 9.95 9.56 9.42 9.41 9.20 9.35 0.2447 0.77 

l,l-TRICHLOROETHANE 9.70 10.25 9.62 10.11 9.09 8.97 9.23 0.4965 1.56 
LARBON TETRACHLORIDE 9.82 9.95 9.41 10.17 9.27 8.88 9.53 0.4397 1.38 
VINYL ACETATE 10.22 11.25 9.73 9.65 9.32 9.75 9.26 0.6810 2.14 

XOMODICHL 0%” OMETHANE 10.21 10.39 10.02 10.29 9.56 9.51 9.55 0.3841 1.21 
A,&DICHLOR ROPANE 10.29 10.56 10.34 10.85 9.64 9.63 10.17 0.4506 1.41 
CIS-1,3-DICHLOROPROPENE (9.6 PP 9.49 9.65 8.97 9.78 8.84 8.80 8.56 0.4763 1.50 

XICHLOROETHENE 9.43 9.39 9.13 10.06 8.91 8.52 9.10 0.4808 1.51 
,IBROMOCHLOROMETHANE 10.22 10.90 10.71 10.67 10.31 9.42 9.76 0.5379 1.69 
1,1,2-TRICHLOROETHANE 10.16 11.14 10.39 10.88 9.90 9.81 10.03 0.5060 1.59 

-3NZENE 9.97 10.38 9.86 10.15 9.38 9.23 9.86 0.4059 1.27 
,,XANS-1,3-DICHLOROPROPENE (1 10.80 10.86 10.36 10.98 10.42 10.00 10.00 0.4031 1.27 
2-CHLOROETHYLVINYLETHER 10.57 11.35 7.44 10.78 10.59 10.62 10.81 1.2930 4.06 

XOMOFORM 10.80 11.61 10.60 10.55 10.09 9.73 10.70 0.5899 1.85 
METHYLZPENTANONE 12.84 11.61 10.56 10.15 9.75 11.29 9.46 1.1857 3.72 

~-HExAN~NE 11.69 10.40 8.42 9.29 7.77 10.47 7.86 1.4938 4.69 
ZTRACHLOROETHENE 10.15 10.24 9.90 10.11 9.42 9.71 9.77 0.2903 0.91 
1,2,2-TETRACHLOROETHANE 12.30 11.87 11.42 10.81 10.30 10.96 9.97 0.8322 2.61 

TOLUENE 10.06 10.21 10.04 10.08 9.93 9.63 10.07 0.1836 0.58 
HLOROBENZENE 10.86 10.68 10.35 10.36 9.98 10.15 9.99 0.3353 1.05 
THYLBENZENE 10.73 10.47 10.67 10.56 9.91 9.44 10.12 0.4720 1.48 

STYRENE 10.58 11.14 10.51 10.50 10.17 9.92 10.23 0.3885 1.22 
“YLENE 10.18 10.20 10.37 9.92 9.81 9.32 9.40 0.4047 1.27 

YLENE (total) (20 PPB) 20.40 21.28 19.81 20.93 20.03 19.23 19.62 0.7299 2.29 

----- ----- 

8.55 
8.53 
8.58 
7.82 
8.34 
5.98 
8.36 
8.81 
9.68 
7.81 
8.60 

16.46 
9.06 
7.68 
9.39 
9.46 
9.57 
9.58 
9.88 
9.93 

10.21 
9.16 
9.22 

10.28 
10.33 
9.83 

10.49 
10.31 
10.58 
10.81 
9.41 
9.90 

11.09 
lO.OO 
10.34 
10.27 
10.44 
9.89 

20.19 



PACENEWETxIzAND,INC 
IGl'HODDlZIW'ICHLJNITVERIFICATI~SlUDY 

VOLATILE ORGANIC COHKNNDS 
IWI'HOD 8240 DMS MEGABGW KN SOIL 

3/93 

>D4708 )D4707 >D4702 >D4705 1D-4703 >D4713 >D4714 
axe. caJc. CONC. CaK. coIc. COIC. CgK. 

CWCUND (5 ppb, exceptions noted) w/Kg w/Kg w/Kg w/Kg w/Kg w/Kg ug/Kg 

CHLQRWETHANE 3.95 3.7 5.31 3.95 4.73 3.47 3.58 
BROlJOl~~ 2.14 3.62 5.29 5.45 4.65 3.15 4.55 
MJYLCHUXIDE 3.67 2.57 4.45 2.15 3.9 3.54 4.07 
CHUROEX'lGNE 5.61 5.33 6.58 4.64 3.23 4.32 5.12 
HEXWEtG~E 7.06 6.98 5.52 5.52 5.33 7.06 7.49 
A(IEXlNE 7.16 6.19 5.88 5.11 5.31 6.85 6.44 
CARM~DISULFIDE 8.88 6.69 5.35 5.25 3.87 6.04 7.09 
TRIC 3.75 3.87 5.23 4.08 5.02 4.28 3.9 
1,1-DICKUXOEI'HENE 4.34 4.56 5.58 5.34 4.82 4.53 5.32 
TETMHYDROEVRAN 14.35 11.07 17.11 11.23 10.22 12.15 6.11 
l,l-IJICHLOROEI'HANE 4.72 4.66 5.14 4.89 4.94 4.6 4.49 
1,2-DICHWROEZ'HENE(cis) 4.94 4.61 5.16 5.01 4.93 4.8 5 
1,2-DICHWROEIWXF,(trans) 4.72 4.52 4.32 5.6 5.24 5.49 5.62 
cHLx>RoFoRM 4.85 4.88 5.08 5.2 5.09 4.72 4.65 
2-BUTANCNE 6.74 5.87 4.81 4.14 4.19 5.82 5.15 
1,2-DICIWROEI'HANE 4.95 5.13 5.02 4.93 4.86 4.58 4.78 
NTBE 5.82 5.43 4.97 5.26 5.06 5.4 5.47 
1,1,1-TRI~om5 4.67 4.73 4.86 4.73 4.87 4.9 4.94 
CAWNTEI'RA~E 4.89 4.92 4.84 4.76 4.96 4.82 5.17 
VDIYL ACETATE 5.17 4.96 4.45 4.38 4.25 4.79 3.39 
BRCHODICHLQROXlWiNE 4.96 4.91 4.91 5.08 4.92 5 4.89 
1,2-DIC 4.88 5.16 4.96 4.87 4.94 5.27 4.58 
CIS-1,3-DICIWROPROPEUE (4.7 ppb) 4.75 5.03 4.81 5.21 5.07 4.66 4.35 
TRICKLXIROEXIENE 4.61 4.79 4.62 4.62 4.67 4.83 4.59 
DIBRC%~ROKEWiNE 5.06 5.35 4.86 5.2 5 5.16 4.89 
1,1,2-'TRICHlCROEXXANE 5.08 5.44 5.09 4.83 5.23 4.99 5.08 
BEZZENE 4.96 4.94 4.75 4.92 4.85 4.7 5 
TRNJS-1,3-DICiiOPROPEHE (5.3 ppb) 4.75 4.84 5.03 4.85 4.85 4.64 4.66 
2-CHWROEIXYLVIfJYUIXER 5.96 5.19 4.81 4.89 4.92 4.31 4.92 
BROHOEWd 5.59 5.82 4.54 5 4.93 5.51 4.87 
wzYrHYL-2-P~ma~ 6.4 5.97 4.59 4.27 4.44 5.69 5.36 
H-EXMME 6.9 5.8 3.95 3.34 4.1 4.99 5.08 
TEI'RACHMROEI'HENE 4.63 5.05 4.84 4.82 4.89 4.72 5.7 
1,1,2,2-TErRACrnOE 5.86 5.38 4.44 4.41 4.56 4.98 5.18 
mm 4.96 4.84 4.85 5.01 5.26 4.76 5.2 
CHLC@OBEFUNZ 4.97 5.09 4.98 5.1 5.03 4.7 5.31 
ETHyLBEIrnE 5.15 4.65 5.54 5.1 4.99 4.52 4.99 
SW5 4.7 4.57 4.8 4.72 4.79 4.27 4.73 
nrn.5 (0) 5.09 4.86 5.05 4.88 4.6 4.8 4.93 
XXLJZE (total) (10 ppb) 10.2 9.73 10.2 9.99 10.44 9.27 10.33 

x 3.14 
STD NDL 
DEV ug/L m?uv 

--- --- 
0.6749 2.12 4.10 
1.2052 3.78 4.12 
0.8269 2.60 3.48 
1.0577 3.32 4.98 
0.9207 2.89 6.42 
0.7587 2.38 6.13 
1.5962 5.01 6.17 
0.5887 1.85 4.30 
0.4137 1.30 5.00 
3.4286 10.77 11.75 
0.2243 0.70 4.78 
0.1747 0.55 4.92 
0.5441 1.71 5.07 
0.2050 0.64 4.92 
0.9564 3.00 5.25 
0.1774 0.56 4.89 
0.2830 0.89 5.34 
0.1028 0.32 4.81 
0.1330 0.42 4.91 
0.5851 1.84 4.48 
0.0673 0.21 4.95 
0.2217 0.70 4.95 
0.2825 0.89 4.84 
0.0955 0.30 4.68 
0.1755 0.55 5.07 
0.1907 0.60 5.11 
0.1125 0.35 4.87 
0.1336 0.42 4.80 
0.4991 1.57 5.00 
0.4632 1.45 5.18 
0.8265 2.60 5.25 
1.2127 3.81 4.88 
0.3560 1.12 4.95 
0.5427 1.70 4.97 
0.1884 0.59 4.98 
0.1834 0.58 5.03 
0.3358 1.05 4.99 
0.1855 0.59 4.65 
0.1635 0.51 4.89 
0.4051 1.27 10.02 



>G372 >G372 >G373 >G373 >G373 >G373 >G3735 
CONCCONCCONCCONCCONCCONCCONC STD 

3OMPOUND (5 ppb, exceptions noted) WQ uglKg 

:HLOROMETHANE 4.80 4.14 3.87 4.28 4.40 5.04 

_)ROMOMETHANE 4.15 4.52 4.14 4.21 4.07 4.23 
VINYL CHLORIDE 4.32 3.50 3.92 3.98 3.76 4.51 

:HLOROETHANE 5.00 4.52 4.31 4.07 3.62 4.28 

/IETHYLENE CHLORIDE 5.06 5.51 5.72 5.21 5.55 5.42 

ACETONE 6.56 5.42 9.01 6.71 8.23 4.99 

:ARBON DISULFIDE 4.25 3.83 4.25 4.52 4.40 4.44 
RICHLOROFLUOROMETI-IANE 4.59 4.17 4.39 4.19 4.05 4.45 

l,l-DICHLOROETHENE 4.21 3.99 4.26 3.76 3.91 4.13 
-ETRAHYDROFURAN 5.66 6.24 5.88 4.29 5.53 5.73 

,l-DICHLOROETHANE 4.74 4.43 4.35 4.39 4.54 4.58 
1,2-DICHLOROETHENE(cis) 4.56 4.44 4.40 4.42 4.24 4.44 

‘“,2-DICHLOROETHENE(trans) 4.64 4.55 4.83 4.27 4.76 4.90 
HLOROFORM 4.33 4.31 4.63 4.28 4.35 4.17 

2-BUTANONE 4.56 5.94 5.41 5.29 5.38 4.82 

‘ITBE 4.53 4.95 4.80 4.77 4.66 4.40 

2-DICHLOROETHANE 4.33 4.46 4.54 4.55 4.43 4.20 
l,l,l-TRICHLOROET’HANE 4.60 4.23 4.26 4.43 4.24 4.07 
“ARBON TETRACHLORIDE 4.45 4.19 4.27 4.10 4.33 4.26 

‘INYL ACETATE 4.06 4.66 5.11 4.77 4.35 4.52 
BROMODICHLOROMETI-iANE 4.98 4.64 4.65 4.50 4.24 4.36 
‘I ,ZDICHLOROPROPANE 5.11 5.83 4.84 4.65 4.72 4.52 

PACE New England, Inc. 
METHOD DETECTION LIMIT VERIFICATION STUDY 

VOLATILE ORGANIC COMPOUNDS 

METHOD 8240 GMS LOW SOIL 

l/93 

UglKg DEV 
---- ---- 

5.07 
4.58 
4.97 
4.15 
5.37 
4.19 
4.67 
4.41 
4.21 
4.89 
4.75 
4.47 
4.45 
4.27 
4.62 
4.37 
4.38 
4.04 
4.39 
4.49 
4.40 
4.82 

IS-1,3=DICHLOROPROPENE (4.3 ppb 4.08 4.25 3.98 3.79 4.04 3.81 3.81 
TRICHLOROETHENE 4.34 4.12 4.33 4.26 3.83 3.98 4.45 
~IBROMOCHLOROMETI-L4NE 4.54 4.45 4.53 4.37 4.30 4.35 4.25 

,1,2-TRICHLOROETHANE 4.65 4.85 5.28 4.84 4.48 4.19 4.44 
BENZENE 4.60 4.55 4.53 4.26 4.35 4.13 4.47 
rRANS-1,3=DICHLOROPROPENE (5. 4.91 4.67 4.97 4.65 4.77 4.44 4.37 

-CI-ILOROETHYLVINYLETHER 5.07 4.81 4.71 4.26 5.72 3.05 3.33 
BROMOFORM 4.33 4.77 4.57 4.33 4.44 3.89 3.99 
TOLUENEd8 5.05 4.82 4.93 4.75 4.93 4.96 4.89 

-METI-IYLZPENTANONE 4.52 5.01 5.27 4.62 4.89 4.03 3.98 
L-HEXANONE 4.79 5.79 5.52 4.53 5.16 4.11 4.22 
TETRACHLOROETHENE 4.52 4.02 4.51 4.09 4.25 4.23 4.07 

,1,2,2-TETRACHLOROETHANE 4.87 5.00 5.34 4.51 4.86 4.42 4.41 
I’OLUENE 4.72 4.50 4.83 4.43 4.71 4.63 4.71 
CHLOROBENZENE 4.75 4.30 4.24 4.12 4.26 4.25 4.07 

TI-IYLBENZENE 4.69 4.41 4.47 4.27 4.05 4.22 4.03 
aTYRENE 4.51 4.26 4.15 4.02 4.07 4.16 4.29 
XYLENE (0) 4.75 4.17 4.51 4.04 4.31 4.25 4.17 

YLENE (total) (10 ppb) 8.80 8.31 8.52 7.30 8.24 8.24 8.14 



CXHKUND (5 ppb, exceptions noted) 

(IzIlwR- 
BR- 
VINYLCHMIUDE 
CXLOROETHANE 
MESWUNECHIBIDE 
ACElCNE 
CARBON DISULFIDE 
TRIG 
l,l-DICHUROETHENE 
TEIMHYDROFURAN 
l,l-DICHbXOEX'lUNE 
1,2-DICHWROEX'HINEkis) 
1,2-DICiWROEMZ4E(trans) 
CHURORXM 
2-BUTANONE 
1,2-DICHUROETHANE 
NIBi? 
l,l,l-TRIG 
CARBONTEI'RACHL0RIDE 
VINYLaACEI'ATE 
BROWDIC 
1,2-DICIWROPROPANE 
CIS-1,3-DICHLLNPROPEX 
TRXHLDROElllENE 
DI 
1,1,2-TRICHL0ROEI'HANE 
Bm 
TRANS-1,3-DICHLGROPROP~ 
2- 
BROMOFORM 
4-MEXHYL-2-PRd'UNXC 
2-w 
TETRACHLDROE3llENE 
1,1,2,2-mmom 
TouJmE 
tXLDROI3~ 

xyLEluE(O) 
XYLENE (total) 

PAcENew mgland,Inc. 
MErHoDDExlxm~IJMIT~cATI~m 

VOLATILE ORGANIC cTamwDs 
I-ElXOD 8260 DMS LOW WATEZS 

l/93 

>I)6909 ,D6910 >D6911 ,D6912 >D6913 >I%914 X%916 
CcNc. colvc. ax. CCNC, CCNC. aIlK. ax. 
ug/L w/L w/L WA ug/L w/L WAJ 

5.30 4.69 5.05 4.66 5.29 5.50 5.41 
5.13 5.06 4.90 4.60 5.14 5.29 5.09 
5.05 4.91 4.74 4.54 5.09 5.34 5.13 
5.15 4.82 5.19 4.72 5.35 5.26 5.32 
5.22 5.23 5.28 4.96 5.47 5.63 5.61 
4.68 6.25 5.05 5.81 4.40 4.76 4.90 
5.08 4.99 5.07 4.70 5.44 5.39 5.42 
5.21 4.84 5.22 4.48 4.94 5.51 5.10 
5.04 5.05 4.97 4.81 5.19 5.23 5.17 
6.02 6.54 6.51 6.36 6.61 5.73 5.03 
5.11 5.01 5.02 4.84 5.34 5.34 5.31 
5.12 5.01 5.02 4.81 5.22 5.24 5.09 
5.07 4.88 4.94 4.74 5.30 5.38 5.21 
5.20 5.18 5.02 4.85 5.40 5.45 5.31 
5.13 5.68 4.99 5.46 5.21 5.00 4.41 
5.22 5.51 5.08 5.27 5.43 5.42 5.19 
5.11 5.46 5.01 5.12 5.20 5.11 4.84 
4.98 5.04 5.14 4.99 5.08 5.20 5.18 
4.96 5.01 5.06 4.83 5.08 5.15 5.10 
4.98 5.75 5.45 5.93 5.58 5.61 4.90 
5.10 5.34 5.27 5.51 5.27 5.39 5.10 
5.04 5.33 5.22 5.37 5.24 5% 5.19 
5.05 5.23 5.10 5.29 5.16 5.16 4.92 
4.83 4.91 4.92 4.77 5.00 4.89 4.89 
5.02 5.48 5.11 5.69 5.13 5.29 4.81 
4.98 5.5 5.10 5.60 5.18 5.14 4.86 
4.97 5.08 5.07 5.05 5.21 5.29 5.09 
5.10 5.44 5.26 5.61 5.18 5.19 4.80 
4.88 5.37 4.85 5.59 4.97 4.66 4.39 
4.85 5.57 5.16 5.83 4.93 5.04 4.73 
4.78 5.52 4.91 5.75 4.96 4.82 4.48 
4.50 5.43 5.04 5.58 4.94 4.57 4.30 
4.85 4.74 4.88 4.69 4.91 4.83 4.93 
4.78 5.46 5.00 5.53 4.94 4.96 4.58 
4.74 4.77 4.88 4.77 4.98 5.02 5.05 
4.59 4.82 4.68 4.82 4.89 4.91 4.83 
4.84 4.86 4.88 4.83 5.03 5.08 5.03 
4.75 5.02 4.89 5.00 5.00 4.85 4.82 
4.74 4.75 4.74 4.77 4.91 5.00 4.85 
9.68 9.73 9.75 9.66 10.07 10.16 10.05 

x 3.14‘ 
STD MDL 
DEV WA ~ 

--- -- 
0.3393 1.07 5.13 
0.222l 0.70 5.03 
0.2660 0.84 4.97 
0.2477 0.78 5.12 
0.2410 0.76 5.34 
0.6643 2.09 5.12 
0.2750 0.86 5.16 
0.3290 1.03 5.04 
0.1465 0.46 5.07 
0.5739 1.80 6.11 
0.1963 0.62 5.14 
0.1460 0.46 5.07 
0.2347 0.74 5.07 
0.2121 0.67 5.20 
0.4026 1.26 5.13 
0.1545 0.48 5.30 
0.1883 0.59 5.12 
0.0888 0.28 5.09 
0.1064 0.33 5.03 
0.3843 1.21 5.46 
0.1492 0.47 5.28 
0.1344 0.42 5.26 
0.1217 0.38 5.13 
0.0723 0.23 4.89 
0.2949 0.93 5.22 
0.2670 0.84 5.19 
0.1068 0.34 5.11 
0.2566 0.81 5.23 
0.4079 1.28 4.96 
0.4011 1.26 5.16 
0.4448 1.40 5.03 
0.4818 1.51 4.91 
0.0885 0.28 4.83 
0.3449 1.08 5.04 
0.1303 0.41 4.89 
0.1154 0.36 4.79 
0.1063 0.33 4.94 
0.1047 0.33 4.90 
0.1013 0.32 4.82 
0.2124 0.67 9.87 



>G388 >G388 >G388 >G388 >G388 >G388 >G3886 x 3.14 
CONCCONCCONCCONCCONCCONCCONC STD MDL 

LOMPOUND (5 ppb, exceptions noted) ugn ugn ugn ugn ugn ug/L ugn 

HLOROMETHANE 4.82 4.53 4.57 4.49 4.74 4.50 4.75 
-ROMOMETHANE 5.05 4.95 4.58 4.84 4.73 4.72 4.92 
VINYL CHLORIDE 5.09 5.82 4.79 5.00 5.08 4.92 5.08 

HLOROETHANE 4.99 4.68 4.71 4.98 4.89 4.63 4.99 
_ ETHYLENE CHLORIDE 4.96 5.05 4.59 4.98 4.97 4.91 4.49 
ACETONE 5.95 5.13 5.20 7.41 6.07 6.05 5.31 

4RBON DISULFIDE 4.82 4.47 4.49 4.61 4.72 4.45 4.67 
~ICHLOROFLUOROMETHANE 5.03 4.81 4.56 4.77 4.83 4.66 4.81 

l,l-DICHLOROETHENE 5.25 4.94 4.88 5.86 5.27 5.15 5.05 
’ ?IRAHYDROFURAN 5.13 5.05 3.96 6.34 4.91 4.53 5.06 

l-DICHLOROETHANE 5.17 4.88 4.86 4.94 4.93 4.81 5.03 
1,2-DICHLOROETHENE(cis) 4.85 4.76 4.65 4.91 4.85 4.89 4.95 
. ?-DICHLOROETHENE(trans) 5.88 4.70 4.88 4.73 4.98 4.87 5.01 
’ ILOROFORM 5.17 4.87 4.77 5.03 5.16 4.96 4.98 
ZBUTANONE 5.81 6.59 5.61 7.19 6.79 6.67 5.81 
I” “TBE 4.90 4.75 4.78 4.92 5.36 4.94 4.78 
: !-DICHLOROETHANE 5.08 4.85 4.79 5.06 5.05 4.85 4.77 
l,l,l-TRICHLOROETHANE 5.01 4.93 4.68 4.81 4.94 4.95 4.86 
C =BON TETRACHLORIDE 5.01 4.84 4.55 4.83 4.94 4.75 4.82 
’ NYLACETATE 4.85 4.81 4.46 5.03 4.98 4.52 4.84 
BROMODICHLOROMETHAk 5.15 4.81 4.74 4.84 5.04 4.82 4.89 
! ?-DICHLOROPROPANE 4.87 4.96 4.79 4.92 4.98 5.20 5.12 
4 S-1,3-DICHLOROPROPENE (4.5 PP 4.39 4.25 4.13 4.24 4.35 4.37 4.34 
1’XICHLOROETHENE 4.98 4.78 4.83 4.92 5.09 4.93 5.07 
DIBROMOCHLOROMETHANE 5.13 4.94 4.77 5.18 5.18 5.27 5.14 
: .,2-TRICHLOROETHANE 4.98 4.79 4.79 5.43 5.22 5.44 5.38 
BENZENE 4.84 4.86 4.79 4.97 5.05 4.99 4.88 
TRANS-1,3-DICHLOROPROPENE (5. 5.44 5.30 4.99 5.26 5.52 5.26 5.20 
: ZHLOROETHYLVINYLETHER 4.25 4.07 3.94 3.40 3.51 4.20 4.05 
DAOMOFORM 5.21 4.85 4.90 5.22 5.73 5.31 5.09 

PACE New England, Inc. 
METHOD DETECI’ION LIMITVERIFICATION STUDY 

VOLATILE ORGANIC COMPOUNDS 
METHOD 8260 GMS LOW WATERS 

l/93 

CHLOROBENZENEdS 10.00 10.00 10.00 10.00 10.00 10.00 10.00 
’ 1LUENEd8 24.91 24.50 25.24 23.92 24.97 24.41 23.80 
s-,METHYLZPENTANONE 4.89 4.67 4.30 4.48 4.56 4.72 4.27 
Z-HEXANONE 4.38 4.42 4.45 4.27 4.83 4.47 4.55 
’ ?I’RACHLOROETHENE 5.11 4.94 5.24 4.98 5.30 5.26 5.25 
,,,,2,2-TETRACHLOROETHANE 4.71 4.79 4.77 5.00 4.42 4.99 4.92 
TOLUENE 4.94 4.67 4.96 4.88 4.75 4.90 4.87 
( ILOROBENZENE 4.89 4.57 4.76 4.66 4.88 4.93 4.75 
: .HYLBENZENE 5.16 4.88 5.00 4.92 5.27 5.16 4.92 
STYRENE 4.95 4.79 4.97 4.78 4.93 4.85 4.88 
: rZENE(0) 4.99 4.76 5.05 4.92 5.08 5.06 4.95 
1 lLENE (total) (10 PPB) 9.31 9.16 9.08 9.04 9.44 9.35 9.60 

DEV 
---- -a-- 

0.1370 
0.1610 
0.1893 
0.1661 
0.2176 
0.7917 
0.1409 
0.1470 
0.1475 
0.7222 
0.1209 
0.1018 
0.1419 
0.1494 
0.6041 
0.2092 
0.1362 
0.1104 
0.1465 
0.2065 
0.1448 
0.1415 
0.0931 
0.1148 
0.1720 
0.2911 
0.0934 
0.1707 
0.3331 
0.2935 
0.0000 
0.5419 
0.2317 
0.1761 
0.1456 
0.2017 
0.1061 
0.1319 
0.1680 
0.0758 
0.1110 
0.2024 

ugn MEAN --- ----- --- ----a 
0.43 4.63 
0.51 4.83 
0.34 5.00 
0.52 4.82 
0.68 4.85 
2.49 5.87 
0.44 4.68 
0.46 4.78 
0.46 5.09 
227 5.00 
0.38 4.95 
0.32 4.84 
0.45 4.89 
0.47 4.98 
1.90 6.35 
0.66 4.92 
0.43 4.92 
0.35 4.88 
0.46 4.82 
0.65 4.77 
0.45 4.98 
0.44 4.98 
0.29 4.30 
0.36 4.94 
0.54 5.09 
0.91 5.15 
0.29 4.91 
0.54 5.28 
1.05 3.92 
0.92 5.19 
0.00 10.00 
1.70 24.54 
0.73 4.54 
0.55 4.48 
0.46 5.15 
0.63 4.88 
0.33 4.84 
0.41 4.78 
0.53 5.03 
0.24 4.88 
0.35 4.97 
0.64 9.28 



PACE, INC. 

METHOD 601 . 

DETECTION LIMIT STUDY 
ON THE WATERS GC 
DEC 17 1992 LMH 

DE7 
:C~?OUND AVG SD LIH CONCENTRATION (PPB) 
--------,-------------...---------------,-- ------ ._____------------------------------ ---.-.-.~--------.-.-...------~-..,,,------ .-----me--me------------------------ 
~IC~LCROCIFLUOROf!ElHANE 6.17 0.78 2.65 5.65 7.57 7.09 5.26 6.04 5.86 5.69 
CHLCROGETHANE 5.93 0.52 1.45 6.19 6.27 6.96 5.42 5.86 5.92 5.27 
V!R?L CHLORIDE 5.70 a.32 1.0~ 5.87 5.80 6.16 5.04 5.86 5.65 5.55 
;ROftCtETHANE '5.62 a.69 1.X 5.24 5.68 5.75 4.33 5.63 5.79 5.55 
CHLOROETHANE 5.75 0.5: 1.66 6.75 5.31 6.24 5.19 5.79 5.56 5.39 
TbICHLCROFLUCR3flETHANE 5.53 a.3r 1.08 5.63 5.31 5.90 4.82 5.86 5.52 5.65 
1 .:-DICHLORD~IHENE c- 5.31 .D.3; 0.95 5.24 4.95 5.46 4.87 5.73 5.24 5.70 
fif iHYLENE CHLORIDE 3.33 0.80 2.50 8.85 7.17 9.36 8.72 8.98 9.15 9.96 
;?Atij-I.:- DICHLCRDETtiENE 5.57 3.3C a.35 5.31 5.03 5.49 5.66 5.82 5.69 6.01 
l.i-DICKL071ETHANE 5.2 9.21 1.76 5.51 5.15 5.18 5.54 5.81 5.78 5.41 
‘4 ,JRcFfir‘-, - I. 
.I.- ,a 3.35 C.21 0.57 5.85 5.44 5.28 5.78 5.29 5.69 5.59 
1.:.;-!RICHLDROETHASE S.&i 3.23 0.79 8.52 8.12 8.52 8.88 8.18 8.63 8.26 
iAWN TETRACkiLCRIDE 5.12 0.39 1.23 6.63 5.72 6.07 6.68 6.29 5.76 5.70 
;.I-9ICHLOROEitiANE 6.X i3.i: 0.56 6.19 6.09 6.31 6.35 6.47 5.86 6.25 
TRiC!lL?ROETHENE 5.51 C.!! 2.98 5.38 5.42 5.60 5.88 5.95 4.94 5.52 
1.2~?i:f!LCX?ROPM 5.55 0.2; 0.73 5.78 5.50 5.77 .5.60 5.99 5.18 5.72 
?~OtSDICHLORSKTHANE 5.5: 0.5’ 1.16 5.64 5.61 5.91 5.73 5.98 4.83 5.97 
=-t~:DRCETHYL7INY'ETHER 9.0:. C.97 2.72 9 -01 8.67 9.94 48 55 11.00 8.24 10.04 
tIj-1. :-DICliLORCPt?OPE!~E 5.99 C.X 1.37 6.42 5.37 6.33 5. 4 6.35 5.35 6.27 
S~ANS-I,3-~IC~LOROFR3PENE 5.Y 0.3s 1.08 6.13 5.71 6.13 5.55 6.14 5.15 5.75 
1.1.2-~i;C~L040ET9ANE 5.Y '2 0.31 L.15 5.51 5.14 5.53 5.21 5.89 4.81 5.87 
TETXHLCR3ETliANE 5.97 c.is 1.61 5.29 4.26 5.22 4.76 5.67 4.52 5.08 
DI6RMOCHLIRC~ETHANE h.as 0.x 1.01 5.03 4.71 5.04 4.33 5.00 4.68 5.42 
CHLCROBENZENE 6.q c.:i 1.60 4.59 4.72 4.60 4.68 5.87 4.52 5.34 
3RCROFORH 6.60 3.31 0.97 4.20 4.39 4.44 4.32 5.12 4.17 4.19 
l.i.2,2-TiTRACHLCRCETHANF, 5.77 O.:r 9.77 6.10 5.53 5.83 5.69 5.46 5.67 6.14 
1.3~DICHLOROXNZEkE 6.52 0.3: a.39 5.44 4.42 5.12 5.02 5.00 4.57 4.87 
l,XICHLORCBE!4ZZNE 5.69 0.23 0.72 5.05 4.40 4.99 4.63 4.59 4.47 4.67 
I.?-DIChlCiWiNZENE i.9; J.1: J.53 5.00 4.79 4.99 4.89 5.00 4.67 5.24 



%5tiOD 602 

i iEClION LiMT STUDY ON THE TRACER GC 

PACE, INC. 

STk3iL:'AX fOLU?lY 
i 3RUARY 1D 1993 LtlH 5PPB STANDARD 

------------------------------------------------------------------~- 

3ET 
""tPGUNC COXXntratiOn (DDb) AVG SD II!! 

====I================-LIII===‘====’==--I===~==============~========== 

tliBE 2.25 2.22 2.3L 2.06 2.39 2.65 ?.LO 2.30 0.13 0.61 
BENZENE 2.38 2.52 2.55 2.3s 2.66 2.51 2.39 2.62 0.05 O.lb 

LKKE 2.12 2.00 2.17 2.10 2.11 2.21 2.28 2.15 0.07 0.22 
-3 -BENZENE 2.12 2.16 ?.:l 2.07 2.20 1.99 2.1C 2.11 0.06 O.?O 
?-X'JLENE 2.&3 2.67 2.38 2.37 2.52 1.22 2.36 2.39 0.09 0.23 

XYLENE 2.36 2.19 2.34 2.30 2.h9 2.23 2.37 2.38 0.08 0.26 
XYLENE 2.16 2.17 2.13 2.06 2.25 2.t: 2.26 2.15 3.09 0.28 

. 



xmlD izo Pm 

,4-DICHLiXCWEE'E~4 
-?IITROSOD~~ 
-mRoPm 
iEa-a5 m 

-CHuxoPa4 
,2-DimJZEXd4 
ZWL 
IILDE 
rs(2-cmmoETEYL~~ 
CIILlxiOPEIENoL 
,3-DICHLERC~ 
,4-DIB 
ZQYLAWXOL 
,2-DiCHLOftOBENZENE 
34!mm&Pm$oL 
Is(2xHmRoIsapRcpyL~m 
+lEiwLPm 
+ITROXkDI-N-PROPYLXfD~ 
IXXiiUXO~ 
m-d8 
.YrrRcmm 
sclPHmm 
.moBDmEitfi 
.-mTRoPHEwL 
:,4-DIIm 
;mlZOIC ACID 
~IS(2UWROEXMOXnETHAI~ 
!,4-DICEUXOPHENOL 
-,2,4-TRIG 
rnI 
KHmRo~mE 
dEWHLCROmmE 
KHum-37 
HEIrhi 
XEilAPHTHDEdlO 
2,4,6-TIuBRoFmlmuL 
2-mIPm 
:XEXACtiLORCCYCLOPE 
2,4,6-TRICHUXOP~ 
2,4,5-TRICHLm0PHmoL 
2-CJwB 
2-NITRozmJNE 
DIIBTE 
AcIExAPrnE 
3-NITRoAIJIIaa 
Am- 
2,4-DI!JITROPHEN(xI 
4-NITRcmENoL 
DIEDIZOFURkN 
2,6-Dlalmmwm 
2.4-DDmmmE 19.62 19.56 19.89 20.02 20.31 19.97 19.90 0.2521 0.79 19.90 I 

x 3.14 
STD MDL 

>H9650 >H9651 Xi9652 XI9653 >H9654 >H9655 >H9656 DEV US/L MEW 
(uG/Ll wG/L) KG/L) W/L) m/L) NG/L) @G/L) - = = 
40.00 40.00 40.00 40.00 40.00 40.00 40.00 o.owo 0.00 40.00 
20.00 21.20 20.92 20.05 20.73 20.73 20.06 0.4853 1.52 20.53 
16.65 17.53 17.81 17.42 17.35 18.12 17.52 0.4531 1.42 17.49 
17.40 17.95 18.58 17.39 17.94 18.29 17.86 0.4337 1.36 17.92 
17.48 18.16 18.50 17.99 18.04 18.81 18.44 0.4300 1.35 18.20 
17.40 18.13 18.09 17.40 17.53 18.77 18.10 0.5034 1.58 17.92 
17.07 17.32 18.11 17.45 17.79 18.11 17.96 0.4112 1.29 17.69 
17.50 17.86 19.02 18.27 18.12 18.13 18.32 0.4662 1.46 18.17 
16.55 17.31 17.37 17.09 17.31 17.61 17.58 0.3594 1.13 17.26 
17.42 18.04 18.32 17.91 17.98 18.22 18.20 0.2989 0.94 18.01 
16.62 17.52 17.47 17.08 17.32 18.16 17.40 0.4666 1.47 17.37 
16.49 17.76 17.61 17.35 17.42 18.40 18.05 0.6046 1.90 17.58 
22.97 22.72 23.74 23.51 22.69 21.61 21.53 0.8530 2.68 22.68 
16.71 17.54 17.44 17.08 17.35 17.77 17.69 0.3688 1.16 17.37 
17.72 18.62 19.19 17.96 18.07 18.12 18.53 0.4972 1.56 18.32 
18.34 19.37 19.70 19.09 19.04 19.22 19.30 0.4183 1.31 19.15 
17.35 17.85 18.22 17.82 18.01 18.22 17.77 0.3013 0.95 17.89 
16.04 16.67 16.99 16.30 16.12 15.95 16.58 0.3809 1.20 16.38 
13.12 14.21 14.00 14.12 14.51 15.33 15.11 0.7384 2.32 14.34 
40.00 40.00 40.00 40.00 40.00 4o.cKl 40.00 o.oooO 0.00 40.00 
17.45 17.78 18.72 17.74 18.51 18.15 18.24 0.4523. 1.42 18.08 
18.32 18.58 19.53 18.69 18.72 18.51 18.50 0.3924 1.23 18.69 
17.43 17.79 18.47 17.87 18-U 18.13 17.57 0.3588 1.13 17.91 
19.06 19.34 20.20 19.34 19.80 19.81 18.92 0.4577 1.44 19.50 
14.99 16.14 17.09 15.92 16.09 16.83 15.08 0.7932 2.49 16.02 
2.27 1.53 2.56 2.22 2.24 3.25 2.01 0.5257 1.65 2.30 

17.51 17.71 18.56 18.20 18.52 18.14 18.03 0.3883 1.22 18.10 
19.06 19.76 20.61 19.57 19.85 20.20 19.20 0.5421 1.70 19.75 
17.98 18.67 19.04 19.08 19.06 19.39 18.68 0.4551 1.43 18-a 
18.28 18.58 19.24 19.02 19.14 19.14 18.95 0.3498 1.10 18.91 
18.84 19.05 19.94 19.36 20.08 18.84 19.37 0.4986 1.57 19.35 
17.84 18.61 19.02 18.82 19.03 19.13 18.55 0.4434 1.39 18.71 
19.72 19.89 20.63 20.60 20.77 20.43 19.81 0.4420 1.39 20.26 
18.90 19.03 20.61 19.42 20.34 20.10 19.66 0.6536 2.05 19.72 
40.00 40.00 40.00 40.00 40.00 40.00 40.00 o.oooO 0.00 40.00 
23.41 24.01 24.16 24.45 24.54 24.61 23.46 0.4955 1.56 24.09 
19.85 20.54 20.95 20.79 21.30 20.67 20.59 0.4445 1.40 20.67 
4.54 5.89 6.55 6.87 6.14 7.69 7.59 1.0862 3.41 6.47 

20.83 21.61 21.29 20.98 22.17 21.08 20.30 0.5950 1.87 21.18 
20.21 20.69 19.74 20.19 21.39 20.65 20.22 0.5264 1.65 20.44 
19.87 20.49 20.84 20.04 20.91 21.37 20.44 0.5200 1.63 20.57 
19.45 19.53 20.38 19.95 20.51 19.96 20.20 0.4025 1.26 20.00 
19.78 20.32 20.60 20.16 20.91 21.00 20.76 0.4401 1.38 20.50 
20.01 20.64 21.38 20.57 21.49 21.05 20.20 0.5669 1.78 20.76 
19.54 19.91 20.63 19.80 20.96 20.65 19.75 0.5543 1.74 20.18 
19.19 19.54 20.51 19.78 20.55 20.20 19.67 0.5136 1.61 19.92 
8.00 8.34 8.95 10.14 10.53 8.97 9.50 0.9163 2.88 9.20 

17.56 17.90 17.98 17.88 16.97 17.75 17.49 0.3489 1.10 17.65 
18.76 19.33 19.81 18.84 19.58 19.70 19.19 0.4109 1.29 19.32 
20.79 22.17 21.87 22.05 21.44 U.15 20.96 0.5492 1.72 21.49 



$6-M\ -‘/“LFgo oe&&WlL t2zuGDcrrc,os - tins 
- LPn+ir?UCC4 

.3-43 ; 

18.98 19.20 lg.;8 18.98 19.93 19.65 19.30 0.3705 1.16 19.39 
19.22 19.73 20.34 20.18 20.56 20.10 20.11 0.4391 1.38 20.03 
19.36 19.88 20.14 19.75 20.95 20.21 19.31 0.5636 1.77 19.94 
20.42 20.48 21.03 19.63 20.68 20.37 20.61 0.4272 1.34 20.46 
4o.w 40.00 40.00 40.00 40.00 40.00 4o.w o.ww 0.00 4o.w 
12.12 13.37 14.08 15.17 14.93 13.89 14.98 1.0004 3.14 14.12 
20.63 21.21 22.06 21.27 W.95 22.M 21.50 0.5320 1.67 21.52 
22.56 22.99 22.85 22.69 23.64 23.12 22.84 0.3531 1.11 22.96 
22.43 22.50 22.81 23.12 23.32 24.19 22.74 0.5991 1.88 23.02 
21.95 21.59 23.20 22.60 22.94 23.01 22.40 OS01 1.85 22.53 
22.33 22.38 22.58 23.31 22.09 2l.51 W.83 0.5765 1.81 22.29 
19.87 20.58 20.87 20.56 21.15 2l.03 20.58 0.4219 1.32 20.66 
19.47 20.10 20.62 20.73 20.88 20.65 20.48 0.4846 1.52 20.42 
20.45 20.55 2l.40 20.65 w.49 21.42 21.00 0.4479 1.41 20.99 
20.58 20.33 2l.W 21.14 21.15 WA.2 20.91 0.3176 1.00 20.89 
27.22 13.21 38.79 23.90 25.33 20.32 25.90 7.7256 24.26 24.95 
40.00 40.00 40.00 40.00 40.00 40.00. 40.00 o.ww 0.00 40.00 
21.87 23.00 22.75 23.26 22.95 23.39 23.50 0.5478 1.72 22.96 
20.39 21.12 21.48 21.67 21.39 W.29 21.99 0.5011 1.57 21.33 
20.85 22.24 22.33 22.49 22.19 22.41 22.34. 0.5695 1.79 22.12 
25.53 26.45 27.46 27.46 26.78 27.88 27.37 0.8006 2.51 26.99 
20.32 21.67 21.61 22.03 21.91 21.66 22.00 0.5899 1.85 21.60 
20.07 20.93 20.84 21.06 20.93 21.04 20.97 0.3450 1.08 20.83 
19.58 20.54 20.84 20.59 20.86 21.21 21.32 0.5747 1.80 20.71 
40.00 40.00 40.00 40.00 40.00 40.00 40.00 o.clooo 0.00 40.00 
21.58 21.57 21.78 22.08 22.22 22.16 21.98 0.2689 0.84 21.91 
21.24 19.27 18.31 19.57 22.04 21.35 19.06 1.4070 4.42 20.12 
19.00 21.57 24.56 22.93 20.85 21.27 23.09 1.8060 5.67 21.90 
19.92 19.44 20.19 20.31 20.33 20.36 20.38 0.3444 1.08 20.13 
19.49 19.40 19.61 19.50 19.71 19.15 19.13 0.2193 0.69 19.43 
20.30 19.94 20.10 20.12 20.33 20.10 19.73 0.2061 0.65 20.09 
18.40 17.93 18.49 18.23 18.36 17.86 17.75 0.2947 0.93 18.15 

PACE, INC. 
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DATA TILES: 
(1) GIU9065 
(2) GlID9066 
(3) GlU9067 
14) GUJ9068 
(5) Gm9069 
(6) GUI9070 
(7) GlLO9071 

ma 
DECP 

PAcENEvIziaAmD,INc. 
METHODDEEl'ICX'?LIMlTVERIFICATI~SIUDY 

EWDBCP I-EmoD504 
l/93 

(1) (2) (3) (4) (51 (6) (71 x 3.14 
cmc. CCK. ax. CONC. CONC. COHC. cox. STD IIDL 
ug/L ug/L ug/L ug/L ug!L ug/L ug/L DES' ug/L MEAN 

--- --- 
0.0456 0.0497 0.0402 0.0504 0.0474 0.0414 0.0470 0.0039 0.0122 0.0460 
0.0455 0.0539 0.0411 0.0502 0.0460 0.0391 0.0453 0.0050 0.0158 0.0459 

m 



DATA FILES: 
'-1) Gl9GO3728 
2) GmO3729 

13) Gmo3730 
!41 GE&O3731 
5) G19GO3732 

,6) G19GO3733 
(71 Gl9Go3734 

v&APa 17.5508 17.9803 18.2884 16.7459 17.7101 16.5626 18.7284 
ICAMBA 1.7808. 1.8749 1.7673 1.6548 1.8381 1.6053 1.9399 

AIHLDROPRW 6.0012 5.7705 5.5396 5.2617 5.2633 4.8595 6.0395 
2,4-D 3.7465 3.5679 3.4506 3.3916 3.4014 3.1470 3.7603 
ENTAmm 1.9613 1.9323 1.8461 1.7117 1.6745 1.5690 2.8515 

~iLAm 1.8515 1.8300 1.7402 1.6985- 1.7467 1.5767 1.8882 
2,4,5-T 2.1140 1.9021 2.0930 1.8860 1.9280 1.9l.E 2.1726 
-m 2.1146 2.2287 2.3386 1.9298 2.1952 1.9165 2.3982 

,4'-DB 14.5637 13.3385 13.0567 11.0684 9.1685 9.1924 14.5307 
BW 3.8099 3.8792 3.3789 3.1300 3.1672 3.2863 3.5825 
Q-m.mM 1.8877 2.0006 1.9292 1.7277 1.9509 1.7889 2.1868 

PACENEUENGLMD, INC. 
MErHoD DErEmN mm lm?EIcATIm STUDY 
HERBICXESDRIMJNGWATERMEI'H0D515 

4193 

(1) (2) - (3) (4) (5) (6) (7) 
ccsc. ax. ax. CCNC. ax. alvc. aNc. 
uslr, ug/L ug/L &f/L w/L w/L ug/L 

iACE NEW ET-, INC. 
MEl'iiODDEYIEXICNLIMTI'lWtIFICATIONS‘IUDY 

F'ESlTCIDEWPCBS IVE'MD 608 
l/93 

x 3.14 
SrD MDL 
DEV WL 

-- 
0.7845 2.4634 
0.1185 0.3722 
0.4344 1.3640 
0.2166 0.6801 
0.4282 1.3446 
0.1062 0.3334 
0.1205 0.3783 
0.1866 0.5860 
2.3285 7.3116 
0.3013 0.9459 
0.1493 0.4689 

17.652 
1.780 
5.534 
3.495 
1.935 
1.762 
2.001 
2.160 

12.131 
3.462 
1.925 



I)=TA FILES: 
* Gcll 
(1) GlLO9755 
(2) GlLO9756 
(3) GUI9757 
(4) cGlLLJ9759 
(5) GE09760 
(6) GlLO9761 
47) GlLG9762 

PACE Nm mGLmD, INC. 
i$ZI’HOD DIsTE;cT@! LtIXI’ VNF’ICATI~ SIUDY 

PESTICIDFSRCBS h!i?l’%)D 608 
l/93 

(1) (2) (3) (4) (5) (6) (7) 
cmc. cmc. aIlK. ax. cmc. cmc. cmc. 
WA ug/L ug/L ug/L lig;tl/L ug/L ug/L 

O.OU2 0.0461 0.0467 0.0453 0.0431 0.0486 0.0436 
0.0467 0.0482 0.0507 0.0435 0.0461 0.0513 0.0467 
0.0494 0.0529 0.0525 0.0512 0.0501 0.0541 0.0499 
0.0501 0.0526 0.0527 0.0528 0.0507 0.0555 0.0497 
0.04W 0.0417 0.0600 0.0419 0.0391 0.0433 0.0403 
0.0489 0.0515 0.0508 0.0511 0.0496 0.0543 0.0496 
0.0521 0.0560 0.0554 0.0559 0.0535 0.0580 0.0530 
0.0508 G.0522 0.0563 0.0551 0.0519 0.0573 0.0509 
0.1111 0.1182 0.1119 0.1187 0.1112 0.1205 0.1123 
0.1027 0.1102 0.11X1 0.1110 0.1037 0.1131 0.1054 
0.039s 0.1050 0.0937 0.09S6 0.0882 0.0541 0.1010 
0.0565 0.0917 0.10’2 ‘3.0901 0.0847 0.0890 O.OS40 
0.1031 0.1110 0.1124 0.1113 0.1043 0.1123 0.1058 
0.0872 0.0919 0.1162 0.0921 0.0525 0.0913 O.OS61 
c.0997 0.1122 0.1177 0.1102 0.1058 0.1174 0.1086 
C.0914 0.0967 8.1322 0.0961 0.0895 0.0971 0.0898 
0.5026 0.5114 0.6096 0.~22 0.4932 0.5314 0.5101 
r3.096G 0.1063 G.12% 0.1102 0.1066 0.1110 0.0996 
0.0473 0.0494 0.3497 0.0431 0.0464 0.0510 0.0465 
0.0431 0.0513 0.0526 0.0512 0.0482 0.0527 0.0483 

x 3.14 
STD MDL 
DEY ug/L MEAN 

-BP 
0.3019 0.0061 0.0454 
0.0020 0.0064 0.0483 
0.0018 O.W55 0.0514 
0.0020 0.0063 0.0520 
0.0073 0.0229 0.0438 
0.0018 0.0056 0.0508 
0.0021 0.0065 0.054s 
0.0027 0.008-1 0.0535 
0.0041 0.0123 0.1145 
0.0040 0.0125 9.1075 
0.0054 0.0170 0.0975 
O.GO65 0.0204 3.0699 
0.0040 0.0127 0.1086 
0.0111 9.0347 0.0925 
0.0064 0.0200 0.1102 
n.nl72 0.0531 0.0998 
0.0387 0.1216 0.5336 
o.w95 9.0293 0.1079 
0.0017 0.0054 (>.a55 
0.9920 9.0963 0.0504 

. m 

I 

m 

I 



DATAFILES: 
(1) G1608011 
(2) G1608012 
(3) 61608013 
(4) 61608014 
(5) G1608016 
(6) G1608017 
(7) G1608018 

PACENEU-, INC. 
MElXODDEEI'ICNKMITVEFtIFICATICi'IsTuM 

PESIXIDE!VPCES IEl'WD 608 
l/93 

(1) (2) (3) (4) (5) (6) (7) x 3.14 
ax. m. ax. CONC. cat. ax. ax. STD MDL 
ug/L ug/L ug/L us/L ug/L ug/L ug/L DEV ug/L KE&N 

e-- --- 
1.130 1.140 1.020 1.090 1.020 1.090 0.986 0.0596 0.1872 1.0680 
1.080 1.100 0.942 0.825 0.965 0.985 0.918 0.0946 0.2970 0.9736 



ATA FILES: 
a 

11 Gl9IIO3378 
2) GM103379 
3) G19103380 
41 G19MO3381 
5) G19M03383 
6) GEJNO3384 
?I Cl903385 

DYFWMD 

a 
iRmR l;l6 
iRCCLCR 1260 

0 
.JECI.DR I;32 

C 
-RCCXE lk 

D= 
'XCIDR 1248 

E = 
i?XXUIR 1221 
xxmR 125.I 

PACENEWBJGUND,lNC. 
HCIWDD~Ct~LIII.Fl'VEXFICATIONSUDY 

PCB'S - M-D w8 
l/93 

(1)BG19N13353 (1~cG19N13367 (l)DG191103344 UlEG19M03333 
(2) G19MO3354 (2) G19MO3368 (2) G19MO3345 (2) G19MO3334 
(3) G19MO3355 (3) G19MO3369 (3) G19HO3346 (3) G19tlO3335 
(4) G19MO3356 (4) G19NO3370 (4) Gl9MO3347 (4) G19XO3336 
(5) G19MO3357 (5) Cl91103372 (5) G191403345 (51 G19MO3337 
(6) G19FO3358 (6) G19MO3373 (6) GlR103349 (6) G19NO3333 
(7) G191.103359 (7) G19MO3374 (7) G19X03350 (7) Cl91103340 

x 3.14 
CCNC. cm: CCNC. CCK. m. cmc. cxNc. STD NIL 
W/L ug/L W/L q/L ug/L ug/L Gg/L DE'! ug/L NEaN 

(1) (2) (3) (4) (5) ia (7) = w B 
1.160 1.140 1.210 1.250 1.180 1.240 1.140 0.0456 0.1432 1.1386 
1.090 1.050 1.090 1.130 1.090 1.090 1.050 0.0276 0.0867 1.0843 

l(::o oi;)o l’go o’;‘. li;:o oi;;o & .AL .s . .2 . . . 0.1908 0.5990 1.0357 

(1) (2) (3) (4) (5) (6) (7) 
1.055 1.047 1.068 1.014 1.056 1.047 0.952 O.C400 0.1255 1.0344 

ill i3) (3) (4) (5) (6) (7) 
1.100 1.100 1.160 1.090 1.110 1.160 1.210 0.0446 0.1401 1.132'3 

ill (2) (3) (4) (5) (6) (71 
1.290 1.120 1.070 1.240 1.340 1.320 1.560 0.1607 0.5046 1.2771 
O.Y':O 0.890 0.830 0.970 1.080 1.140 1.290 0.1648 0.5175 1.0129 

(ly 

.- 

m 

I 

m 

I 

m 

I 

I 



PACENENINGLAND, INC. 
HEIIiODD~ONL;naVERIFICATIONS'IuDy 

ARbcLm1232 
6193 

WEmzm' (Go8 

SP2765 SP2766 SP2767 SP2768 SP2769 SP2770 SP2771 x 3.14 
am. ax. cxxvc. CCNC. CCNC. ax. CCNC. SID MIIL 
W/L W/L UdL &I/L @J/L &I/L ug/L DES' w/L MEIN 

-- P-c 
1.28 1.18 1.53 1.42 1.28 1.16 1.28 0.13 0.41 1.30 



DaTa FILES: 
(1) GlOMO9278 
(2) GlOMO9279 
(3) GlOMO9280 
(4) G10M09281 
(5) GloMo9282 
(61 GlOMO9283 
(7) GlOMO9284 

a2JFcml 

xam 1254 

PACENEUW, INC. 
MEIX0DDEECI'ION~VERIFICATICNSIUDY 

ARcxmR1254 INSOIL 
MEOIUM SaJD E2FrRAcTIm 

4193 

II 

Y iu~;~gg~g x 3.14 
. . . . . . m MDL 

w/s w/g w/g WA3 WhJ l uglg ug/g DEV ug/g MEPJJ --- --- 
1.97 1.99 1.95 1.99 2.02 1.99 1.92 0.0326 0.1023 1.9757 

m 

m 



DATA FILES: 
1 G6111.3337 
1 G6Ml3338 

(3) Gm3339 
9a) G6Ml3340 

) Gall3341 
ud Gml3342 
(7) GM3344 

LJPCUND 

i xoRl.254 

x 3.14 
. 

& g ((4.; Is& g 2 
. . . . . . . SrD MDL 

W/g ug/g U'JhJ W/g Ug/g w/g w/g DES' ug/g IfEZN 
-De 

8.43 8.24 9.24 8.2i 8.78 9.26 8.99 0.4493 1.4109 8.7357 



DATA FILES: 
(Ii G9Gl3C04 
( 2) G9G13005 
(3) 69513036 
!4) G9G13007 
i5! G9Gl3008 
i6 j G9G13009 
:7! GiGl3010 

PACE NEW F2GLAND, INC. 
IEl'HOD DEI'El'ICN LIXIT VKFICATICt~ STUDY 

PESTICIDES/FCBSMFXiOD 8140 
l/93 

(1) (2) (3) (41 (51 (6) (7) x 3.14 
CONC. coili. COIC cmc. CaK.. CCNC. ax. STD MDL 
ug/L ug/L W/L ug/L ug/L ug/L ug/L DE%' ug/L MFAN 

--z -- 
6.0347 4.7354 5.1758 4.7671 4.9145 4.2948 4.8825 0.5383 1.6903 4.9721 
2.6326 2.0288 2.3125 2.1218 2.3538 1.9704 2.1659 0.2265 0.7112 2.2265 
3.1840 2.5656 2.7250 2.5710 2.7339 2.4029 2.5847 0.2483 0.7795 2.6X0 
1.3494 0.8469 1.7460 1.8062 1.4885 0.3882 1.0601 0.5104 1.6025 1.2408 
2.9056 2.3340 2.4283 2.1035 2.4510 2.0723 2.1813 0.2862 0.8987 2.3537 
0.0818 0.0424 0.7947 1.0371 0.2464 0.0397 0.0554 0.4137 1.2990 0.3282 
2.8964 2.4158 2.4236 2.3013 2.4035 2.1624 2.2469 0.2368 0.7436 2.4071 
5.8751 4.7718 4.9066 4.5194 4.6372 4.2605 4.5424 0.5211 1.6364 4.7876 
2.8997 2.3657 2.3988 2.2600 2.3037 2.1135 2.2136 0.2543 0.7985 2.3650 
2.9725 2.4194 2.4812 2.2494 2.3366 2.1568 2.3134 0.2664 0.8364 2.4185 
1.3654 0.7726 1.9272 1.9540 1.534 0.0645 1.1046 0.6712 2.1075 1.2461 
2.7336 2.1692 2.2445 2.2262 2.2025 1.9579 2.0855 0.2426 0.7618 2.2313 
2.9153 2.3701 2.4395 2.2319 2.3532 2.1048 2.2728 0.2578 0.8096 2.3882 
1.2552 0.7169 1.8870 1.9283 1.5098 0.1015 0.9913 0.6564 2.0610 1.1986 
2.9933 2.4949 2.3760 2.1600 2.4053 2.1341 2.2741 0.2903 0.9115 2.4054 
2.7963 2.2596 2.3083 2.1705 2.3095 2.0364 2.1009 0.2490 0.781s 2.2831 
2.9304 2.4110 2.4313 2.2163 0.0726 2.0463 2.1998 0.9139 2.8695 2.0340 

II 

‘5 

I 



DA . FTLES: 
(1 GmO3707 
(2) GE%03708 
(Y-G19GO3709 
(4 G19GO3710 
(5, G19GO3711 
(6) G19GO3712 
(7 G19GO3713 

CoflFCUND 

DJ mi 
DICXIBA 
Ic??4 
Dl ILxIROPROP/KF'P 
2,d 
SILVEX 
2, 5-T 
DS XXB 
2,4'-DB 

PACE NESf DGLIND, INC. 
MEMDDEIXl'ICNLlMITWUEKATI~sNDy 

HERBICIDES MEMD 8150 
3193 

(1) (2) (3) (4) (5) (6) (7) x 3.14 
axjc. CONC. coNc. axe. CCK. CCNC. ax. STD NDL 
ug/L W/L W/L ug/L wn ug/L w/L DEV w/L I+mN W'P 
1.847 1.635 1.596 1.740 1.492 1.910 2.362 0.2879 0.9041 1.797 
2.174 2.032 2.196 2.282 2.285 2.132 2.107 0.0921 0.2892 2.172 

72.900 89.100 93.800 92.100 93.700 89.900 80.100 7.9101 24.8376 87.371 
195.132 186.224 191.310 192.531 200.517 173.562 177.919 9.5924 30.1203 188.171 

1.973 1.838 1.964 2.053 2.057 1.900 1.840 0.0911 0.2862 1.947 
1.936 1.757 1.894 1.975 1.965 1.856 1.813 0.0811 0.2546 1.885 
2.274 2.087 2.481 2.480 2.640 2.239 2.345 0.1845 '0.5792 2.363 
1.422 0.909 0.846 1.057 1.327 1.017 0.820 0.2348 0.7372 1.057 
2.021 1.932 1.969 2.063 2.025 1.824 2.035 0.0819 0.2570 1.981 



PACE NEW ENQIAND, INC. 

METHOD DElECllON UMIT VERlFlCATiON STUDY 

VOL ORGANICS WEr LAB PARAMErERs 
MARCH 1993 

CONC. CONC. CONC. CONC. CONC. CONC. CONC. S-I-D MDL SPIKE 

TEST M!FlI-lOD mg/L mg/L mg/L mg/L mgA mgR mgR DEV ug/L MEAN LEVEL 
szw=Pt IISLPP SPPP PPPSZ 

I 
OIL AND GREASE WATER GRN 7.3 7.900 7.4 7.300 0.9 a.4 0.9 0.7221 2.267 0.014 

; 
OIL AND GREASE WATER IR 236 246 255 234 2.11 250 250 0.1502 0.47 240 

PHC WATER IR 234 216 236 219 2.28 229 2.40 o.o860 0.28 2.29 
PHENOL WATERS SPEC 10.40 7.53 7.18 6.82 7.18 7.53 5.39 1.5000 4.71 7.43 m 

i 

J 

mm 



PACE, INC. 
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9.0 DATA REDUCTION, VALIDATION AND REPORTING 

All analytical data generated within the PACE NE Laboratories undergo a well-defined, well- 
documented multi-tier review process before being reported to the client. 

9.1 Data Reduction 

When primary analytical data, otherwise known as “raw data”, are manually generated, 
the data are recorded either in bound Logbooks with prenumbered pages or on preprinted 
forms. Entries are made in black ink and are initialled and dated by the individual who 
makes the entry. It is acceptable to initial and date once for an entire page. Errors are 
corrected by drawing a single line through the entry; this change is initialled and dated 
by the individual who makes the change. The reason for the change is indicated either 
by description or by error code (see Figure 9-l). Raw data may not be obscured in any 
way. The use of white-out is prohibited on all raw data, including instrumental 
hardcopy. 

The analyst who completes the analysis assembles all relevant raw data and results 
together with chromatograms, strip chart recordings, instrument settings and other 
information essential to data interpretation. For data which are reduced by manual 
calculations, the calculations are documented in a laboratory notebook or on an analyst’s 
worksheet. The results are transferred to a standard laboratory reporting form which has 
been approved by the Group Supervisor and Lab Manager. Reporting forms include at 
a minimum the sample identification number, the date analyzed, the result expressed per 
unit volume, the method reference and the analyst’s initials. 

9.2 Data Validation 

The analyst initiates the data validation process by reviewing and accepting the data. The 
completed data package is then sent to the Group Supervisor. The Group Supervisor 
provides a technical assessment of the data package and technical review for accuracy 
according to methods employed and laboratory protocols. Group Supervisors also review 
analyst generated calculations. 

For data which are reduced via computer, calculations are checked by the analyst (or 
designee) assigned to this task at a frequency designed to assure that the data 
manipulations are valid. This data validation step is documented by the analysts’ initials 
on the hardcopy of the raw data. The results are either manually transferred to a 
standard reporting form or reported via computer generation of forms. 



PACENEWENGLAND,INCORPORATED 
TITLE: NEESA Laboratory Quality Assurance Manual 

Dot. No. QAM-004 

Section No. 9.0 
Revision No. 0 

Date: 10193 
Page 2 of 4 

The Group Supervisor submits the validated data package, including the reporting forms 
and the appropriate laboratory control sheets, to the Laboratory Manager who reviews 
the package for QC requirements and completeness. If any errors are discovered, the 
entire package shall be returned to the Group Supervisor for full reworking. 

When accepted, the Laboratory Manager assembles the data with other data from the 
sample set, drafts any narrative comments if required by the Quality Assurance Project 
Plan, and forwards the report and the data package to the Reporting Department. 

The Reporting Department assembles and types the final report, checks for transcription 
errors, and provides the final report to the Laboratory Manager/Technical Director for 
final signature. 

The Laboratory Manger/Technical Director examines the report for method 
appropriateness, detection limits and whether or not QC criteria were satisfied. Any 
deviations from the referenced methods are checked for documentation and validity, and 
QC corrective actions are reviewed for successful resolution. The Laboratory 
Manager/Technical Director signs the completed reports prior to their release. 

The Laboratory Manager/Technical Director may delegate the final review and signing 
of reports to the Regional Director, as necessary. 

9.3 Data Report 

All data segments pertaining to a particular PACE NE Laboratory Number are channeled 
to the Reporting Department for assembly into the final report format and generation of 
the analytical narrative. All points mentioned during technical and QC review are 
included in the narrative if it is deemed to impact the quality of the data. 

The final report is given to the Laboratory Manager/Technical Director for final review 
and release. After verifying the report’s completeness and accuracy, the Technical 
Director signs the cover letter indicating acceptance of the report. 

The standard commercial report to the client consists of the following sections: 

c 

I 

II 

w 

w 

1) the narrative 
2) sample results 
3) Chain-of-Custody forms 
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The narrative briefly describes the condition of the samples upon receipt, sample holding 
time performance, instrument calibration information, and the quality control results. 
Any discrepancies discovered and matrix problems are also addressed in this section. 

The sample results are tabulated. PACE NE number, client identification, and data 
analyzed are presented along with the observed concentrations for each parameter 
analyzed and detection limits. 

9.4 Data Archive 

Each data report which supports the analytical process for all samples received by the 
laboratory is thoroughly reviewed for completeness and accuracy. After the technical 
review it is routed to the Reporting Department for assembling the final report for 
submission to the client. The report is approved, signed, and submitted. 

One copy of the report remains with all the raw data which is stored in the data archives 
under the control of the QA Department. 

The Data Archivist has oversight responsibility for the data archive ensuring the 
continued integrity of all documentation generated in support of laboratory analyses. 

The archive room is a secure storage area with limited access to non-authorized 
personnel. Sign-out procedures are in place where every document removed from the 
archive room must be electronically signed out by a member of the QA Department. 

A copy of the report is forwarded to the Hazardous Waste Manager for use in 
characterizing the samples for ultimate disposal. 
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Error Codes 

Misspelled 
Mathematical Error 
Wrong Entry 
Transposition or Sequencing Error 
Transcription Change (copy error) 
Procedural Change 
Wrong Conclusion 
Illegible Entry 
Unnecessary Entry 
Footnoted Explanation 
Additional Comment 
Instrumentation Error/Failure 
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10.0 RECORDS MANAGEMENT 

Records are the means by which an organization documents its operations and activities. They 
are an integral part of the Quality Assurance program since they provide documented evidence 
for program functionality and necessary information for performance evaluation and quality 
assurance audits. 

10.1 Standard Operating Procedures 

Standard Operating Procedures (SOPS) are written for specific procedures or operations. 
Complex tasks of inspection, testing, calibration, monitoring, maintenance, data handling, 
and quality control as well as methods utilized in the laboratory are specified and 
documented by SOPS. 

As a minimum requirement, each SOP must include a title, the purpose or applicability, 
list of materials or references, and detailed procedures. SOPS are updated when 
necessary. Each has an PACE NE reference number and revision data at the upper right 
comer of each page. More detailed information regarding SOPS can be found in Section 
12. 

All personnel are required to follow these documents when a specific operation or 
method is being utilized. It is the responsibility of the supervisor to make sure that 
employees are aware of and follow the SOPS. Any suggestions for additional SOPS or 
changes to existing SOPS can be directed to the QA Department. 

10.2 Sample Tracking 

Samples are tracked from the time they are received, through storage, preparation, 
analysis, and final disposition. 

Proper sample identification must be established during sample collection. This 
information must be clearly and permanently written on a label and attached to the 
sample. In addition, a Chain-of-Custody must be initiated with the appropriate 
information recorded. Samples should also be properly preserved and stored. 

Sample Management Personnel verifies the samples’ integrity as they are unpacked. The 
PACE NE Project Manager and/or the Client are notified of samples that are broken or 
have not been properly stored or preserved, The sample identification label must also 
be checked against Chain-of-Custody identification. Any discrepancies must be verified 
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- by the Client or sampler. All these checks and any discrepancies or changes must be 
documented on the Sample Receiving documentation. 

The Sample Management Personnel assign each sample a sequential laboratory 
identification number, which is written on the sample container and recorded onto the 
Chain-of-Custody. Samples are properly stored in their respective storage refrigerators. 

Upon receipt the Sample Management Personnel also initiates an Internal Custody Record 
for the sample set. This sheet is used to document sample removal from and return to 
sample storage. The final disposition of a sample is documented on the hazardous waste 
disposal spreadsheet and on the internal sample custody record. 

10.2.1 Chain-of-Custody 

The Chain-of-Custody Form traces the possession of a sample from the time the 
sample is obtained in the field through analysis in the laboratory. To initiate a 
Chain-of-Custody, the field sampler must fill in the appropriate information: 
Client or Project Name, Signature of Sampler, Sample Identification, Date and 
Time Sampled, Type of Sample, and Analysis Requested. After the sample is 
brought into the laboratory, sample breakage, preservation, and identification are 
checked. Any inconsistencies are noted in the sample management 
documentation. For samples accepted into the laboratory, the Sample 
Management Personnel record the assigned lab sample number for each sample 
onto the Chain-of-Custody form, signs in the space marked “Received for 
Laboratory” and records the date and time received. 

10.2.2 Internal Sample Custody Record 

The Internal Custody Record is created at the time of sample receipt and is a 
mechanism for tracking samples from sample management to sample preparation 
and back. When laboratory personnel remove samples from sample storage, it 
is recorded on the Internal Custody Record. Upon returning any remaining 
sample, the individual records the date in the “Returned By” box for the 
appropriate sample. The original Internal Custody Record is archived by the QA 
department. 

10.3 Standards 

Standards preparation is documented at PACE NE in a Standards Logbook maintained 
by each laboratory. These logbooks are where the preparer records all information 
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10.4 

10.5 

needed to maintain proper traceability. More complete information regarding standards 
is provided in Section 7.1. 

Maintenance Logbooks 

Maintenance Logbooks are kept for each instrument. Each logbook is unique to its 
instrument. In the logbook, an analyst records initial instrument setup, routine 
preventive maintenance, and instrumental malfunctions, dates taken in and out of service, 
and resolutions. Instrument logs not only describe the instrument’s history, but can be 
helpful when troubleshooting. 

Data Report/Raw Data Package 

A Data Report contains the results of analyses as presented to the Client. There is a 
narrative describing the general condition of the samples and an overview of the 
analyses. For more information see Section 9.3. 

The Raw Data Package contains information needed to reconstruct how the analysis of 
a batch of samples including QA/QC results data were derived. Information such as 
inorganic or organic preparation, chromatograms or strip chart recording, and regression 
analysis data are usually included. 

-- 
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11.0 QUALITY CONTROL 

A quality control program is a systematic process that controls the validity of analytical 
results by measuring the accuracy and precision of each method and matrix, developing 
expected control limits, using these limits to detect errors or out-of-control events, and 
requiring corrective action techniques to prevent or minimize the recurrence of these events. 
When laboratory established control limits are less stringent than method control limits, the 
method control limits are used to detect errors or out-of-control events. 

11.1 Accuracy and Precision Measurements 

The results of quality control samples created in the laboratory represent estimates of 
accuracy and precision for the preparation and analysis steps of sample handling. 
This section describes the quality control information provided by each of these 
analytical measurements. Information on the procedures to follow in preparation of 
the samples or spiking solutions is described for each method and matrix in the 
respective method Standard Operating Procedure. 

Method Blank 

A method blank is a volume of deionized, distilled laboratory water for water 
samples, or a purified solid matrix for soil/sediment samples, carried through the 
entire analytical procedure. The volume or weight of the blank must be 
approximately equal to the sample volume or weight processed. A method blank is 
performed with each batch of samples or one with every 20 field samples whichever 
is more frequent. Analysis of the blank verifies that method interferences caused by 
contaminants in solvents, reagents, glassware, and other sample processing hardware 
are known and minimized. Optimally, a method blank should contain no greater than 
five times (5X) the method detection limit for common laboratory solvents and 
phthalate esters; less than the detection limit for all other parameters unless otherwise 
specified in the method or project QA plan. Results of method blank analyses are 
maintained with other QC data in the respective laboratories. If requested by the 
client, this data will be included in the report. 

Accuracv Measurements 

Laboratory Control Samples (LCS), consist of aliquots of ideal matrices (water, 
sand, etc.) spiked with analytes of interest. LCS’s for methods with extensive lists of 
analytes that may interfere with one another may include a limited number of 
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analytes, but the analytes included must be representative of as many analytes as is 
practical. In the case of metals analysis, all analytes of interest must be included. 
Laboratory pure water is used to prepare most LCS’s for methods for analysis of 
water. Highly characterized solids, where available, are used for LCS’s for methods 
for analysis of solids. Where no such solid LCS is available, spiked laboratory pure 
water or spiked reagent blanks may be substituted. LCS’s provide an estimate of bias 
based on recovery of the compounds from a clean, control matrix. They provide 
evidence that the laboratory is performing the method within accepted guidelines 
without potential non-matrix interferences. They are prepared in duplicate at a rate of 
one set per twenty samples or one set per 14 days whichever is more frequent. 

For tests that are performed infrequently, an LCS and its duplicate shall be analyzed 
at least monthly if the number of samples is less than 20. This monthly requirement 
shall NOT apply to low-volume tests for which state certification is not sought, or for 
tests expected to be performed solely as part of a special project, or for tests 
involving study specific matrices other than water, soil, sludges and oils. 

Matrix Spikes/Matrix Spike Duplicates are similar to the Laboratory Control 
Sample except the analytes used for spiking are added to a second and third separate 
aliquot from the same container of a selected few client samples in a batch of 
analyses. When prepared and analyzed, MS/MSD’s can also provide a measure of 
overall precision. They incorporate sample matrix effects and field conditions. 
MS/MSD’s are routinely prepared at a frequency of 10% when adequate sample 
volume is provided. 

Surrogates provide an estimate of bias based on recovery of similar compounds, but 
not the compounds analyzed, for each sample, incorporating sample matrix effects and 
field conditions. Surrogates are added to all samples analyzed by GUMS and certain 
GC analyses prior to sample preparation. 

An Internal standard is an analyte that has the same characteristics as the surrogate, 
but is added to each sample in a batch, just prior to analysis and is used for 
quantitation. It corrects for bias or change in instrument performance from sample to 
sample, incorporating matrix effects associated with the analysis process only. 

Precision Measurements 

A Laboratory duplicate is a laboratory control sample that has been homogenized 
and split into two equal portions before the method sample preparation process. It 
measures method precision associated with the preparation through analysis and is 
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prepared and analyzed at a rate of one per batch or one per twenty samples whichever 
is greater. 

A Sample duplicate is a sample that has been homogenized and split into two equal 
portions before the method sample preparation process. It measures sample precision 
associated with the preparation through analysis and is prepared and analyzed at a rate 
of one per batch or one per twenty samples whichever is greater in the inorganic 
laboratories. For organic analyses the MS/MSD fills this function. 

11.2 Control Charts 

Control charts are quality control tools which graphically display the QC parameters 
over time. Accuracy (Figure 1 l-l) control charts are maintained for each method and 
matrix. Each chart can be broken into three parts: sample identification, sample 
response/calculation, and graphic representation (the plot). 

11.2.1 Accuracy 

For certain analytical programs (NEESA, AFCEE), accuracy charts are 
maintained for Surrogate and Laboratory Control Sample recovery. Each 
sample is identified by its PACE NE sample number. The true value (three- 
significant-figure expected value based on the amount spiked) is denoted as 
SR. This amount is fixed for each method and matrix to be approximately 
five to ten times the MDL. The experimental value (three-significant-figure 
observed value) is denoted by SA and varies for each sample based on the 
recovery of the amount spiked. From these two values the percent recovery 
(%R) is calculated as: 

%R = (SR / SA) * 100 

except for the matrix spike sample where the concentration present in the 
original sample aliquot must also be factored in. For matrix spike samples, 
the percent recovery is calculated as: 

(SSR-SR)/SA x 100 

where: SSR is the spiked sample recovery 
SR is the original sample recovery 
SA is the amount of spike added 
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The percent recovery is plotted onto the graph where: 

0 the x-axis is the number of data points per page; and 

l the y-axis is the range of percent recoveries. 

11.2.2 Limits 

Both upper and lower warning limits and upper and lower control limits are 
established to aid in interpreting a suspicious or an out-of-control event. 
Warning limits express a narrower confidence interval and are used to warn 
the analyst or supervisor of possible system inconsistencies or failures, before 
an out-of-control event occurs. Control limits express the outer limits of 
accepted method variability. Control limits and warning limits are updated at 
least yearly. 

Waminp Limits 

When not mandated by the method, PACE NE adopts warning limits to be the 
mean &2 standard deviations or a 95% confidence interval. 

Control Limits II 

Unless otherwise specified by the analytical method in use or by the project 
QA plan, PACE NE uses the 99% confidence interval as the control limits, 
which is defined as the mean _+3 standard deviations, Where interlaboratory 
expected ranges have been determined, PACE NE’s goal is for their control 
limits to fall within these multi-laboratory expected ranges for that method. 
When this does not happen, the method multi-laboratory expected ranges are 
used. 

Both warning and control limits are determined and published at the end of 
each year for each method and matrix based on the cumulative historic 
performance. However, a running mean and standard deviation may be 
calculated with each addition of 20 new data points to demonstrate short term 
variability and is available to those interested. 

Susnicious/Out-of-Control Events 



PACE NEW ENGLAND, INCORPORATED 
TITLE: NEESA Laboratory Quality Assurance Manual 

Dot. No. QAM-004 

Section No. 11 .O 
Revision No. 0 

Date: 1 O/93 
Page 5 of 12 

Plotting and connecting successive data points on control charts enables the 
laboratory to detect many types of suspicious and out-of-control situations. An 
event is considered suspicious if it falls within the control limits but is 
statistically out-of-control. Suspicious and out-of-control events can be caught 
by monitoring the following: outliers (suspicious and out-of-control), runs 
(suspicious), trends (suspicious), and periodicity (suspicious). Both suspicious 
and out-of-control events require investigation and corrective action by the 
laboratory. 

Outliers 

There are two types of outliers: any particular point that falls outside the 
control limits or three consecutive points that fall outside the warning limits. 
A point that falls outside the control limits is classified as an out-of-control 
event; three points that falls outside the warning limits is classified as a 
suspicious event. 

Runs 

A run is defined as a series of points that line up on one side of the central 
line (the mean). Any run that has a length of eight points is indicative of a 
potential abnormality in the process, a suspicious event. A run can suggest 
several potential problems such as a leak in the system, elevated 
contamination, or incorrect dilutions of standards. When a run is detected 
investigation and corrective action will be initiated. 

Trends 

A trend is defined as a series of points that are marked by an unbroken rise or 
fall. Any trend with a length of five points is classified as a suspicious event. 
A trend may indicate a change in instrument sensitivity due to a dirty source 
or injection port or standard degradation, to name a few. 

Periodicity 

Periodicity is a term used to describe a recurring pattern of change over equal 
intervals. This occurrence may be of any length or amplitude; thus, careful 
observation of the control chart is necessary. 
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Procedural changes, insufficient analyst training, an improperly prepared stock 
solution, or a new standard supplier are some of the things that may lead to a trend 
being observed. Investigation will be initiated immediately when a trend is observed. 
A record of the investigation and return to control will be documented on a corrective 
action report. The reason behind a trend may not be readily discemable and 
investigation may continue over a period of time. If the quality control data falls with 
in the 99% confidence limits, data may be reported while investigation continues. If 
data falls outside the 99% confidence interval, analysis must stop until the system is 
brought back into control. 

11.4 Utilization of Quality Control Data 

The purpose for preparing and analyzing quality control samples is to demonstrate, 
through the known entities, how accurate and precise the investigative sample data 
are. Tables 1 l-l and 1 l-2 summarize the quality control assessment criteria by 
matrix for the most commonly used methods by this laboratory. Different criteria may 
be dictated by different methods or by project QA plans. 
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TABLE 11-l 
TYPICAL QUALITY CONTROL CRITERIA FOR ORGANIC ANALYSES 

Pa-r T-L FtUlUKy - Rrf- critsria 

WATER 

Valatika 

(OLM01.8) 

Calibntim ckck 

- 2 D.L. 

D41.2dicblmelhrr 7610 114% 
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Dg-1olumc Its to 110% 
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!5cs?Ea &PJ 

76 to 127% II 
61 to 145% 14 
71 to IaD% 14 
7slorYx 13 

76 IO IZS% 13 

( 2s% diiel%zmx fnml min. RRFl 
la tk majmity of ufgct amI* 

+ D.L. 
10loII0% 

21 LO 110% 
IO 10 123% 
35 to 114% 
43 to 116% 
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Zxhlompknold4 (dviwy) 33 LO I IO% 
1.2dicblombcntc~4 (‘) 16 ID I IO% 

Rcamrr CD 

12 IO 110% 42 
27 to 123% 43 
361097% 28 

II to 116% 38 
39m58% 28 
23 to 97% 42 
46 10 118% 31 
2410%% 38 

lOloFn% Y) 
9 to 103% 50 
26 to 127% 31 

125% differure Iran min. RRFs 

for majority of target uvlytca 
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TABLE 1 l-l (Continued) 

I Performance Criteria ComDounds Parameter m Freuuencv 
Pcutickka & 
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Freuuency Compounds Performance Criteria 

Matrix Spik 

Mmix Spik Dqdialc Ice n lmolsh 
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TABLE 11-2 
TYPICAL QUALITY CONTROL CRITERIA FOR INORGANICS ANALYSES 

soid ad Waler 

PnRmclcr 

Meub by ICP 
(?vkdd 6010) 

Tcul Pcwokum 
llrdrnarbxn 

Tot.1 Cy& 

Gmzml we1 
ormislriw 

Glihria, Blank 
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7s to 125% 
+ 25% RPD 

+ D.L. 

80 to lx)% 
8otol2D% 

+ D.L. 
8otol20% 

2 D.L. or 20% RPD 

75 to 12.5% 

2 D.L. 
85 10 115% 

85 10 115% 
2 D.L. 
75 to 125% 
2 30% RPD 

+ D.L. 
85 IO 115% 
85 m 115% 

2 D.L. 

80 to 120% 
230% RPD 
75 to 125% 

+ D.L. 
85 to 115% 
85 to 115% 
2 D.L. 

8-l IO IioX 
+ 30% RPD 
75 to 125% 

u 

I 

I 

w 

I 

I 

w 

m 

W 



PACE NEW ENGLAND, INCORPORATED 
TITLE: NEESA Laboratory Quality’ Assurance Manual 

Dot. No. QAM-004 

Section No. 11 .O 
Revision No. 0 

Date: 10193 
Page 11 of 12 

TABLE 11-2 (cont.) 
TYPICAL QUALITY CONTROL CRITERIA FOR INORGANICS ANALYSES 

Mcuk by ICP 
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Met&d blank 
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BC082692A 
BE082792A 
BE082892B 
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BC110692A 
BC111992A 
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12.0 STANDARD OPERATING PROCEDURES 

12.1 Purpose and General Provisions 

Standard Operating Procedures (SOPS) are formal, revision-controlled documents that: 

1) define, to PACE NE’s clients and to regulatory agencies, the methods used by 
PACE NE in the performance of tasks having an effect on the quality of data, 
findings or conclusions; 

2) establish the basis for similar training of personnel and set a standard for 
assessment; 

3) provide standard methods for execution and documentation of work, to maximize 
consistency, uniformity and reliability of products; and 

4) facilitate coordination among individuals performing separate, but interdependent 
tasks. 

SOPS describe standard methodologies that may at times be inappropriate for a specific 
project. In such cases, exceptions to the SOPS are stated in an SOP Deviation Form, 
with rationale. The SOP Deviation form is kept as part of the data package archived at 
PACE NE. 

12.2 Responsibilities 

The Laboratory Section Managers are responsible for determining, through consultation 
with the Quality Assurance Officer and PACE NE Management, the activities that 
require SOPS, and for working with the appropriate technical personnel to develop the 
SOPS. 

The Quality Assurance Department is responsible for obtaining technical review and 
approval of SOPS, for maintaining control of new SOPS and revisions, and for 
maintaining an up-to-date distribution list for SOPS. 

PACE NE personnel are responsible for performing tasks in accordance with applicable 
SOPS, except as explicitly directed by the relevant Quality Assurance Project Plan, 
contract, or Health and Safety policy. PACE NE personnel are also responsible for 
assisting in designing accurate and practical SOPS and in keeping the SOPS up-to-date. 
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Technical reviewers of SOPS are responsible for providing review of drafts sent to them 
within the schedule indicated in the request. 

12.3 Minimum Contents of SOPS 

Each Standard Operating Procedure shall contain at a minimum, the following 
information: 

Title - The name of the concerned task 

SOP Number - The internal document control number assigned and tracked by the QA 
Department 

Accentance - The signature of the originator(s), Quality Assurance Officer and 
appropriate operations management authority to officially adopt the procedure 

Date - date of issue of most recent revision 

Section 1.0 - Purpose and Annlicabilitv - An explanation of the objectives of the 
procedure, typical applications and limitations 

Section 2.0 - Definitions - A listing of any terms, expressions, or acronyms found in the 
procedure 

Section 3.0 - ADnhcable Documents/References - A listing of pertinent, supporting 
procedure or reference documents such as methods, manuals and/or SOPS 

Section 4.0 - ApDaratuS and Materials - A complete list of the equipment, apparatus, 
reagents, etc. needed for the procedure 

Section 5.0 - Method/Procedure - A clear description of the task on a step-by-step basis. 
The method description should be written clearly enough, and in sufficient detail, to 
ensure that any two persons performing the procedure will achieve equivalent results, and 
to provide clients and reviewing agencies with a thorough understanding of the 
procedure. Acceptable and equivalent alternatives should be addressed whenever 
possible, and described in the same detail 

Section 6.0 - Ouality Control Reuuirements and Acceptance Criteria - An outline of 
quality control requirements, including procedures frequency requirements and 
acceptance criteria. Acceptance criteria may take the form of an illustration such as a 
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chart of acceptable results with tolerances, or other appropriate forms 

Section 7.0 - Calculations. Data Management and ReportinP of Results - A summary of 
the automated and manual calculations performed as well as reporting requirements, 
including data flow charts as appropriate 

Section 8.0 Corrective Actions - A description of what must be done, when and by whom 
in instances when the QC requirements are not met 

Section 9.0 Resuonsibilities - Identification of the individuals (by title or organizational 
position) who are responsible for performing and facilitating the tasks governed by the 
SOP 

Section 10.0 Health and Safetv Considerations - A discussion of specific Health and 
Safety issues that must be considered prior to and during the performance of the 
procedure described. 

12.4 SOP Development and Approval 

Laboratory SOPS are developed by the laboratory’s technical staff, working with the QA 
Department (PACE NE SOP QA-553 Preparation of SOP’s). The QA Department will 
also assist by assigning SOP numbers and by coordinating word processing, review and 
approval. Laboratory SOPS must be reviewed and approved by the management of the 
laboratory operations to which the SOPS apply. Thus, the following people must review 
and approve each laboratory SOP: 

a the Supervisor of the specific operation to which the SOP pertains if applicable) 
or the Laboratory Manager - This signature indicates that the written SOP reflects 
the current practice in the laboratory. 

0 the Laboratory Technical Director - This signature indicates that the SOP is 
technically adequate to handle the analysis of environmental samples expected to 
be received at PACE NE and technically compliant within the framework given 
in Section 8.0 and with any known exceptions noted. 

0 the Quality Assurance Officer - This signature indicates that the SOP has been 
reviewed for compliance with the referenced methods and that desrepencies 
between the method and practice have been resolved. 

0 the PACE NE Regional Director - This signature signifies a management review 
and approval of the practices detailed in the SOP. 
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Each SOP is assigned a unique PACE NE number from the Inventory of PACE NE 
SOPS, maintained by the QA Department. Each laboratory section has been assigned a 
block of numbers. 

12.6 Revisions 

SOP revisions may be necessitated by regulatory requirements, technological 
advancements or other causes, but not by the requirements of a single project alone. 
Contradictions between standard procedures and the requirements of a specific project 
are resolved in the quality assurance plan for that project and are controlled internally 
through the generation of an SOP Deviation Form (Figure 12-1). 

Revisions may be proposed initially by the Quality Assurance Department or they may 
be recommended by users. Recommendations for revisions must be sent to the Quality 
Assurance Department. 

Technical changes to an SOP need to be made immediately, but revisions must not be 
made by an individual to only his/her personal copy. If there are changes to an SOP, 
they need the approval of the Group Supervisor, Lab Manager and QA and must be made 
manually to ALL copies of that SOP in use in the lab. A formal revision should be 
initiated ASAP. Recommendations for minor revisions will be accumulated by QA until 
sufficient to warrant a document revision. 

Revisions are accomplished by the preparation of a new typed draft with the changes 
incorporated and listed on the cover page. (The cover page is a permanent document and 
stays with the SOP despite revisions.) Approval of the revisions is signified by dated 
acceptance signatures adjacent to the listed revisions in the lower section of the cover 
page. The QA Officer is authorized to approve minor revisions. Revisions which effect 
the technical approach or content will also require review and approval of a technical or 
section manager. Once formally accepted, the revised document replaces the previous 
version and is distributed to controlled copy holders with instructions as to what 
document(s) it replaces. 

Occasionally, revisions are significant enough to warrant a complete rewrite. In such 
cases, the changes are not listed on the cover page. Instead the words “complete 
rewrite” are entered and the new document must undergo review and approval as for a 
new SOP. The judgement as to whether a complete rewrite is required shall be made by 
the Quality Assurance Officer. 

m 
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Technical revisions and complete rewrites will necessitate training recertification for all 
personnel involved. The laboratory or section manager is responsible for ensuring that 
training is accomplished and documented. Required training documentation and 
instructions will be distributed with the SOPS by the QA Department. 

12.7 Distribution 

The QA Department distributes SOPS to technical staff and maintains distribution lists 
to ensure that revisions and new SOPS are distributed to all responsible individuals. The 
QA Department maintains a complete set of up-to-date SOPS and distributes them as 
required. An SOP archive is maintained by QA Department and SOPS are distributed 
from that archive. 

12.8 SOP Archive 

An archive of all PACE NE SOPS, in the form of both hard-copy and electronic masters 
of current revisions, are maintained by the Quality Assurance Department. The hard- 
copy archive also contains a hard-copy master of all obsolete versions of each revised 
SOP. 

Access to originals is obtained through QA personnel. 
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Figure 12- 1 
SOP Deviation Form 

(Revision 1, l/93) 

SOP Number and Title: 

Date and Signature 

Lab Number/Job/or Client deviation applies to: 

Describe deviation in detail, including normal procedure and reason for deviation: 

Approval/Date 

Technical Director 
Date 

Quality Assurance Officer 
Date 

Regional Director 
Date 
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13.0 PERFORMANCE AND SYSTEM AUDITS 

PACE NE’s Analytical Chemistry Laboratory participates in a variety of interlaboratory tests 
and intralaboratory and performance checks to provide periodic assessment of the effectiveness 
of the overall quality control program. 

13.1 Interlaboratory Performance Surveys 

Performance surveys conducted by the EPA and the New Hampshire Department of 
Environmental Services constitute the bulk of interlaboratory comparisons. 

a EPA Performance Evaluations - Water Supply - Semiannual (April and 
September) 

Trace Metals 
Nitrate/Nitrite/Fluoride 
Insecticides 
Herbicides 
PAH’s 
Adipate/Phthalates 
Trihalomethanes (THMs) 
Volatile Organic Compounds 
Residual Free Chlorine 
Turbidity 
Total Filterable Residue 
Calcium (as CaCO,) 
PH 
Alkalinity 
Corrosivity 
Sodium 
Sulfate 
Total Cyanide 

0 EPA Performance Evaluations - Water Pollution - Semiannual (February and 
August) 

Trace Metals 
Minerals 
Nutrients 
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Demand 
PCB’s 
PCB’s in Oil 
Pesticides 
Volatile Halocarbons 
Volatile Aromatics 
Total Cyanide 
Non-Filterable Residue 
Oil and Grease 
Total Phenolics 

Dot. No. QAM-004 

Section No. 13.0 
Revision No. 0 

Date: 10193 
Page 2 of 4 

PACE NE’s performance is evaluated by the respective agency after each round of 
testing, and reported to the Laboratory Technical Director. The Laboratory Technical 
Director forwards the results to the QA Auditor in charge of certifications. The QA 
Auditor distributes copies of the results to section managers and the QA Officer. 

In addition to the EPA WP/WS performance evaluation studies, PACE NE participates 
in a number of different state, federal and commercial studies such as the State of New 
York, US Navy NEESA, US Army COE, USEPA CLP Quarterly Blind samples, US 
EPA DMR PE studies, and Chemical Waste Management round robin studies. 

13.2 Periodic Internal Audits 

Internal auditing is conducted by the QA Auditors. These audits occur at least every 
month, and typically focus on either performance relative to an SOP or a specific project. 
Internal audits take two forms - performance audits and systems audits. Performance 
audits involve submittal of blind spikes to the laboratory by the Quality Assurance 
Department for assessment of analytical accuracy. Systems audits consist of a thorough 
review of procedures and documentation to confirm that work was performed in 
accordance with this Manual, SOPS, and/or project QA Plan and that adequate 
documentation exists to satisfy the project requirements. 

13.2.1 Performance Audits 

Audit Standards 

As required on specific projects, the Quality Assurance Department provides 
spikes for analysis as independent check samples (audit standards). The QA 
Department prepares any audit standards that can be prepared readily from 
relatively non-hazardous, pure materials or certified concentrated standards. In 
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some cases, preparation of reliable audit standards requires special facilities and 
equipment due to the hazardous nature of the materials and/or the requirement for 
precise measurement of minute quantities. In such cases, audit standards are 
obtained from the USEPA, Environmental Monitoring and Support Laboratory 
(EMSL), Cincinnati, Ohio, or from an equivalent source The nature of the audit 
standards and the frequency of performance audits are specified in the Quality 
Assurance Plan of each project for which performance auditing is required. 
When practical, audit standards are provided in matrices resembling real project 
sample matrices, and undergo the full sample preparation and analysis procedure. 
However in many cases this is impractical, and it is necessary to submit audit 
samples as extracts, for analysis only. All measurable constituents in the audit 
standards should be within the expected range of concentrations to be encountered 
in the real samples (or in the extracts). 

13.2.2 Systems Audits 

There are two different types of laboratory systems audits. Systems audits of 
laboratory operations are performed at a minimum frequency of once every 
month. Systems audits address general laboratory operations and conformance 
to the Laboratory Quality Assurance Manual. Some project quality assurance 
plans require project-specific laboratory systems audits (Project Audits). 

Svstems Audit Procedures 

The systems audits are performed by the Quality Assurance Auditors. Audit 
checklists are used to ensure that all salient points are addressed and documented. 
The checklists are filled out legibly and reproduceably, in ink, by the auditor, and 
are signed and dated by the auditor when completed. The audit checklist is based 
on EPA laboratory evaluation criteria, the provisions of the Laboratory Quality 
Assurance Manual and PACE NE SOPS. Project audit checklists are drawn from 
the applicable QAPPs, as well as relevant provisions of the QA Manual. 

Audit checklists will cover at least the following areas: 

0 Systems Audit 

Personnel qualifications and training records 
Adequacy of laboratory facilities, including work space, lighting, 
ventilation, and supplies 
Maintenance and calibration recordkeeping for analytical 
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equipment 
Safety (facility configuration and practices) 
General operations, including glassware cleaning, inventory and 
checking of reagents and standards, and storage procedures 
Recordkeeping, including sample log-in and tracking, traceability 
of standards, control charts, and raw data recording and tracking. 

l Project Audit 

Sample log-in and chain-of-custody records 
Sample storage procedures and records 
Sample preparation and analysis procedures 
Method validation (where applicable) 
Conformance to QAPP 
Control charts 
Precision and accuracy assessment 
Method blanks, reagent blanks, duplicates, check samples, 
fortifications, surrogates, etc. 
Calibration 
Data packages 
Analyst qualifications 
Data validation and reporting 

13.3 QA Reporting and Corrective Action 

Each systems audit is immediately followed by a debriefing, in which the auditor 
discusses his/her findings with the laboratory representatives. The debriefing serves a 
two-fold purpose. First, laboratory management is afforded an early summary of 
findings, which allows them to begin formulating corrective strategies, and second, the 
auditor has a chance to test preliminary conclusions and to correct any misconceptions 
before drafting his report. 

The systems audit report (which may or may not contain performance audit findings) is 
issued to the Laboratory Manager and appropriate supervisors and personnel for 
corrective action. These responses are forwarded, in writing, to the auditor. The auditor 
then circulates the report to the QA Officer, laboratory management and to company 
management. 

Results of interlaboratory performance surveys and in-house audits, along with 
unresolved corrective action items are summarized in a monthly report from the Quality 
Assurance Officer to the PACE NE Regional Director. 
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14.0 PREVENTIVE MAINTENANCE 

To minimize downtime and interruption of analytical work, preventive maintenance is routinely 
performed on each analytical instrument. Designated laboratory personnel are trained in routine 
maintenance procedures for all major instrumentation. When repairs are necessary, they are 
performed by either trained staff or instrument manufacturer service personnel. 

SOPS are written for each instrument that cover basic operation and maintenance procedures 
(QA-800, Use, Calibration, and Maintenance of Equipment - Inorganics Lab, QA-801, Use, 
Calibration, and Maintenance of Equipment - Organics Lab). Detailed logbooks documenting 
preventive maintenance, non-routine maintenance and repairs are also maintained for each 
instrument. The following are brief summaries of maintenance for each major instrument. 

14.1 Preventive Maintenance - GC/MS 

Regularly performed maintenance includes, but is not limited to the following for GC/MS 
instrumentation: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

hard tune with calibration gas (PFTBA) 

removal of 2-3 inches from the injection end of the capillary columns 

replacement of 2-3 inches of column packing from the injection end of 
packed columns 

injection port liner replacement 

replace injection port septum 

clean ion source as needed 

check vacuum pump oil level 

check carrier gas tanks 

replace or recondition vent traps 
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14.2 Preventive Maintenance - GC 

Regularly performed maintenance includes, but is not limited to the following for GC 
instrumentation: 

0 replacement of 2-3 inches from the injection end of the capillary columns 0 removal of 2-3 inches of column packing from the injection end of packed 
columns 

l injection port liner replacement 

0 replace septum 

0 check carrier and support gases 

0 NRC wipe test ECD 

14.3 Preventive Maintenance - ICP 

0 check liquid argon tank level 

0 change pump tubing 

l clean nebulizer and spray chamber as needed 

0 replace and realign plasma torch when required 

0 check cooling system water level 

0 empty waste reservoir when full 

14.4 Preventive Maintenance - AA Graphite Furnace 

0 check and align source lamps 

0 clean and inspect graphite tube, replacing when surface appears 
excessively burnt or cracked 

a clean and inspect contact ring, replacing when excessively worn 
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0 clean mirrors for optical sensor and sample compartment windows 

0 check autosampler injector alignment and deposition 

14.5 Preventive Maintenance - Mercury Analyzer 

0 Check and align source lamp 

l remove and clean sample cell and connecting tubes 

0 check sparger for proper operation 

0 clean sample compartment windows 

14.6 Preventive Maintenance - General Laboratory Areas 

clean and calibrate balances biannually 

check balance calibration each day of use 

clean balance pan prior to each use 

calibrate class “S” weights every two years 

calibrate automatic pipets and burets monthly 

calibrate thermometers yearly against an NBS traceable thermometer 

record refrigerator, freezer, and oven temperatures each weekday 

clean, check, calibrate to manufacturers specifications all pH, DO, 
conductivity and, turbidity meters, and spectrophotometers biannually 

general housekeeping: keep counter tops, hoods, and floors clean 

check airflow in hoods once a week 
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15 .O CORRECTIVE ACTION 

When errors, deficiencies, unusual occurrences, or out-of control situations exist, the QA 
program provides systematic procedures, called “corrective actions”, to resolve problems and 
restore proper functioning to the analytical system. Within PACE NE, a distinction is made 
between “out-of-control events” and “unusual occurrences” for the purposes of requiring 
corrective actions. 

An out-of-control event is any event which is beyond the acceptance limits established for 
laboratory operation by PACE NE SOP’s, EPA methods, or client specific contracts or 
protocols. This can be due to data which are outside of the accepted bounds for accuracy and/or 
precision, method contamination, improper instrument calibration or maintenance, or deviations 
from the contract or SOP detected by a QA audit. 

An unusual occurrence is a situation in which the analytical system is, strictly speaking, 
compliant with the protocol or SOP and therefore in control but an atypical or undesirable 
incident has occurred which warrants further investigation. Such an occurrence could be a 
holding blank which is contaminated or differences in the pattern of non-spiked target 
compounds between a spiked and unspiked aliquot of a sample used as the matrix spike. 

Both out-of-control events and unusual occurrences are noted on a PACE NE Corrective Action 
Report (Figure 15-l). A corrective action report must be generated whenever either type of 
event is noted. 

15.1 Out-of Control Events 

Out-of-control events associated with the statistical analysis and review of data are straight 
forward to identify. The analyst generating the data is responsible for checking the results 
against the established limits. Any deviations are immediately addressed. If data are outside 
accepted limits, the analyst immediately notifies the responsible section supervisor. If the 
situation is not corrected so that an out-of-control condition occurs, or is expected to, the section 
supervisor shall notify the Laboratory Manager and the Quality Assurance Officer. The 
Laboratory Manager and Section Supervisors are responsible for identifying the source of the 
problem and initiating corrective action. Completion of corrective action should be evidenced 
by the return of data to prescribed acceptable limits. 

Events which do not readily cause an immediate obvious effect on data quality are more difficult 
to identify. Such events could be samples stored at an incorrect temperature or held beyond 
prescribed holding times, or improper maintenance of records. Everyone in the laboratory is 
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responsible for reporting “system” problems. Analysts should report out-of-control events to 
their supervisor, the Section Supervisors, who should in turn report to the Laboratory Manager. 
Corrective action is again the responsibility of the Laboratory Manager and the Section 
Supervisors. They shall review and approve the action taken. 

If an out-of-control event does occur during analysis, for instance an LCS recovery falls outside 
the expected range, the analyst must describe on the corrective action report the event, the 
investigative and corrective actions taken, the cause of the event, and notify the QA Officer. 
In some cases, investigation of an out-of-control event will reveal no problems. In such cases, 
only the event and the investigative action is recorded. 

The investigative action taken is somewhat dependent on the analysis and the event. However, 
listed below is a progression of steps which may be taken to find the cause of an out-of-control 
event: 

0 Check calculations to ensure there are no errors 
0 Check standard and spiking solutions for degradation or contamination 
0 Check instrument performance 

If the problem is with the standards or instrument performance, the analyst must recalibrate or 
retune the instrument before reanalyzing the sample extracts affected. If the out-of-control 
condition is still not remediated, the samples may require reextraction and reanalysis or data 
qualification. 

It is occasionally necessary to qualify data when the accompanying quality control data are not 
within established performance criteria. The qualifying of data alert the data end user to the fact 
that the analysis was, to some degree, flawed and that the precision and accuracy of the data 
produced may not fulfill the data quality objectives (DQOs) for that particular project. Based 
on the project DQOs, analytical data with qualifiers may not be appropriate for the intended use. 

15.1.1 Volatile Organic Analyses 

Method Blanks 

If target compounds are detected in the method blank above the detection limit 
(above 5 times the detection limit for methylene chloride, acetone, toluene, and 
2-butanone) the corrective action consists of checking the calculations, 
reanalyzing the blank, qualifying the associated sample data, and investigating the 
source of the problem to implement corrective action for the future. When target 
list compounds are detected in a method blank, the following condition applies: 
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l When any target compound is detected in a method blank above the action 
levels listed earlier, but not in associated samples, then no qualifier is 
applied. 

Surrogates 

The % recovery of the surrogates is calculated for each sample, blank, and LCS. 
Corrective action is taken whenever one (or more) surrogate recovery is outside 
the acceptance criteria. The following corrective actions are taken when required 
as stated above: 

Check calculations to assure there are no errors; 

Check internal standard and surrogate solutions for degradation, - 
contamination, etc., and check instrument performance; 

If instrument failure is indicated, reanalyze the sample; 

If a method blank surrogate is outside of acceptance criteria, then the 
problem must be corrected before proceeding with sample analysis. This 
may include reanalysis, reextraction or recalibration; 

If the surrogate could not be measured because the sample required a 
dilution, no corrective action is required. The recovery of the surrogate 
is recorded with the note “surrogate diluted out”. 

If all QC associated with the sample is within acceptance limits (the 
method blank surrogate recovery and LCS spike recovery), the problem 
may be attributed to a matrix effect. Samples exhibiting a matrix effect 
will be qualified and discussed in the report narrative. 

Laboratorv Control Samnle/Laboratorv Control Sample Duolicates 

The % recovery of the Laboratory Control Samples (LCS) and the relative 
percent difference (RPD) for LCS Duplicates are calculated. Corrective action 
is taken whenever one (or more) recovery or RPD is outside the established 
acceptance criteria. The following corrective actions are taken when required as 
stated above: 

0 Check calculations to assure there are no errors; 
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0 Check internal standard and spiking standard solutions for degradation, 
contamination, etc., and check instrument performance; 0 Reanalyze samples associated with a failed LCS, if available; 

0 If that does not correct the problem, then the data is reported and a 
qualifying statement included in the report narrative. 

For Matrix Spike and Matrix Spike Duplicates, if all QC associated with a sample 
is within acceptance limits (the method blank and LCS/LCS dup spike recovery), 
the problem may be attributed to a matrix effect. Samples exhibiting a matrix 
effect will be qualified and discussed in the report narrative. 

Calibration 

For an initial 5 point calibration curve to be valid, the % relative standard 
deviation of the individual relative response factors (RRF) for the Calibration 
Check Compounds (CCC) shall be less than or equal to 25%. If this criteria is 
not met, then the calibration curve shall be reanalyzed. 

For continuing calibration checks to be valid, the relative response factor for each 
of the System Performance Check Compounds (SPCC) should be at least 0.300 
(0.250 for Bromoform) and the RRF for each of the CCC should be 525% 
different from the average RRF from the initial calibration. If these criteria are 
not met, then the following corrective actions should be taken: 

0 Check internal standard and standard solutions for degradation, 
contamination, etc., 

0 Check instrument for contamination at the injection port inlet and front 
end of the column; 

0 If no source of the problem is identified, then a complete 5 point initial 
calibration must be performed. 

The SPCC and CCC for Volatiles are: 

SPCC ccc 
Chloromethane Vinyl Chloride 
1,l -Dichloroethane 1,l -Dichloroethene 
Bromoform Chloroform 
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1,1,2,2-Tetrachloroethane 1,2-Dichloropropane 
Chlorobenzene Toluene 

Ethylbenzene 

15.1.2 Semivolatile Organic Compounds 

Method Blanks 

If target compounds are detected in the method blank above the detection limit 
(above 5 times the detection limit for phthalate esters) the corrective action 
consists of the following: 

. 

0 checking the calculations; 

0 reanalyzing the blank; 

0 flagging the associated sample data; 0 investigating the source of the problem to implement corrective action for 
the future. 

When target list compounds are detected in a method blank, the following data 
condition applies: 

0 when any target compound is detected in a method blank above the action 
levels listed earlier but not in associated samples, then no flag is applied. 

Surrogates 

The % recovery of the surrogates is calculated for each sample, blank, and 
standard. Corrective action is taken whenever one (or more) surrogate recovery 
from either the base/neutral or acid fraction is outside the acceptance criteria. 
The following corrective actions are taken when required as stated above: 

0 Check calculations to assure there are no errors; 

0 Check internal standard and surrogate solutions for degradation, 
contamination, etc., and check instrument performance; 

a If instrument failure is indicated, reanalyze the sample; 
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0 If more than one method blank surrogate is outside of acceptance criteria 
or if one surrogate yields less than 10% recovery, then the problem must 
be corrected before proceeding with sample analysis. This may include 
reanalysis, reextraction or recalibration; 

0 If the surrogate could not be measured because the sample required a 
dilution, no corrective action is required. The recovery of the surrogate 
is recorded with the note “surrogate diluted out”; 

0 If all QC associated with the sample is within acceptance limits (the 
method blank surrogate recovery and LCS spike recovery), the problem 
may be attributed to a matrix effect. Samples exhibiting a matrix effect 
will be qualified and discussed in the report narrative. 

Laboratorv Control Samnle/Laboratorv Control Samnle Duplicates 

The % recovery of the Laboratory Control Samples and the relative percent 
difference (RPD) for LCS Duplicates are calculated. Corrective action is taken 
whenever one (or more) recovery or RPD is outside the acceptance criteria. The 
following corrective action is taken when required as stated above: 

0 Check calculations to assure there are no errors; 0 Check internal standard and spiking standards solutions for degradation, 
contamination, etc., and check instrument performance; 

0 Reanalyze all associated samples, if available; 

0 If that does not correct the problem, then the data is reported and a 
qualifying statement regarding the laboratory control sample is included 
in the report narrative. 

For Matrix Spike and Matrix Spike Duplicates, if all QC associated with a sample 
is within acceptance limits (the method blank and LCS/LCS dup spike recovery), 
the problem may be attributed to a matrix effect. Samples exhibiting a matrix 
effect will be qualified and discussed in the report narrative. 

Calibration 

For an initial 5 point calibration curve to be valid, the % relative standard 
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deviation of the individual relative response factors (RRF) for the Calibration 
Check Compounds (CCC) should be less than or equal to 40%. If this criteria 
is not met, then the calibration curve should be reanalyzed. 

For continuing calibration checks to be valid, the relative response factor for each 
of the System Performance Check Compounds (SPCC) should be at least 0.050 
and the RRF for each of the CCC should be < 40% different from the average 
RRF from the initial calibration. If these criteria are not met, then the following 
corrective actions should be taken: 

0 Check internal standard and standard solutions for degradation, 
contamination, etc., 

1 0 Check instrument for contamination at the injection port inlet and front 
end of the column; 

0 If no source of the problem is identified, then a complete 5 point initial 
calibration must be performed. 

The SPCC and CCC for Semivolatiles are: 

SPCC 

N-Nitroso-di-n-propylamine 
Hexachlorocyclopentadiene 
2,4-Dinitrophenol 
4-Nitrophenol 

ccc 
Acenaphthene 
1,4-Dichlorobenzene 
Hexachlorobutadiene 
N-Nitroso-di-phenylamine 
Di-n-octylphthalate 
Fluoranthene 
Benzo(a)pyrene 

4-Chloro-3-Methylphenol 
2,4-Dichlorophenol 
2-Nitrophenol 
Phenol 
Pentachlorophenol 
2,4,&Trichlorophenol 

15.1.3 Gas Chromatography 
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Method Blanks 

If target compounds are detected in the method blank above the detection limit the 
corrective action consists of the following: 

0 checking the calculations; 

0 reanalyzing the blank; 

a flagging the associated sample data; 

0 Investigating the source of the problem to implement corrective action for 
the future. 

When target compounds are detected in a method blank, the following conditions 
apply: 0 when any target compound is detected in a method blank above the action 

levels listed earlier, but not in associated samples, then no flag is applied. 

Surrogates 

V 
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v 
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II 
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The % recovery of the surrogates is calculated for each sample, blank, and 
standard. Corrective action is taken whenever one (or more) surrogate recovery 
is outside the acceptance criteria. The following corrective action is taken when 
required as stated above: 

I 

V 

I 

v 

0 Check calculations to assure there are no errors; 
I 

0 Check standard and surrogate solutions for degradation, contamination, 
etc., and check instrument performance; 

v 
a If instrument failure is indicated, reanalyze the sample; 

0 If the surrogate could not be measured because the sample required a 
dilution, no corrective action is required. The recovery of the surrogate 
is recorded with the note “surrogate diluted out”; 

0 If all QC associated with the sample is within acceptance limits (the 
method blank surrogate recovery and LCS spike recovery), the problem 
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may be attributed to a matrix effect. Samples exhibiting a matrix effect 
will be qualified and discussed in the report narrative. 

Laboratorv Control Samnle/Laboratorv Control Samnle DuDlicates 

The % recovery of the Laboratory Control Samples and the relative percent 
difference (RPD) for LCS Duplicates are calculated for each set of spiked 
samples. Corrective action is taken whenever one (or more) recovery or RPD is 
outside the acceptance criteria. The following corrective action is taken when 
required as stated above: 

0 Check calculations to assure there are no errors; 

0 Check standard and spiking standard solutions for degradation, 
contamination, etc., and check instrument performance; 

0 If that does not correct the problem, then the data is reported and a 
qualifying statement regarding the laboratory control sample is included 
in the report narrative. 

Calibration 

For an initial 5 point calibration curve to be valid, the responses for each 
compound should be linear over the calibration range. If this criteria is not met, 
then the calibration curve should be reanalyzed. 

For continuing calibration checks to be valid, the % difference in the calibration 
factor for each compound in calibration should not exceed 15% from the initial 
calibration. If these criteria are not met, then the following corrective actions 
should be taken: 

0 Check standard solutions for degradation, contamination, etc., 

0 Check instrument for contamination at the injection port inlet and front 
end of the column; 0 If no source of the problem is identified, then a complete 5 point initial 
calibration must be performed. 

15.1.4 Metals Analyses 
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Method Blanks 

If target analytes are detected in the method blank above the reporting limit the 
corrective action consists of the following: 

0 checking the calculations; 

0 reanalyzing the blank; 

0 investigating the source if the problem to implement corrective action for 
the future; 

0 redigesting and reanalyzing the associated samples if the analyte 
concentration in the samples is less than 5 times the blank concentration 
and greater than the reporting limit. 

l Data that cannot be regenerated acceptably is flagged as non-compliant. 

When target analytes are detected in a method blank, the following data condition 
applies: 

l when any target analyte is detected in a method blank above the action 
levels listed earlier but not in associated samples, then no flag is applied. 

Laboratorv Control SamDle/Laboratorv Control Sample Duplicates 

The % recovery of the Laboratory Control Samples and the relative percent 
difference (RPD) for LCS Duplicates are calculated for each set of spiked 
samples. Corrective action is taken whenever one (or more) recovery or RPD is 
outside the acceptance criteria. The following corrective action is taken when 
required as stated above: 

l Check calculations to assure there are no errors; 

l Check standard and spiking standard solutions for degradation, 
contamination, etc., check instrument performance; 

l Redigest and reanalyze samples if there is no indication of failure in any 
of the above; 
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l If that does not correct the problem, then the data is reported and a 
qualifying statement regarding the laboratory control sample is included 
in the report narrative. 

An exception to this criteria is allowed for matrix spike samples when the sample 
concentration exceeds the spike concentration by a factor or 4 or more. In that 
instance, the data is reported unqualified. 

For Matrix Spike, Matrix Spike Duplicates and Sample Duplicates, if all QC 
associated with a sample is within acceptance limits (the method blank and 
LCS/LCS dup spike recovery), the problem may be attributed to a matrix effect. 
Samples exhibiting a matrix effect will be qualified and discussed in the report 
narrative. 

Calibration 

For an initial and continuing instrument calibration to be valid, the responses for 
each analyte must be linear over the calibration range and the accuracy of 
calibration, as determined by analysis of an independent check standard, must be 
within +lO% of the true value for ICP/AA analyses and within +20% for cold 
vapor AA analyses. If these criteria are not met, then the following corrective 
actions taken: 

l Check standard solutions for degradation, contamination, etc., 

l Check instrument for contamination, incorrect operating conditions, etc.; 

l If no source of the problem is identified, then a complete instrument 
calibration must be performed. 

15.1.5 Classical Wet Chemistry Techniques 

Method Blanks 

If target analytes are detected in the method blank above the detected limit the 
corrective action consists of the following: 

l checking the calculations; 

l reanalyzing the blank; 
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0 investigating the source if the problem to implement corrective action for 
the future; 

l redigesting and reanalyzing the associated samples if the analyte 
concentration in the samples is less than 5 times the blank concentration. 

When target analytes are detected in a method blank, the following data condition 
applies: 

l when any target analyte is detected in a method blank above the action 
levels listed earlier but not in associated samples, then no flag is applied. 

Laboratorv Control Samnle/Laboratorv Control Samule DuDlicates 

The % recovery of the Laboratory Control Samples and the relative percent 
difference (RPD) for LCS Duplicates are calculated for each set of spiked 
samples. Corrective action is taken whenever one (or more) recovery or RPD is 
outside the acceptance criteria. The following corrective action is taken when 
required as stated above: 

l Check calculations to assure there are no errors; 

l Check standard and spiking standard solutions for degradation, 
contamination, etc., and check instrument performance; 

l Reanalyze the sample if no problems are indicated by checking the items 
above; 

l If that does not correct the problem, then the data is reported and a 
qualifying statement regarding the laboratory control sample is included 
in the report narrative. 

An exception to this criteria is allowed for matrix spike samples when the sample 
concentration exceeds the spike concentration by a factor or 4 or more. In that 
instance, the data is reported unqualified. 

For Matrix Spike, Matrix Spike Duplicates and Sample Duplicates, if all QC 
associated with a sample is within acceptance limits (the method blank and 
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LCS/LCS dup spike recovery), the problem may be attributed to a matrix effect. 
Samples exhibiting a matrix effect will be qualified and discussed in the report 
narrative. 

Calibration 

For an initial and continuing instrument calibration to be valid, the responses for 
each analyte must be linear over the calibration range and the accuracy of 
calibration, as determined by analysis of an independent check standard, must be 
within +lO% of the true value. If these criteria are not met, then the following 
corrective actions taken: 

l Check standard solutions for degradation, contamination, etc., 

l Check instrument for contamination, incorrect operating conditions, etc.; 

l If no source of the problem is identified, then a complete instrument 
calibration must be performed. 

15.2 Unusual Occurrences 

Whereas out-of-control events involve occurrences outside of pre-established acceptance 
windows, unusual occurrences are more subjective and involve incidents which may be 
compliant with the assessment criteria but still warrant investigation. Many of these 
investigations will be the result of the professional judgement of the analyst, auditor or 
data reviewer that the analysis was not typical or reasonable. Another example of this 
type of investigation is an inquiry or questioning of data received from a client or from 
the results of performance evaluation samples. 
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16.0 QUALITY ASSURANCE REPORTS TO MANAGEMENT 

The Quality Assurance Officer and Quality Assurance Auditors are responsible for preparing 
reports to management indicating effectiveness of the laboratory Quality Assurance Program. 

16.1 Quality Assurance Auditors 

Results of audits performed by the QA staff are detailed in formal, written audit reports. 
These reports are distributed to the audited personnel, section supervisor, Laboratory 
director, QA officer, and Regional Director for review and appropriate action. These 
and other QA-related reports are distributed as produced, with no set schedule. 

Auditor reports will include, but not be limited to: 

l Results of internal laboratory review activities 
l Results of internal data review activities 
l Results of Proficiency Evaluation studies 
l Results of state certification applications 
l Summary of holding time exceedence and data qualification 
l Method detection limit study status 

To demonstrate management review, the audit report will contain a page which will be 
signed and dated by the QA Officer and Regional Director acknowledging that they have 
received the report and have reviewed its contents, and taken the necessary action 
dictated by their position. 

16.2 Quality Assurance Officer 

The Quality Assurance Officer will issue a report of QA activities and findings on a 
monthly basis to the Regional Director. The monthly status report will include: 

l Results of internal systems or performance audits 
l Corrective Action recommendations 
l Discussion of QA issues raised by laboratory users 
l Results of third party or external audits 
l Status of laboratory certifications 
l Other significant events 
l Performance Evaluation Sample Results 
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16.3 Management Review of the Quality Assurance Program 

Review of the appropriateness and adequacy of the Quality Assurance Program is 
ongoing. At anytime, any laboratory employee, through the Laboratory Manager may 
present recommended changes to the Quality Assurance Officer. 

During system audits, the Quality Assurance Program should be discussed. The audit 
report will document recommendations made by either the Laboratory Manager or the 
auditor for revision. 
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