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1.0 INTRODUCTION 

This Field Sampling Plan (FSP) has been developed to implement the Work Plan for the 
Phase II Remedial Investigation (Phase II RI) at the Naval Submarine Base-New London (NSB- 
NLON) in Groton, Connecticut. This work is being conducted as part of the Navy’s Instabation 
Restoration (IR) Program. 

The NSB-NLON site vicinity and site location are provided in Figures l-l and l-2, 
respectively. 

The Work Plan summarizes the overall objectives of the Phase II RI. The objective and 
rationale for data requirements of the field investigation are also specified. The purpose of this 
FSP is to provide additional detail and specifications for the conduct of the field investigation. 
It is not intended to repeat the ovetall objectives of the program included in the Work Plan. 

i 

Sites included in the Phase II RI program and discussed in this FSP are in three different 
phases of the Installation Restoration Program. These phases and associated sites are discussed 
below. The site locations are indicated on Figure l-3. 

L 
. . Sunnlemental Step I InvesQgatioas 

--- 

Two sites are included in this category. These are sites where Step I investigations have 
been completed. The Step I investigations identified low levels of chemicals which were 
determined to pose no risk to human health and the environment. However, in responses to 
comments by the Connecticut Department of Environmental Protection (CTDEP) and the United 
States Environmental Protection Agency (II. S. EPA), supplemental field investigations are being 
conducted to con.fixm that chemicals are not present at levels of concern. The sites included for 
Supplemental Step I Investigations are as follows: 

l CBU Drum Storage Area 
l Over Rank Disposal Area Northeast (OBDANE) 

Step II Investig&tI4 

The Step II Investigations involve sites which have undergone an initial (i.e., Step I) field 
sampling/analysis program in which contamination was determined to be present. Step II 
investigations involve comprehensive site studies designed to determine the nature and extent of 
contamination, associated health and environmental risks, and to conduct feasibility studies to 
evaluate remedial (cleanup) options. Step II investigations will be conducted at the following 
sites: 

l Rubble Fill at Bunker A-86 
l Torpedo Shops 
l Goss Cove Landfill 

l Spent Acid Storage and Disposal Area 

- 
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SuDplemental SteD II InvestiFatiow 

-- 

- 

Supplemental Step II Investigations involve sites that have undergone extensive Step II 
investigations. However, supplemental information is required to further defme the extent of 
contamination and health and ecological risks to support the development and evaluation of 
remedial alternatives. Supplemental investigations will be conducted at the following sites: 

l AreaA 
Landfill 
Wetland 
DownstreamlOBDA 
Weapons Center 

l Defense Reutilization and Marketing Office (DRMO) 
l Lower Subase 

Two additional Step I sites, Pier 33 and Berth 16/Farmer Incinerator, have also been 
added to the IR program and are included in a Field Sampling Plan dated July 1992. 
Furthermore, a separate Work Plan has been prepared to establish background levels for 
inorganics in soils and to further assess the source of boron in residential wells and in NSB- 
NLON ground water. 

Subsequent sections of this FSP are summarized as follows: 

. Section 2.0 - Sate Bam: This section provides a brief summary of each site. 
Complete background discussions of each site, including geology and nature and extent of 
contamination, are provided in the Work Plan. 

Section 3.0 - Field Mobilization: This section provides a discussion of pre-investigation 
activities, including establishment of field office and laboratory, waste storage areas, 
mobilization activities, and general emergency and safety briefing procedures. 

Section 4.0 - Field Investiention: There are two subsections included: General 
Procedures and Field Sampling Program. The General Procedures section provides a detailed 
description of all field investigation items such as soil gas survey, well construction, surveying 
and mapping, etc. These discussions supplement the Standard Operating Procedures (SOPS) to 
be used for this project. The Field Sampling Program subsection details the sample locations, 
sample selection rationale procedures, quantities, type, analysis requirements, and other 
investigative details. The specific protocols discussed in the General Procedures section are not 
repeated; the site-specific detail and variations are specified as applicable. 

Section 5.0 - SamDle Preservation and ShiDDing: Protocols and procedures for sample 
preservation and shipping are provided in this section. 
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Section 6.0 - Record &eDing and Documentation: This section discusses the records 
keeping and documentation requirements for the field investigation portion of the project. 

Section 7.0 - Schedule: This section describes the schedule for implementation of this 
field sampling plan. 

NSB-NLONFIELDSAh4PLINGPLAN -6- MAY1993 



2.0 SITE BACKGROUND 

A brief summary of the physical and historic waste disposal/storage aspects of each site 
follow. Site plans for each site are included in Section 4.0, Field Investigation. 

2.1 Sutmlemental SteD I InvestigationS 

2.2 Step II Investi~ationq 

2.2.1 Rubble Fill at Bunker A-86 

Bunker A-86 is located on a dirt road off Wahoo Avenue in the north central section of 
NSB-NLON. The Area A Landfill is adjacent to the north, and the NSB-NLON hazardous 
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waste storage facility is adjacent to the south. The rubble fill area is located to the north of the 
dirt access road and to the west of the bunker. 

Discarded construction material is present at this site including concrete, asphalt, an 
electric motor, wood and gravel. Chemical containers found at this site included an empty 5- 
gallon container of monothanolanine (labelled as corrosive product), an empty 5-gallon container 
of thorite (labelled as non-shrinking compound for patching concrete), and a %-gallon drum of 
lube oil that was approximately 10 percent full. 

c 

-. 

m 

c 

w 

ti 

2.2.2 TorPedo Shm 
i 

The Torpedo Shops are located in the northern portion of NSB-NLGN on the north side 
of Triton Avenue. The two buildings onsite (Nos. 325 and 450) are torpedo overhaul/assembly 
facilities. These facilities were connected to an onsite septic system leach field until 1983, when 
they were connected to municipal sewers. A variety of fuels, solvents and petroleum products 
are used in these buildings. Direct disposal of these wastes to the septic system was reportedly 
not a routine practice, although sporadic, inadvertent chemical discharges to the subsurface 
septic system could have occurred. In the past, many of these wastes, along with spent Otto 
fuel, were discharged to floor drams connected to an underground storage tank. This tank has 
been properly abandoned; however, studies conducted at the time of closure indicate that the 
tank and associated plumbing had leaked. In addition, chemicals and chemical waste associated 
with overhaul activities, such as paints and solvents, have been stored onsite. 

During recent construction activities near the entrance to this complex, an underground 
tank was discovered and removed. Soils in the tank excavation were determined to be 
contaminated with petroleum hydrocarbons. . 

2.2.3 Cove Landfill 

The Goss Cove Landfill site is located in the southwest portion of NSB-NLON, adjacent 
to the Thames River. The Nautilus Museum and a paved parking lot are constructed directly 
over the former landfii. The Nautilus Museum is a submarine museum operated by the Navy 
and open to the public. 

The landfill reportedly operated from 1946 to 1957 and filled in the northern portion of 
Goss Cove. The southern portion of Goss Cove remains as a surface water body. Incinerator 
ash, inert rubble, and possibly other unknown materials were disposed at the site. 

2.2.4 Swnt Acid Storaee and Dim& Arq 

This site is located in the southeastern section of NSB-NLON, in the southern portion of 
the area between Buildings 409 and 410. A 4’ x 4’ x 12’ rubber-coated underground tank was 
used for temporary storage of waste battery acid during World War II. The tank top is still 
visible, but the tank has been filled with earth and capped with concrete. 
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2.3 Supplemental Steo II hivestieations 

This section summarizes existing background information and data for the three Step II 
sites, which required supplemental information to complete the Step II (RVFS) process. These 
sites are Area A, DRMO, and the Lower Subase. 

-- 
2.3.1 Area A 

Area A is comprised of individual sites including the Lmdfill, Wetland, Downstream/ 
OBDA, and Weapons Center. 

The w is located in the northeastern and north-central section of NSB- 
NLON. It is approximately seven acres in size. Access is via a dirt road off Wahoo Avenue. 
The Area A Landfill is a relatively flat area bordered by a steep, wooded hillside that rises to 
the south, a steep wooded ravine to the west, and the Area A Wetland to the north. Aerial 
photographs show that the landfill appears to have extended east along the wetland to as far as 
the present position of the tennis courts. Runoff from the landfii drains as overland flow north 
into the Area A Wetland, which subsequently discharges to the Area A Downstream 
watercourses and into the Thames River. 

The landfill opened sometime before 1957. The base incinerator ceased operating in 
1963, and from 1963 to 1973 all wastes were disposed in the landfill unburned. During this 
time, all non-salvageable materials generated by the submarines and base operations were 
disposed in the Area A Landfill. 

Landfig operations ceased in 1973. After closure, a concrete pad was constructed in 
the southwest portion of the landfill for aboveground storage of industrial wastes. At the time 
of the IAS survey, 42 steel drums, 87 transformers (mineral and PCB), and 60 to 80 electrical 
switches were stored on the pad. Two transformers and several electrical switches were leaking. 
Past leakage of oil was also evident. Most drums were stacked on wooden pallets and those with 
PCB labels were covered and bound with plastic sheeting. All of these materials have since 
been properly disposed offsite. 

Sand bags and contractors’ supplies and equipment have, in recent years, been stored 
over the former landfill. Several transformers, excavated underground storage tanks, crane 
weights, and other equipment are stored on the concrete pad in the southwest portion of the 
landfill The specific items stored in this area vary. The remainder of the landfill is not paved. 

The construction of a paved parking lot on the southeast end of the Area A Landfill was 
planned, but has been delayed indefinitely. 

The Area A Wetland abuts the north side of the landfill and is approximately 30 acres 
in size. The maximum wetland sediment thickness is approximately 35 feet, based on boring 

information. Until 1957, this portion of the site was undeveloped, wooded land. In 1957, 
dredge spoils from the Thames River were pumped to this area and contained within an earthen 
dike that extends from the Area A Landfill to the south side of the Weapons Storage Area. 

NSB-NLONFIELDSAMPLINGPLAN -9- MAY1993 



Atlantic learned during the course of this study that pesticide “bricks” were previously placed 
on the wetland ice during winter and allowed to melt and discharge into the wetland for 
mosquito control. 

The Area A Downstrealq watercourses drain the Area A Landfill and Wetland and 
ultimately flow into the Thames River. The Area A Downstream watercourses include North 
Lake and several small streams that discharge from Area -4 and the Torpedo Shop and ultimately 
discharge to the Thames River. 

Ground water also discharges from the Area A Wetland to a small wetland at the base 
of the dike and the Over Bank Disposal Area. A stream flows from this wetland west toward 
North Lake, a recreational swimming area for Navy officers. The stream enters a culvert which 
bypasses the pond and discharges to a stream below the outfall of the pond. This stream flows 
west under Shark Boulevard and through the golf course to the Thames River. There is a 
manhole adjacent to North Lake, which was previously connected to a pipe designed to discharge 
ovefflow water from North Lake. This pipe has been plugged to prevent any possible water 
discharge from the stream to North Lake. 

Further development is not planned for this area. 

The Over Bank Disposal Area (OBDAl is located on the slope of the dike below and 
adjacent to the Area A Landfill. A small wetland exists at the base of the dike. 

This area became a disposal site after the earthen dike was constructed in 1957. It was 
the fmding of the previous studies (1982) that the material had been there for many years and 
included 30 partially covered 200-gallon metal fuel tanks and scrap lumber. 

Atlantic personnel inspected the site in September 1988 and observed approximately 30 
empty, unlabeled 200-gallon tanks, old creosoted telephone poles, several empty unlabeled 55- 
gallon drums, and rolls of wire. Bright orange, organic sediments were observed in the water 
discharging from the base of the dike embankment, apparently leachate from the landfill. 

The mns Cent= site consists of Building 524 and the weapons storage bunkers. 
The storage bunkers area is divided into two portions (north and south), each constructed at 
different times and of different design. The site is located to the north and adjacent to the 
Area A Wetlands at the end of Triton Avenue. 

The Weapons Center (Building 524) is located near the top of a bedrock ridge. The 
building was constructed in 1990-1991. Portions of the site were blasted to remove bedrock to 
allow construction of the building. The bunkers are located downhill of Building 524 adjacent 
to and at a slightly higher elevation than the wetlands. Surface runoff from the bunker storage 
areas flows to the wetlands via overland flow in small grassed swales and drainage culverts. 

2.3.2 Defense Reutilization and Marketing Office lDRMOZ 

The Defense Reutilization and Marketing Office (DRMO) site is adjacent to the Thames 
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River in the northwest section of NSB-NLON. The DRMO is the storage and collection facility 
for items to be sold at auction sates held periodically through the year. Scrap metal is also 
temporarily stored prior to being transported off this site. 

The DRMO site was used as a major base landfill and burning ground from 1950 to 
1969. The materials burned and landfiied included construction materials, combustible scrap, 
and other non-salvageable waste items. These materials were reportedly burned on the shoreline 
and then disposed over the riverbank and partially covered. Also, a former battery acid handling 
facility was located adjacent to Building 491. An in-ground rubber-lined tank and associated 
pumping facilities were present, similar to the Spent Acid Storage and Disposal Area site. 

DRMO operations at this site, after the closing of the landfill, included storage of various 
items, including submarine batteries, white goods, and empty drums. 

Other routine grading and minor excavation can occur in the northern portion of the site. 
Future plans for this site include the construction of a Conforming Storage Facility for the 
temporary storage of hazardous waste generated at NSB-NLON. 

2.3.3 Lower Subw 

The Lower Subase is located along the western edge of NSB-NLON, adjacent to the 
Thames River. It is bound by the Thames River to the west and by the Penn Central Railroad 
to the east. The Lower Subase is the original subase, and its history dates back to 1867. Most 
of the construction took place in the early 1900s with major expansion between 1935 and 1945. 
Extensive portions of this area have been filled. The Lower Subase has always been used for 
operations and maintenance functions. Those functions typically generate industrial and 
hazardous wastes such as petroleum oiis and cleaning solvents. Also at the Lower Subase are 
two sets of concrete underground storage tanks (USTs) located at the northern end of the study 
area. Four USTs are located just north of the powerhouse, and seven USTs are located just 
south of Building 107. In addition, there is an extensive underground fuel oil and diesel oil 
distribution system at the Lower Subase. 

Previous investigations (NESO 1979, Wehran 1987) identied subsurface oil 
contamination associated with: both sets of underground storage tanks; a waste oil pit in 
Building 79 in which diesel train engines were serviced; and the underground fuel oil distribution 
system. 

The Navy has implemented a substantial program to replace these underground tanks and 
the fuel oil distribution system. Of the ten concrete underground storage tanks, six now serve 
as spill containment for new steel tanks, three have been properly abandoned, and one is out-of- 
service. The Navy, while retrofitting or abandoning these tanks, did not detect any major 
structuxal defects or cracks. The underground No. 6 fuel oil lines will be abandoned in the 
future based upon present Navy plans. All of the subsurface No. 2 fuel oil lines were replaced 
or installed in 1980. 

2.” 
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3.0 MOBILIZATION 

The field mobilization will consist of the following steps which axe subsequentiy 
discussed in the following sections. Section 7.0 presents the complete operation schedule. 

r 
l Field Off& 
l Decontamination Area and Equipment Storage Area 
l Field Laboratory 
l Waste Storage Area 
l Sampling Locations 
l Heavy Equipment Mobilization 
l Emergency Procedures 
l Onsite Safety Briefing 

3.1 Field Off& 

An onsite trailer will serve as Atlantic’s field office/operations center. The trailer will 
be located at the northern end of the Lower Subase, just north of Building 181 near the marina. 
Electricity and telephone (mobile unit) are available at the field office location. A portable toilet 
will be placed next to the trailer. Also, sanitary facilities are available in buildings adjacent to 
the sites to be investigated. 

The field office will be designated as a “clean area” and only authorized personnel will 
be allowed access. The site trailer will serve as the main field operation and communications 
center throughout the field activities. Copies of all site reports, investigation plans, maps, 
sample log books, and chain-of-custody records will be maintained in this trailer. As specified 
in the project Health and Safety Plan (HASP), critical emergency situation information (e.g., 
emergency numbers, hospital location map) will be prominently displayed in the field office for 
quick reference. 

3.2 EuuiDment Storage and Decontamination h 

A portion of the field office trailer will be used for the storage of field equipment, field 
instruments, and protective clothing and equipment. The trailer will have separate axeas to 
segregate the protective clothing and equipment from the field equipment and instruments. 

The equipment decontamination area will be located in Area A and will be clearly 
marked. This is the same location used for the Installation Restoration Study work conducted 
to date. Hand tools and drilling equipment (augers, drill rods, and core barrels) will be steam 
cleaned over a bexmed plastic liner. Field sampling equipment will also be clean4 and 
decontaminated in this area. A personnel decontamination area will also be located next to the 
decontamination area. This decontamination area will be used for heavy equipment and drilling 
auger/casing decontamination. Individual decontamination areas will be located within the 
exclusion zone for each site as indicated in the HASP. Facilities for boot and glove washing, 
disposable coverall removal, and hand-washing will be available at each site. Decontamination 
procedures are described in the site Health and Safety Plan (HASP). Wastewater generated from 

r 

i 
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both personnel and equipment decontamination activities will be collected and stored in 55-gallon 
drums or portable tanks meeting applicable Department of Transportation (DOT) specifications. 
Disposable gloves, boots and coveralls will also be drummed. After a container or tank is filled 
it will be transferred to the Navy’s onsite hazardous waste storage facility. Atlantic will provide 
for waste classification and disposal of the drums. However, the Navy is the generator of the 
waste and will be responsible for signing waste profile sheets and shipping documents, and 
approving the ultimate disposition of the wastes. 

Areas of equipment storage and equipment decontamination within Area A are depicted 
in Figure 3-l. 

3.3 Field Laboratory 

A field laboratory will be located in a section of the field office trailer. The laboratory 
will contain a drying oven, soil shaker and sieves, hydrometer, electronic scale, pH meter, Eh 
meter, conductivity meter, filtering apparatus, analytical glassware, organic vapor analyzers 
(PIDIFID), pre-cleaned and pre-preserved sample containers, deionized water, decontamination 
solutions, sample shipping containers, mailing labels, and field notebooks. A portable gas 
chromatogmph (GC) and an X-ray fluorescence analyzer will be used for field screening select 
soil samples as specified in this plan. They will be used either at the site or in the field 
laboratory. 

3.4 Waste Storage Arxq 

Various wastes will be generated during field operations. These wastes may include: 
decontamination solutions, disposable equipment, well development water, and driU cuttings. 
These wastes will be c&zted daily and stored near the point of generation in 55-gallon drums 
or portable tanks meeting applicable DOT specifications. The drums will be labeled according 
to site name, date, volume, and type of material. Full drums will be transferred and stored in 
the Navy’s RCIU permitted hazardous waste storage area. Final drum disposition will be 
handled as described in Section 3.2. 

All proposed test boring and monitoring well locations will be marked by using 
fluorescent paint, and indicated by a circle. The sample location number will be painted 
adjacent to the marker. Sampling locations, including biological and air monitoring locations 
and soil gas sampling locations, are specified in the field sampling program (Section 4.2). 

Information concerning the locations of underground utilities has been developed from 
available Navy mapping as part of this plan. Navy personnel will be contacted 10 days in 
advance of subsurface investigation for clearance of drilling locations. 
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3.6 Heavv Ehuimnent Mobilization 

c 

Drilling rigs will be mobilized to the site and will be parked in a designated section of 
the private contractors area at the Area A Landfii. 

3.7 Ememencv procedu~ 

Specific emergency procedures and routes to both the emergency room at the Naval 
Submarine Base and Lawrence and Memorial Hospital are identified in the HASP. The HASP 
will be reviewed by all site workers. Directions to the hospitals will be posted in the field office 
trailer. 

3.8 Onsite Safetv Briefing 

Prior to field sampling activities, a safety briefing will be conducted by the Atlantic Site 
Safety Officer. The briefing will include a review of potential safety hazards inherent to each 
specific site and an explanation of the HASP. Documentation of safety training and medical 
histories of all site workers will be verified at this time. No one will be allowed to work on any 
of the sites until this documentation has been obtained. 
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4.0 FIELD INVESTIGATION 

The field investigation portion of the subject investigations at NSB-NLON includes the 
following activities: 

field screening 
soil gas surveying 
test borings and subsurface soil sampling 
monitoring well construction, development and sampling 
hydraulic conductivity testing 
surface soil sampling 
surface water and sediment sampling 
dioxins and dibenzofurans sampling 
land surveying and mapping 
geologic surveying 
ecological studies 
air monitoring 
waste classification and disposal 
soils testing for engineering parameters 

m 
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L 

4.1 (heral Procedures 
r .,., ,. ,. ,.,. ,. .,. ,. :.. . . . . . . . ...>> .._ .,.,.: ,.,.. .,.,.,.,. ,. ., ., ., . . . ., ,. .,. ,‘ .,. . . . 

Atlantic procea~~~i~:~~:~~~~~~~~~~~~~~~~~~~~~~ : : ,,:.:.:,: ,:.:, .,. ., ., ~ this hvestigido;i :& ~~~~~~~~~~~. ., . . . . . . . . . . . . .,...,.,.,. .\.. . . . . . . . ..,.,...,.... . . . . . . . . . . . ..v.. . . . ..L...... . . i.... . . . . . . . . . . . . . . . . .::. ._....A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . > Complete procedures ~ provided in Appenduc 

A. Associated procedural modifications for this site investigation are presented in Appendix A. 
The project specific modifications to the procedures take into consideration previous U.S. EPA 
and CTDEP comments regarding their review of the 1989 Plan of Action and other comments 
by the Technical Review Committee (TRC). 

4.1.1 Field Screen& 

4.1.1.1 . we Hq&pace SC- for V0C.s 

Atlantic will use a 11.8 eV photoionization detector (PID) or a flame ionization detector 
(FKD) for total organic vapor analysis to perform headspace screening on all soil samples in the 
field, prior to laboratory analysis. Resulting data will not be used @4&$@&. :... . . _........ .Y. . . . The operation 
and calibration of the organic vapor analyzers will be in accordance with manufacturers 
recommendations. The organic vapor analyzers will be calibrated at the beginning and end of 
each day of use, or more often as believed necessary. All calibrations will be recorded in a 
project instrument calibration log book. 
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TABLE 4-l 
TECHNICAL PROCEDURES 

proctdllre 
NUIIlber I 

Atlantic Racedure 

1020 Field Procedures for Collection of Surface Soil Samples 

1021 Field Procedures for Collection of Subsurface Soils 

1022 
Field Procedure for Collection of Surface Water and Sediment Samples for Hazardous Waste 
Determination 

1023 Field Procedures for Collection of Ground Water Samples for Hazardous Waste Determination 

1024 Field Procedures for Collection of TCDD Samples 

1030 Field Pro&u= for Logging Subsurface Conditions During Teat Borings and Well Logging 

1041 Sample Chain-of-Custody Procedure 

1042 Shipping Procedurea for Environmental Field Samples 

105 1 Operation and Calibration of the HNu Systema photoionizer Model PI-101 

1052 Operation of the Wotovac lOS50 Portable Gas Chromatograph 

1053 Soil Gas Screening for Volatile Organics 

1060 Cleaning Procedure for Sampling Devices Used in Environmental Site Investigations 

1070 Well Development Procedures for Small Diameter Monitoring Wells 

1071 
Field Procedures for Detemha tion of In Sine Hydraulic Conductivity with Single Well 
Hydraulic Tests 

1256A Gas Chromatography Analysis Using Extemal Standard Calibmtion 

1256B Microscale Extraction 

1256C PCB and Pesticide Analysis by Gas Chromatography 

1256D The Dc&mhation of Vohtile Organic Compounds in Ambient Air Using Tuux@ Adsorption 

GTPtXl2 Operation of the Scitec Map Analyzer Model 310 for I in Soil Analyses 

standard 
NUIllba I 

ASTM Standards 

D422’ 

D854’ 

D2216’ 

D2217’ 

D2974’ Standard Test Methods for Moisture, Ash, and Organic Matter of Peat Materials 

Method 
NIXIlk 

Standard Practice for Particle-size Analysis of Soils 

Standard Test Method for Specific Gravity of Soils 

Standard Method for Dcteimination of Water (Moisture) Content of Soil, Rock, and Soil- 
Aggregate Mixtures 

Standard Practice for Wet Preparation of Soil Samples for Particle-Size Analysis and 
Determination of Soil Constants 

U.S. EPA Method (SW 846) 

pH Electrometric Measurement (SW 846) 

9045’ Soil pH (SW 846) 

- 
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TABLE 4-l (continued) 
TECHNICAL PROCEDURES 

Toxic Organic Compounds in Ambient Air) 

TOIZ 
Determination of Volatile Organic Compounds in Ambient Air Using Tenax” Adsorption and 
Gas Chromatography/Mass Spcctrometry (GC/MS) 

APHA Standard Methods for Examiition of Water and Wastewater 

offsite laboratory, 
2 These methods will be performed in an offiite laboratory. 
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4.1.1.2 PCB and DDT Screening 

- A gas chromatograph (GC) with an electron capture detector and isothermal or 
programmable oven will be used for PCB and DDT screening analysis. Tote pra&c&q .\. 
limits~~#:~ ::f :~.lo;ppm-:~~.~.~~ITi:~,~l:i~~:~~~~ U. S . EPA Method PM- ,. ::.. 
18,. PCB Analysis Using a Gus Chromatograph in an On-Site Laboratory - 

Htxane/MethunoZ/Water Em-action, will be followed. 

-_ Standards and blanks will be run every tenth sample. Calibration is determined by peaks 
and retention times of PCB and/or DDT standards. Calibration and use of the GC will be 
performed in accordance with the manufacturer’s instrument manual. The GC instrument will 
be calibrated at the beginning and end of each day of use, or more frequently as deemed 
necessary. All calibrations will be recorded in a project instrument calibration log book. 

. . . 4.1.1.3 $&eeuine of pH. Eh. TemDerature. Specfic Conductance. Salu&y, . . Hardness and Turbld~ty 

- 

Select soil samples as specified will also be screened for pH in the field using Method 
9045 in SW-846 (EPA Test Methods for the Evaluation of Solid and Hazardous Waste). Ground 
water prior to sampling will also be screened in the field for pH, Eh, temperature, specific 
conductance and turbidity; and surface water will be screened for temperature, pH, Eh, 
ha&es, and in samples from the ~1, Methods 9040 and 9050 in sw-846 w 

Instruments used for measurement of pH, Eh, temperature, specific conductance and 
turbidity will be calibrated in accordance with the manufactunxs’ instructions at the beginning 
and end of each day of use. Additional field calibrations will be performed as deemed 
necessary. All calibrations will be recorded in a project instrument calibration log book. 

i- 4.1.1.4 ud m 

Lead screening will be performed at select sites as specified in Section 4.2. This 
screening will be conducted using a lead specific Scitec Portable X-ray Pluorescence @RF) 
Analyzer. The fgw&& :w:w;,mfti& ; #&$&: s~~~~~‘;;tesiifj:~ !Z$Rlj?s U. S . . . ,. ,. ., ,. ,.,.,. . . . . . . . . ,. ., . . ., .,. ,..., ., ,. ., .,. ., . . . ,.,......... . . . . . ,. . . . . . . . . . . ,. . . . . . 
EPA Method PM-3 X-Ray Fluorescence (XRF.) for Heavy MeraZs (Onsife) will be used for the 

.- 

XRP survey with modification for use with the Scitec equipment. 

The protocol for calibration and use of the Scitec XRP analyzer for the subject 
investigations is provided below: 

l Bulk samples of the soil from the lead-contaminated plot will be collected and 
analyzed by means of atomic absorption spectrophotometry. Analysis will 
include concentrations of lead, iron, and calcium carbonate. 
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l Remaining material from the bulk samples will be returned by the laboratory 
to the XRP testing company. These samples and the XRP will be forwarded 
to the Scitec Corporation of Richland, Washington, for calibration of the 
instrument to the specific soil type (Note: The instrument will be recalibrated 
by the above procedures as necessary to compensate for changes in sample 
matrices). 

l Initial assessment of the contaminated plot will be conducted as specified in 
the field sampling plan. 

l At each of the sample locations, the technician will perform a nominal 240- 
second “confirmation” test, adjusted for source decay, as specified by the 
manufacturer of the device. 

4.1.2 . Soil Gas Survey 

Soil gas surveys will be performed to identify areas containing elevated levels of VOCs 
and potential “hot spots. ” This data will be used to facilitate effective placement of test borings 
and monitoting wells. The soil gas surveys will be performed using a Photovac Model lOS50 
portable field gas chromatograph with CPSIL 19 capillary column and a photoionization detector. 
Soil gas samples wiIl be obtained by using a plunger bar and air sampling pump. Photovac 
analytical procedures are specified in Atlantic Procedure No. 1052. Sampling procedures are 
spedfied in Soil Gus Screening for Vokzzik Organics (Atlantic Procedure No. 1053). Note that 
air standards (versus aqueous headspace standards) will be used to calibrate the Photovac for soil 
gas surveys during these investigations. The instrument will be calibrated at the beginning and 
the end of each day of use, and at a minimum average of one time per ten samples analyzed. 

4.1.3 
. . Test Borine~ and Subsurface SolI Sam&ng 

Soil borings will be advanced with 4%inch (inside diameter) hollow stem augers. 
Samples will be collected continuously with a 3-inch diameter, 2-foot long split-spoon sampler 
or, alternatively, with a 5foot Central Mining Equipment (CME) or Waterloo Sampler. 
Subsurface soil samples will be colkxted in accordance with Atlantic Procedure No. 1021. 
Bedrock corings will be advanced using a diamond carbide coring bit. 

Atlantic personnel will log physical characteristics such as color, density, lithology and 
moisture as well as any visual evidence of contamination (i.e., staining or sheen) according to 
Atlantic Procedure No. 1030. All soil samples will be screened with a PID or F!ID organic 
vapor analyzer. 
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41.4 Monitor& Well Construction, &veloDment and SamDw 

4.1.4.1 Monitorin? Well Constructiog 

Overburden monitoring well borings will be drilled using hollow stem augers with a 
minimum inside diameter of 4?6 inches. Subsurface soils may be sampled in accordance with 

NSB-NLON FIELD SAMPLING PLAN -2o- MAY 1993 



- 

procedures described in Section 4.1.3. Overburden monitoring wells will be constructed using 
2-inch inside diameter, flush-threaded Schedule 40 PVC screen and blank casing. The screened 
interval wiIl not exceed 10 feet in length. The screen slot size wiII be small enough to retain 
90 percent of the filter pack (d,, grain size). In most installations, a O.OlO-inch slot wiIl be 
appropriate. In shallow overburden monitoring wells, the top of the screen will be placed 
approximately 1 foot above the high ground water elevation to allow for ground water 
fluctuations. This height may be adjusted to allow for the proper seal around the well at the 
ground surface. In deep overburden monitoring wells, the screen will not extend across the 
water table. High ground water elevation will be determined based on Phase I field investigation 
data and observations made during dtilling. In selecting a screened interval, the character of 
the soil will be considered to ensure that screens are not installed across confining layers and, 
if possible, Sc=ns will be confined to discrete =@wP~c or hY~WC. . . . . . . ,>..s . . . . . . . ptg$&$ ‘:@ ‘.g ,:~~~~i~~~~~~~~~~~~~~~ 

eoncem .‘.: :... 
~~,mlzaL’&r.’ . . . . . . . . . . . . . . . . . . . . . . ..,.,....... . . . . . ..i . . . . . ..L. . . . . . / . . . . . . . . . . .:..... . . ,...,.... ,.....:i . ..i. 

.,, :.: ..,. ., ).. : ..:, .,.: 

The annular space between the well screen and the borehole wall will be backfilled with 
washed silica sand to at least 1 foot above the top of the screen, and a bentonite pellet seal 
(minimum 2 feet thick) will be placed above the sand. The annulus will be sealed with 
cement/bentonite (6 to 1 ratio, respectively) grout above the bentonite seal 

Unscreened bedrock monitoring wells within Area A will be installed to a minimum depth 
of 20 feet below the bedrock surface. Wells will be constructed using 6-inch diameter steel 
casing. The wells will be cased through the overburden and sealed at the bedrock interface to 
avoid possible contamination of the bedrock aquifer by the material above. Using either air 
rotary or mud rotary methods, an 8- or lo-inch bit will be used to drill through the overburden 
and the first 5 feet of bedrock. The mud rotary technique will only be used ~&$:a:&%.:~~@@ . . . . . . . .,... :.:.:.:.:.:.:.:.:.:.: _,...: y...:,:,:.: .,.,.i,.,.i,.,.i,.,.,.,,,.,.,...,.,. :... ,...... .., -. ..*. . . ,. . 
alI ~~.l~~~~~ If borehole caving in the overburden prevents the placement of the . . . . ..,. .: . . ..,.. ..,.. .::. i..... . . . . . _. 
bedrock casing. The mud should not come in contact with the open hole within the bedrock in 
order to prevent impacting ground water quality. Well casings will be grouted in place with a 
bentonite-cement slurry seal and allowed to set for 24 hours. A 6-inch roller bit or air hammer 
bit will be used to drill through the casing seal to the bedrock aquifer. Bedrock drilling will 
continue until a sufficient water bearing fracture is encountered. A flow rate of approximately 

4.1.4.2 Monitorinn Well DeveloDment 
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4.1.4.3 Monitoring Well Samuling 

Monitoring wells will be sampled according to Atlantic Procedure No. 1023. All shallow 

overburden wells will be purged and sampled with a peristaltic pump outfitted with Teflon@ 
tubing. Teflon@ bailers will be used for sampling VOCs. In bedrock wells containing a large 
volume of water, a centrifugal pump may be used for purging and a peristaltic pump for 
sampling. In bedrock wells where water level is below 25 feet, a positive displacement pump 
will be used for purging. Samples will be collected with Teflon@ bailers or positive 
displacement pumps for non-volatiles. All purging or sampling equipment will either be 
dedicated, single-use disposable, or pre-cleaned as specified in Atlantic Procedure NO. 1060. 
All ground water samples will be collected at least two weeks after well development has been 
completed. 

Prior to the extraction of any ground water, the depth to water will be measured to the 
nearest 0.01 feet using an electronic water level indicator. Ifan oil layer is present, its thickness 
will be measured with a sonic interface probe. The depth of the well will also be sounded. The 
well volume will then be calculated. The water well measurement device will be properly 
decontaminated between wells. A minimum of three well volumes will be purged while 
measuring pH, temperature and conductivity at regular intervals. The ground water sample will 
be collected when these three parameters stabilize to within 5 percent fluctuation. In wells 
where a perista.ltic pump is used for purging, the pump and tubing will be used to collect non- 
volatile samples. Following the collection of the last non-volatile sample, the peristaltic pump 
tubing will be removed from the well and the VOC sample will be collected with a Teflon@’ 
bailer. When a bailer is used to collect all samples, VOCs will be collected first to avoid the 
loss of volatiles that could be caused by agitation of ground water with a bailer. All samples 
for dissolved metals analysis will be field filtered with a 0.45 micron filter. 

4.1.5 . . . Evalu&ion of &&er Hvdrauhc Prom 

Single well permeability tests, step-drawdown, and long-term aquifer pump tests will be 
performed to estimate aquifer properties across the site. 

Single well pemeability tests will be performed according to Atlantic Procedure No. 
1071. Wells for permeability testing will be selected based on their placement within aquifer 
units relative to the areal distribution of aquifer material across the site. The type of 
permeability test performed will be based on criteria presented in Atlantic Procedure No. 1071 
including position of well screen, expected permeability of sediments, need to contain discharge 
water, and site logistics. Slug displacement tests will be the preferred test method where 
relatively low perrneabilities are expected. Single well pump tests will be recommended for 
units in which relatively high permeabilities are expected as long as discharge water can be 
properly contained. 

Prior to each single well test, the static water level will be measured with an electronic 
water level indicator. A pressure transducer, displacement device or pump will be placed in the 
well and allowed to equilibrate. When the water level returns to the static position, either the 
displacement device will be removed or the pump will be started and the water levels will be 
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continuously monitored by the pressure transducer and recorded by a data logger. Hydraulic 
conductivity estimates from slug test data performed in wells situated in unconfined aquifers will 
be calculated using the Bouwer and Rice Method (1978 with 1989 update). Confined aquifer 
slug displacement test data will be used to calculate transmissivity by the Cooper, Bredehoeft, 
and Papadopoulous Method (1967). Transmissivity values will be calculated from single well 
pump test dmwdown and recovery data using the Cooper Straight-line Method (Petter 1980). 

An aquifer pumping test will be conducted in the overburden materials in the northwest 
section of the Area A k&fill in order to determine hydraulic properties to evaluate the 
feasibility of pump-and-treat ground water remediation. The aquifer test design will include one 

A step-dmwdown test will be conducted to determine the optimum pumping rate for the 
long-term aquifer test. The step-drawdown test will consist of pumping the well at successively 
higher rates for equal periods of time and measuring the resulting drawdowns i+ite~ i i I. : ,..... : . . . . :...: * z.:..., 
wells. These drawdown and discharge measurements will be used to choose, empirically, an opthum yield and to detemhe the efficiency of the weu. ~~i~~~~l~~~~ 

..: :_,;,:., :.:.>:.:.x : ,.:.: .:.: . . . . :.):c.~,,:.:.;:.,.l:.:.: :.:.:‘...:.:.:.:.: ..;: . . . . . :.:;:I . . . . . . . . . : _.....,.: ..,.: . .._.. ,.: .,.,.,. :.:.;:...:.~: :.:.:. 
24 hours. 
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site by~~~~.~:~~.~~~~.~:~:~~~~ Recovering water levels ah ., _ .,..,.., ..,. 
will be monitored and recorded logarithmically once the pump IS turned off. The aquifer test 
data will be used to calculate aquifer transmissivity and s&nativity using appmphte analytical 
techniques which wiU be dictated by the shape of the time-drawdown and distancedrawdown 
plots. 

4.1.6 

The surface soil sampling program is designed to screen for contamination within the 
upper 6 to 12 inches of soil. Protocols for sampling surface soils will be followed as specified 
in Atlantic Procedure No. 1020. Only discrete samples will be collected. Atlantic personnel 
will collect sampies with a Cinch, stainless steel hand-auger and stainless steel spoons. Samples 
will be logged by Atlantic personnel. 

4.1.7 . . Surface Water and Sedunent Samum 

Surface water and sediment samples will be collected in accordance with Atlantic 
Procedure No. 1022. At locations with intermittent flow, such as storm sewer outfalls, surface 
water samples will be collected from a discharge resulting from a storm event that is greater than 
0.1 inches in magnitude and that occurs at least 72 hours after any previous storm event of 0.1 
inches or greater. Where feasible, grab samples will be collected during the first 30 minutes 
of a storm event. 

4.1.8 Dioxin (TCDDI and Dibenzofuran Samulii 

TCDD/dibenzofutan sampling will be conducted in accordance with Atlantic Procedure 
No. 1024. This procedure includes rigorous criteria for sample homogenization and 
decontamination of used sampling equipment after sampling. 

c 

c 

I 

cr 

3 

- 

m 

I 

NSB-NLONFIELDSAh4PLINGPLAN -24 MAY1993 
w 



4.1.9 Land Surveviw and hfarming 

- 

-- 

- 

- 

_ 

- 

Methodologies and references to be used for surveying and for mapping are described 
below. 

4.1.9.1 Surveyiqg 

Elevations and coordinates will be established for all monitoring wells and test borings. 
Coordinates/locations will be surveyed for the surface soil and. sediment samples. Grid points 
will be surveyed and painted or staked in the field for the soil gas surveys. 

All elevations will be based on differential leveling runs betieen known vertical control 
points and objects requiring elevations. All vertical control will be double run to confirm final 
elevations. Elevations will be accurate to Class V-2. The datum to be used is as shown on a 
map entitled, Base Traverse and Monuments, NAVFAC Drawing No. 2,037,619; Code Ident. 
No. 80091; Size: F; Contr. No. N62472-78-C-3422-) Sheet 1 of 2 prepared for the 
Department of the Navy by Kieltyka, Woodis & Pike Land Suxveyors. The elevations are in 
the Subase datum, which is 1.41 f feet below the USGS NGVD datum. 

All coordinates will be based on field methods that conform to the standards of a Class 
A-2 survey. The Connecticut State Plane Coordinate System will be used. 

4.1.9.2 k&lDDiu 

Map information for NSB-NLON (e.g., topography, buildings) was developed based on 
maps.of NSB-NLON, prepared by Loureiro Engineering Associates, December 1980. These 
maps are 1 inch = 40 feet and have a 2-foot contour interval. 

Maps of site plans and field sampling plans will be developed as required from the above- 
referenced maps using AutoCADm, a computer aided design software package. 

. . 4.1.10 Geoloac Survevu 

An Atlantic geologist will map major fracture and lineament traces fmm overlapping 
aerial photographs of NSB-NLON, and obtain supplemental field measurements of geologic 
structures (e.g., joints, fractures) at major rock outcrops located primarily within the northern 
section of NSB-NLON. Any outcrops located along any adjacent roadways will also be mapped. 
The primary objective of geologic mapping is to identify major geologic structures which may 
be areas of high hydraulic conductivity (i.e., possible preferential pathways for ground water 
movement). Fracture and lineament traces often represent the surface expression of nearly 
vertical zones of fracture concentrations which are often areas with hydraulic conductivity 
greater than that of adjacent rock. Final well placement will take this data into consideration. 

4.1.11 Ecolokal Stud& 

Methods for conducting biological studies are described in the Ecological Risk 
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Assessment Work Plan (Section 5.0). 

4.1.12 Air Monitoring 

All indoor and exterior background air monitoring samples will be collected in 
accordance with Section 10 (“sampling’*) of the U.S. EPA TO1 methodology. The TO1 method 
is published in the Compendium of Methods for the Determination of Toxic Organic Compounds 

in Ambient Air, Second Suppfement @PA/600/4-891018 June 1988). The sampling method 
employs the use of glass tubes containing Tenz” adsorption media through which ambient air 
is drawn by a mpbg pump. ~~:ii~1:;:-;at#iii~~~~~~~~~~~;~~~j: 

. . . . . . . . i... . . . ..A.. i.. . . . . . . .A... . . . . . . . . . ..-.. ..,.. . . . . . . . . . . . . . . . . . . . ..~.. anal~::i~~~~~~~~~~~....,.....""."'""""“...".- 
.~.~.~.,~,.~~,...~..~.../.,.~~ ~.,...~.~~,.~~,.~..~,.'~~,...~.,.,.......~. 

. . . . . . . . . . . . . . .A..... I. i..... . . . . . . . ._. __. . . . . . . . . . . . . . . . 

4.1.W Waste(J&fkation and Disd 

All well purge and development waters and drill cuttings will be contained in 55-gallon 
drums or other appropriate containers or portable tanks meeting applicable DOT specifications. 
The drums will be labeled to identify the type of material contained (i.e., soil, water or sludge), 
the date collected, the site location, and boring number (or some other sampling location 
designation if appropriate). Drums, while being filled, will be stored at or near the site being 
investigated. After the drums are full, they will be transferred to the NSB-NLON RCRA- 
permitted hazardous waste storage facility until Atlantic’s waste disposal contractor can dispose 
of drums found to contain contaminated media. Soils and wastewater will be properly 
characterized prior to disposal primarily based upon analyses of samples collected from the 
boring or well from which the contained soils/water originated. If necessary, supplemental 
analyses such as TCLP, VOC and SVOC (semi-volatile organic compounds) analyses will be 
performed. If the characterization indicates that any soils are not contaminated, these soils will . 
be used as fti. Wastewater meeting the NSB-NLON NPDES discharge permit criteria may be 
disposed of at the onsite treatment facility, Contaminated sowwater will be disposed by a 
properly permitted disposal facility. Wastewaters generated from the pump test will be disposed 
under a temporary emergency discharge permit to be obtained from the CTDEP. 

All waste collected will be disposed at facilities that are approved by the Navy and that 
are properly permitted for the specific waste type king disposed. Atlantic will arrange for 
waste classification and disposal. The Navy will sign as the generator of the material if offsite 
disposal is required. 
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4.1.14 SamDlinP and Testing of Soils for Engineering ParameteQ 

Soils will be cdlected and analyzed for engineering parameters in accordance with the 
following standards: 

l grain-size distribution (ASTM D422) 
0 specific gravity (ASTM D854) 
l water content (ASTM D2216) 
l organic content (ASTM D2974) 
l total organic carbon content (Walkley-Black Determination in Piper 1942) 
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l cation exchange capacity (SW 846 9081) 

. . . . . . _ .,. 4‘f;m:::. & 
., ,., . . . . . :i “: : 

. . ..y . . :. .,.. .: 2:. ..: . . . . . . . . . . :.....;:$. 
4;2,$6 : j,. ; ..) :.. .: 
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4.2 Field Sampline Plan 
r 

The following sections contain a description of the Field Sampling Plan for each of the 
investigation sites. The overall objectives of these sampiing plans is provided in Section 7.0 of 
the Work Plan. This section details samples to be collected at each site, analyses to be 
performed, and the rationale for selection of samples from individual borings, placement of 
supplemental borings, placement of well screens and other sampling details specific to a site that 
are not elsewhere described. Section 4.1 above describes in detail methods and techniques to 
be used to obtain samples and for implementation of the Field Sampling Plan. 
ain q$@! ~~~~~~~~~~~~~~~: 

cfhe@@C . . . :... 2.. . . . . . . . . . . . . . . . . 

4.2 : .f : ‘;: i.’ 
*- : j ..:. 
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TABLE 43A 
CBU - DRUM STORAGE AREA 

RATIONALE FOR SELECTION OF CONSTITUENTS FOR ANALYSIS 

0 VOCs were detected in previously collected surface soil 
samples. 

svoc? I 0 I SVOCs were detected in previously collected surface soil 

0 Elevated lead concentrations were detected in previously 
collected surface soils. 

Pesticides a The pesticide DDD was detected in a previously collected 
surface soil sample. 

PCB’ 0 Not detected in Step I Study, regardless PCB will be tested 
for as possibly waste materials stored in this area contained 
PCB. 

TCW 

Radiological6 

l Determine luching potential of metals in soils. 

Further ground water analyses are being performed at 
Area A. 

Dioxin’ Historically, neither petroleum products nor chlorinated 
compounds have been burned at this site and dibenxofuran 

I 
was not detected during the Step I investigation. 

Erlgineering Feasibility shdy data requirements not ncxxasaq at this time. 
Characteristic8 

Notes: 
’ 
’ 

VOC means volatile organic compound U~,-ra::~~~~~~. 
SVOC means semi-volatile organic compound ii$scdi~:&e::c]t;F::~ : . . ,. ,.,.: ..: -. . . . ? . . . . . . . . . 3 . . . . . . . . 

3 Inorganics include total and dissolved inorganics for ground water samples and dissolved inorganics 
for surfe water. Afll~.~*~~~:~~~~~~~~~:~~ 

.,_,. ,.,.,.,. .,. . . . . . : PCB muns polychlorinlisd d~~~~~i:....~~~:~~~~~~~~~~~ 
. . . . . . . . . . .i..._../ . . . . ..\I ,........l... . . .A.. .._L .A...,.. . . . . . . . . . . . . . . . . . . ,.. .., ., 

TCLP mc811s toxicity characteristic leaching procedures (Analysis to be performed for metals only). 
6 Radiological analyses include gross alpha and beta and a complete gamma spectrum analysis. 
’ Dioxin analysis includes dioti and dibenzofurans ~:i~~~~‘~~~~:~~~~~~~~~~~~ B Engineering chanrcteristics for soils include grain ,i,‘.~i,;~~~~s~~~~~~~~.c;;;;le;l;;”specp~~~~~~~, 

organic content, cation exchange capacity, pH; and total organic carbon content: and for ground 
water includes biochemical oxygen demand (5day), chemical oxygen demand, total organic carbon, 
oil and grease (hydrocarbon fraction), total suspended solids, bnrdnsjj;:: ammonia (as nitrogen) and i 
nhosahoms (total\. 
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TABLE 43B 
CBU DRUM STORAGE AREA FIELD SAMPLING PLAN 

Well Depth/ 
22” Proposed Depth 

R) 
htiOId? 

Monftoting weu 

1 M W I S Overburden/20 f Monitor quality of ground water 1MWlS (O-2’) 0 0 l 0 l l l l 

and test for subsurface sail 
................................... .......... ............ ........... ............. ........... ........... ......... ............ ............ .............. 

contamination within the CBU 
1MWlS (depth) l l 0 0 0 0 l l 

.............................................. ............ ........... ............. ........... ........... ......... ............ ............ .............. 
Drum Stomge Area. 1GWlS 0 0 0 0 0 0 0 

Test Bodtgs 

Further evaluate 

I I I I 
~2~2~2~2~2ltl2~olo 

PROPOSED Notes: 
3 Test borings (includiog ’ Total includes 2 sampling rounds. 

well boring) ’ TCLP metals only. 
1 well 

11, 1, !I a i I &.I:U: 
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TABLE 4-4 
OBDANE AREA 

RATIONALE FOR SELECTION OF CONS- FOR ANALYSIS 

was detected in a previously collected 

Dioxin’ 

ta requtnments not necewafy at 

Notes: 
I VOC m- volatile organic compound f~,~~r,~~~ 
i! SVOC m- g&-volati]e orghc compound ~~~~~:~~ 

. . . . _. . . . . . . . . . . . . . . . . ..,...:... .A.... . . . ..,.,...,.......i. 
’ lnorganics include total and dissolved inorganics for ground water samples and dissolved inorganics 

for =rfrce water. A;ur;~~~~~~~~~~~~~~ 
,;:..,.... ......,.,.,...,.ij,...... ..,.,.( _.........,.... .\...... 1 P,-B means polyc&&&j~I;;j;&~j~’ ‘~l~~~~~,~ii~~~~~~~~~~~~, 

5 TCLP means toxicity chancteristic leaching procedures (analysis to be performed for metals only). 
* Radiological analyses include gross alpha and betn and a complete gamma spectrum analysis. 
7 Dioxin analysis includes dioxins and dibenzofurans ra:~“~IUI$.‘l~;:~~~w’I>~~~~~ .:.. . ./. . . . . . . . . . . . . . . . . . 
8 Engineering characteristics for soils include grain size distribution~&%kc content, specific gravity, 

organic content, cation exchange capacity, fl, and total organic carbon content; and for ground 
water includes biochemical oxygen demand (5day), chemical oxygen demand, total organic carbon. 
oil and grease (hydrocarbon fraction), total suspended solids, &$&i& ammonia (as nitrogen) and . . ,....._.........,.. . . . . . . . . . . . ._ 
phosphorus (total). 
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4.2.2 SteD II Investi~ 

4.2.2.1 Rubble Fill at Buuker A-86 

The constituents to be analyzed for at this site, and the rationale for their selection, are 
provided in Table 4-6. The rationale for this program is provided in Table 4-7 and the Field 
Sampling Plan is shown in Figure 4-3. 

A total of eight test borings (including Zzo;;itoring wells) will be drilled at this site to 
characterize the stxatigmphy of the overburden and better define the overburden/bedrock 
interface. Each boring will be advanced to the depth of refusal (e.g., bedrock contact). 
Cont~uous co= samples will h could from each bring ~i~~-~~:~~~ 

.., . . . . . ..C. .A..._ ..i. ..,...... .- . . . . . . . .,.. . . . . . .A.. . . . . . . . . . .A.. . i... .A.. . . ..i... .i... .i.. . . . . . . . . .._ :.. .A._ . . . ..i. 
of the rubble M for geologic logging and subsurface soil sample collection. Proposed boring 
locations are shown in Figure 4-3; however, final boring locations may differ due to field 
conditions and/or potential interference with utilities. 

Subsurface soil samples will be collected from each boring for chemical analysis to 
determine the nature, extent, and degree of soil contamination within, and immediately 
downgradient of, the rubble fill zone. Samples to be collected at a non-specified depth will be 
selected based upon field screening with an organic vapor analyzer, visual observations, or at 
the ground surface. The sample which appears to be the most contaminated based on organic 
vapor analysis and/or visual obsentation will be sel~ted for analysis. If field screening does 
not identify contamination in the boring, a shallow subsurface sample (O-l foot depth) will be 
collected. Samples from borings 4TB2 and 4MWlS will be collected from the shallow 
subsurface to ensure adequate characterization of near-surface contamination immediately 
downgradient and upgradient of the rubble fill zone. Soil samples for engineering characteristics 
evaluation will be collected from the two monitoring well borings within the screened interval. 

Surface soil samples will be collected at five locations in the vicinity of the rubble fill 
zone. Three samples will be collected downgradient of the rubble to determine whether surface 
contamination extends further north than identified during the Step I investigation. One surface 
soil sample will be collected east of the rubble and one within the rubble fill pile to further 
evaluate potential surficial contamination. Surface soils at each sample location will be collected 
from a depth of O-6 inches. 

Sediment samples will be collected from two locations within a nearby seasonal stream 
to assess whether site contaminants may be transported offsite by this mechanism. The seasonal 

i 

I 

r 

I 

r 
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TABLE 4-6 
RUBBLE FILL AT BUNKER A-86 

RATIONALE FOR SELECTION OF CONS- FOR ANALYSIS 

ksticides Pesticides (BHC and methoxychlor) detected 
in composite surface soil sample. Study area 

chlorinated compounds have been burned at 
this site and dibenzofttran was not detected 
during Step I investigations. 

Jotes: 
’ VOC m- volatile organic compound ~~~~.~@&&‘j@ .,. ., ., ,. . . ,. ,. _ . . 
2 

:, : . 
SVOC m- semi-voj&le organic compound li~iie,I~~~:~~ . . . . .,. . . . ,. ., ,. ,. .,. ,. ., ,. _ ,. ., .,. 

’ Inorganics include total and dissolved inorganics for ground water samples and dissolved 
inorganics for surface Water. p;u cLy:‘Ta *. :.: ..: ;.: . . . . ~::~::~i..:l,~~,;’ . . . . . :‘* ~~~~ 

.,!w! .:, ,,.:: ..-:.::::v? . . . . . . . ..... ..:. ::::: :$..: . . . . y!:,.. 
4 PCB means polychlorinated biphcnyl. Aff-,art@@@@ ‘:~~.;F~~~.~~~~~~~ 
’ TCLP means toxicity characteristic leaching procedures. 
6 Radiological analyses include gross alpha and beta and a complete gamma spectrum analysis. 
’ Dioxin analysis includes dioxins and dibenzofurans aswf$jn I.?.S.‘@A-CI;pISQy 

DWOf .o. 
* Engineering characteristics for soils include grain size distribution, moisture content, specific 

gravity, organic content, cation exchange capacity, pH, and total organic carbon content; and for 
ground water includes biochemical oxygen demand (May), chemical oxygen demand, total organic 
carbon, oil and grease (hydrocarbon fraction), total suspended solids, hsrdncas, ammonia (as 
nitrogen) and phosphorus (total). 
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TABLE 4-7 
RUBBLE FILL AT BUNKER A-86 FiELD SAMPLING PLAN 

Idmirairy w&B 
4MWIS’ overburded20 f ’ Monitor quality of ahhrliow ground water and ted 4MWlS (O-l’) . l 0 0 0 b 

(Bedrock well installed if for subrurfecs aoil contmnination upgradient of . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

no overburden aquifer) Rubble Fill mea. 40WIS l 0 0 0 l 0 

4MW2S’ ovcrburdenr20*’ Monitor quality of lhrllow ground water end tert 4MW2S (depth) . 0 0 l l a l 

(Bedrock well installed if for eubsurfece loil contamination downgradient of . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

no overburden aquifer) Rubble Fill era. 40W2s a l l l 0 0 

4MW3S’ OvehurdenRO f ’ Monitor qurlity of ahallow ground water end test 4MW3S (depth) . l l a 0 0 0 
(Bedrock well installed if for rubrurfece eoil contmninetion downgradient. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................... 

no overburden aquifer) northwed of Rubble Fill l ru. 4QW3S a l l 0 l . l 

4MW4S’ OverburdcmIYZOf ’ Monitor quality of hrllow ground weter and teei 4MW4.S (de+) . l l 0 0 . 

for subsurface soil contaminetion downgndient, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

northwert of Rubble Fill ens. 4aw4s 0 0 0 0 l 0 

4MW4D’ Bedrock Monitor quelity of deep ground water end teti for 40W4D 

Nbaurfm? mil contemination downgredient, l l a l l 0 

northwut of Rubble Fill area. 

rat Borlap 

4TBI NAIBedrock (2Ok’) Determine stretigmphylnrture of fill materiel in 4TBl (depth) 
center of Rubble Fill area. Determine nature end 
extent of subsurface roil contmninetion in 

0 0 l l 0 0 l 

potential mum era. 

4TB2 NAIBedrock QO*‘) Further define extenl of Nbsurfece roil 4-1~2 @epW 
contamination northu~~ of Rubble Fill ens. 

0 l 0 0 l 0 0 

4TB3 NAIBedrock (20+‘) Further define extent of NbNrfmZe roil 4TB3 (o-l ‘) 
conteminetion northu8t of Rubble Fill area. 

l l 0 0 l l 

Subtotal Soil 7 7 7 7 7 7 2 2 

Subtotal Water/l Sampling Round 5 5 5 5 5 5 0 I 

WJ- SOQ ~443 

4Ss4 Surticial Determine ndure and extent of eurfece roil 4SS4 (oe) 
contamination downgndient of Rubble Fill area. 

0 l l l l l 

4Ss5 Surficirl Further define exterd of surface eoil 4Ss5 (o-6’) 
con(rminetion downgndient of Rubble Fill area. 

l 0 l 0 0 0 

4SS6 1 Surficirl 1 AIKII rurfecc roil quality in Rubble Fill mea. 14X+6(0-6”) 1 0 l l l 0 0 I 

, 

I m a I 
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stream is located west of the rubble fill zone, and flows northeast to Area A. Sediment samples 
will be collected in one location upgradient and the other downgradient from the fill area. 
Surface water will also be sampled at the upgradient sediment sample location to characterize 
surface water quality entering the site. Additional downstream surface water sampling is 
discussed in the Area A Field Sampling Plan. 

A total of five ground water monitoring wells will be installed at the site. One 
upgradient well will be installed southeast of the rubble fill to characterize the quality of ground 
water entering the site. 

_,. __,, . . . . . . . ,. ., ,,.,. . . 
T@g additional ~~@y’x~?~&p~&f: &ne: i &@$~a: ..w ill be installed ,......,.,.,.,.,.,.,,,... . . . . :... :.:. :: ..i_,. :.,.::.....: .,. .I. . . . . . . . 

downgradient to monitor water quality beyond the ffl area. 
,: :. : 

~i5:.:focri.:~::~:.~~~~1Ri~~~ ,: . . :.: :.,.:.:.: .,.,.,.: . . . . . :.: .,.,.,.,.,.,. ,. .., . .., . . . . . .: . . . .: . . . . . ., ., ,. . . . . . . . ,.,.,_,. ., ,. con~.,fiom;.:l~~~:il~,~~~4~~ Due to *e absence of site-specific geologic 
., ,.,.,.,.,.,.: .,., :: .,... : : :‘:...‘.‘:..:: ‘.., : :: ., :.::::::: .:.:.:: .,.. ‘.:.:L ,. ‘i’ . :. : 

information for this site, final well depth wtll be determined on the basis of fteld observations. 
Proposed wells are intended to intercept the shallow overburden aquifer; however, proximity of 
several significant bedrock outcroppings on, or adjacent to, this site indicate the possibility that 
wells may require installation into bedrock to intercept the water table. If a bedrock weIl is . . . . . . . required h an,&& af~~~~~@$&, it will b &tied to intercept the first significant 

. . . . . . . . . . . . / . . . . .; .;... . . . . . . .,:. 
water bearing unit and extend a mitumum of 20 feet below the bedrock surface, whatever is 
greater. Overburden wells will be installed with lo-foot screens, placed so that the top of the 
screen is located a minimum of 1 foot above the water table. 

Two rounds of ground water sampling will be performed. The first sampling round wiI.l 
be collected a minimum of two weeks after well development and the second round 
approximately three months following completion of the first round. In addition, a single weIl 
hydraulic conductivity test will be run in well 4MW2S. 

4.2.2.2 To&o Shot@ 

1 

Prior to any subsurface investigation, a soil gas survey wiIl be conducted in areas 
surrounding the Torpedo Shop buildings, and in areas of past/present exterior chemical storage 
to aid in the selection of final boring and monitoring well locations. A geologic survey of the 
site and surrounding areas will also be conducted to define site geology and aid in the selection 
of final ground water monitoring well and boring locations. The soil gas survey area is shown 
in Figure 4-4. Samples will be collected at grid points 25 feet on center in areas of suspected 
contamination (e.g., ateas where possible staining has been identified in aerial photographs), and 
50 feet on center in the remaining areas within the sampling area, exclusive of areas beneath 
buildings. If contamination is detected, the sampling grid will be extended as necessary to 
define the extent of any such area of contamination. ~~~,eani~~~ ~~jl~~~~ ‘gjjj.Jf~ 

: : .: .::,: :,.,.. :.:..i .A.. . . . ~located to any locatirm wti: ~.iiiE.:gas:~~~~~~~~~~~,~~~‘~~:~~~~,~~.~~~ 
contamination sod wire pk~:p now.~~:~:i~~lihi.~;~:;...... 

. . . . . . . . . . . . .:.; ,.. ..,., . . . ,, .,...,., . . . . .,,. :.. .,. ,. 

The constituents to be analyzed at this site and rationale for their selection are provided 
in Table 4-8, and the Field Sampling Plan is summarized in Table 4-9. Sample locations are 
shown in Figure 4-4. 

A total of 20 primary test borings (including monitoring wells) will be drilled at this site 
to assess the nature, extent, and degree of contamination. Each boring will be advanced to the 
depth of refusal (e.g., bedrock contact). The actual location may vary based on results of the 
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TABLE 4-8 
TORF’EDO SHOPS 

RATIONALE FOR SELECTION OF CONS TITUENTS FOR ANALYSIS 

Rationale 

0 
Detected in ground water and soils during Step I. 
Constituents of onsite chemicals/materials and 
potentially present in petroleum products. 

Detected in soils during Step I and potentially present in 
petroleum products. 

I Inorganics’ 
Detected in soils during Step I and potentially present in 
petroleum products. 

I Pesticides 
I 

0 
I 

Detected in soils during Step I but not ground water. 
Not included in proposed ground water analysis. 

I PCB 0 Detected in soils during Step I but not ground water. 
Not included in proposed ground water analysis. 

Determine hazardous waste characteristics for selected 

solvent have been burned at this site and dibenzofuran 

Notes: 
’ VOC means volatile organic compound tidt&I~~%k~@!‘!!+ 
2 SVOC m- semi-volatile organic compound &~~,&~&:,!!%:~. 

. . . . ., :... . . . . . . . . . . . . . ,........ . . . . . . . . .._ . . . . 
’ Inorganics include total and dissolved inorganics for ground water samples and dissolved 

inorganics for surface water. AII CF. TW: co~~-.~~~~~.~tid~.ia~hiis ‘*@j$ . . . . . . . 
’ PCB means polychlorinated biphenyl. A&k@@q: iru:;~~,~.;~~;:~irttl::~~~ . . . . . . . . . . . . . . . . . .._ . . . . . . . . . . . . . . . 
’ TCLP means toxicity characteristic leaching procedures. 
’ Radiological analyses include gross alpha and beta and a complete gamma spectrum analysis. 
’ Dioxin analysis includes dioxins and dibenzofurans ti ~~~c3d:in:‘U,si;‘.‘~~“%~~1’~~ :: . . ..i. . . . . . . . . . . . .:....... 

DFIM01.0. 
* Engineering characteristics for soils include grain size distribution, moisture content, specific 

gravity, organic content, cation exchange capacity, $I, and total organic carbon content; and for 
ground water includes biochemical oxygen demand (5-&y), chemical oxygen demand, total 
organic carbon, oil and grease (hydrocarbon fraction), total suspended solids, hardness, ammonia 
(as nitrogen) and phosphorus (total). 

1 ’ TPH means total petroleum hydrocarbons. 

- 
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TABLE 4-9 
TORPEDO SHOPS FIELD SAMPLING PLAN 

7MWlD BedmckJ25’ Existing 70WID 0 0 0 . 

v) 7hlw2s Overbunied IS f * Existing 70ws 0 0 0 0 

7hfW2D B&o&20’ (minimum Monitor quality of deep (bedrock) aquifer 7QW2D 
penetration of bedrock) downgradient of north ayarn luch field. 

l 0 0 0 . 

ovettnmden/15*’ 

and tea for roil contamination 

in and aoiie liar ad downgradient of Building 

7l-B7 NA/Bedrock (-ZS*‘) Determine atratigrephy and nature of fill. 
Provide chemical characteristicr of aoilr 
upgndied of no& ayatem. At location of 
bedrock formation contact. 

N.UBedrock (25 f ‘) Determine stratigraphy and natwe of fill in 
“back door” area of rite. 



‘I II I I 1 I I I 1 1 I I 

TABLh 4-9 (continued) 
TORPEDO SHOPS FIELD SAMPLING PLAN 

1 1 1 
., ,, ,, 

I ‘1 1 

Rwplc Wdl Type! Propned 8-e -bPa 
w. 4 fJ=ptr) Wb 

lAJeation 
RetioIlde 

(h) udl w*r voc svoc 
Imr- PdL 

PCB TCLP TPI1 Fd- 
pafa dda hi 

Tl-B9 NA/Bedrock (Pi*‘) Determine atratigraphy and nature of fill in nB9 (depth) 
former drum etorage area. Provide chemical 
data to dtiermine if porGble chemical relule 

. 0 0 0 l 0 

occud in area. 

7TBI0 NA/Bcdmck (25 f ‘) Determine atratigraphy and nature of fill mouth of mBI0 (depth) 
Building 325. Chemically characterize eoila. 

0 0 0 0 a 0 

mBll- NlVBcdrock @Sk’) tiermine uratigraphy and nature of fill in area TB I I (depth)- 
TTBl3 of abandoned underground Otto fuel tank. 7I-Bl3 (depth) 

l . 0 0 0 0 l 

Evaluate extent of coil contemination. (3) (3) (3) 0, (3) (3) (3) . 

7TBl4 NA/Bedrock (25 f ‘) Downgredient of former tank. mB I4 (water teble) l l 0 0 0 

7rBIS NA/Bedrock (Xi’) Downgradient of former tank. nBl5 (water table) 0 0 a 0 l 

TrBl6 NAIBedrock (25 f ‘) AI umple point SC321 with high aoil gal nBl6 (depth) 0 0 0 0 
musurement. 

l 0 

7TBl7- NIVBedrock QS*‘) Optional boring8 IO be installed to dtiermine the ffBl7 (depth) - 
-i-l-B21 extent of aoil contamination, if detected, based 7TB2I (depth) 

l 0 0 . 0 . 

upon the field screening resultr. (5) (9 (5) (5) (5) (51 

Subtotal Soil 22 22 22 22 I3 I3 I I4 IO 

Subtotal Wate? I3 I3 I3 I3 0 0 0 5 4 

sdimem! and sugaca water L%#ing 

San@ alw, to bc analyzed for oil type by fluonxccncc analy&. 
* One round of sampling. 
’ Tti iecludce two monitoriog well sampling rounds. 

- 3 Bedrock 



soil gas and geologic surveys and potential utility conflicts. In addition to the 20 primary test 
borings, up to 5 supplemental test borings may be conducted as necessary to define the full 
extent of VOC or petroleum contamination. These supplemental borings will be made if 
contamination is evident at the limit of existing borings based on field screening organic vapor 
analysis and visual observation. 

Soil samples will be collected at the intervals depicted in Table 4-9 (Torpedo Shops Field 
Sampling Plan). Samples for engineering analysis will be selected based on representations of 
aquifer materials and/or contaminated soils that may require remediation. Samples to be 
collected at a non-specified depth (i.e., 7TBl (depth)) will be selected based upon field screening 
with an organic vapor analyzer, visual observations, water table elevation, or the presence of 
any fine- grained soil layer. The sample which appears to be the most contaminated based on 
organic vapor analysis and/or visual observation will be selected for analysis. If no such 
contamination is evident, a sample will be collected from either the elevation of ground water 
or from any fine-grained soil layers present above the water table. 

Two sediment samples will be collected from the drainage ditch as shown on Figure 4-4 
to determine if there is any contamination present. 

A total of ten monitoring wells will be installed. Seven of the borings described above 
will be completed as overburden monitoring wells and three as bedrock wells. Bedrock core 
samples will be collected from borings 7TB7 and 7MW3D. The purpose of the wells is to 
determine the nature, extent, and degree of contamination in both shallow (overburden) ground 
water and deeper (bedrock) ground water. Well screens in overburden wells will be no greater 
than 10 feet in length and will be placed so that the top of the screen is a minimum of 1 foot 
above the elevation of ground water. The bottom of the well screen will be on the bedrock 
surface unless a screen length greater than iI0 feet is required. Bedrock wells will be drilled to 
the depth of the first water bearing zone and extend a minimum of 20 feet below the bedrock 
surface, whatever is greater. 

Ground water samples will be collected twice: the first round will be collected a 
minimum of two weeks after well development and the second round, three months after the first 
round. Single well hydraulic conductivity tests will be run in wells 7MW5S and 7MW5D. 

One surface water sample will be collected at the downstream end of the drainage swale. 
Additional downstream surface water sampling will be collected as part of the Atea A field 
investigation (refer to Area A Field Sampling Plan). 

4.2.2.3 Goss Cove 

A geologic survey of the Goss Cove site will include mapping of the bedrock fractures 
and field identification of bedrock outcrops. 

The rationale for selecting parameters to be sampled at the site is provided in Table 4-10. 
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TABLE4-10 
Goss COVE LANDFILL 

RATIONALEFORSELECTIONOFCONS TITUENTSFORANALYSIS 

Pesticides 

KLP’ 
ous waste characteristics for 

Dioxins’ 

Votes: 

’ VOC m- volatile organic compound b&&&&&eq:mi 

’ 
.,.,. 

SVOC means semi-volatile organic compound li&d..&:::@;~,TC~ . . . . . ., /,.... . . . . . .:,... ,.,.. _........ . . . . . ..,...i. . . . . . . ::. ..( . . 
’ Inorganics include total and dissolved inorganics for ground water samples and dissolved 

inorganics for surface water. Att:,~~.~~,~~~~~~~~~~~~~~:~,~~:l~~~ 
~ pcB means polych,orina*ad biphenyI, ...~~~~~~:.~~~~~~~~~~~~ 

.,: . . . . . .,... . . . . . . _....I . . . . . . .../. . ../.......i... .,... :.... . . . . . . . . . . . ..i. . .._...i,...,, .::., 
’ TCLP means toxicity characteristic leaching procedures. 
6 Radiological analyses include gross alpha and beta and a complete gamma spectrum analysis. 
7 Dioxi. andysis inc,udes dioxins md dibenzofurans a6 :@jg&&&f~;$j’ p$fpJJ .&jJy 

DFLMO~ .o. 

’ Engineering characteristics for soils include grain size distribution, moisture content, specific 
gravity, organic content, cation exchange capacity, pH, and total organic carbon content; and for 
ground water includes biochemical oxygen demand (May), chemical oxygen demand, total 
organic carbon, oil and grease (hydrocarbon fraction), total suspended solids, bar&c&, ammonia 
(as nitrogen) and phosphorus (total). 
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The Field Sampling Plan is summarized in Table 4-l 1. A total of 14 primary test 
borings (including monitoring wells) will be drilled at this site. Each boring will be advanced 

4- 11. Five foot long core samples will be collected at locations 8TB9 and 8MW8D. Boring 
locations are shown in Figure 4-5 (Field Sampling Plan, Goss Cove Landfill). Actual locations 
may vary based on utility or similar conflicts encountered in the field. In addition to the 14 
primary test borings, as many as 5 supplemental resolution borings may be installed as necessary 
to define the extent of contamination across the site. Supplemental resolution borings willonly 
be installed if there are areas where additional information is necessary to defme the extent of 
contaminants. This decision will be based on field screening organic vapor analysis, visual 
observations, and XRF field screening for lead. 

Soil samples will be collected at the intervals indicated in Table 4- 11. Sample intervals 
collected and analyzed from the 0- to l-foot interval are to address the risk assessment data 

encountered above the water table. Discrete samples for engineering analysis will be selected 
based on representative aquifer materials and/or contaminated soils that may require remediation. 

A total of five sediment samples will be collected from Goss Cove to evaluate potential 
impacts to sediments from the site and for risk assessment purposes. Analysis will be performed 
as depicted in Table 4-l 1. 

A total of seven monitoring wells will be installed during the Step II investigation, which 
includes four shallow overburden wells, two deep overburden monitoring wells, and one bedrock 
well. The additional monitoring wells wiIl further assess onsite ground water quality and the 
water quality of ground water discharging into the Thames River (ecological risk data). An 
upgradient bedrock well will be installed to determine background levels of the various analytes. 

Well screens in the shallow overburden wells will be no greater than 10 feet in length 
and will be placed so that the base of the well will be above the organic silt layer, and the top 
of the screen is a minimum of 1 foot above the elevation of the high tide ground water level. 
The deep overburden monitoring wells will be screened on top of bedrock or the first confining 
layer below the organic silt layer, whichever is encountered fust. Screen lengths for the deep 
overburden wells will not exceed 10 feet in length. The bedrock well will be drilled to the depth 
of the first water-bearing zone and extend a minimum of 20 feet below the bedrock surface, 
whatever is greater. 

Ground water samples will be collected twice: _ the first round will be collected a 
minimum of two weeks after well development, and a second round three months later. 
Sampling events will be conducted during low tide when ground water is flowing toward the 
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TABLE 4-11 
GOSS COVE LANDFILL FIELD SAMPLING PLAN 

bple wen TYd tide 
S-de Vpe Analysis 

IAlCrtiOlt Prqmetl Depth RAltiOId@ 
vu 

DesigMtioN sdl W&r Air voc svoc her- Pedl- 
I& - 

TCLP RAP Illoxbl -- 
=-r(ru 

EMWI Existing Existing 80Wl 0 . l a l 
................................ .......... ........... ...... ............ ............ ................................................ ........................ ................... 

SMWZS Existing Existing 8OW2S 0 0 l a 

8MW2D OverburdenIlOOf ' Located adjacent to era of high aoil SMWZD (O-l) 0 l 0 l l 0 l 0 

gra concentrationa. Evaluatea water ................................ .......... ........... .............................. ............ ............................................................................... 
8MW2D (depth) . l 0 0 0 0 

quality at interval above bedrock 
l 

..................................................... .................. ............ ............ ....................... ............ ........................ ................... 

surface; hulth and ecological rirk data. 8aW2D 0 0 l 0 

8MW3 Existing Existing SOW3 l l 0 l 

BMW4 Existing Existing SOW4 0 0 0 l b 

SMWSS oveltlurden/l5*’ Previous inveltigetion indicates highest SOW93 
inorganic concentntioru in soil et the 
site are at 8TBI; 8MW5 will provide 
additional soil data. Alro providea 0 a . . 

additional hydrogeologic end ground 
water quality information; health and 
ecological risk data. 

................................................................................... ......................... ....................... ............ ............ .................... 
SMWSS (depth) . a l l l 0 l l 

SMW6.s overburden/IS*’ Provide chemical data for roila end 8MW6S (O-l) 0 a l 0 l 0 
......................................................... 

gnxmd water directly adjacent to tbo 
................................................................................................................................... ........................ .................... 

8MW6D overbu&n/100*’ 8t3W6.S a 0 l 0 
Nautilus Museum Building; health risk ..................................................... ...... ............ ............ ................................................ ............ ................................ 

and ecological risk drte. 8MW6S (depth) . 0 l l 0 l l 0 
........................................................................................................................................................... .................... 

8MW6D (depth) . l 0 l 0 0 l 
......... -. ..... -. ....... _. ................................................................... ............................................... ............ .................... 

8ciW6D l l l 0 

8MW7S overburden/ I5 f ’ Provide chemical data for roil@ end 8MW7S (O-l) a l 0 a a l 
ground water in rn area adjacent to .............................................................................................................................................................................. 

moderato roil gee concentrationa. Alro 80W7S 0 l 0 0 
provide additional hydrogmlogic end ....................................................................... ............ ................................... .................................... .................... 
water quality information near Goss 
Cove; health end ecological risk data. 

8MW7S (depth) . l l l l l l l 

8M wss Overburden/top of Upgndient background well to provide SOWSS l 0 0 l l 

bedrock (30f’) background water quality vrlucs for the 
Bite. SMWSS (depth) l 0 l 0 0 l l 

SMWSD’ BdOCW50*’ Upgndient background well to provide SMWSD (depth) l 0 l l 0 l 0 

background water quality valuer for the ............................................................................................................................................................................... 

site. SOWSD 0 l 0 l 



TABLE 4-11 (continued) 
GOSS COVE FIELD SAMPLING PLAN 

bple Wdl ‘bpel 
*ge 

S-W TIP 
e ~posodDep(h RatioMle . . 

w -sdl 

rui Boriql 
8TB4 NA/Bele of till Provide chemical chencteriltica of Glr 8T64 (O-l) 

czo*7 located in an rree of moderete roil grs l l 0 . l b 

concentrations. Alro provido . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . __....._..__._.........,............ . . . . . . . . . . . . . . . . . . . ..I . . . . . . . . . . . . . . . . . . 

nntignphy end depth to bedrock 8’rw GWfO 
l 0 0 l l l l 

information. 

NA/Bals of till 

8SW2 Surfrco water Provide chemical dete for surfecc water 8SW2 l 0 0 l a l l 
. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . and sedimenta in Oou Cove; near . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ._....._._..._._.................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..t.. . . . . . . . . . . . . . . 

8SM Sediment shore of Irndfill. SSM l l 0 l 0 l l 

8SW3 Surface water Provide additional date for the curfrce 8SW3 l l 0 l 0 0 0 

water rd diw in 0~ Cove; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,...................... . . . . . . . . . . . . . . . -...... . . . . . . . . . . . . 

8SD3 Sediment Ilur #how of lendtill. 8SD3 l 0 0 l l 0 l l 
I 

a a 1. t, I I I a 
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1 I 
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1 UNDERGROUND UllUlY LOCATlONS ARE APPROXlWlE. 
2 BASE MU’ AND UllLllY INFORtMlON FROM MAPS OF NSB-NLON 

PREPARED 6Y LOURElRO ENGINEERING ASSOCIATES. DEC lS6G. 
ARE WED ON NSB-NLON DATUM WHICH IS 141 FEET BEIBW NGVD. 

3. Pl+SE I Rl S4MPLE LOCATlONS ARE SHOWN. 
4 THE LGCAllON OF BORINGS EiTBll THROUGH 6lBlS WILL BE DEfERMINED 

IN THE FlELD AS NECES’3RY FOR BEITER DEFlNl’llON OF SOURCE AREAS 



Thames River. Single well hydraulic conductivity tests will be run in wells 8MW2S and 
8MW2D. 

A total of five surface water samples will be collected from Goss Cove to assess the 
quality of water in the cove for risk assessment purposes. 

h 

Two rounds of air sampling will be conducted in and around the Nautilus Museum 
Building. Three samples will be collected: two from inside the building (one on the ground 
floor in the main exhibition area and one in the boiler room in the basement), and a third 

4.2.2.4 SDent Acid Storage and Diswsal Area 

- 

The constituents to be analyzed for at this site, and the rationale for their selection, are 
provided in Table 4- 12. The rationale for the Field Sampling Program is provided in Table 4- 
13. Sample locations are shown in Figure 4-6. 

A total of ten test borings (including monitoring wells) will be drilled at this site. Each 
beg wa & advmd to a depth of 1 

., ,. .,..: ., .,., .,. ,. _ .,.,., .,. ,.,. bas;+;~&;;:~~ .~~~~~~~~~~~ .:.:.: >..y.:.:.:.:.:...: . . . . :.:.:.:.:.:.:.:.:.:.:.:...: :...>:.:.:.>:.x.:.: . . . . . . . . . . . . . . . . . . . . . .._....._.. ,....._................._.: .._, 
stratigmphy and assess contamination associated with former acid management activities. TWO 
brings (lSMW2S, lSMW4S) will be advanced to refusal (e.g., bedrock contact) to better define 
the overburden/bedrock interface. Continuous core samples will be collected from each boring 
for geologic logging and subsurface soil sample collection. ~:~~~~~~~~~~~ 
fiPbTOCk-i~itl..~~~~~~~~~~~~~ Borings will ~~~~.~~~~~~~~ 

i :‘:a: : .,+:: ::: ,.,.,. > .,.:.,. . . . :: :I:‘:;:.:: :’ ..‘. : ../ ‘.‘.“‘...“‘“.“.‘.“......:.:.:.:.:.:.:.;.:.:.:.:.:.:.:.:.:.:.:.: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :.:.:.: .,.,.,.,.,.,.,. .,. 
commencing within the vicinity of the former acid tank, and progressing outward. This 
sequence is intended to delineate the extent of battery acid contamination; five additional test 
borings may be used to further define the contaminated area, if necessary. Implementation of 
these borings, and their ultimate locations, will be determined on the basis of soil screening 
analyses, discussed below. 

One subsurface soil sample will be collected from each boring for chemical analysis to 
determine the nature, extent, and degree of soil contamination associated with the former acid 
tank. Continuous soil samples (2-foot intervals) will be collected from each boring. One sample 
will be collected from each 2-foot interval for field screening. Screening will be performed 
using XRF analysis for lead. In order to validate this field method, soil samples covering a 
range of lead concentrations (by XRF analysis) will be collected for laboratory chemical 
analysis. A minimum of two samples from soils exhibiting each of the following concentration 
ranges will be selected for laboratory analysis: > 1,000 ppm, 500 ppm, and not detected. All 
other samples will be collected from the sample interval yielding the highest evidence of lead 
contamination by XRF analysis. In borings yielding no evidence of lead contamination, the 
sample will be collected at a depth of O-l foot. As discussed above, five supplemental test 
borings are planned to further define the extent of soil contamination in the vicinity of the 
former acid tank, if necessary. Decisions to use these borings will be based upon a combination 

NSB-NLONFIELDSAMPLINGPLAN -53- MAY1993 



TABLE 4-12 
SPENT ACID STORAGE AND DISPOSAL AREA 

RATIONALE FOR SELECTION OF CONSTITUENT S FOR ANALYSIS 

Detected in one soil sample during Step I. Study 
area not adequately characterized for this 

oil samples from study 

Engineering Characteristics’ 0 

site and dibenzofuran was not detected during 
Step I investigations. 

Feasibility Study data requirements for select 
samples. 

Notes: 
’ VOC means volatile organic compound ii~~~~~~~~ 
t SVOC m- semi-volatile organic com~~~a’~~~~~~~~~~ 

3 
..: .::,.. . . . . . .__ ,. . . 

Inorganics include total and dissolved inorganics for ground water samples and dissolved 
. . . . . . . . . .~ ,...... . . .,‘) ..,.,.,. L’. __... . ..> . . . . . .../ :-, inorgecs for surfam w&r. ~i~i~~;~~~~~~~~~~~~~~~ 

, PCB mc811s polychlorinated bi;;i;~~~~~~~~~~~~~~~~~~~~~~~~~~........... “.“’ 
: . . :..:,. :......./ ‘.....:‘“.- i........ .\I i. ,..y.._.. . . . . .._. ._I i... ._L. . . . .ci.... ._L. i... 1.. . . . 

’ TCLP means toxicity characteristic leaching procedures. 
. . . . . . . 

6 Radiological analyses include gross alpha and beta and a complete gamma spectrum analysis. 
’ 

. . . . . . . i . . . . . . . . . . . . .,_, :,,. _. l,. .,.,.,. _.. 
Dioxin analysis includes dioxins and dibenxofurans ~,~~~‘~~~~~~~~~~~~~ 
DR&IOI,.& 

* Engineering characteristics for soils include grain size distribution, moisture content, specific 
gravity, organic content, cation exchange capacity, I.& and total organic carbon content; and for 
ground water includes biochemical oxygen demand (5&y), chemical oxygen demand, total 
organic carbon, oil and grease (hydrocarbon fraction), total suspended solids, I@@$& ammonia 
(as nitrogen) and phosphorus (total). 
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TABLE 4-13 
SPENT ACID STORAGE AND DISPOSAL AREA FIELD SAMPLMG PLAN 

. . . . . . . . . . . . . . . . . . . 
ISMWID 

ISMw2S 

ISMW3S 

15MW4S 

OverburdenRO f ’ 
(advance to bedrock) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . 
BedrocWSOf’ 

Provide chemical date for ahallow and deep ground water 
and subsurface aoila in source area, immediately 
downgradient of the former acid storage tank; d&ermine 
depth to bedrock. 

Overburdeni f ’ 

OverburdenROf ’ 
(advance to bedrock) 

Monitor quality of shallow ground water and telt for eoil 
contaminatiod upgradient of the former acid etorage tank. 

Monitor quality of shallow ground water and aubaurface 
soils downgradient of the former acid atorage tank. 

Monitor quality of shallow ground water and aubaurfacs 
soila downgradient of the former acid storage tank; 
determine depth to bedrock. 

15MWlS (depth) . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
ISOWlS 0 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

l 
. . . . . . . . . 

l 

l 
. . . . . . . . . 

0 

l l l l .I - 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

l l l l l 

l l l l 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

l 0 0 l 

l l 0 l 
. . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

l l l l 

l 0 l 0 
..*.......a. . . . . . . . . . . . *.., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

l l l l 

Tosi Bo&@ 

15TB4 NA/lS*’ Determine #tratigraphylnature of fill immediately north of 15TB4 (depth) 
the former acid storage tank. Further determine nature, l l l l l l l l 

extent and degree of aoil contamination. 

15TB5 

lSTB6 

15TB7 

15TB8 

ISTB9 

ISTBIO- 
15TB14 

NA/lS*’ 

NNIS*’ 

NAIlSi’ 

NA/IS& 

NA/IS*’ 

NA/l5*’ 

Further define extent of subsurface aoil contamination I5TB5 (depth) 
(within 35’ aouthuat of former acid tank). 

l l l l l l l 

Further define extent of rubsurface Mil contamination 15TB6 (depth) 
(within 35’ weat of former acid tank). 

l l l l l l l 

Further define extent of aubaurface aoil contamination 15TB7 (depth) 
l 

(within 50 couth of former acid tank). 
l l l l l 

Further define extent of aubeurface aoil contamination I5TB8 (depth) 
(within 50’ notthweat of former acid tank). 

l l l l l l 

Determine nature and extent of eubaurface aoil 15TB9 (depth) 
contamination within 50’ enat of former acid tank. 

l l l l l l 

Optional borings to be installed to determine extent of loil ISTBlO (depth)- 
contamination, if required, based on the field acrecning 15TB14 (depth) 
results. 

(:I d, (3, 5, J, 

l 

(5) 

Subtotal Soila 15 0 15 15 I5 15 15 4’ 2 

Subtotal Water’ 0 4 4 4 4 4 4 0 1 



TABLE 413 (continued) 
SPENT ACID STORAGE AND DISPOSAL AREA FtELD SAMPLING PLAN 

Rationale 

sdbnent salq?fhg 

1SSDl Provide chemical data for sediment from downgradient, ISSDI 
atormwater location to determine whether mite contaminnnta 0 a l l 0 0 a 

are being transported offsite by there mechrniama. 

Subtotal Sedimenta I 0 I I I 1 1 0 1 

Total !hii 16 0 16 16 16 16 16 4’ 3 

Total Water’ 0 8 8 8 8 8 8 0 2 

PROPOSED Notmu 
IO Primary teat borings (including I Four TCLP inorganic analysts will bc conductad basal on lield scruning for led; one of Ibc four will be ~lcctcd for full TCLP analysis. 

well botinga) 1 Total in&da I round of suopling only. 
5 Supplemental tat bo&@ 1 Total inch&a 2 rounds of sunpling. 
4 Wells 

a 
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of XRF screening results and professional engineering judgement. Detection of lead 
concentrations at or above 500 ppm (preliminary lead cleanup level) in any or all of the outer 
borings (15TB7, lSTB8, and 15TB9) will prompt the initiation of supplemental boring(s) to 
better delineate the outermost extent of contamination. Decisions to utilize additional borings 
for detection of lead concentmtions below 500 ppm will be addressed on a case by case basis. 

TCLP samples will be collected from the four most contaminated samples identified 
during the boring program (test borings and wells). Three of the four samples will be analyzed 
for TCLP metals. Full TCLP will be run for the fourth sample. In addition to sample 
collection for chemical analysis, two soil samples (15MWlS and 15TI34) will also be collected 
from the screened interval for engineering characteristic evaluation; ground water sample 
15GW 1s will be analyzed for engineering characteristic parameters. 

One sediment sample will be collected from the stormwater drainage system located 
immediately south of the former acid storage tank to determine whether site contaminants may 
be transported offsite by this mechanism. The sample will be collected from the westernmost 
manhole serving the drainage system, located between Building 409 and Tang Avenue. 

A total of four shallow ground water monitoring wells wilI be installed at the site. One 
upgradient well will be installed north of the former acid tank location to characterize the quality 
of ground water entering the site (based on the presumed direction of flow). Three additional 
wells will be installed south of the former tank location to monitor downgradient water quality; 
the center well, lSMWlS, will be installed immediately downgradient of the former tank to 
characterize ground water in the contamination “source area. ” Final well depth will be 
determined on the basis of field observations; however, based upon boring information derived 
from Step I investigations, total depth is anticipated to range from approximately 15 to 20 feet. 
Wells will be installed with lo-foot screens, placed so that the top of the screen is located a 
minimum of 1 foot above the water table. 

Two rounds of ground water sampling wiIl be performed. The first round will be 
collected a minimum of two weeks after well development and the second round approximately 
three months following completion of the first round. Water table measurements will be taken 
for each well during both sampling rounds. Additional water table measurements may be 
collected from adjacent offsite monitoring wells (e.g., ERM-9, ERM-lo, ERM-l 1, and/or ERM- 
12) to supplement site ground water gradient determinations. These wells are located in the ball 
field to the southwest. Single well hydraulic conductivity tests will be run in wells 15MWlS 
iid: 15MW3S. . . : : .., :. 

4.2.3 SuMemental SteD II Investigations 

4.2.3.1 Area A 

Soil, sediment, ground water, and surface water will be sampled and analyzed and 
ecological studies will be conducted during the field sampling portion of the Step II investigation 
of Area A. The rationale for selection of constituents to be analyzed is shown in Table 4-14. 
The Field Sampling Plan for this site is summarized in Table 4-15. Sample locations are shown 
in Figure 4-7 (Field Sampling Plan, Area A Landfill, Wetland, and Weapons Center), Figure 
4-8 (Field Sampling Plan, Area A Downstream/OBDA) and Plate 1. 
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- R4TIONALE FOR SELECTION OF CONS TITUENTS FOR ANALYSIS 

TABLE 4-14 
AREAA 

-- 

r 

Parameter Rationale ’ 

VOC’ 

svocz 

Inorganic$ 

Pesticides 

PCP’ 

Detected in soil, sediment, and water samples 
collected during Step I. 

Detected in soil, sediment, and ground water 
samples collected during Step I. 

Detected in soil, sediment, and water samples 
collected during Step I. 

Detected in sediments, surface water, and 
surface soil samples collected during Step I, 
but not detected in ground water. Not 
included in proposed ground water analysis. 

Detected in sediments and surface soil samples 
collected during Step I but not detected in 
surface or ground water except at one well 
location. Not included in proposed ground 
water analvsis. 

I 1 4 

TCLF I 0 1 Determine hazardous waste characteristics for 
selected samples. 

Badiological Analyses6 0 Alpha and beta radiation above screening 
levels detected in ground water samples 
collected during Step I. 

Dioxins7 0 Dibenxofuran detected in soils and sediment 
samples collected during Step I. 

Engineering Characteristics* 0 Feasibility study data requirements for select 
samples. 

Notes: 
I VOC means volatile organic compound ~~~8~~~~~~~~ 
2 .i....ii SVOC m- semi-volatile organic compound ~~~~~i.~~~:~~ ..,.... .A.. . . . . . . . . . . . . . .:..,: . . . . . . . . . ..F ,......._: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
3 Inorganics include total and dissolved inorganics for ground water samples and dissolved I. ., .,.,._.,. ..__ ..I ,.,.,.,.,.. inorg&cs for surf= watele. ~~;C~~~~~~~~~~~~~~~~~~~~~~ 

..i_. i... .:. I.. 
&i+&ijf.; 

. . . . . . . . . . ..i.l -............i_ :.:...:: .i._.:n.....i....i. )” . . ..i.. . . . . . . ..i_.. i.: ..i.: . . .._ >: /......./.... ‘1.: 

4 PCB m- p]ych]ofina~ biphenyl. ~il~~~:;~~~~~~~~~~~ 

5 TCLP means toxicity characteristic leaching procedures. 
6 Radiological analyses include gross alpha and beta and a complete gamma spectrum analysis. 
7 Dioxin analysis includes dioxins and dibetuofurans a&~~~:-,~~ :&$:$F@~~/~~ . . . . . . . .:.. . . . _....:. . . . . . . . . . . . . . . :. :....,._ :../ ._........ ;.... .,.. .:..... 

D&r&H $lF 
8 Engineering characteristics for soils include grain size distribution, moisture content, specific 

gravity, organic content, cation exchange capacity, pg’ and total organic carbon content; and . . ...? 
for ground water includes biochemical oxygen demand (May), chemical oxygen demand, total 
organic carbon, oil and grease (hydrocarbon fraction), total suspended solids, fii$&&k ,.,., ,.i,.i_.,.,.,.,.i . . . . . >...! 
ammonia (as nitrogen) and phosphorus (total). ~~~~Q~-i:::~~:i~~~~~~~~~:tre t . . . .._. _.. .._. .: _I.. . . . . . . .._. . . . _. _. _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ii ~ .;..:. 
~~~~~:~~~~~~~: 
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TABLE 4-15 
AREA A FIELD SAMPLING PLAN 

WEB Typel 
Proposed Depth 

m 
Rdonale 

Maa* W& 

26 Edating Existing Sample all existing wells Only well 2LhfWl8S Existing 
well1 analyzed for PCBI to confirm previous rnalyrir. n’6, c-k n’6, t-k tf , ---------------------------------- --------------------------------- ----__-----_ ----__- ----_--__---__---_ ----_--------------------- - 

2LMW7S Bedrock and Existing well@ where ndiologicrl penmeten 2LClW7S 
2LMW9D overburden exceeded screening levels. 2LCiW9D 

2LMWl3D 2LOWI3D 
ZLMWISS 2LcIWiES 
2WMW3D 2WOW3D 0 l 

2WMW4D 2WOW4D WV (W 
ZDMWI IS 2WWIlS 
2DMWI ID 2WWlID 

3MWl2S 3OW12S 
3MWIZD 3aWl2D 

2LMWl9D’ Bedrock/loO’ below Further assersment of the ground water flow 2LOWl9D 
2LMWl9S bedrock surface directions between the southeast portion of Area 2LGWl9S 

2LMW2OD’ OverburdenQOf’ A Landfill and homu served by private wella 2LOW2OD 
l l l 

2LMW2os near NSB-NLON urt gate; evaluate- ground 2LOW2OS (4) (:I (4) (4) 

water quality. 

2WMW2lS BedrocUl00’ below Further asaerrmenta of the ground wlter flow 2waW21.s 
IWMW2ID’ bedrock out-face directions between Arw A Wetland and homes 2WGW2lD 
IWMWZZD’ OverburdetiOf’ Mrviced by private wellr near the ant and north 2WOW22D 
2DMW23D NSB-NLON boundrriel. Evaluate ground water 2WW23D (:I (f, 4 (:I 

quality potentially upgndient of affected mite 
wear. 

ZWMWSD Be&o&/20 Better define bedrock ground water flow 2Wt3WSD 
(minimum direction within Area A Wetland; evaluate 

cf , 

l 

penetration of ground water quality. (1) (:, (r, 
bedrock) 

2DMW24D BedrocvZO’ Further evaluate extent of ground water 2WW24D 
2DMW24S (minimum contamination downgradient of Area A Landfill; 2wW24S 
2DMWXD penetration of further eveluate ground water quality/hydrology 2Dt3W25D 
2DMW25S bedrock) nur North Lake. 2wW25s 
2DMW26D OverburdenQOf 2WW26D 
2DMW26S 2wW26S 
2DMW27D 2WW27D 
2DMW27S 2WW27S 
2DMW28D 2WW28D 
2DMW28S 2wW2ms 
2DMW29S 2WW29S 
2DMW3OS 2wW3os 



TABLE 4-15 (continued) 
AREA A FIELD SAMPLING PLAN 

Rationale sample 
DSigWMiOlU 

Samtie Type Anslyrb 
sou tTedlmd whr 

loot- Ptd- 
t-No. of (No. of (No. of VOC SVOC &ca dda PCB TCLP Dbxin RAD End-’ 

S-Pi-) +wk4 %ww -A 

ZWCMWIS Overburdenl20f’ Define ground water flow directions snd 2WCQWIS 
2WCMW2.S hydraulic gradients nenr Weapons Center; 2wcoW2s 0 

2WCMW3S evsluste ground water quality. ZWCOWJS (3, (3, (3) dl 

.--------_----------------------------------------------------------------------------------------------------------__------------_ 
ZWCMWIS OverburdenQOf’ Provide chemical data for soils collected from the 2WCMWIS (depth) . 0 l 0 l 
2WCMW2S Weapons Center. 2WCMW2S (depth) 
2WCMW3S 2WCMW3S (depth) (3) (3) (3) 0) (1) 

2LPW I S Overburden pump located in an aru considered to represent the 2LPWlS es l l 
test/ base of avenge hydrogeologic conditions of Area A 
saturated thickness Landfill. (J’, 0 (3) (3) c:, c:, 

Test Borings 

2LTB8 NAtIS’ Define lateral nnd vertical extent and degree of 2LTB8 (depth) 
through contamination identified sround Area A concrete through 

l 
2LTB27 pad. Ten soil ssmples will be collected for 2LTB27 (depth) 

analysis based on OC field screening for PCB w-0 (;‘o) (l’o, (l’o, (i, (l’o) (T, (f, 

nnd organic vapor anslyzer screening for VOCn. 
.__------_------- ----------------------------------------- ----------------------------------- - ---------- -- ---- - ___________________. 

2LTBl3 NNl5’ Located in landfill a~ where dibenzofumn snd 2LTBl3 (depth) l 

2LTB23 ash have been detected. 2LTB23 (depth) (2) ;, 

2LTB28 NAIIS’ Optional borings at Area A concrete pad to be 2LTB28 (depth) 
through installed to determine the lateral extent of soil through 
2LTB32 contamination (if contnmination is detected 2LTB32 (depth) 

w 

l l l 
during field screening). Three soil samples will 
be collected for l tulysis bssed on OC field (3) (3) (3) (3, 4 

screening for PCB and total organic vapor 
snslyzer screening for VOCs. 

2LCl NAIIS’ Core samples of the pad to determine if it is 2LCl through2LC4 l 

through contaminated. 
2LC4 (4) iI 

ZWCTBI NAIl5’ Provide chemicrl drt8 for soils collected from the ZWCTBI (depth) 
2WCTB2 Weapon8 Center area. 2WCTB2 (depth) 
2WCTB3 2WCTB3 (depth) 
2WCTB4 2WCTB4 (depth) 

iI 

l 

cf 

l l l 

(8) (4) (4) Ct 

l 

2WCTB5 2WCTB5 (depth) (8) (1) 
2WCTB6 2WCTB6 (depth) 
2WCTB7 2 WCTB7 (depth) 
2WCTB8 2WCTB8 (depth) 

ZDTBI NAIIO’ Optional boring to be installed if soil gar survey ZDTBI (depth) 
l l 

indicrtes presence of VCCI in vicinity. 

Subtoml Soil Samples 31 25 24 24 17 21 3 2 0 4 

Subtotal Omund Water Samplir# 63 57 53 53 0 4 0 0 IO 3 



TABLE 4-15 (continued) 
AREA A FIELD SAMPLING PLAN 

slqkt sell lmpllllg 

2DSS I O-6’ below grade Provide chemical dru for Nrticirl roil rmpler 2DSSl (O-6’) 

h=w?h from Area A downstream watercourse. Four fi=d l 

2DSSl8 wrface soil rrmple# will be collected for l dy8ir 2DSSIll (O-6.) (9 
braed on GC field rreening for peaticidea. 

u 11 I -‘I II a a’ a I II a - 



TABLE 4-15 (continued) 
AREA A FIELD SAMPLING PLAN 

Rationale sample 
Designation8 

Sample Type Analysis 

I9011 sedhd w&w 
Iem- Peed- (No. at (No. of Q&a. of VOC SVOC gmks ddcr PCB TCLP Dbxln RAD 

S*mpla) smww smdd 

2DSS I9 O-6” below grade Options1 ssmple locrtionr to be installed (if 2DSS I9 (O-6”) 
through requirwf) to determine the lateral extent of mil through 

2DSS23 contsmination. If rdditionsl contsminstion is 2DSS23 (O-6”) 
detected during field screening, two rutfree roil A 
aample will be collected for analysio b88ed on 
QC field screening for pesticider. -L 

SubtoM Surface Soil 7 
sqtiic waru 

ZWSWI Existing Upgndient 8djscent to wetland. ZWSWI I 
2wsW-2 Existing At wetlrnd outlet. 2wsW2 

cl 

0 0 0 0 7 0 0 0 0 0 

2WCSW3 

2WCSW4 

ZWCSWS 

2WSW6 

Upgradient of wetland 8t rtotmwrter under dnin 
outlet from Wupon: Center. 

Upgradient of wetland 8t outlet from Weapon8 
Center storm drain. 

Upgrsdient of wetland at outlet from Weapon8 
Center storm drain. 

Northast section of wetland. 

2WCSW3 

2WCSW4 

ZWCSWS 

2WSW6 

2WSW7 

2WSW8 
2WSW9 

2WSWI I 

Upgndient of wetlsnds in arnsll dnituge 8wrle 
from Route 12. 

Upgndient of wetland rt ctormwster outleta from 
“urbsn areaa”. 

From pond in Ares A wetland. 

2WSW7 

2WSW8 
2WSW9 

2WSWl I 

2WSWIO 
-..-“....A 

Upgndient of wetlrnd st stormwrter outlet. 

I 
1 Upgradient W.-&i& ,@&#i& of 

I under 

2WSWlO 
?,,,G,V,? 

. . . . . . . . . . . . .-. 
Rubble Fill st Bunker A-86 (tsbulrtec 
Rubble Fill rt Bunker A-86). 

L”.X”‘L 

4SWl 
4sW2 

ZDSWZ-5 
2DSW7 

2DSW9- I I 

Exi8ting Surface wster umple location8 previou8ly t 
ssmpled during Phrre I which wem located to 
me88ure water qurlity st vsrious locrtionr in 
Area A downstream surfsce waters; 2DSW9 8nd 
ZDSWI I rnslyzed for 

2DSW2-5 
2DSW7 

2DSW9-I I 1 l 

(8) 
l 

(8) 

m 



TABLE 4-15 (continued) 
AREA A FIELD SAMPLING PLAN 

100 feet penetration of bedrock to be representative of offsite mnidential well construction. 
* Total include8 one sampling round. 
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TABLE 4-15 (continued) 
AREA A FIELD SAMPLING PLAN 

I 

ECOLOGICAL SAMPLING 

Sample Type Location 
Sample Quantity 

Tissue soil 
Analysis 

Area A - Qualitative Survey 

Qualitative soil invertebrate survey Wetland, Downstream, OBDA Qualitative 

Fish Downstream ponds .’ (3) Qualitative/Pesticides 

Ann A - Qrmdafive Survey 

Native earthworms and soils Downstream l (5) l (5)’ Pesticides 

In situ earthworm bioassays in soils/wetland 
sediment 

Wetland, Downstream, OBDA . (15-20) --- 

Introduced earthworms from bioassays and 
soils/wetland sediment 

Wetland, Downstream, OBDA . (5) . (5Y Pesticides 

Earthworm bioassays in pond sediment Downstream watercourses . (6)’ . (9)* Pesticides (sediment only) 

introduced earthworms from bioassays Downstream watercourses . (3) Pesticides 

Frogs Downstream ponds and streams l (9) Pesticides 

Benthic Invertebrates and reference location Downstream ponds and streams l (18) . (18)’ 
Quantitative benthic analysis, reference 
area sediments for Pesticides 

Notes: 
’ If larger fish are found, separate analysis will be conducted for tissue and liver for a total of six analyses. 
* Includes three reference locations. 
3 Analysis included in Area A field sampling plan. 
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Area A Landfill 

- 

A total of 20 primary test borings will be drilled at the Area A Landfii. Proposed 
boring locations are described below, and illustrated in’ Figure 4-7 and Plate 1. Seventeen 
borings will be driIled around the Ama A concrete pad (former hazardous waste storage area), 
two of which will be located in an area where dibenzofuran and ash have been detected Three 
borings will be drilled inside the pad in areas where cracks are evident. Due to the fact that the 
storage area was aboveground, and that contamination is expected to be encountered at relatively 
shallow depths, brings wfl h a&ran& to a depth of 15 f& or the water t,&le ~~.~~~~:~~~~ . . . ../.. ,.,.. ._.....,. which ever is:‘.~~~~,.“~~ 

-- 
the full lateral extent of contamination. 

.- 

- 

Continuous soil samples will be collected from each borehole during drilling to determine 
the nature, extent and degree of soil contamination associated with the former hazardous waste 
storage area. An Atlantic geologist wi.U log the lithology and structural characteristics of each 
subsurface soil sample, identify intervals of contamination by visual evidence, and screen each 
sample for volatile organic compounds using a total organic vapor analyzer and PCBs using a 
portable gas chromatograph. Ten subsurface soil samples will be selected for laboratory 
chemical analysis based on field screening and two subsurface soil samples will be collected for 
laboratory analysis for chlorinated dioxins. The details of sample selection and selection of 
supplemental borings is discussed below. If supplemental borings are necessary, no more than 
three additional samples will be selected for laboratory chemical analysis. Samples for 
engineering analysis will be selected based on representative aquifer materials and/or 
contaminated soils that may require remediation. 

I 

.- 

I 

- 

In order to validate the field screening method, soil samples covering a range of PCB 
concentrations will be collected for laboratory chemical analysis. A minimum of two samples 
will be analyzed offsite from soil exhibiting each of the following concentration ranges: 
>500 ppm, 2 ppm, and not detected. The remainder of samples will be collected from the 
portion of the core sample yielding the highest evidence of PCB contamination. In borings 
yielding no evidence of PCB contamination, the sample will be collected at a depth of O-l foot. 
As discussed above, a minimum of five supplemental test borings will be drilled if required to 
further define the extent of soil contamination in the vicinity of the former hazardous waste 
storage area. The decision to drill these borings will be based upon a combination of gas 
chromatograph and total organic vapor analyzer screening results and professional engineering 
judgement. Detection of PCB concentrations at or above z ppm (preliminary PCB cleanup level) 
in any or all of the borings drilled around the concrete pad wiIl prompt the initiation of 
supplemental boring(s) to better delineate the outermost extent of contamination. Decisions to 
utilize additional borings for detection of PCB concentrations below 2 ppm will be addressed on 
a case by case basis. 

Four monitoring wells (two bedrock and two overburden wells) will be installed at or 
near Area A Landfill. Proposed monitoring well locations are illustrated in Figure 4-7 and 
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Plate 1. The primary objectives of these monitoring wells am to provide access to ground water 
for sampling at discrete stratigraphic horizons, and to further assess ground water flow direction 
between the southeast portion of the Area A Landfill and homes served by private wells near 
NSB-NLON Past Gate. Other ground water wells are proposed for other areas within Area A 
to further assess ground water quality and flow direction. Overburden wells will be installed 
to a depth of approximately 20 feet, and will be screened in the uppermost portion of the 
overburden aquifer. The exact placement and length of screen will be determined in the field 
by the site geologist, based on the position of the water table, thickness of the capillary fringe, 
depth to bedrock and contamination encountered. Screen lengths will not exceed 10 feet. 
Bedrock wells will be installed to a minimum depth of approximately 100 feet below the surface 
of bedrock. This depth was chosen so that samples coIlected from these wells would be 

Subsequent to monitoring well installation, the potentiometric surface of #@$ Area A 
h&--j-j mo&ohg weus (newly install& md efi&g weus) ~~~~~~~~ wa b 
measured on a monthly basis for one year, ~~~~~~~~~~~~~~,~~~~~~~~~~~ 

,.................. . . . .f. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._................................. i . . .._. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._....__ .____. __, ,. ..:.:.:.:.:-i....... 

One ground water pump-test well will be installed in the northwest section of the Area 
A Landfill site (Figure 4-7 and Plate 1). This well will be used to conduct an aquifer pumping 
test to help evaluate the feasibility of a pump-and-treat ground water remediation system. The 
well will be constructed of &inch PVC screen and solid casing. The pump well will be installed 
to a depth of approximately 40 feet (i.e., to the top of the bedrock surface), and will be screened 
through the entire saturated thickness of the overburden aquifer. Four 2-inch drawdown 
observation wells wiIl be installed at different distances from the pilot well. The pumping test 
will be conducted by pumping the pilot well at a constant rate, and measuring the changes in 
water levels in the piezometers. 

Ground water samples will be colIected twice from the proposed and existing monitoring 
wells. The second sampling round will be conducted three months after the first round has been 
completed. Ground water samples will also be collected from the pump-test well three times 
during the pumping test. I.&oratory analytical procedures which will be performed on these 
samples have been identified in Table 4-15. The four existing monitoring wells that exhibited 
high alpha and beta levels during the Phase I RI will each be sampled one time, and ground 
water will be analyzed for radiological parameters. 

I 

L 

r 

I 

Area A Wetland 

A total of 33 sediment samples will be collected from the Area A Wetland site. The 
proposed sample locations are illustrated in Figure 4-7 and Plate 1. These locations were 
established on a map grid where the linear distance between sample points is approximately 200 
feet. Samples are not proposed at grid points near Phase I sample locations. The primary 
objective of these samples is to provide additional pesticide analytical data to confirm the Phase 
I RI results that elevated sediment pesticide concentrations do not exist in the wetland. One 
sediment sample will be collected from each location at a depth of approximately O-l foot below 
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the sediment surface. Each sample will be screened for pesticides in the field using a portable 
gas chromatograph. Ten sediment samples will be selected for laboratory chemical analysis for 
pesticides based on gas chromatograph field screening. In order to validate the field screening 
method, soil samples covering a range of DDT concentrations will be collected for laboratory 
chemical analysis. A minimum of two samples will be analyzed from soils exhibiting each of 
the following concentration ranges: > 100 ppm (if detected), 25 ppm, and not detected. For the 
remainder of the samples, the sample for offsite laboratory analysis will be collected from the 
sediment samples yielding the highest evidence of DDT contamination. Samples for engineering 
analysis will be collected from sediments that may require remediation. 

- 

-- 

Four monitoring wells (three bedrock and one overburden well) will be installed at the 
site. Proposed monitoring wells are illustrated in Figure 4-7 and Plate 1. The primary 
objectives of these monitoring wells are to provide access to ground water for sampling at 
discrete stratigraphic horizons and to further assess ground water flow direction between the 
Area A Wetland and homes serviced by private wells near the east and north NSB-NLON 
boundaries, The overburden wells will be screened in the uppermost portion of the overburden 
aquifer. The exact placement and length of the screen will be determined in the field by the site 
geologist, based on the positions of the water table, thickness of the capillary fringe, depth to 
bedrock, and contamination encountered. Screen length will not exceed 10 feet. Bedrock wells 
will be installed to a minimum depth of approximately 100 feet below the surface of bedrock 
except for 2WMW5D. This well will be installed to the depth of the first water bearing zone . . . . . . . . . . . . . . . . . . . . . 
of fracture concentrations and will penetrate the bedrock a minimum depth of 20 feet. i$$&%%$t :.:.:.:.:.:.:.:.:.:.:~::::::::::i:j:::, ~~i-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.._,........,...... 9.. .9 .._.__._._.__......... 9 _ ._. ..-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..,,...: ..i_. ii........... .,.....: .._L. .A.. .i... i,.: ,.i_ .,. i... .i . . . . . . . . . . n.. i............. . . . ~~~lti~~ . . . . .__ . . . . . . . . .,.,C.,.,_......,...,.,..........,..._,,.,.,.,.....,.j,...,.,...,.,.....................................................,.....,.....,...,.,...,.,.,.,...,.................... 
: . ...:.:.,. :, ,. : . : .‘: 

.,. .,_ .,.,.,.,.,.j, 
Subsequent to monitoring well installation, the potentiometric surface of #&$ Area A ..I.,.......,.......,....-. . ,,,__. .~. .,. ~ : .,. . . . .._ Wedad wefl$ (newly htid ad e&hg weus) ~~~~~ will h measured on a 

monthly basis; for one year ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~,~~~~~~~~ .‘...‘i”“ii”i”“i”“‘..““‘.‘.“““‘.”..’.”’.’.”.””’..‘.“‘:- ‘r-.‘.i”“i-Y’.‘r”.i”‘..‘..“.‘.~.....~...”:””..’-“.:“‘.““‘.”.!”.’....‘.“‘.‘..!..“~..“.‘....’..’..‘~‘~..“.‘.“‘.““:.‘.“‘.‘...’.:.“‘.”“’.~~’~.:.:’ . . . . ..__ . . . . . . 
: ., :. . . . . ,. . . ,. ..:. . . . ,.....,.,..,_.._ .._............. .I . . . . . 

- 
Ground water samples will be collected twice from the proposed and existing monitoring 

wells. The second sampling round will be conducted three months after the first round. 
Laboratory analytical procedures which will be performed on these samples have been identified 
in Table 4-15. Two existing monitoring wells that exhibited high alpha and beta levels during 
the Phase I RI will each be sampled one time, and ground water will be analyzed for 
radiological parameters. 

A total of 13 surface water samples will be collected from the Area A Wetland. 
Proposed and existing sample locations are illustrated in Plate 1. In addition, one sample will 
be collected upstream of Rubble Fill at Bunker A-86. The primary objectives of these samples 
are to determine if there is a source of upgradient contamination and define temporal variation 
in surface water quality. Laboratory analytical procedures which will be performed on these 
samples include those identified in Table 4-15, hardness, temperature and PH. 

To assess any potential ecological impacts due to site contamination a qualitative soil 
invertebrate survey will be performed, the extent of wetland will be delineated, and the 

-- 
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following quantitative assessments will be performed: 
m 

l in-situ earthworm bioassays 
6 pesticide analysis of introduced earthworms from bioassays 

The earthworm bioassays and tissue analyses will be performed in this area to provide 
reference information for studies that will be conducted in Area A Downstream. The Wetland 
was chosen as a reference area because of the low pesticide concentrations detected in wetland 
sediment in the Phase I RI. 

Area A Downstream/OBDA 

A total of 18 primary surftcial soil sample locations are proposed for the Area A 
Downstream and are illustrated in Figure 4-8 and Plate 1. One soil sample will be collected 
from each location at a depth of approximately O-6 inches below grade. All samples will be 
screened for pesticides in the field using a portable gas chromatograph. The primary objectives 
of these samples are to further define the extent of pesticide contamination and collect additional 
health and. ecological risk data. Four surface soil samples will be collected for laboratory 
chemical analysis for pesticides, based on field screening. In addition to the primary sample 
locations, a maximum of five supplemental locations may be required to determine the lateral 
extent of pesticide contamination. If supplemental sample locations are necessary, no more than 
two additional samples will be selected for laboratory chemical analysis for pesticides. 

In order to validate the field screening method, soil samples covering a range of DDT 
concentrations will be collected for laboratory chemical analysis. A minimum of one sample 
will be analyzed from soils exhibiting each of the following concentration ranges: > 100 ppm, 
25 ppm, and not detected. The remainder of the samples will be collected from the sediment 
samples yielding the highest evidence of DDT contamination. 

A total of 21 sediment sample locations are proposed for the Area A Downstream, and 
are illustrated in Figure 4-8 and Plate 1. Seventeen of the sample locations are proposed for 
downstream ponds (including OBDA). A maximum of three samples will be collected from each 
pond location: from O-l foot, from l-3 feet, and from 3-5 feet. The exact number of samples 
collected from each location will be dependent upon the thickness of the sediments. Three 
samples (O-l foot below grade) will also be collected from locations where ground water seeps 
into North Lake. Each sample will be screened for pesticides in the field using a portable gas 
chromatograph. Ten pond sediment samples will be selected for laboratory analysis for 
pesticides based on field screening in the same manner described above for soils. All three of 
the sediment samples collected from North Lake will be selected for laboratory chemical 
analysis. In addition, a sediment sample from location 3SD6 will be analyzed for chlorinated 
dioxins, since this location is in an area where dibenzofuran has been detected. Samples for 
engineering analysis will be collected from sediments that may require remediation. 
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Thirteen monitoring wells (six bedrock and seven overburden wells) will be installed at 
the site. Proposed monitoring well locations are illustrated in Figure 4-8 and Plate 1. The 
primary objectives of these monitoring wells are to provide access to ground water for sampling 
at discrete stratigraphic horizons, and to further defme ground water flow directions near North 
Lake and beyond. Overburden wells will be installed to a depth of approximately 20 feet, and 
will be screened in the uppermost portion of the overburden aquifer. The exact placement and 
length of the screen will be determined in the field by the site geologist, based on the positions 
of the water table, thickness of the capillary fringe, depth to bedrock, and contamination 
encountered. Screen lengths will not exceed 10 feet. Bedrock wells will be installed to the 
depth of the frost water bearing zone of fracture concentrations and will penetrate the bedrock .,.(., .i_i,.i_/iii,... :,:,:,:,:‘,. .;;..;m.,.n.;. . . . ~~ ‘.‘..‘.‘.‘...‘“‘.‘,.,.....,.,.,.,.,...,~,. a m&um depth of 20 feet. ~i~i~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

: . . . . . ::.:.;: . . . . . :.. : ,., i. ,................ ... . . . ~~~:~~~~~~~~~~~~~~,~~~~~~~~~~~~ 

: : :.. : ,::.i :... I:.:i::::~:::i.~:::::,:j:~::.:.:.:.~:.:.~.:.:.:.~~:. ..: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :.> ..,. L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._. ._ .__. ._. _. _, ._, __. _, ._. ,. ,.. ... .. .. .. ....,...................................................................,.,...,... _, : i ..:? ‘. ..;:.: . . ‘.” . . . . ,. . . . . * . . . . . . . . . . . . . . . . . . . . . .,: :.:.:. 
w&h~jg;tgigq&q 

., ,.,.,. :.,.: .,.,.: :...: 1.::‘: ::, :...:.::::::::j.. .: ,.,. .,. .,.,.,.,.: ,.,. :....i 

- 

- 

Subsequent to monitoring well installations, the potentiometric surface of select 
monitoring wells (newly installed and existing wells) will be measured on a monthly basis for 
one year ~,~~~~;~:~~~~~~~~ 

. . . . .:: . . . . . . . . . . . . . . . . . . . . :... .._L..._...........i.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._. ,...:... .,A.,. i... . . . . . . . ..i.. i......... 

Ground water samples will be collected twice from the proposed and existing monitoring 
wells. The second round will be conducted three months after the first round has been 
completed. The four existing monitoring wells, which previously showed high alpha and beta 
values, will each be sampled one time, and ground water will be analyzed for radiological 
parameters. 

A total of 13 surface water samples will be collected from the Area A Downstream, three 
of which will be samples of ground water seeps into North Lake. ~~~~~ 

,., ,. ., ,. . . . . ,...,.,...,. . . . . . . . . . . . . . . . . . . . . . conactnxt:~~~~iakGi.~~~~~~~~~~~~~~~~~~~~~~~~~~ 
. . . . . . . . . . . . . . . . . . . . . .A.. . . . ~g. +$ :’ %$&‘:: .:...Proposed...~h. kxisting sampik”..~~~~ns . . are illustrated in”plate’..q.l In 

. . . . . :. .: -.: . . . . . . . ::?: 
addition, one sample will be collected at a downstream location within the Torpedo Shops. The 
primary objectives of these samples are to define water quality in North Lake, determine if there 
is a source of upgradient contamination, and define temporal variations in surface water quality. 
I&oratory analytical procedures which will be performed on these samples include those 
identified in Table 4-15, temperature, hardness, and PH. 

- To assess any potential ecological impacts due to site contamination, a qualitative soil 
invertebrate survey and qualitative fish survey will be performed, the extent of wetland will be 
delineated. The qualitative soil invertebrate survey will consist of observations of soil 
invertebrates in Area A Downstream. It is intended to’ provide general information on the 
presence and condition of soil invertebrates, but is not meant to provide quantitative information 
on community parameters. The fish survey to be conducted in Area A Downstream ponds will 
consist of electroshocking in the ponds to evaluate the presence of fish and identify species, if 
fish are present. 
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The following quantitative ecological assessments will also be performed: 

l in-situ earthworm bioassays 
l earthworm bioassays with sediment 
l pesticide analysis of native earthworms, introduced earthworms from 

bioassays, frogs, and fish if present 
l quantitative benthic invertebrate survey 

Earthworm bioassays will be conducted at 15 to 20 soil locations (including wetland 
sediment mentioned previously) and six sediment locations (plus three silica sand reference 
chambers). The earthworm bioassays consist of placing introduced earthworms into a chamber 
with site soil or sediment and observing the organism’s response, including sub-lethal effects 
such as swelling and coiling. Pesticide analysis of soil and earthworms will be performed at five 
soil sampling locations and three pond sediment sampling locations to assess bioaccumulation 
of pesticides in exposed receptors. Pesticide analysis of five native earthworm samples, nine 
frogs, and, if present, up to three fish samples will provide information on transfer of these 
contaminants through the food chain. 

The quantitative benthic invertebrate survey in the streams and ponds will provide 
information on benthic community structure in this area and the impact, if any, of site 
contaminants in this area. Five reference samples will be collected from a reference area to be 
identified prior to the field survey. Thirteen stream and pond locations will be sampled in 
Area A Downstream. 

Weapons Center 

A total of eight test borings will be drilled at the Weapons Center. Proposed boring 
locations are illustrated in Figure 4-7. The primary objectives of these borings is to identify and 
characterize areas of potential soil contamination associated with past and present Weapons 
Center activities. Borings will be advanced to a minimum depth of 15 feet below grade or to 

identified and/or if the borehole has not advanced through all surficial fill material. Continuous 
soil samples will be collected from each borehole during drilling. An Atlantic geologist will log 
lithology and structural characteristics of each subsurface soil sample, identify intervals of 
organic contaminations by visual evidence, and screen each sample with an organic vapor 
analyzer. Samples for engineering analysis will be selected based on representative aquifer 
materials and/or contaminated soils, or sediments that may require remediation. Samples to be 
collected at a non-specified depth (e.g., 2WCTBl (depth)) will be selected based upon field 
screening with an organic vapor analyzer, visual observations, water table elevation or presence 
of fine-grained soil layer. The sample which appears to be the most contaminated based on 
organic vapor analysis and/or visual observation will be selected for analysis. If no such 
contamination is evident, a sample will be collected from either the elevation of ground water 
or from any fine-grained soil layer encountered above the water table. 
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Three overburden monitoring wells will be installed at the Weapons Center to supplement 
the existing wells. Proposed monitoring well locations are illustrated in Figure 4-7 and Plate 
1. Overburden wells will be installed to a depth of approximately 20 feet, and screened in the 
uppermost portion of the overburden aquifer. The exact placement and length of the screen will 
be determined in the field by the site geologist, based on the positions of the water table, 
thickness of the capillary fringe, depth to bedrock, and contamination encountered. Screen 
lengths will not exceed 10 feet. Soil samples will be collected and analyzed from the three 
overburden well borings using the same procedures discussed for test borings. 

P 

Ground water samples will be collected twice from the proposed and existing monitoring 
wells. The second sampling round will be conducted three months after the first round has been 
completed. 

- 

A total of 15 sediment sample locations are proposed for this site and are illustrated in 
Figure 4-7 and Plate 1. One sediment sample will be collected from each location at a depth 
of approximately O-l feet below the sediment surface. Laboratory analytical procedures which 
will be performed on these samples have been included in Table 4-15. The objective of these 
samples is to identify and characterize sediment contamination in areas of surface water flow 
from the Weapons Center. Sediment sampled from location 2WCSDll will also be analyzed 
for chlorinated dioxins, since this location is an area where dibenzofuran has been detected. The 
sediment samples to be analyzed for VOC, PCB and pesticides will be selected downstream at 
surface water outfalls and at upstream areas within the Weapons Center. Samples for 
engineering analysis will be selected based on representative aquifer materials and/or 
contaminated soils, or sediments that may require remediation. 

Surface water sample locations near the Weapons Center are discussed in the above 
section regarding the Area A Wetlands. 

4.2.i.2 Defense Reutilization and Marketine OfWe (DRMOI 

A geologic survey of the site will be performed to supplement existing data collected 
during previous investigations. This will include mapping of bedmck fractures and field 
identification of bedrock type of the outcrop near the site. 

- 

- 

The rationale for selecting parameters to be sampled at the site is provided in Table 4-16. 
Sample locations ate shown in Figure 4-9. The Field Sampling Plan for the site is summarized 
in Table 4-17. A total of 22 primary test borings will be drilled at this site. Most borings will ~. k advmcd to the base of the fj matea (15 f feet) ~~~~~~~~~~~~~ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . >>:.: . . . . . . i.:.. . . . . :.:.:.: . . . . . >>..y.: . . . . . . . . . . . ,i......................__......i................................... ,. ,. ,. ,., ., ,...:..:,. . . . . . ., ,. .,.,. ..~ ., .,. . . . . ._,. .,... .,.,.,_,. _,. ,.,... &J&&&&& ~~,~~~~~r~~~~~~l~,~~.~~~~~~~~~~~~ several ,.,. ..,. ., ,.,. :...:.:.:;.:.:..: .:... ::.:. :.i-.: :...:.:.:.:.:.:.:.x.:..‘.:.~.:.:.:.:.:...:... ‘.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:~.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:... . . ..~............................. . . . . . . . i”. ._ ._, .;, _, ,_, i’ __ ._. ._, ._ :.:.:, . . ...‘._. 
wed borings will be contmued to greater depths as specified m the Field Samplmg Plan and 5- 
foot long bedrock core samples will be collected at locations 6TB17 and 6TB18. In addition to 
the 22 primary test borings, five supplemental resolution borings may be installed, if necessary, 
to define the extent of contamination at the site. Supplemental resolution borings will only be 
installed if there are areas where additional information is necessary to define the extent of 
contaminants. The decision would be based on field screening organic vapor analysis, visual 
observations, and XRF analysis for lead. 

- 
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TABLE 4-16 
DRMO 

RATIONALE FOR SELECTION OF CONSTITUENT S FOR ANALYSIS 

Engineering Characteristics* 

Notes: 
I 

0 Feasibility study data requirements for select 
samples. 

4 

VOC m- volati]e organic compound ~~~~~~~~~ 
2 .x,:.:.:.:.: . . . . ‘.:.$ ..,.,_, SVOC means semi-volatile organic compOua~‘~~~~~~~~~~ 
3 

. . . . . . . . . . . . . . . . . . ..i........i.................~ .‘,~“).‘,.,.‘..,.‘: . . . . . . ;:::.:j.;:.>>:::(( 
Inorganics include total and dissolved inorganics for ground water samples and dissolved 
inorganics for surface water. ~:~~~~~~~~~~~~~~~~~ 

: 
fii@guq; 

. ..-.-i-..:.z... . . . . i.... . . . . . -:.:.: . . . . ?. . . .../ .., . . . . _..__. ..,. _. . . . . . :...:..,..:.....: _.i_.... -.r.:.:...~.:i.:.:...:.......:‘..i_ “.~.:...~.:...:,..:.:...~.: :...: . . . . . . . . . . . . . . . . . . . . ..__. .,, .._..*._i 

1 . 

5 
PCB m- po]y&lo~nat#l biphenyl. ~~~~~~~~~~~~~~~~~:~~ 

......................... . . . . . . . . . . . . . . . .._.... ,..........._....._.................. :.... _Li. .i...... . . . . . . . . . . 
TCLP means toxicity characteristic leaching procedures. 

..__.__........ ..~. ,........._......._ ._,,.,,_,,( 

6 
I 

Radiological analyses include gross alpha and beta and a complete gamma spectrum analysis. 
Dioxin analysis includes diofim and dibmfu- ~:i~:~~;~~~~~~~~~:~~~~~ 

: :. 3.. 
WpgH:,$ 

.:. .:.- :_....... ./. ::..:... . . . . . .._...... ,-: _....../...........,.....,.................. ::.....:.. :.:...>..:.:.:.:.>:,.: 

8 Engineering characteristics for soils include grain size distribution, moisture content, specific ..,. 
gravity, organic content, cation exchange capacity, p& and total organic carbon content; and 
for ground water includes biochemical oxygen demand (5&y), chemical oxygen demand, total ._ . :.._ 
organic carbon, oil and grease Olydrocarbon fraction), total suspended solids, &&$%j 
ammonia bs nitronen) and Dhosohorus kWd1. 
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NOTE 
UNDERGROlJND LmL0-T LOCATlONS ARE APPROXIUATE 

:. B&E YAP AN0 lJllLllY WFORU4TlON FROM MAPS OF NSB-NLON --c--L_ 

PREPAREG BY LOURORO ENGINEERING ASSOWlES. DEC 1QM fLlMTlONS 
ARE MEG ON NSB-NLON DATUM WIIICH IS 1.41 Fm BELOW NCM. 

3 PIUSE I RI SAMPLE LOCATIONS ARE SHOU-- IN 

4 ME LOCATlON OF BORINGS GTE25 TMROUWI OI~LII - or. YLI-IRL e.. -“^ ..I. - ..-.....p 

I)( THE MU, W NECESSbXt FOR BEllER OEFiNlllON OF SOURCE AREA: 
5 f4E B4.5EG ON lNTERPREMlON OF bERIM PHOTOGRWHS AMI THE SHOREW 6P ,.- CONFlGUfWlON. IT APPEARS TN41 THE MRE LIRLIO SITE MS BEEN Fhw, 

MENDlNG TO THE TOE OF SLOPE OF THE RAILROAD. GRAPHIC SCALE IN FEn 
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TABLE 4-17 
DFZMO FIELD SAMPLING PLAN 

bple 
Sam’ - ah...&. 

6MWlS 

6MW2S 

6MW2D’ 

6MW3S 

6MW3D’ 

6MW4S 

6MWS.S 

6MWSD 

6MW6D’ 

6MW7S 

6MW8S 

Existing Existing I6c3WlS I 
l 0 l l 

I I I 
l 

Existing Existing I6cnv2s l l 0 0 I I 
overb”rdenl50 f ’ 
(rdvance boring to 
determine bedrock 
contact) 

Monitor quality of deep ground water diecharging to river; 6OW2D 0 0 0 0 
existing shallow soil enelytical data evaileble tiom 6MW2S. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

6MW2D (depth) . l l l l l 

~ Existing 

tOverburden/50* * 

Existing 6cJw3s l l l l l 

Monitor qurlity of deep ground weter diecharging to river; 6aW3D 

l 
, (advance boring to existing ahrllow soil ennlyticrl date rvrilrble from 6MW3S. 
~ determine bedrock 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

~ contact) I I 

6MW3D(dep*), l , ,:,: . . . . ,: . . . . I”“.~ . . . . ~.~...I” . . . . . . . . . . I”” . . . . . . . . . . . , l 

(advance boring to 
determine bedrock 
contact) 

l l l l 

Ovetburden I202 

Overburden L?O+’ 

Evaluate ground water quality in the aouthuet portion of 6MW7S (depth) l l l l l l 

the mite; ground water elevation drte. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .*. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
6CW7.5 l l l l 

Evelurte ground weter quality in the vicinity of pnviourly 6MWSS (depth) l l l l l 

detected conteminante. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .., ..,. . . . , . ..*. . . . . . . . . . 
.6oWSS , .*,*, , . . . . . . 

6TB8 

6TB9 

6TBlO 

6TBll 

6TBI2 

6TBI3 

61814 NA/Baee of fill (IS+‘) Further define the extent end decree of conteminetion. 

kl A!Jorfaga 

NA/Base of fill (I 5 f ‘) 1 Further defim the extent end degree of contaminetion. I6TB8 (O-l) l 1 I I I 

NA/Bere of fill (I 5 f ‘) 

NA/Base of fill (ISf’) 

NA/Base of fill (IS&‘) 

NAIBeae of fill (IS f ‘) 

NAIBeu of fill (I 5 f ‘) 

Shallow temple from unpaved erea. 

Further define the extent and degree of conteminetion. 

Further define the extent end degree of contamination. 

Further define the extent and denree of contaminetion. 

Further define the extent end degtm of contamination. 

Further define the extent end degrea of conteminetion. 
Shrllow umplu near arca of conteminetion. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
6TB8 (depth) 

I6TB9 (depth) 

6TBlO (death) _ 
6TBI I (depth) 

6TBl2fdepth) 

6TB13 (O-I) 
. . . . . . . . . . . . . ..,.. . . . . . . . . . . . . 
6TB13 (depth) 

6TB14 fdwthh) 

l l l l 

l l l l 

l l l l IBE- l l l l 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,. . . . . . . . . . . . . . 

l l l l 

l l l l 



TABLE 4-17 (continued) 
2: 
f 

DRMO FIELD SAMPLING PLAN 

3 
2 sample Well Type/ *pie AaplyA 

1 

IAKrtion prw@=d hllcb Rationale hple TYP 

VI) 
DesigMtioM 

s&u wetar voc svoc Iam- -' FCB TCLP Dbdm IUD' -- 
8h dbr 

6TB15 NA/Baw of fill (15k’) Further define the extent rnd degree of contamination. 6TBl5 (depth) l l l l l l 

VI 

k 

6TB16 NAIBare of till (15*‘) Futier define the extent and degree of contamination. 6TBl6 (O-l) l l l l l l 

Shallow umple from unpaved area. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
6TBl6 (depth) l l l l e l l 

2 

67817 NA/Baae of fill (15&‘) Further define the extent and degree of contamination. 6TB17 (depth) l l l l l l 

6TBl8 NAIBase of fill (IS*:‘) Further define the extent and degree of contamination. 6TBl8 (O-l) l l l l l 0 

Shallow sample from unpaved area. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ ............... 

cd l l l l l 

E 

6TBl8 (depth) l 

6TBl9 NA/Bass of fill (IS*‘) Further define the extent and degree of contamination. 6TBl9 (O-l) l l l l l l 

Shallow ample from unpaved area. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... .........., .............. . 

Bedrock well may be instelled, sea Field Sampling Plan for detaila. 
One round of sampling. 
Includea two sampling rounda. 

’ RAD meane gamma spectrum rnalyrie and grose alpha/beta rnalyei#. 



:. 

- 

Soil samples will be collected at intervals indicated in Table 4-17. Sample intervals 
collected and analyzed from the 0- to l-foot interval will be used for risk assessment data . . . . .,___i, .,__ qu&ments. ~~~~~~:i~i~~~~~~~~~~~ bad .,. ,., . . . on field sc~~~.‘~~~~....~~~~~~~...~~yzler.~~ visual observations, water table 

,i,...i,._.,.,.,.,.,..., , . ...’ . . . . ..L. i.....; 
elevation or the presence of any fine-grain soil layer locatton. The sample which appears to be 
the most contaminated based on organic vapor analysis and/or visual observations will be 
selected for analysis. If no such contamination is evident, a sample will be collected from either 
the elevation of ground water or from any fine-grained soil layers encountered above the water 
table. Discrete samples for engineering analysis will be selected based on representative aquifer 
materials and or contaminated soils that may require remediation. 

A total of #$& monitoring wells will be installed during the supplemental Step II 
investigation, which. include @!@@ shallow overburden wells and three deep overburden or 
bedrock wells. These additional monitoring wells will further assess onsite ground water quality 
and water quality of ground water discharging into the Thames River (ecological risk data). An 
upgradient bedrock well will be installed to determine background levels of the various analytes. 

Well screens in the shallow overburden wells will be no greater than 10 feet in length 
and will be placed so that the base of the screen is set above the sand and silt layer, and the top 
of the well screen is a minimum of 1 foot above the elevation of the mean high tide ground 
water level. The decision to select a deep overburden well or bedrock well is as follows. If a 
water bearing unit of sufficient thickness to install a well exists below the fine sand and silt unit, 
then the deep wells will be installed in the overburden and will be screened on top of bedrock 
or the first confining layer below the fine sand and silt unit, whichever is encountered fust. 
Screen lengths for the deep overburden wells will not exceed 10 feet. If no such unit is 
encountered, then a bedrock well will be installed, In any case, deep overburden well borings 
will extend to bedrock surface to determine depth. If a bedrock well is required, it will be 
installed to intercept the first significant water bearing zone and extend a minimum of 20 feet 

- below the bedrock surface, whichever is greater. 

- 

Ground water samples will be collected twice; the fmt round will be collected a 
minimum of two weeks after well development, and a second round three months later. 
Sampling events will be conducted during low tide when ground water is flowing toward the 
Thames River. Single well conductivity tests will be conducted in wells 6MW4S and 6MW3D. 

4.2.3.3 Lower Subase 

The constituents to be analyzed for at this site and the rationale are provided in 
Table 4-l 8, and the Field Sampling Plan is summarized in Table 4-19. Sample locations are 
shown in Figure 4-10. 
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TABLE 4-18 
LOWER SUBASE 

RATIONALE FOR SELECTION OF CONSTITUENTS FOR ANALYSIS 

Parameter Rationale 

Dctcctcd in soil and ground water samples 
during Step II. 

SVOCs could be present in ground water; not 
previously analyxed. 

Detected in soil and ground water during Step 

Pesticides 

PCg’ 

TCLF 

Radiological Analyses6 

Dioxin7 

Engineering Characteristics’ 

TPR 

II. 

Not suspected to be present. 

Not suspected to be present. 

Debmine hazardous waste characteristics for 
select soil samples. 

Radiological constituents are not suspected at 
this site. 

Historically, volatile organic compounds have 
not been burned at this site. 

Feasibility study data requirements for select 
samples. 

Useful in determining extent of petroleum 
contamination. I 

Notes: 
I 

2 

. . . 
VOC means vol&ile org&c compund ~~~~~~~ 

svoc mt8Ds semi-volatile organic com~a~~~~~~~~~~~ 

3 Inorganics include total and dissolved inorganics for ground water samples and dissolved .,_n.,_i,.,_j,.._,...i . . . . . . . ‘~ ,.,.,.i,_ .,.‘,.“,. .~.., 
horg&cs for surface water. ~~~~~~~~~~~~~~~.~.~~~~~~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _.../............... ,,. _. _.... . . . _ _... _.. __ .._ .: . . . . . . . . . . . ,. .,. . . . . 
?!F?P.% 

4 PCB m- polychlorinated biphenyl. ~-~:~~l:siii~~~~~~~~~ 

’ TCLP means toxicity characteristic leaching procedures. 
6 Radiological analyses include gross alpha and beta and a complete gamma spectrum analysis. 
7 

.__ . ...* .,..... :. :.. ~ . . . . . . . . 
Dioxin analysis includes dioxins and dibenxofurans ~~ri~~~~~~~~~~~~ 
zIfl?umj ;&. . . . . . . . . :... 8 Engineering characteristics for soils include grain size distribution, moisture content, specific 
gravity, organic content, cation exchange capacity, $j$$ and total organic carbon content; and 
for ground water includes biochemical oxygen demand (May), chemical oxygen demand, total 
organic carbon, oil and grease (hydrocarbon fraction), total suspended solids, @%&k# 
ammonia (as nitrogen) and phosphorus (total). 

’ TPH means total petroleum hydrocarbons. 

I 

I 
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TAL,d 4-19 
LOWER SUBASE FIELD SAMPLING PLAN 

Well Depth/ 
!hllpIe 

Sample SampIe vpe 
Analysis 

Location 
Proposed Depth Rationale 

(fa 
Designations ’ 

Bdt Wmter voc svw tmr- pul- 
I& h 

PCB Lad TCL.P’ TFW cod- 
-* 

13Tn2A-5A IS f& or boIIom of At and around 13MWll and 13hlW16 where 13TB2A-JA (depth) 
sad and gravel till high TCLP lad wu detected during Le F’hanc I 
tayer. whiihcvcr ia RI. (:I t X 

l . . 

(4) (4) (1) 
deeper 

13-12 ISfee4orboltomof At and around l3MWI 1 and 13MWl6 wbem 13TB6-12 (depth) 
rand and gnvel till high TCLP kad vu d&e&d during the Plume 1 0 . . 0 
layer. whichever L RI. (7) (7) m (‘I) ct, 
deeper 

13TBl3- IS feet or bottom of At and around 13MW4 where high TCLP 13TBI3-17 (depth) 
13TBl7 sand and gravel fill lead waa detected during Phase I RI 

t:, 

l 0 

layer, whichever is (5) (5) c:, 
deeper 

WE4A 15 feet or bottom of At and around 13MWll and 13MW16 WE-4A (depth) 
sand and gravel fill where high TCLP lead woe detected during 
layer, whichever ia the Pbare I RI. 

l 0 0 l 

deeper. 

13TBl8-22 15 feet or bottom of Optional resolution borings to be installed I3TB I 8-22 (depth) 
sand and gravel fill to determine full extent of Boil 
layer, whichever ia contamination if detected baaed upon field (:I A t:J d, 
deeper. screening. 

24 existing NA Existing well1 
monitoring 

l 

well0 n’4, A A CL CL (1) 

13MWll I5 feet or IO feet At location where oil waa observed in an 13OWl8 
below ground water excavation. 

l l l l a 
elevation, whichever . 

ir deeper. 

13MW19- 15 feet or IO feet Optional we111 to be &tailed to determine 13t3W19-25 
25 below ground water extent of recoverable product if d-ted in 

elevation, whichever 13MW18. 
l l l l l 

ia deeper. 

Of the 22 TCLP analyzer, 16 will only include metal@ and two will include all TCLP conatituent#. These two aamplea will be selected from 
ampler that appur to have high Ievelr of contamination baaed on field rcreetting reudte. 

* Total ia per one round of sampling. 





- 
A total of 17 primary test borings will be drilled at this site to determine the extent and 

degree of lead contamination. Each boring will be advanced to a depth of 15 f feet or the base 
-7 . . . . . . . . . . . ..___.. .._..: .,..... . . . . . . . . . . . . . . . . . . . . . . ~,. .:: '..........X"..... _,.,.,_,. .,.,. . . . . ., .,_.,_i,_ ._. 

of& sand a& gravel ffl layer ~~~~~:;~~~~~~~:~~~~~~~~~~;:~ ..‘,~,~‘.I.,~ ....i.,...i/.. ~ __i.............../...~..i.~.....~...... . ..i/...........................................~..............,.,.,.,.,.,...,.....,.,.,.,.,. .,.,.,_,. ..~ . . . .,.,.,.,.....,.,. ~ ,.,.,.,., . . . . . . . . . . ..A . . . . _... _. ;‘-’ 
~~~:~~~$~~~~~~~~~~~~~~:~ (!gncl cont.mwusly sampled. The actual lo&&m . . . ..:..i....i. .~...l~.~.~.~....~.~...~.~. -:... .A.. . . . . . . .._....... :::. . . . . . . . . . . . . . . . . . . . . . . . . ..i......... i..... . . . . . . . . . . . . ..i........................ . . . :.. i... ._//._........i: I? . . . 
may vary due to potential utility conflicts. In addition to the 17 primary test borings, up to five 
supplemental resolution test borings may be conducted as necessary to define the full extent of 
lead contamination. Application of these borings and their ultimate locations will be determined 
on the basis of soil screening analyses, discussed below. 

c 

-- 

Soil samples will be collected at the intervals depicted in Table 4- 19. The two samples 
to be tested for engineering characteristics will be selected based upon representativeness of the 
sand and gravel fill layer. Samples to be collected at a non-specified depth (i.e., 13TB14 
(depth)) will be made on the basis of field screening using XI@ analysis for lead. In order to 
validate this method, soil samples covering a range of lead concentrations (by XRF analysis) will 
be collected for offsite laboratory analysis. A minimum of two samples from soils exhibiting 
each of the following concentration ranges will be selected for laboratory analysis: > 1,000 
ppm, 500 ppm, and not detected. All other samples wiIl be collected from the portion of the 
core sample yielding the highest evidence of lead contamination by XRF analysis. In borings 
yielding no evidence of lead contamination, the sample will be colhzcted at a depth of 0 to 1 
foot. As discussed above, five supplemental test borings ate planned to further define the extent 
of soil contamination, if necessary. Decisions to use these borings will be based upon a 
combination of XRP analyses and professional engineering judgement. Detection of lead 
concentrations at or above 500 ppm (preliminary lead cleanup level) will prompt the initiation 
of supplemental boring(s) to better delineate the outermost extent of contamination. Decisions 
to utilize additional borings for detection of lead concentrations below 500 ppm wiIl be addressed 
on a case by case basis. 

No new wells will be installed; however, two more rounds of ground water samples will 
be collected from all 24 existing monitoring wells to confirm Phase I RI results; conduct 
additional chemical analysis; and define any temporal variations in ground water quality: one 
initial round, and the second round three months thereafter. Samples will be collected during 
low tide when there is gradient toward the Thames River. 

4.2.3.4 Thames River 

- 

The constituents to be analyzed at this site and the rationale are discussed in Section 5.0 
of the Work Plan; the Thames River Field Sampling Plan is summarized in Table 4-20. Sample 
locations are shown in Figure 4-l 1. 

A total of 16 sediment and 14 surface water samples will be collected to assess whether 
the investigation sites at NSB-NLON have had an impact on the Thames River. Surface 
sediment samples will be collected for chemical analysis. In addition, water samples will be 
collected at the surface and at approximately 1 foot from the river bottom. In addition to the 
parameters specified in the field sampling plan table, all water samples will also be analyzed for 
hardness, pH, temperature and salinity. 

- 
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TABLE4-20 

2: THAMESRIVERFIELDSAMPLINGPLAN 

TISDl-TISDZ O-6" One tidal excursion above Subrse to meeaure upgredicnt TISDI-TISM 
quality along river tmneect. 

K!SDI-RSD2 O-6" One tide1 excursion below Subasc to meaeure eediment qurlity ‘EZSDI-77.SD2 
along river transect. ii ;I (I, t-l it ct n’, 

T3SDI-T3SD4 O-6" Along bulkhead et etormweter outfella l l DRMO, Lower T3SDI-T3SD4 
l 0’ 0 

t:) 

l 0 a 
Subrr, and Goas Cove to meesum any impacts from theee 
&es. (4) (1) (4) (4) (4) (4) (1, 

TbSDl-T4SD4 O-6" Along pier line at stormweter outfalla from DRMO. Lower TISDI-T4SD4 

;, 

0 a 

;4) 

l l l 
Subase, end 0081 Cove to mensum my offehom impecta from 
there sites. (4) (4) (4) (4) (4) 

T5SDI-TSSD4 O-6" At Subaee to meerum sediment quality along river tmnsect. TSSDI-T5SD4 

(1, 

0 l 

(4) c:) c:, ;I (4) ;4) 

Sediment Tot& 16 16 16 16 16 16 16 

Waler 
6SWl Surface Upgmdient umple location. 6sWlS 

bottom 6SWlB ;I ;) ;, ;, l) 

T3SWI-T3sw3 Surface To measum impacta of uormwrter end ground water diecharge T3SWIS-3s 0 l l l l 

bottom from rdte.5. T3SWlB-3B 

To masum area of influence/dilution from DRhiO outfell. T3SWIAS-1BS 

Theme8 River conteminent~ on Themea River and to eelwe whether 
contaminanta mry enter the food chain via thie mecheniem. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
E.nst side of Themes Sediment MUI-MU3 Tirrue from l 

River (between muaeel q&es A (3, J, (3) 
bulkhead end pier) (3) 

I. Sanole T3SDl 19 10 19 19 19 19 

I I a I I I I I I I I I 



/DINE BROOK 

(l/4 MILE NORTH) 

FIGURE 4-l 1 
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Biological samples will also be collected from the Thames River. These will include a 
quantitative benthic survey at the 16 sediment sampling locations to evaluate benthic conditions 
in the river and potential impacts of the Subase. Five oyster cages (with replicates) will be 
deployed along the shore at the Subase. Chemical analysis of the oysters after 28 days 
deployment will provide data to assess biological uptake of water column contaminants. Three 
bivalve species resident in the Thames River will also be sampled (three tissue samples per 
species) for chemical analysis to evaluate the potential effect of the Subase on body burdens of 
these organisms. 
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5.0 SAMPLE PRESERVATION AND SHIPPING 

- 

All sampling glassware will be pre-cleaned by the analytical laboratory prior to shipment 
to Atlantic’s Connecticut offke. Preservatives will be added to the pre-cleaned containers prior 
to shipment. Sample preservation standards for solid and liquid matrices are outlir& in the 
hboratory QNQc ph ~~~~~~~~~~~~~~~~~~ 

. . . . . .._. . . . . . . . . . . . . . . . . . . . .._...... ..:.......i .: .A... >>..> ..i......: / . . . . . . . . . . . . ..i..... . . . . . . . . . . . . . . . . . . . :.: .,................._...._ t 

Preservation method will be noted on the sample container and reported with the 

- docukentation of the preservation condition of all samples prior to shipment to the analytical 
laboratory. All samples and appropriate QA/QC samples will be shipped via Federal Express 
or courier to the analytical laboratory. 
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6.0 RE RD ) ATION 

The following documents wi 

Field Notebook 

Master Sample Log 

Chain-of-Custody Record 

Waybills 

Accident Report/Daily First Aid 
Report/Employer’s First Report 
of Injury/OSHA 200 Forms 

be utilized for record keeping during field operations: 

A designated field notebook will be issued to each 
field technician and used during field activities. 

A laboratory notebook will remain in the site office 
to record every sample collected. The field 
operations manager will log in all samples and those 
sent to the analytical laboratory with waybill number 
at the end of each day. 

A COC form will document custody of all samples 
from field to laboratory. 

A waybill receipt is obtained at the time of accepted 
sample shipment by Federal Express or courier and 
will be attached to the Master Sample Log. 

These data sheets will document any accident 
occurring onsite during field activities. The sheets 
are attached to the HASP and located in the site 
trailer. 

At the conclusion of each field sampling effort, site field logs and the master sample log 
will be photocopied and stored in the project file at Atlantic’s Connecticut office. 
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- 

The schedule to begin the field sampling plan will commence upon contract approval by 
the Navy. Factors that may result in mociifications to the schedule include: availability of 
drilling equipment, analytical laboratory turn-around time, and weather conditions. The project 
schedule is summarized below in Figure 7-1, which shows the overall operations, sampling, and 
report preparation schedules. 
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PENN CENTRAL RAllROAC 

WES RIVER 

UNDERGROUND UllLW LOCATIONS ARE APPROXlhtATE. - 
1: BASE UP AND !4llUlY INFORMATION FROM MAPS OF NSB-NLON 

I 

PREPARED BY LOURORO ENGMERING ASSDCblES. DEC lD80. BJ3fAnONS 
ARE BAsm ON NSB-NLON DAnrM wuui 1s 1.41 FELT BMw NCVD. 

3. POE I w suw.~ u)cATIoHs ARE SHOWN. 
4. ME LOCATION OF BORINGS E?Bll lHROUGH 6lBlS WILL BE DEIERMMED 

lNlHEFlELOk3NECESShRt FOR MITER DEFltWllDN OF SOURCE AREAS. 



APPENDIX A - 

ATLANTIC STANDARD OPERATION PROCEDURES .?- 

- 

- 



- 

:- 

- 

I 1020 1 Field Procedures for Collection of Surface Soil Samples I 

I 1021 1 Field Procedures for Collection of Subsurface Soils 

1022 

1023 

1024 

1030 

1041 

Field Procedures for Collection of Surface Water and Sediment Samples for Hazardous Waste 
De . 

blTOlOdO0 

Field procedures for CoUcctioo of Ground Water Samples for Hazardous Waste Determination 

Field Procedures for Collection of TCDD Sampiw 

Field Procedures for Logging Subsurface Conditions During Teat Borings and Well Logging 

sample Chain-of-Custody Procedure 

1042 Shipping Procedurea for Environmental Field Samples 

1051 Operation and Calibration of the HNu Systems Photoionizer Model PI-101 
1 

1052 Operation of the Photovac lOS50 Portable Gas Chromatograph 

1053 Soil Gas Screening for Volatiie Organ& 

1060 Cleaning Procedure for sampling Devices Used in E&ronmental Site Investigations 

1070 Well Dcveiopment Proccduns for Small Diameter Monitoring Wells 

1071 
Field Procedures for Determination of III She Hydrnuiic Conductivity with Single Well 
Hydraulic Tests 

1256A Gas Chromatography Analysis Using External Standard Calibration 

1256B Microscale Extraction 

1256C PCB and Pesticide Analysis by Gas Chromatography 

1256D The Determination of Volatile Organic Compounds in Ambient Air Using Tenax* Adsorption 

GTRIOZ Operation of the Scitcc Map Analyzer Model 310 for Lead in Soil Analyses 

AsrM standards 

D422’ 

D854’ 

D2216’ 

Standard Practice for Particle-size Analysis of Soils 

Standard Test Method for Specific Gravity of Soils 

Standard Method for Determination of Water (Moisture) Content of Soil, Rock, and Soil- 
Aggregate Mixtures 

D2217’ 
Standard Practice for Wet Preparation of Soil Samples for Particle-Size Analysis and 
Determination of Soil Constants 

D2974’ Standard Test Methods for Moisture, Ash, and Organic Matter of Peat Materials 

U.S. EPA Method (SW 846-l 

pH Electrometric Measurement (SW 846) 

9045’ Soil pH (SW 846) 



TExHNxcAL PRocEDuREs 
9050 1 Specific Cmductmcc (SW g46) 

m90812[mGtion Exchange Capacity of Soils (SW-846) 

U.S. EPA Methad @&4hods for the 

Gss Chromatography/M 

APHAStanddMethodsforF l 6oaofWaterandWastewater 

~80 To~i~on - Reduction PotenthI @I) 

23402 Hardoess - Total as COCO, 

I At the discretion of the project manager, these methods may be performed in a field labor&my or ILL 

I’ 

offsitc laboratory. 
These methods will he performed in an offsite laboratory. I 

c 



SITE SPECIFIC MODIFICATIONS 
TO ATLANTIC FIELD F’ROCEDURES 

QA Procedure section Number b4OdXllCltUiflltlOtl 

1020 6.2 and 6.4 Sample volume, container and prcscrvativw should be as specified in 
1021 6.2 and 6.3 Table 6.1 of the Laboratory Quality Assurance Plan. CME or Waterloo 

6.2 and 6.4 samples may be used in lieu of split-spoons for collection of soils. 
1023 6.2 and 6.3 Samples will not be composited unless necessary to obtain sufficient 

sample volume to allow chemical analyses specified. 

1022 6.41 Ihe anplea w-ill be immediately pnsrrv cd her fihstion. 
. ..-........ . . . . . . . . . . . . . . . . . . . ..*......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I- . . . . . -...-.” . . . . . . . - . . . ...” . . . . . ...” . . . . . . . . ...” . . . . . . . . . . . . . . . . . . . . . . 

6.2.2 and 6.4.2 All sediment samples will be collected with a core sampler provided 
with a core catcher. Sample depth will be as indicated in the Field 
sampling Plan. 

1023 6.2 and 6.4 Saqles to be analyxed for dissolved metais should be field filtered with 
a 0.45 micron filter prior to the addition of sample preservatives. 

1023 6.3 Well purging will be considered complete when three consecutive 
measurements differ by less than five percent for pH, conductivity, and 
temperature, and a minimum of three well volumes have been purged. 
Purging rates will not exceed those used for well development. Samples 
for VOA analysis will only be wllected with a Teflon@ or stainless steel 
bailer. 

1042 6.0 Sample packaging, marking, lsbding, and shipment shdl comply with 
Department of T ranqnt&on Hazardous Mater& Regulations 
(49CFR). 

1053 5.1 Soil gas surveys will not be conducted after rainfall events when the 
ground appears to be saturated. 

1060 6.2 and 6.3 The decontamination procedure for sampling equipment shall be as 
presented below: 
1. scrub with a brush in Alwnox detergent 
2. rinseincleantapwater 
3. 10% nitric acid rinse or, for carbon steel, 1% (only for metals 

-lYfm 
4. distilledkkionixed water rinse (only for metals analysis) 
5. rinse with methanol 
6. rinse with hexane 
7. rinse with distilled water 
8. allowtoairdzy 
The decontamkti on procedure for heavy equipment shall be as 
presented below: 
1. scrub with a brush 
2. steam clean 

1070 6.0 For this project the air development method and the jetting development 
method will not be used. 
Well development will proceed until turbidity is less than 50 NTU, or 
for the greater between a maximum of four hours or seven well 
volumes. 
Pumping rates will be measured and recorded during well development. 

1070 6.1 and 6.2 A minimum of two weeks must elapse between well development and 
the commencement of ground water saqling. 
At a minimum, 3 to 5 well volumes, plus the volume of water lost to the 
formation during drilling must be removed. 
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SEmIoN 1.0: m 

Toinsuzastardard ~farcolhctionofsurfacesoil 

Sqlesforthe~icationOf~~. 

SEaToN 3.0: B 

hroj=tMaMger-First 
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Theselectlmofsamplbgloca~hard~aprujectsitie 

willbebasedonareview of exist&q sitedata, the sitetqcgqhyard 

surfam features, results ofprelhhq sitesumeysusing prtable 

gecphysicalarrlair~~equfpmerrtandtheinitial~~asto 

theextentofandm.igzationpattaJaysoftheW~. Atthestart 

Of the irnrestigation, a number of smacesoilsanplesareusually 

allocated. OnlYafterinitialfield -are-final 

kcationsselecbd. Ata-, thefollaJingshaUdbeincludedas 

SmpliJq poirrk: 

0 

0 

0 
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6.2 Eauirnnent List 

ThefollocbqistobeconsMa~ listingoflE?qubd 

fieldequiw forcollecthqsoil samples. othertoolsrquiredfor 

accessiqsoilshneatipaved area,etc.shmldbeincludedwhen 

0 -, 
level 

0 Sample 
lhed 

0 Teflon 

0 wocden 

latexgluves,&emicalresistantglwes,apprapriate 
ofplmbction. 

cmtaher-leachlliterglassjarwitiateflon 
=P* 

coatedorstahlesssteelsamplespams. 

stakesardspmypaint (highlyvisible) 

o Fieldmt&oolc 

0 Sa7nplebottlelabels 

0 chah-of~foms 

6.3 Order of Sam&s 

surfacesoil sanples shuuldbetakeninalllocationspriortoall 

othersitesampli3qeverks. Thisistopreventthepossibilityof 

cmssl=wrtaminatianbe~samplingpointsbysiteperscnael or equipment 

(backhce, drill rigs, equipmmtvehicles, etc. . . ). For consistency 

WithothEnapl~~, theqgradientsamples shuuldbecollected 

first. 
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6.4 I.ocationaMCollectionofSam~les 

Suzmcesoils,~ptheceoltamPinantsof-,canbe 

either~vidualor~ite~es. Cuupsitesrepmsmtsamples 

taken~a~of~viduallocationswhichare~ybl~ 

. formasample~ alargerarea.Cmkainsta~agemiesare 

di.smmq~theuseof~ite~leswhenl~for-tic 

to 

volatile and halogem~ volatile organic cmqokds becau!xofdi.lution 

tithedifficultyof formiga@Wue@* ccmpsite. Thmzforepriorto 

sanplirq,theuseofamposites shouldbe tAle&edwi~~agencywhi~ 

willhavefinalapprwalofactians~asiteinwhichsctrfacesoil 

sarmplesareusedindevel~~certainactionsregardingcleanup. 

Ifswistical~qLlesaretobe~oysdincoll~~ace 

soilsanplesusirqaraMomgrid,the prcmiumpmvidedinolapter5of 

MethodsofSoi.lAnalvsis, Part 1byC.A. Blacket al, AmericanSocietyof 

Ag=X-Iy, Academic Press, N.Y. I.965 and Section I of EPA-SW 846 m 

Metho% for Evaluatim Solid Waste. F!hysicalCtmical~are 

- -J-s* 

oncethegenerallocatianshavebeenchc5en,samplingcanbegin. 

Normallyaqle~thetop3to6inchesofsoilistaken. 

Samplesarewllectedus~adedicated,~eanedstainl~~or 

Teflonspmnan3inmedia~ystoredintheglassjar. Oqanic debris (ie. 
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leaves,twigs,bark)alcqwithlaqepiecesofgravel shmldbeavoided. 

Thesampleshmldbe rqmsmtativeoftheamasoil;itisbest 

0 ~lingtimanddate 
- 

0 =mplenumbu 

0 analysis 

0 collector's initials 

-- 

- 

Ihe location, depth of sample, sample type, time of sample, anA 

otherassociateddata (ie. oqanicvapormadings, colorofthegrourd, 

odo~,texft;lre,etc.)willbedocumMted inthe field -whenthe 

sampleistaken. Ifsampl~isperformedurderapwedareaorinfill, 

adescripticnoftheseuniqueareaswillalsobehcl~. 
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6.5 Sam&e VeQ&atiq 

Mtereachsanpleofsoilistakeqanirdicatarshauldbeusedto 

markthel~~intha~itwillbesunreyedatalatertime. Once 

allthesurfacesoil~lesarecallW,the~e~ard 

locatimsshaUberwiaJedbsforeleavirgthesiteorpragress~to 

othertasksinapmpm. Allused~ingdeviaeswillbekept 

bgether,separatefrapcleantodls,sothattheycanbeclevtneda~ 

to qpmpriate d=abmimticm and cl~pmced~~ Inmmentwilla 

I 

e 

. 
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sEaIoN 1.0: RJRmn 

Tbinsureastardardprocedure forcolhcti.m of subsurface 

SEcmJN 2.0: SOOPE 

me followimgpmceduz describes the msthal, lITaerials axI3 

documentatianrequiremerrts forwllectimof sub6urfacesoilsfrom 

pits anlsplitspca samplers forevenbal analysisbyachemical 

l&OrEltOXy. 

isl3cIToN 3.0: R.EmNsm 

Fmject~-First 

FieldStaff - third 

SECTION 4.0: WG m 

Atlantic Pmcedme No. 1041 Samle Chain-of- &cc&ure 

siEm!IoN 5.0: FEmTRED mms 

Field Notebook No. 351, published by J.L. Darliq mrp., Tacuma, 

soil 
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CrN 6.0: m 

6.1 Irrtroduction 

Ihriqa site imeeigationbhemtestpits, explcrratoryboriqs, 

lmni~wells,test~ a.idotherfarnnsof elcavation are 

peeamBditisofbnplannadthatsoilsorburiedwastematerialsareto 

~~llectdiscrete~lesfrepn)cMwnrlpauisusingsarrp?lersrangingin 

l~frcnn2feetto5feet. Usuallynutall samples fmmthesesplit 

spcmsaredesigna~foranalysis,theref~the~atiunand 

hadlirqofca~@es fmmsplitspoonsmaybedifferentdepediqontheir 

1 

u 

- 

‘I 

I 

mii 

I 

- 

r 

ultzimte purpose. 

suluples frml test pits 

dleulical analysis. Ihesesan@escanonlybetahnusingarearotesampler 

fman the Side walls of ea& pit. S~lestakenfmrmthe-ofthe 

actual vertical 

Thefollowirqistobeusedasageneralguideinwllecting 

samples from eitherte3t pits msplitspoms. 
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6.2 alit Sxxm smlw 

After logging a splitspoonsample follwirqAtlanticPmcedumNo. 

103Othe saqleisthen i.de&ifiedforeitheranalysisbyalaboratoryor 

storageuntilfuam deksiansammade. Ifthesampleistobestored, 

acleanglassjar,preferablynew~litersize,willbeusedtostare 

the sample. Inxmycases~drillerwiU~thesetothefield 

team. Bxmerinnocaseshallusadordirtysoilsjarsbeusedtohold 

sanples. IfthedrClerdoeswthavethe~jars,~cleant~ 

qpem jars may be use% Alabeltibeafftitothesestolragejm 

iderrtifyingtheborirqmrmber,~ledepth,dateofsaxlple~project 

rmkeranitforfuturereference. If soil sanples aretobesent for 

analysisthenanlyproperlycleanedorlabaratorysupplied~e 

WXTkUE=EUZtObeUSEd. 

1.Alwaysfoll~desigMtedsafetypremutiansinternrsoflevel 

ofpmwction. Ataminimum~les~alwaysbe~ed 

usinglatexorchemical resistmtgl~~es. Thispmbztsthe 

wllectorardprwentscmss-contaminationbetweensamples. 

- 
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2.Donotusethetop~to~~of mmveredsanpleinthe 

splitspoon.'mis-y~istsof~ardcave-in 

soilsfnrm~intheboringthatfellintothebotteonofthe 

rmgeps- 

3. Useapmperlyclemsdsbbinlesssbelspoen (tablespocmsize) 

tomweths6oilsfremthesplitsp#n. 

4.Wbenpomsible, trytofilleachsaiplecctnt&m sotbatnoair 

spaceisaJlomd.Thiswillprwentvolatilesfrrrmp-ursa~ 

Ifararmberofaeoltainersatobausedmevenlydivide 

thes3ariplebetweenccartainers. 

5.JddgettixqsoilsanthethreadsofthesoticePltainers. 

U~acleanpapertoweltowipoff~threadstoinsurea 

good==d. 

6. Fillcutthesamplelabels~~~jar~~thefoll~: 

of sanple 

initials of the sample wllector 
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7. Fill in the chain-of-custody farm (Atlantic Form No. 1041) for 

each sample. Ifacmfi.nbqlayeristobesan@edtod&emine 

co&amhationfromashallowerzoneismigratixqdown, 

camshouldbemnisedinwllecting-san@es.nmany 

hstaxesgmrrndwaterwillfilltheaugerardthesplitspoon 

willtmvel~thewaterbefambeiqpushedintoadeeper 

2-, thereiSll0 guanmbethatsoilsinthesplitspoon 

haven'tbeenconbmhatedwith~wa~inthea~ To 

insurea~~~sanple,thedrillirq proaedure~YhwetObe 

Ilrodifi~tosealofftheupperz~~thelar(lllerzaneus~ 

casiqardwashigtheinteriorofthecasingclean. These 

qeratiansmstbedetailedinthesitesauplbqplan. 

Aftereachspiltspoonsample is collecbdAtlanticpersonnelwil1 

mahtaincusta2yaMkeepitrefrigmated(whm necessarY)-shiaaerrt 

dewnt&mtedinaamdance with Atlantic Pmwdure No. 1060 before the 

nextsampleistabn. 

6.3 Samdim Soils frcnn Test Pits 

Asmmtionedbafore, soilsdesignatedforamlysismustbe 

collecteddirectly frumthe sidewalls ofthetestpits. Aremte sampler 

isbasicallyastainl~ssteelscoapthatcanswivelsothatitcanbe 

pushedagainstthe sidewallandholdsoils inatxapatitsbase. The 
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scocpisatlzxhed toaligbtmit#rttelescopingaluminumrod~~wi.l.l 

haveamaximm10foutreaeh. 

?hedqthofsanplemstbemt&inthefieldnotebook.The 

sanpleisthenhaWledthesamasthesplitspoonsanplesfoU~the 

same safety pl==ams. xterthesmlpleisbke!n,the?zmote~~ 

toolwillbedecmbmhtedbefareobtabbqthenext~e. 
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1.0 HJRmsE 

ToinsureastardardprocedureforwUectianofsurfacewater 

(stzams,pm%,la.ks,~)~sedimerrtsfortheidentification 

ofbemical ccmpcsitim. 

3.0 RESFONSIB~ 

projectManag~-First 

FieldSupemti- m 

FieldSanqliIqTechnicians-~ 

4.0 smmKrmG PROCEUURES 

Atlantic Pmcedum No. 1060 bcmtmimtim Rmc&ure for Samlinq 

Devices 

Atlantic Pmcedue No. 1041 Samle chain-ofX!wtaAv Rxedure. 

5.0 FtEQummFuRMs 

Field Notebnk No. 351, published by J.L. Darling Corp., 

Taanm, washingtan 
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m 

6.0 PRWEWRE 

6.1 SelectionofSa.m~ljmmcations 

?hesel~~of~ingl~ti~inanlamundan~j~site 

willbebasedanareviewofexistbqsitedata, thesitetcppa@ya& 

surfam feabxes, results ofpmliminaxysite surveys -* portable 

geo@ysicalandairmni~e+ipentandtheinitialestimatesasto 

the actent of them. Atthestartofthehmstigatim,ammberof 

surfacewaIxr arde~esmusuallyallocam onlyafter 

initial field -aretheffnallocationssel~ Ata 

oUp6tmmandupgradientofthewastesitetodetennine . 
bamgmmdlevelsofpollutam. 

ml 

I 

I 

oInlEachate,nrnofforintermittentflowpthsFassing~ 
or fronthe site. 

o~d=qmIientstmias,swales,nmoff~sorsewers 
dxainigthe sitetodebminelimits of surficial deposition. 

6.2 EuuiW List 

lhe followi.rqli.sts are ewmple5 of equi~tobeused for 

Site specific checklists of 

onthecharacteristicsofe2&sanpleaWlocaticn. 

bedesigned based 

I 

I 

I 

I 

I 

I 

- 



-- 

- 

- 

-- 

.- 

- 

- 

6.2.1 Surface Water s-l- 

0 Boats,latexglw~,chemicdlresistantglwes,apprclpriate 

kvel ofpmtection. 

0 

0 

0 

~~e~(depdirqon~le~ofthe 

anal~callaboIatnry)mayincl~foreachlocation: 

-4each1lihrglassjarstititenmlinedcaps. 

-8each4Oml. glassvialswithteflonlimdseptas. 

-1each5ooml.pltic~ formemsanalysis. 

-1eab5ooInl.plastic~ for~analysis. 

woodenstakesaId~ypaint. 

s3zinlesssteel Kemmerzbottle,VanDornbottleorsteril~ 

a== SsIDIpll- (if re&=d) 

mutesaupl~ 

FieldNot&o& 

0 

0 

0 

0 

6.2.2 Sedixlent Smlinq 

Saqlebuttlelabels 

cwn-of-custody forms 

Roc&ure No. 1022 
Revision No. 

Julv 1. 19 
ig 4 

186 
of 11 

0 

0 

0 

0 

0 

&uts, latexglwes, c&x&al resistant glwes, appropriate 

level ofpmtecticln. 

Dedicated stainless steel spoons (tablespoon size) 

DJ3dicaedbflarlspoons(ifrequired) 

Sample amtahem for ea& sample 

-1eachlliterglassjarswithteflanlinedcaps 

woodmstakesandsp~ypai.nt. 
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o FieldNoWxdc 

0 !Samplebottlelabels 

0chain-of-arstodyfmnrs 

6.3 Order of Samles 

IfboastlLmm~ardwater~es~tobecoll~ 

caneurrerrtly,thewatersan@esshaMbeta)cenfirstincffdertiavoid 

~poll-in 

activities. 

Inflowing- 

thewaterwlunmfrrrps&inmntwllection 

orrunoff- sau@esshculdbewllecbd 

frcanthe-downstream pointfirst. TbJXlUIX@~leSWillbe 

-P-P==ingw-=-. 

6.4 Samle C!ollec&~ 

6.4.1 Surface Water -1~ 

~a~watersaxplesamwl.lect&inamannetobe 

=P=-=hOfthewatierwl~~which~~es~taken. A 

~raanteamisrequiredforthewlleetioarasasafetyprecauti~ The 

p-mwDctingmesiallplesinnrost-willhave -thewater 

body. Forflm streamsthiswill necessitatethedombqofbouts or 

wadersarylwearbqlatexirrnergluvesandchuicalresistantouter 

gloves. All~esinflowingwa~bodieswillbetakenfac~ 

upstrwm Sauplestakenfmmmalllakesorpmds&mldbetahnfxuma 



- 

- 

- 

5mllboatusinjamfmrer mteflanlined VanDornhttle. Saqles 

takenfmustmCrqptddles,pools,drainageditchesshaildbetaken 

withmtdisturbingthesedbmt~lbisraaybeacatplishedbythsuseof 

a rmmtesampler, e.g. a~lebattleheldanal~polewithag~lej 

yoke. 

followed: 

0 Prior 

- 

FFll 

- 
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towllectinganywatersan@esplaceawa~f sample 

an~~whichspecifiesthe followiq: 

Sample number 
Date 
TillE 
Analysis 
presenmtive 
Pmjectnumber 
Initialsofthewlb!ctor 

intheinformatiunwithawabxpmofinkpen.ThiswiU 

0 Face 

with 

Oopen 

~,wearbqgloves,tab a 1 literglassumtainer 

mpresmmtivetisubeqeitclosedtomid-depth. 

thejarwiththemuthfacixqupstrem; fillitanA;close 

itwhilesuhump% 

0 Tabthe ffiledjaranduse itto fillthe40ml.vialsmaki.ng 

surenoairistrappd inthevials. 
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0 Pla~allsaqlecantainers intoasaupleshiplpingccnrtainer, 

aaolwithieepacksandfillinthe~f~fonn. 

o Detail in-field -the follawing: 

-sanpleiderrtificatim~ 

-locationofthesample(sketchofthesamplepoint) 

-tinrearddatesanplewastdken 

-persannelmorniw~- 

-Visualorsensorydescriptimofthe~le 

(wlar, odor, tuxbidi~, etc.) 

-~~ccaditions~samrplinJ 

e 

u 

m 

II 

I 

R 

WI 

I 

r 

m 

m 
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oPlaceawoaienstakeattheedgeofthestrwnnornearthe 

samplepointwi~saqlenmbercmit. Theshkemaybe 

locatedbysumeyfori.nclusianmasitenxp. 

Note: 

oIti.surderstood~taUsaxpleamkhers anlwlkctiandevices 

wLLlbecleanedpriartofieldusefollowi.rqtheappmpriate 

cleaning~~on~typeofanalysistobeperfonaed. 

OIf~l~~~~tobededicatedtoaparticularsample 

location, theywillbeplacedinaplasticbagafteritsuseand 

markedortagged"mIcATEDm~ND. SAMPLE~ONNO. 

It . 

6.4.2 Sediment Sanolq 

Streamsedimerrtsauplesarewllectedinamamertobe 

representative of deposits of sedbent txrriedoff of a site. Againthe 

useofprrotectiveboats,andgloveswillbenecessary. All priori~ 

pollutant~organicanalysisofsedimentscanbeperformedanalliter 

sample. The follOJiqp- will be follwed: 

0 Selecta samplelocationthatismpmsmtativeof.sedimnt 

depositianalanx3s. !lhismightmeana sandbarinthemiddleof 

astreaqtheinsidewrner ofastreamkedinamander,or 
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m 
oPlaceawa~f~elabelmtbgla~~ccaRainer~~ 

specifies the following: I 

Sanple nmber 
Date 
Th 
Presaxative 
prqj-- 
Initials0f~wll~ 

Fillintheinformtionwithawa~finkpenpri~to 

oAllsamplesshouldbetak&ti~the~3inehesofthe 

streambed. Reawreanyvegebtiondebris (Wwes,roats,bark) 

alcarJwi~anylaryesmnesfmnthesanplex,thatonlythe 

finersoilmatcrialiswll~ 

~Fillcnrtthechain-of~fonnardplacethe~ 

sanpleinto#eshipp?ingccortainer. CbOlElS~. 

o Detail inthefield -the follmhg: 

-sample identificatiannunhr 

-locationofthesanple(sketchofthesa~@epoint) 

-timeanddatesamplewastaken 

m 

I 



- 
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-visualorserwrydescriptionofthesample 

-kkfsedime~ons (wlor, t=f==, a-) 

-withwconStionsduringsampl~ 

-nmofforfla!llccnx5iticxls 

-Other--tions 

oPlaceawwdenstakeattheedgeofthestmzmornearthe 

saqlepointwiththesanplenumbermit. lhisstakewillbe 

locatedbysurveyforinclusiqmasitemap. 

6.4.3 General Site RuJ.es 

Surfacewa~ardsedimmtsamples,depeMbqantheparticular 

site, can be collect&l fmn a variety of locatians. aofhavirqa 

~fareachtypeoflocati~,thefollawirrg~rulesshapildbe 

used for any site. 

0Ihesamplemstbe mpres&ativeofthewaterkadyor 

=hmen+xdepositedinanama. 

o Awi.danceofcmsscomminatiorhemen~lingpints 

.- 

0 CaIZlrmstketakentonotdisturbthesanplelocation 

wrditions or tzhem&q, e.g. faciq uptream inariver, 

wlhcting-mareasnutsteppedonbythe 

wllectors. 
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wiUbeacuupo6iteofslaface,mid-depthardbattcrn(1fout 

abve floor) samples. sedilmmneadcollybe~l~bygrab 

BEthOd. 

0 ~ypre-dleanedsauplirrgdevicssardsamplewinthwsaret~ 

bused. 

0 -field documemtianandchain-of-custoctyproceduresmust 

be! follawEd. 

m 

I’ 

I 

I 

I 

r 

I 

I 

I 

m 
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2 
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SEcrIoN 1.0: HJRREE 

Toinsureastardard pmce&mfarcollectionofgmundwater 

~lesfortheidentificatimofchemicalconsti~. 

SEcrroN 2.0: SOOPE 

The fOllciL&g~ dtscr~the1cgistics,chain0f~, 

coll=tiontechnipsarddoaImeltion~forcollectinggrorrnd 

~~~lesdesignatedforchemicalanalysis. 

SECTION 3.0: EsmNsrBm 

PrPjectManager-First 

Fieldsupenhor -Secrad 

FieldSanplbqTk&&~ -w 

Atlantic Pmc&ure No. 1041 Smle Chain-of-Cwtodv m. 

SEcrIoN 5.0: RExmKED mms 

Field Notebo& No. 351 published by J.L. Darling Cop, Tam, Washingtan 
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ON 6.0: EECEWRE 

6.1SelectionofS~lin3kcatians 

Grwndwa~samplinJlccationsinaxdamuMapmjectsiteare 

typicallyobtained b=cmnexistirrg-c,~onardlmni.~ing 

wells,ardnewlyinstalled~watermoni.~wellswtrich~part 

of the site hydxqeolcgical ixnmdgatian. Thelocationofnewgrorad 

wabzrnmi~wellswillbebased~thereviaJofexistingsite 

hydmgenlogicaldata, theresultsofpreliminarysitesunreys, andthe 

initialestima~oftheextentofthewaste. megmundwatersa3upling 

locatimswillbechosenbytheprojectmanager. Ataminimumone 

I1Pcrr;raierltandthree 

WillbetdbIl. 

6.2 Equipment List 

me following 

preparation. 

1. 

2. 

-=gl-J=,-any-~safety~m 
specifiedinthesitehealthadsafetyplan. 

Sampleccartainers(~onsample~ofthe 
andlyticallaboratory)mayincludeforeachl~tian: 

-4each1literglassjarswithTeflmlinedcaps 
-8each4Oml.glassvialswith~onlinedseptas 
-1each500Inl.p1a!dc~formetalsanalysis 
-1each5ooml. plasticcmtaimB formercuryanalysis 

I 

“.- 
m 



- 

.- 

- 

- 

-- 
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3. Deviceto rcmsurewaterlevels inwells towithin .Olfeet. 
~~all~ll~ti~taawitia ~~1oppeP~oranelectmnicwa~ . . 

. 

4. Field Notebook No. 351 

5.Samplebuttlelabel~ 

6. -f-wstody forms 

7.Alargevclumbailerorpmpto evacuate the wells. 

8. DedicatedTkflonbailerwithstainlessdeelcable,ora 
periealtic pump with dedicated Teflon tubing. 

6.3 Sanple Collection 

Priortotheextractimofanygrourdwater,thedepthtowater 

shallbemeasuredtothe- .Ol fe&. A cloth tape witi a vplqpw?, 

aranelectrePlicwatersws~dsviee(i.e.SlapeInbicatw:WaterElark) 

shallbeusedfarthispllrpose. Thedeviceusedmstbecleantoavoid 

coaablaticmofthe well. Thedepthtowateristypicallymeasuredfrum 

areferencepointestablishedmthetopofthewellcas* Thisvalue 

is recorded inthe field- alongwi~thelencJthofcasing!stick-up 

abvethegruudsurface. Ifbmaninnerandoutercasingarepresent, 

theoneu!sedasthe measurementreferencepointshallbeiderrtified 

(nomallyale inner),anlany-betweenthe~,measuredand 

recOrded. Ifwledepthofthewellisunkmwn thebottoDnShZillbeSacrnded 

andthedepthrecorded. 
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anilable fcxrasample foredchmalytical parameterorcmpatiblesetof 

parmneters. parametersthatarenutpCsensitiveorsubjecttoloss 

througfi~latili~atian shcorld be wllecbd last. 

m 

m 

m 
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follak&: 

l.Priortowll~anywater 

labeloneachconmnerwhich 

r- 
Time 
preservative 
Fmject- 

saqles, plaoeawaterpmof 

specifies the follawing: 

=wle 

. 



3. 

4. 

5. 

6. 

7. 

procedure No. 1023 
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lalenus~theperistalticpnnporbail~firstfill 

ule4oml.vialsmakkrJ~noairis~inthevials. 

Prissapleis nomaUytakenforvolatileanalysisard 

Uiemfom&m.ldbesa@edpriorto 

waterintheWd.l. 

Fillallthe remaidqjcrrsdinactly 

fueler m of 

fmlthepmlpdisbcge 

cfrbailer. Withthecepltainers~preservative, avoid 

~ckJsincethiswilldilutethe~ve. 

IfdissoltimetdLsanalysisarerequiredanextrabottle 

(noplzesamti~)willbefilledandthemetalsceartainer 

(p=Q=amdwithnitricacid) wi.ll?zmain =eY. myafter 

th8watersampleisfieldfilteredwillitbepocrxxdintothe 

~PPetals~Priswilld~a~e 

fardhsolvedmtals. 

Plaoeallsampleconbbem intmasampleshipp~conbins, 

coolwi~icepacksaMfilloutthe ctlah-of-custodyfmm. 

Detail inthe field noteboathe following: 

- sampleidmtification~ 
-locationofthesample 
-timeanddateofszunpl~ 

- F=-initasj; 
rtiFz=s table, ref erencemark, casing(s) stick-up, 

distance-innerardoutercas* 
AnwnrteVaaIatedfruxnwellanddeviceusedforevaa.zatim 
Visual or smsorydescriptionofthe sauple (color, &a, 
-iaity, etc.1 
weatherccaditionsbothpresent~prwiausto~ing 
-pertinent-tions 

I 

I 

r 

i 

I 



- 

- 

Note: 

- 

- 

prpaedure No. 1023 
Revision NO. 1 

8. -surethewellis -aftersampling. 

1. ItisWthatUmemardwllectim 

dmiceswillbecleanedpriortofieldusefollcrvirqthe 

~tecleaning~. 

2. Ifsampl~devicesaretobededicatedtoaparticularsample 

laatian,theywillbeplacedinaplastic1-a9afteritsuse 

ax-kzimarkedor~gged 

- 

- 

- 
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SEmoN 1.0: HJRFcm 

Toinsurethep~blendingofsoil~l~for~andlysis. Proper 

blq assures thatthelabomtorylzsultswube rqmsntative of the whole 

soil sample. 

SECTION 2.0: sc?xE 

me folloLhg pmcedure describesthewllection of samples formm 

. 

Aflanticpermmelshouldbeamthattheprocedhrres foruseinsampl~ 

TcDDareoftenzwisedbytheU~~~A. Ifthm?isanyquestion,theUSEPA 

Regi~SamplecontrolCentershouldbeconhctedaboutq~sa@hg 

-* 

SECXTON 3.0: REsFclNsIBIL;=Ty 

PrpjectManager-First 

FieldOperationsManager-secard 

FieldStaff -Third 

- 
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Atlantic 

- 

Atlantic 

Pmcedum No. 1520 Field mps h for Cnlleztionof SurfaceSoil 

Prmecke No. 1041 Sax&e Chain-of-custob, Pmcedum 

cm 5.0: QgJypED FaRMs 

Field Noteboak No. 351, published by J.L. Darlkq w., -, WaShh$Cm 

c 

m 

i 
m 
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Upasmucfiaspossible. ThebleMrqaqristhenbnzqhtbacktothebl~ 

statian~thebl~isplacedanaplastic~~drapsheElt.Thebl~ 

prowdlmisasfollows: 

* FUlseblen3er five-. 

* IrnrertbleMeraxp -timwMdShdC& 

* Repeatthis prwefdmsixtimes foratotal of30plses. 

* AllowthebleTdertositfortkfoto fiveminutestoallowalldustto 

settle. 'Iheblex&dsan@eisthendhpexs&intoanamberjarthat 

hasbeenplacedinaplasticbagor%aggi.e~witharuker~ 

c.lo6umattheneckt0reduceth8pdbilityof~eion 

autside of the zzmple jar. 

Thesampleisrerwted fmmtbebleMerazpbyusingsowpulas.Thcbaggieand 

rubbermarew ~properlydisposed. ?he=Nej==U=spray 

rinsed with l,l,l-tricblo to fumEredumthepossib~i~Of 

WntamiMtilm. ~jarisebaggedinacleanbaggie,tagged,~prPcessedfor 

5ihippi.q. Imyxla~ renhnhqinthebltiqtidbepmperlydisposed. 

?heblerderiscleansedbyfillirr3it(~4tol/2full)withsoa~water, 

agitate (blerd) it for 30 -,=aif=-==y, scmbbdwithabrush. Ihe 

aq,isthenrinsed~~distilledwater,al~l,anl1,1,l-tricfrloroethanearrl 

allmedtodripdry. 

Fieldpers~shouldnotettratthe~les~dbekeptaway~liqht 

tithatfieldsamplesarenottobecuxpsited. 
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InthewentastainlesssteelblenlerisnotaMilablefaruseinthe 

field,an~soil~leshcruldbewllected~senttoa~~ 

laboratory forhmqenization. TheFieldOpesatiornsMmagersharldmakea 

specialnotetothelaboratoxythatthesa@e requimshcrmogenizatirm in 

acco?.xhncewithCLPprotocol. 

SEclmN 7.0 REFmmcm 

113 ~ted~t==i==mU~onAgency,A~umofSuperfrad 

FieldOpmtionsMemcds, - Dhactive 9355.0-14, Washh$on, D.C., 

Deember, 1987. 

. 
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SECITON 1.0: RJRFQSE 

Toinsureastm&rdproc&ureforthedoazmnbtionof~ace 

coxditionsen#xtntereddur~testboringsardwelldrill~. 

SEmIoN 2.0: So3~ 

The followirqpmceduedetailsamthod formcmdbqmb-surface 

cf0x-ditj.m intestbringsardwelldrillholeschrringsite~tim, 

hydrogeologicdl,anlge&ebnicalinvestigatians. Anoptionalprocedure 

forphotcgm~salqlesisincludef$ 

SEcTIoN 3.0: l?EsmIBIL;ITx 

prpjectlQMgW?-FhSt 
Supmh.siqFieldGeolog~heer-sm 

AS7MDesignationDl586 - Stadard method for -tionTest~ 
Split-Barrel Sampling of Soils. 

ASlMDesignationD2488-Stanhxd pEcticeforDescriptionand 
Identificationof soils (visual+amal mo&tme) 

SECTION 5.0: REmuw3 FORMS 

Field Natebook No. 351 (published by J.L. Ihr1i.q Corp., Tacum, Wash.) 

AtlanticBoring Icg Form 
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6.1 predrillir# 

When~boringsatany lomtion,localoron-site buried 

utilitiesmstbecleared~theappnqriate~~ 

ofeachutiJ.itysmhqthe~. Atleasta48hmrnotificatianshall 

nmibergivenbytheutilitymstbeloggedhthefieldmkbock This 

walpmtectthedrill~ supeharfrunanyliabilityasscciatedwith 

damagiqapublicutility. 

Anaccxratetbelogofdrill~activitiesshallbekept.This 

logsha-llbekeptinthefieldnotebook ~shallimlMe,atleastthe 

follMrq: 

oTbedrUleraMrigan-site 

~Timedrillinqbegins 

w 

m 

* 

u 

P 

m 

m 

oTimedrilJ.ers leamthesite. 



h 

k 
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Wstborinqsardmnibr~welldrill~canbecm&ctedbya 

varietyofdrilliqmthods. medriuhgmethodisnotascriticalto 

thedccuEnhtianofthe sub6urfacecarditiansasthesoilardrock 

WheedehUsofsub6urfaceaxditionsammmssaxy, soil =-NW 

Shdllbe~usingasplitsp#xn~ti~samplerdrivenwitha 

140 pamA hammer at a height of 30 inches. mestadard-ofsoil 

weightofthebammer, eIelergmofulesplitspoon 

rndmofhammsblowsantheqwnper6in&esof 

mmovalofthesamplertheearthmaterialsshallbe 

with Section 6.3 of this document. 

SanplEsr, aIdthe 

peIlbation. upon 

loggedin accordance 

ROdCSZUIplilIgWi.UbeC#dUCtd usirrgadoublebamzlwre 

SEiUplCT. Thesupervisinggeologist/engineer !shallrecordthelerqthof 

the~barrel,theAianre+P_rOf~barrel,therateOfpenetrati~,anl 

thedclwnp- to?xptimtatimofthesanpler. 

-- 

-‘. 



6.3 LossjXr? 

Verticalminabchq 

Wsurface. Splitspoansanplesare 
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shall be made fmn the original 

typicaUyt&cenin2-foot 

IrRervdLs,oratchaqesinli#ologythnxgh LImcmsolida~materials. 

~-~gecrlogist/- shaunnnibl3iriuarttirrjsanl 

lnamtam calmmication with the driller (Re: -P===h-ing 

rates,resishncs,etc.)t0d&ermhekhere~hlithology~. 

~thesanplirq,thehmnerblmsper6in&esofsan@er 

penetration,anlthedepthatwhichthesamplew~~Qkenshallbe 

recmrded. Blamountsaver50per6inchesof~tionshall 

ccmstitute~lerrefusal. cIpcm~on0f~~1ermoisture 

wnditicm!Mnthadrillrodsshallbenuted.~apenirrj~saIuplerthe 

percentJ===Y-~- asthelenjthofsa@eretain&over 

me1~0fsamp1er~tiarl. Chaqes inlitholcgy, color, or 

lIB3isturecanditionsinthespaYnare~arrl~priorto 

euptyixqtbespoon. Iftheszmpleistoberetained, asanplenumbm7is 

assignedandrecordedinthefieldlog~~.thec;analeceartainer. The 

samplecmtaherwillalsoAnclude~pxujectnam,borizqnmber, 

location,depth,date,anlpersmcallectingthesanple. 
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fieldnoteboak. Thesoildescriptioarshallinchde,ataminimm,the 

followirq infoxmation: 

ocolor 

oQainsize,inorderfrcnnmst~toleastpmdmninate 
using the prqorkionst 

-Trace=OtolO% 
- Little = 10 to 20% 
- SaIE - 20 to 35% 
0-z 35 to 50% 

oDensity, descriptimsbaseduponblowaxntsas follows: 

O- 10 blum - m 
10 - 3Oblck~s-Medium~ct 
30 - 50 blms = Dense 
50 plus blows = Very Dense 

-CohesiveSoU5(prharily 

0 -2blows=Verysoft 
2 - 4 blows=Soft 
4 -8blaws=M&ium 
8- l5blows=Stiff 
I.5 - 30 blows - Very stiff 
30 plus blws = Hard 

silt axd clay) 

0 other (mottling, c&r, iJY&mme lrE&hgs, etc.) 

L 



Y 
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c 

A saqle soil log is shmn in Figure 6-l. 

Whentbetechicalspd.ficatinnsofasoilsamplirqpymgram 

thewilsshalldlsobedlassified~toAspI Stzdaxdksi~tim 

D 2488. Figure6-2shwsthisclassifi.&&n. 

inarockcaremlog: 

o~mkwlliQGesigrlation(RQD)ofthem. RQDismported 
~~sumofinchesofallrockcorepieeesl;lmerthanfour 
incheswerthetomnrrmberof~intherun. 

omem&type(s)andtheirlozatiminthecorem,~~ 
w1or,minero1ogy, tzxture,fossileearterrt,effvin 
HCLardanyotherdataofge0logicsignificance. 

oArry~~thec0re,includiqfra~,clayseamns, 
il&andanyotherdata ofgwlogicor 

. 
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Figure 6-l 
Example Boring Log 
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Mokwresshallbestoredinawrebacintheemctsequenathey 

Wererermved~theground. cxm%Nnswillbeseparatedby~ 

blochclearlym&edwiththede#hofthenm. ThecOreboxshaUbe 

naked with the pmject name, location, project number, brixq nmter, 

dataandmedepasoftimrerunsinthatbax. 

6.5 F?mtara~RockanlSoil Saxmles fmnBorims 

Soilsam@sshmldbephcrtographed whilestill inthesplitspmn 

SZUIplE. If smmrirq of the saqle has ouxrredafresheqosurecanbe 

mdebyscrappirqwithapenlmifeoruthersMlarobject. ?hespoonanl 

sample shmldbeplaced inagoodligbtpreferable againstasolidcolored 

b=m=md* Aru.lerforscale,anlatagidentifyingthesa@emmkr, 

depthardpmjectnamorm;anberwrittensoastobelqiblei.nthe 

photograph. Anyphatographs--l= rsadedinthe fieldnothook. 

RoCkW~salBpleS~photographsd inthewodenarebox. w 

rxkshmldbewettedto enhance#ea3loran3textxal chanpsinele 

rock. Wtotherelativelylazgesize ofnmstcombaxesthe 

~~(wfienpossible)should~~anachair,tailgate,car 

bumpaorather~inordertophotographtheboxfromdirectlyabwe, 

akIgettheentkeboxi.nthe camem's field view. s-inthe 

photogmphmustbeanidentifiertagiAicatingtheprqjectnameOr 

ncmrber,thEZboringmrmber,thedate,ardthedepUlsofthevaricrusw~ 
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sEmToN 2.0: sa3PQ 

~~detailshowasampleistxacedthraugh~ 

CIIain-of-Custody-Fann. 

sEcrmN 3.0: FtE5KNsw 

h?oj=-mager-First 

FieldSqenhor- w 

FieldTechnician-u 

sMTI?oN 4.0: 5YmmmmG PwxEDuREs 

N0I-E 
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0ftransferiBiicatEdwithti appqriati signabzres. The sample 

signaturs while the analytical. 

collectimaMlabosatoryshouldsigntheform. HckRverifamnmn 

is 

-- 

fYan the Atlarrtic 

oftheformshouldremain withthe!Sanplirgpersannel. Upmccxllpletionof 

laboratorywill providea cxmpl~set 

-- 



ATLANTIC 
ENVIRONMENTAL smv~cEs.i~c 

‘AOJECT NO. PROJECT NAME: 

I 

;AMPLERS ISIGNATURE). 

FORM NO. 1041 

CHAIN OF CUSTODY FORM I 

I I / I 

t 
. 

/ d 

I I I I I I I I 
+ SOURCE TOBl Pi1 Soil...ffP) Boring tlolr Soil...tSHJ 8ur1re. 8011...~88~ _ --_ WBBIO.. Wb 

CODES: Surlrcr WBlor...(sW~ r1or...tWW) 

RECEIVED BY (SIGNATURE): 
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Ls-JxTIoN 2.0: so3m: 

me follaJing pOCdure is established to avoid mishadlim~, delays 

arhIislabelirrgofsanples rmmallycdllectedtishi~fromafield 

site to a designated analytical labo~3t0ry. 

SECITON 3.0: REsmNs~ 

Project Manager - First 

FieldSupervisor-SecoDd 

FieldTechnicians -Third 

SECTION 4.0: -G m 

AthkiC Plmcdwe No. 1040 Samole Fzsemation for Solid and LicNid 

Matrices 

Atlantic procedure No. 1041 Samle Chain+f-Custc& Pmcedum 

SECITON 5.0: I?EmRm mms 

Receipt of Airweigh BillorWeighbill Forms 

; .I Chain-of~FonnStardard Form No. 1041 
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ON 6.0: m 

6.1Priortonnbilizationtoa fieldsite, the fieldqmzatims 

managcorhisdesigneewillselectashi~basedan 

proxinitytothesiteandabilitytoship~~. 

6.2Upanselection ofashipperthefollowhqinformationwill 

6.3 TheAtlantic field managewillgivetheshipperastmet 

addresswhemsanplescanbepickedupbythecourier 

j&&U. 

6.4 Once aU saxples have been collected, 

ceartiunerized for shim, the field 

shipper to arrange for pick up. 

nearthe 

callthe 

1. Location of the shippiq deput or local pichp office in 
casesanplesarr?tobedelivemddkectlytothedepukby 
the fieldteam. 

2.NameanlphonernmberofaeeDltactattheshi~. 

3.F@ttesofshippirqperpackagesizeandweight 

4.special~~asto~si.zesandwei~. 

5.Asetofwei@billsfarthefield+p;rm. 

6. A copy of the shim's bmchure whicbwillpmvide 
infomatianonthefomatforthevari~typesofwei~ 
bills. 

7.Tlmesfarcrrll~inapidlcupfrrmnthejabsiteanlnanaal 
piclulptimes. 
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6.5Al.l samples, unless sodesignabd for~tmwporbtion, 

willbeshippedby~~sforarerniFprtdelivery. Thisis 

thestandard-since~lescdllectedfor-625 

oxyadcshweonlya72-hwrho~timebetxlllleen aa.lecti.on 

ardthestartofanal.is. 

6.6 The follmirq stepswill be follmed inthe fieldtopzqare 

tisam@esbi~irqcenrtainers forpickup. 

1. 

2. 

3. 

4. 

Astandardchain-of-custodtyformwilllbefi.lled-out,signed 

by~cuurierasacusbdhqtiplacedinsideeach 

shippingccartainerbeforefinalseal~. 

TheAtlantic field supsmbxorhisdesigneewillinsure 

thatauweighbillsbavebeen filled-inpmperly farair 

=P-• Iftheconmctlabombxyiswi~gmund 

~timdktancefor~~delivery,thenthe 

weighbillsshouldmflect gumnbed overnight delivery. 

Aapyof allweighbillsmstbekeptbythe field 

slq3ervisartitheweigbbill- associated with edcfi 

groupofsaxplesloggedintotheMasterSampleLq. The 

namsofaxriermustbeFlritteninthislogalsoincase 

themisapmble~~intraci.ngsanples. 

Ifpossible, tosaveshippirqfees, thesampleshippiq 

-Canbestrappedtogether. 
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5.Anestima~~ofdeliveryfarthesampleswillbe 

logged in the Master Saniple~Lcg, (e.g., EllA 12 noon 

3/14/83). 

6.7Oncethe~eshavebeenshipped,tbefieldmrpervisarwill 

calltheanalyticallahn4tory~~al~of~les 

to be delivered, the tipping cTa!pmy's rlans, ard ale weighbffl 
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To-a standardpxncedmfor~calibratianand~tionOf 

the HNu Syf3tem Fhcbionizer Model PI-101. 

SEcIloN 3.0: REmNsa 

PrpjectIQnager-First 

FieldoperatimsMarags-m 

FieldStaff -W 

-- 

I 

SEmIoN 4.0: m m 

NOntZ 

SEcrIoN 5.0: REmIRED Faws 

Field Nothook No. 351, publish& by J.L. Darling Corp., Tam, 

WashincJtan (or equivalent), or a conventional paper, bouki laboratory 

notebmk (Nalge 6301 or equivalent). 
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Thin2 turn on the main suit& to any ran@ (ie. O-2,000 ppn, O-200 

pp or O-20 ppll). LmkintotbpmbeUmughUaesanpletubetib6eme 

the violet light of the photo cell. Ifthali.ghtisrY3tcln,checkthe 

followig: 

1. Makesumtheprobeisatta&ed pmperlytothereadout 

nndule. 

2. AnetchmarkshmldbescribedontheprPbewhereitcanbe 

unsmwedtoreplacethe~t=ell.lhismarkshow5the 

exactpositionthatthetopofthepmbebkessothatthe 

airinlet 

prabed 

3. ale&the 

~~1iIEdUp. Ifnutlinedup,unscmuthe 

assemble it pmptxly. 

photocell1anIpandreplaeeitifnecessary. 

Onoethebattexyaxd~cel.lare~~,perfonna 

calibxation. 

6.3 Calibration 

IhepI101Analyzeris~i~for~~gasandlysisinambierrt 
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SECl’ION 1.0: PURPOSE 

To establish a standard procedure for the operation of the Photovac lOS50 Portable Gas 

Chromatograph. 

_- 

SECl’ION 2.0: SCOPE 

This procedure details the steps necessary for the operation of the Photovac lOS50 in regard 

to performing soil gas surveys. 

- 
SECTION 3.0: RESPONSIBILITY 

First - Project Manager 

Second - Field Team Leader 
- 

Third - Photovac Operator 

SECTION 4.0: SUPPORTING PROCEDURES 

Atlantic Procedure No. 1053 Soil Gas Screening for V&J& Organics 

SEC’l-ION 5.0: PROCEDURE 

-- 5.1 Introduction 

- 
The Photovac lOS50 is a portable gas chromatograph (GC) which can be used in the 

performance of soil gas surveys. This procedure describes the necessary equipment needed for GC 

operation, the method for setting up the GC, and the method for introducing samples into the GC 

system. 
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Ecwiument RepuirPd 

Equipment needed for GC operation includes: 

Photovac lOS50 portable gas chromatograph with CPSILS capillary column and isothermal 
oven; 

cylinder of zero or ultra-zero grade air with regulator; 

glass gas-tight syringes; 

sample standards; 

gas standard of 1 or 10 ppm benzene in air; 

AC power supply; 

AC/DC converter; 

flowmeter (two channel); and 

r 

i 
Photovac owner’s manual. 

53 Instrument Set-b 

The GC requires that certain “running” parameters be inputted into its computer memory 

prior to operation. Parameters which should be entered include: 

0 electronic gain - 50; 

. slope sensitivity - 18, 14, 6 mV/second: 

. chart speed - 0.5 cm/minute; 

0 window +/- 10 percent; 

0 minimum area - 100 mV seconds 

0 timer delay - 10.0 seconds: 

. cycle time - 0 minutes; 

c 

r 

I 
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0 analysis time - dependent on compounds of interest but should be at least three times 
greater than Event 3 (backtlush); 

. Event 1 (sample pump) on at 8.0 seconds, off at 10.0 seconds; 

l Event 3 (backflush) on at 0.0 seconds, off at 160.0 seconds; 

Once set, the GC computer memory should retain these running parameters. 

The “use” function is utilized to set the date and time. The “info” function is utilized to input 

information the operator wishes to have printed out with each chromatogram (i.e., site name, 

location. etc.). 

Once the parameters are set up, the carrier gas reservoir is filled with air (zero or ultra-zero 

grade). The flow meter is attached to the detector “out” and auxiliary “out” fittings. The detector 

outflow should be adjusted to approximately 10 ml/minute using the column flow adjustment knob. 

The auxiliary outflow should be adjusted to approximately 12 ml/minute using the auxiliary out valve 

knob. The oven is then turned on to 40” C. The instrument is then allowed to warm up and 

stabilize for 30 to 45 minutes. 

After allowing for warm up, the ‘Start/Stop” and “Enter” keys should be pressed. This causes 

the GC to perform a run without the injection of a sample. This is done to ensure that a stable 

electronic baseline is being drawn. An unsteady baseline can be due to insufficient warm up or a 

leak in the GC system. A baseline with peaks can be due to a contaminated GC column. If a 

stable baseline is not obtained after sufficient warm up, refer to the Operation’s Manual for 

probable causes and repair procedures. 

While the baseline sample is running, the “chart” mode is set to “on with set-up”. This setting 

activates the chart recorder to print set-up information at the end of the run, including the offset. 
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The offset is a measure of how much the instrument must adjust the baseline to compensate for 

background noise and is checked after each run. The offset should not exceed 50 mV. A high 

offset is usually the result of a contaminated column or the use of an unsuitable carrier gas. Refer 

to the Operation’s Manual if the offset is greater than 50 mV. 

M 

5.4 Samoling Introduction 

Analysis of standards and samples can be performed once the machine is properly set up. 

Standards (refer to Procedure 1053) and samples can be introduced into the GC by the following 

steps: 

. push “Start/Stop” followed by “Enter” keys 

0 allow pump to buzz on for two seconds and shut off 

a immediately inject the standard or sample utilizing a gas tight syringe 

SECI’ION 6.0: STORAGE 

While the GC is not in use, a low flow rate (approximately 1 ml/minute) should be maintained 

through the column. This is done by allowing the carrier gas reservoir to run out or by hooking up 

the external carrier gas fitting to an outside tank regulated to 40 psi. This is done in order to 

prevent the buildup of contamination in the column during downtime. 

Long-term storage of the GC can cause low battery power. Low battery power can result in 

the loss of the GC’s memory and would necessitate re-inputting running parameters. Sufficient 

battery charge to ensure memory retention can be maintained by occasionally plugging the GC in 

and turning it on overnight. 
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To establish standard procedures for screening study sites for volatile organic compound 

(VOC) contaminants using soil gas sampling, and subsequent analysis using Photovac lOS50 gas 

chromatograph (GC). 

SECTION 2.0: SCOPE 

This procedure details steps necessary for the collection and interpretation of soil gas data. 

SEmION 3.0: RESPONSIBILITY 

First - Project Manager 

Second - Field Team Leader 

Third - Photovac Operator 

SECTION 4.0: SUPPORTING PROCEDURES 

Atlantic Procedure No. 1052 Operation of die Phorovac ZOSSO Portable Gas Chromarograph 

SECTION 5.0: PROCEDURE 

5.1 Introduction 

The objective of this field procedure is to provide a method for screening sites for VOC 

contamination prior to any subsurface investigation. This procedure can be used to estimate the 

lateral extent and relative concentration of VOCs in soil or ground water (shallow, unconfined, first 
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water bearing zone only) across a site. This is accomplished by collecting and analyzing soil’vapors 

for selected constituents that are produced by the volatilization of VOCs from in-situ product, 

waste, contaminated soils, or ground water. 

The primary objective of soil gas surveying is to provide cursory information on locations 

and relative concentrations of site contamination. These data permit more effective planning of 

the quantitative sampling and analytical phases of the investigation. Soil gas procedures are not 

intended for evaluating contamination located beneath the water table. These procedures cannot 

be used to quantify contamination. Subsurface soiihater sampling and analysis by standard 

Iaboratory procedures are required to verify soil gas survey results. 

5.2 Eaubment ReauirPd 

The following is a list of equipment and supplies that would be required to implement the 

soil gas procedure: 

Photovac lOS50 portable gas chromatograph with CPSlU capillary column and isothermal 
oven; 

l/4” ID stainless steel tubing (5 feet long); 

plastic line which fits snugly in tubing (5-l/2 feet long); 

various Swagelok fittings; 

flow meter (two channel); 

cylinder of Zero or Ultra Zero gas with regulator; 

glass gas-tight syringes (10, 100, 500 and 1000 ul); 

sample standards (i.e., benzene in air, BTX headspace, chlorinated solvents headspace, 
etc.); 



l AC power supply (i.e., generator, access to power outlet, etc.); 

l modeling clay sufficient to cover soil gas sample hole once stainless steel tube is inserted; 
and 

. gas transfer line (Photovac internal tank). 

53 Instrument Start-UD and Calibration 

- 

.- 

Procedure No. 1053 
Revision No. 1 
Date April 20. 1992 
Page 4 of 10 

The following is a list of suggested initial instrument settings: 

carrier gas flow - 10 ml/min; 

electronic gain - 50; 

oven temperature - 40°C; 

backflush - 160 seconds; 

run time - 1000 seconds; 

data management parameters - see Atlantic Procedure No. 1052; 

sample event times - see Atlantic Procedure No. 1052. 

The Photovac GC requires a 30-45 minute warm-up period for the oven temperature and gain 

settings to stabilize. The electronic baseline should be checked by initiating the GC run without 

injecting sample. 

Next, the Photovac is calibrated by injecting qualitative and quantitative standard mixtures. 

Stock standards ranging from 25 to 500 ml/l of the target analytes are prepared by diluting the neat 

(pure) compound in pesticide-grade methanol. Headspace standards are prepared daily by adding 

a measured (3 - 100 ul) volume of stock standard to 30 ml of distilled water in a 40 ml volatile 

organic analysis (VOA) vial. The vial is shaken by hand for two minutes and then allowed to 
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equilibrate for an additional three minutes. Between 10 and 100 ul of the headspace vapor is 

injected into the GC for analysis. The headspace standard provides the relative retention times 

(time required to elute through the column) of the target analytes. 

A standard of 1 part per million (ppm) benzene in air is used to evaluate chromatogram peak 

variation resulting from fluctuation in instrument sensitivity and as a quality control check on the 

headspace standards. 

Finally, a sample of ambient air (system blank) is collected through the sampling apparatus 

(see Section 5.5 and 5.7) to ensure that the system is free from contamination. 

5.4 Samuline Grid Layout 

. Soil gas sampling should be performed on a grid at sites where little or no history and/or 

geologic information is available. The grid spacing may range from 25 to 100 foot centers, 

depending on the size of the area to be screened and the time and cost constraints of the 

investigation. 

If sources of soil contamination are better known and documented, then the choice of sampling 

locations can be tailored to that information. The approach for those better documented sites 

would be to sample in and around areas of known/suspected contamination first to ensure that the 

subsurface contaminants can be detected at those locations. Areas where no contamination is 

expected are sampled next. If nothing is detected at these background locations, then subsequent 

sampling points can be located approximately one-half the distance to the known source. This 

procedure is followed until soil contamination is defined to the degree that is consistent with project 

objectives. 
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. A plunger bar is used to drive a l/2 inch diameter hole in the ground to a desired depth*. 
If the sample location is covered by hard pavement or cement, then a hammer drill is used 
to break through this material. 

. A pre-purged, 4 foot long, l/4 inch O.D. stainless steel tube is used to collect the sample. 
To prevent soil from plugging the tube as it is lowered into the cavity, a section of plastic 
Iine is inserted into the tube and held in place. After the tube is placed in the ground, 
the line is pulled out. Clay is placed around the tube at the soil surface creating a seal 
that prevents surface air from mixing with the gas from the soil. 

l A 3-way Swagelok fitting is placed on the open end of the steel tube at the ground 
surface. One end of the fitting is connected to a teflon tube leading to a small personal 
sampler air pump. A small teflon-coated septum is secured over the remaining opening 
of the fitting. The pump is switched on and allowed to run for 3 minutes at a flow rate 
of 100 to 150 miililiters per minute (ml/min). The soil gas sample is collected by inserting 
a pre-rinsed 500 ul syringe through the septum and withdrawing 300 ul of air. 

. The sampling apparatus is removed from the hole and flushed with high flows of ambient 
air to remove any soil gas contaminants. 

Flow rates and purge volumes may have to be adjusted depending on subsurface conditions. 

Tightly packed soils may necessitate the use of smaller purge volumes and slower flow rates. 

Sample voiumes injected into the GC may need refinement based on the chromatographic 

responses obtained. 
-- 

- 

5.6 Analvsis and Data Collection 

The gas sample obtained is injected directly into the Photovac instrument. The chromatogram 

that is generated contains peaks that represent constituents in the sample. The retention times of 

l Depth is generally four feet but may be changed based on site conditions such as depth of 
contamination or depth to ground water. 
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these peaks are compared to the headspace standard to qualitatively identify the compound. 

Relative concentrations can be calculated by comparing the integrated peak areas that are 

generated. Any major unknown peaks that cannot be immediateiy identified should be noted in 

the event further evaluation is necessary. 

5.7 QG/QC Protocol 

Standards are run at the beginning, middle and end of each sampling day, and to document, 

when necessary, any retention time shifts. 

System blanks are run at the beginning and end of each day, and when possible cross- 

contamination between samples is suspected. A system blank is obtained by allowing the sample 

collecting system to draw in ambient air for 3 to 5 minutes, drawing 300 ul of sample, and injecting 
. 

it into the GC. If the GC demonstrates contamination in the system, the soil gas sampling tube 

should be decontaminated in the following way: 

0 flush stainless steel tube with methanol; 

. purge stainless steel tube with high pressure zero air until dry; and 

l purge syringe and septa fitting with high pressure zero air. 

If contamination persists after this treatment, a different sampling tube and syringe should be 

used. 

A syringe blank is run when it is suspected that the syringe has become contaminated. This 

is done by drawing 300 ul of ambient air into the syringe and injecting it into the GC. The syringe 

shouid be purged with zero air if it is found to be contaminated. If contamination persists after this 

treatment, a different syringe should be used. Contaminated syringes can be cleaned in the 
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laboratory by flushing with methanol and drying under a W lamp. 

5.8 InternMation 

Integrated area counts can be obtained for individual peaks produced on the chromatograms. 

This information can be used to outline generalized areas of contamination and locate specific “hot 

spots” of high soil gas concentrations. It is possible to relatively quantitate soil gas concentrations 

at a particular site by establishing varied ranges of peak area. 

In addition to identifying single peaks, the chromatographic patterns or “signatures” can be 

evaluated. For example, coal tar exhibits a different chromatographic signature from that of 

gasoline. The interpretation of these signatures is to a large extent dependent upon the experience 

and.knowledge of the GC operator. 

One method that may be useful for interpreting soil gas results involves collecting a known 

sample of onsite contamination from a sludge pit or boring, and producing a chromatographic 

“signature” of the headspace vapor to compare to soil gas chromatograms from samples taken 

elsewhere on the site. 

Other methods of distinguishing between contamination sources using chromatographic 

signatures are presented in a recent topical report available through the Gas Research Institute (see 

references). Examples of coal tar related data are compared and contrasted with data derived from 

petroleum related products. 

A number of factors can significantly influence the correlation between the soil gas results and 

the actual conditions present at a particular site. These include soil porosity and composition, soil 

heterogeneities, and local climatic conditions such as temperature and humidity. Thus, a soil gas 
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sample result should only be compared to results of other soil gas samples from the same site 
m 

(assuming similar geology) taken under similar climatic conditions. 

w 

SECTION 6.0: DOCUMENTATI ON 

The following information is recorded in a laboratory notebook during the implementation of 
I 

this procedure: 

l project title and date of investigation; 

l personnel involved, 

l instrument parameters used; 
I 

. sketch of all soil gas locations (along with measurements necessary to accurately position 
later on a scale drawing); 

. m 
l description of collection parameters (e.g., depth, purge rate and volume, etc.); 

l meteorological parameters and site geological information; and m 

l any variation or adjustment of the above procedure that is used. 
a 

In addition to the laboratory notebook documentation, each soil gas chromatogram is pasted I 

on an Atlantic soil gas point description sheet which includes the following information: 

l proje%t number; 
I 

l sample number; 

l date of sample collection: 

l weather conditions; 
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l depth to sample; 

l comments associated with sample; 

l wntaminant identification; 

l retention time; and 

l peak area. 

Original chromatograms are saved in the project file and a set of copies are saved in a separate 

Photovac/Soil Gas file. 

- 

SECI-ION 7.0: REFERENCES . 

Gas Research Institute (GRI) Topical Repon #GRI-89/0166. Soil Gas Inve~rigu~ims clr MGP 
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thewellto rPzrwethesedhmtthathasaaxmlatedatthsbottan. 

mesam ~logyappliestowellswithyieldsless~~2gppexDept 

thatwaIxrlnayhWetobeinttpduced occasimany because the well may dewater. 

?hedisdrargedwaterfrermthewlallsharldbe~ifatall~ible,iinot,.tap 

It 

Y 

m 

I* 

I 

I 

m 

m 

m 

r 

r 

r 

m 

m 

m 
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mmticmedat~begimbqofthepruMure,itispmfexmdtousethediscfiarVe 

water~backfill~into~well.Ifthatisnotavailable,tapwateristhe 

C 

I 

h 

- 

b- 

?heairdmlopentmethod~ists0f1~ a line (usually solid pvc 

Pip@ dawnintoawellard,using~~air,blaJirrgairinto~~that 

litemllylirmthewa~~ardoutofthewell. mis-ismtwellsuited 

for lowyieldingwll5 sinoe onehastowaitforthewelltommverbefox~ 

quipmentlL?brica~. ThesetraceaImmts ofpetroleumcaneasilycunpmmi.sethe 

qualityofthewatzrinthewell.Themaresme cunp%SoSwfiichfilterthe 

airsothUeisnopetmleummixedin,hcwever,thesearenct ammnly available. 
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qpo6itaofthedeSixEdaffect. Itisimpomnt~ttheair., 

adequatelysizedsothatitwillpmduoesuffkhrlt~to 

irrtothemll,ardthejetti~~prsheswaterart~asmlllerythofscmxn 

atahighvelocity. Thispmvtibothamversal axhurgeofwaw2hmU#lthe 

WlellscmerL msmaymquilxm+uSeofancuwde souEeofwatx!r, 

particularlyinlawyiel~wells. 1fana;rtside -isrequhd,it 

preferably sharld be tap water. 

m 
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SECITON 1.0 HnlIwE 

Tbirlsumtheuseof slardadpzPcechn?es fardetm&Gqinsituhydxaulic 

cmductiviw vdlues of subsurfacemaWrialsforhazardarsma~site 

. 
-@ianS. Thesearesirqlewellhydmulk~ whitiyieldef- 

magnitude hydElulic mlductiviw values. Theseshaildnotbemnsideredthesame 

asmultiplewell aquifertests 

imestigatiomandtidq'ield 

SECTION 2.0 SCOPE 

me follobdrq Lnocechaedescribesflrst,hcwtoselectafieldmethodfor 
. * 

determucvlg in-situ hydraulic wlalctiviw 

~tionrequiremerrts;ardthird,the 

fielddata. 

sEcrIoN3.0RESmNsxB~ 

ProjectManager-First 

FieldOperaticnsManager-Second 

Field Staff -TCrd 

bZWdoolSiteCOIditiOMand- 

logistics,&airwf-eveMx,and 

appmpriat32m&mdtoevalua~the 
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AtlanticPmcedme~o.1030~ieldPmmdwes forb&nu!Submrface 

. 
AtlarrticEmcedumNo.1060 Cleaninu~ forSaxmlu#Devl 'cesusedin * 

. B 
m 

Atlantic-No.1071 Pkll DevelcrcnnerR Pmedums for Small Diameter r. 

c 

Field Notebook No. 351, prblished by J.L. Darlbq Q'IP., -, Was&M 
rr 

SECITON 6.0 E%XEWRE 

6.13~tMethcdSekctioq 

The in-situ (withln a 

IllatE!&d.SCiUlbt?~ 

nmitcrbqwell)hydraulica3Muctitityofsubsurface y1 
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descriptions. meplacenmtofthewell !ScreeniscriticalfarscAu2test 

lEthKis.Ifthetopofthe 6cmenisabmethewaterbble,b&ercanmtbe 

Waterlevelscanbe -tithmel-cwaterlevel~cator, 

hmwmxhi.sslarsdcrnthe-ard~~.Itisalsothe 

primary- OferrorinthetestpmcedumApressure transducerhookedtoa 

dimctreadartcanalsobeused. Plismquhsthefield pesmnel to record'the 

dataas'ithappens. Am- hookedtoadataloggercanbeused. 

test. If a pressure t3aMumrisusad,acdLibrationcheckwillben4uired. 

~calibEki~bE?&iSlEldE!bylcx(reringthetransducer aboutttJofeetintothe 

r W&XtiardlawingthetEWdW?X toequillbrate(thewaterlevelreadings 

stabilize). zhenloWertlZtTWE&Wr exactly 1.00 feet using a steel or 
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Repmtth.lspmcdumatleastUmetimes,atciiffererrtdepths, lncanewellat 

leastcmcsaday. 

Sirqlewellsshaaldmtbe h@?XUdlyWStGJdUXltilthswsllhas~ . . 

dSWlapedZlSSpClfi&lIlAtlantic PrceMum No. 1070. Not= will be taken as 

partoff--apDerRm thatwillp?midesaneinsight~the 

yieldoflndivldualwells. 'mese~willpmvidean~~~lngrate, 

awant of drawkxm and duration of pping. 

6.2 Sluu Test Wcc&ure 

?heslIqeestcearsists oftwolnethak: 

* slclg 

* slug 

. 
=-=tionwt3aod 

injection method 

cm%ctivities. Themajor&awbacktothesl~Wstisthathasaverysmall 

zoneof influenceandoftmrefl.ectsthe&draulicczmducUvity ofthesand 

backfillamurdthewell scnxnratherthanthein-situmaterials. 
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6.2.1Slw ExQ&zhn Test B 

*lerqthofwellscmen 

*insidediamWfofweUriser 

(+ W&b logger) 

*bailer/displacementdmice 

* watch with seceods hard (or digital) 

* semi-logpaper 
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I 

wlterlevelipmecLsuFBd emryl0mimtes fcratleast3Omiraztespri=to 

isduatisq the test. 

4. Asqui&lyaspdble, ramthe 

bailerisused,the!vol~0fwa~in 

hilerordisplacafentdmice. Ifa 

thebdlerl5halldbe- (the water 
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5. IwEureatdrecprdwa~levelsasfol.lows: 

10, 20 m 30 seOx&i e_lar#ed- 

45, 60,.75 arxi 90 scads elapsed time 

every 30 seernds elapsedtbe,uptolo- 

ewyzdnuteup+o3omirnRes 

.well. 

tin&zero drasbwnintfLewellbasedmthevolumeofwa~ 

andtheradiusoftheinsidewelldhmter. Thisshouldbe 
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8. Cal&te a drmdmlraticfareaefi s with the follcwing equation: 

infeet) -reewery finfeet) 

llmciamW(Hginfeet) 

9. Plot th vaswthedrawdcrwnration~-log-. Thetime-dbe 

plcttedlinearlycnthexaxisardthe- ratioshculdbeplotbzd 

logri~cally al the Y axis. 

rl 

v 

m 

11. use the tfma ard had values (%,3 arr3 $x2, e thetwendsof - 

thelineiJlthe~tionsthatare pslesente=l in Figure 2. Figure2,bkenfmn - 
II 

Mrorslev'smrk[3], shmssixdifferent fieldsituations interms of subsurface e- 

strataand bareholqhdlplamnent. Thea ammnlyusedsitxationspresented w 

inFi~2areF~G.PLesl~extractianmethod~d~calculatedurder - 

thewwiableheadequaticns. i 

r 
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*lengthofwellscreen 
*idde&ilret&Ofwellsaeen 

l insidemOfwellw 
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- 
6. Calculateaheadratiofareach measurementwiththe follmequaticn: 

. 
headtQjnfeet)-mI;infe) 

lrIzwimheaii(IIoinfeet) 

I ~~ticn~dequali.OOattimezero(maxi;llplm head, hxtno rerxrverY)arri 
-dequal O.lSwhen85percent ?==WZyhasb8eIl-. 

1cgrithmicaUyontheYaxis. 

c=Mztivitycalarlatians. Gen'mlly,thebeg~and~poirltsarenutcm 

thelinean=l&ouldncitbeus&. 
ii- 

- I 11. use the time arxi head values (QHl ti %,I$) rqse&mg thetwoendsof 

thelineinthe~tiwthat~presented inFigure2.?he~&yused 

situations PresenteainFigureZareFardG. The slug injectionmethodwouldk 

calculatedunderthevariableheadequatians. 

- 

- 
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I 

lengthofwellsm2en m 

ln!SidedJamterOfwellscreen 

irrside~ofwellriaer a 
. 

~~te0fwa~intowall 
1 

r 

.- 

m 
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de$mtowltatomenearBt 

lIEmf?donthetapofthewell 

WaWleveliS-~ 

Mtiaa.qthetest. 

0.01footfmna~tianarypoint(usuallyap0irrt 

riser or probctive casixq) . Pmferably the static 

1Omimbs faratleast30minutespriort0 

4. ~ardre#>rdwa~lwelsasfol.lws: 

* 10, 20 ad 30 secaa elapsed time 

* 45, 60, 75 ard 90 seccnds elapsed time 

30 secadselapsedtime, 

minllteupto3omirortes 

tW0DliSUtWUptOlhOW 

UptolOmirnRes 

fivenrinubsupto 3 hours 

Wmimtes~to6hours 

3ondnutsuptol2hous 
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head equatians. I 

6.4 Sirule Well Ram Test 

m 
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volumeofwaterwhichinfluences agreatereffectivearea. pzerefare,thetest 

caneffect 

subsurface 

alargeramawhi&prwidesdatanmm ?xpmSnbtiveofthe 

I. Establishthestaticwa~levellnthewellby~~~the 

depthtowa~tothenearest 0.01 foot fmn a stationmy point (usually a point 

nrarkedanthetopofthe~riserorprotectivecasin3).Preferablythestatic 

~ter1Weli.s masur&wexy10minutesforatleast30miraTtespriorto 

initiating the test. 

2. badera sutmnersiblepnporsuctianline foraperbtaltic/~ifugalpmp 
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5. Measureard-watts?levelsasfollcrws: 

* 10, 20 ard 30 e ew'=d- 

l 45, 60, 75 hrrd 90 se,mnds -- 

*every3oE+emMs elap6edtlilm3,uptololIllnuw 

l werymirarteupto30- 

r 

I 
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6. oncethspmrpinghasbwl-~,-and-therecrnrerinJwa~ 

lemlasfoJ.lcws: 

* 10, 20 d 30 sealrds elapsea- 

* 45, 60, 75 an3 90 secards n7- 

*csEry3o~~time,uptolomirnztes 

*evexymirarteupto3omhtes 

,*evexybKUnimwupto1hour 

*ewzyfivent.imbsupto3hcurs 

*wayten~~to6hcrurs 

*twexy3ominutesuptol2~ 

-shalldbelmded recorded~thewaterlevelhasrecaveredat 

least85penxnt. IfthEmisinsufficieIlttime,re#lrdthe recxnrerY~l~= 

possible. 

7. PluttimeversusdLal&mn onsemi-logpaper. Thetimeshcruldbeplatted 
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1 

followingequatim: 5 

=C - s-s2 /2m 

WhfS=S--drawdaJn 
i 

9. Calazlatetheooefficient of tzrandsivi~. 'Ihisisdonewi~thefollcxbq 

eqUatiOIl: 

T=?64xQ 

ddltaS 

UT-coefficiemtoftrartsPissivity (gallonsperdayper foot, 

wm 

t2=- discharse=* (gall-per-# glm) 

deltas-&argeinctrrrwdaJn overanelogcycle 

Ifthedra*wasco~,the~einco~ drawdcxJn~anelog 

cycle shared be used. 

i 

I 

1 

ml 
-- 

Y 

m 

m 
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10. GllaJlate the hydmllic cmductivitywiththe fol.laJingequatian: 

k-3 fad/ftl / 7.48 (gallomperft3) 

where k= 

T- 

m- 

11. Plotti.meversus recoveryonsemi-logpaper. 'fhetimeshmldbeplatted 

l~thmicaJ.lymtheX-axisand mmexyshmldbepluttedlinearlyctntheY- 

axis. Iftherecenreryisgreaterthantenpercentof~sa.turated~of 

thesubslnfaoematerials(ar,1fthetatalsaturatedthic)cnestiis~,'ten 

percentofthewatersQrdiqinthewell),aaxrechd J=twveq~toalsobe 

plotteLmecormcbd rewvezy for each measurement is calculated with the 

followiq equathl: 

sC =-rpcDvery 

m=saturatedthi&nessofsubsurface'Eaaterials(if~, 

lqthofmndbgwa*inthewell) 

B)c = sY2 pm 

12. A%est fit" stzaightlheshouldbedrawnthroughtheplottedpoints. 

- 
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I 

misisdonewiththe 
I) 

14. calculate the hydmulic mductitiw witi the following equatim: 

k=T I-ftI. / 7.48 (gallcn~perft~) 

m w 

where k-hydraulic -tiw (feet per QY, ry*Y) 

T - oaefficierxt of tmmmissivi~ 

m=saturatedti-of-act?m(if 

unknown,1~0f~wa~in~) 

r 

m 

r 

I 
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*d--t 
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[3] Hvorslw, M.J., Waterways -bent statian Bulletin 36, U.S. 

corps of Erginern, Vicksbuq, MS, 1951. 

-- 



I 
as 

UAlER RUS 
--xrro DRAwDoM 

.,.“, 

__. 
PUMP RmuRm I .n” 

ORElrYL DEPTH TO 
ml. WA’ER Rut .- 

, I 
LrnCcm, 

It 
I I 

- 

ca 
No 

t=s 

I” 

--CC.. 
eRuxEIlNc --- 

--.- _- 

WATER 1ABl.I ? 

’ 

SCREEN 
Btlemw: 

WAIER 1ABLE 1 

VES Na 
WAlER Owlrr - 

t!SUCRESOMD? 

FIGURE 1 
DECISION MAKING FLOWCHART FOR HYDRAULIC TESTS 

ATIANTC PROCEDURE NO. 1071 
( FROM KRAEMER, HANKINS & MOHR8ACHER. 1989 ) : 

a a a. I 1, 1, 

. 

a a I 



C 

- 

.- 

9-n 
.- 

1. 

II- 
.- 

I 
G 

- 

FIGURE 2 
FORMULAS FOR DETERMINATION OF HYDRAULIC CONDUCTIVITY 
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SECllON 1.0: PURPOSE 

To establish a standard procedure for conducting gas chromatograph (GC) 

analysis using external standard calibration. 

CI-ION 2.0: SCOPE 

This procedure details the steps necessary to identify and quantify organic 

compounds using gas chromatography and external standard calibration. 

SECI-ION 3.0: RESPONSIBILITY 

First - Project Manager 

Second - Field Team Leader 

Third - Photovac Operator 

SEmON 4.0: SUPPORTING PROCEDURES 

None 

SEC-l-ION 5.0: PROCEDURE 

5.1 Introduction 

A gas chromatography system consists of the following components: an 
- 

injection port, column, oven, detector, data recording system, and a carrier gas 

- delivery system. The oven may be isothermal or temperature programmable. The 

choice of the cohunn, detector, oven temperature(s) and carrier gas flow rate are 



r 
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dependent on the compounds of interest. 

5.2 

Contamination by carryover can occur whenever high-concentration and low- 

concentration samples are sequentially analyzed. To reduce carryover, the sample 

syringe or purging device must be rinsed out between samples with water, air or 

solvent. Whenever an unusually concentrated sample is encountered, it should be 

followed by an analysis of a solvent, air or water blank to check for cross- 

contamination. 

5.3 Analtie Identification 

Unknown compounds detected in samples will be identified by matching their 

retention times with those of known compounds found in the standards. 

5.4 Peak RcsDonse 

Peak area will normally be used to quantify response; however, peak height 

may be used. 

5.5 External Standard Calibration Procedure 

For each analyte of interest, prepare calibration standards at a minimum of 

three concentrations by adding volumes of one or more stock standards to a 

volumetric flask and diluting to volume with an appropriate solvent. One of the 

external standards should be at a concentration near, but above, the method detection 

limit. The other concentrations should correspond to the expected range of 

concentrations found in real samples or should define the linear or working range of 

the detector. 

m 

0 

-_ 

m 

d 

II 

1 

r 

I 

i 

e 

r 

1 
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Inject each calibration standard using the technique that will be used to 

-- 

introduce the actual samples into the gas chromatograph (e.g., 2-5 ~1 injections, 

purge-and-trap, head space, etc.) 

A single standard, other than the highest or lowest concentration analyzed, 

will be used to quantity all samples and to determine the linearity of the other 

standards. This standard shall be refereed to as the mid-range standard. The 

linearity of the upper and lower standards can be calculated using the following 

formula. 

where: 
c 

- 

ArxcrxE 
As cz vz 

x loo = (loo 2 20%) 

AZ= Response of upper or lower standard 
As = Response of mid range standard 
cz = Concentration of upper or lower standard 
Cs = Concentration of mid range standard 
vz = Volume of upper or lower standard injected 
vs = Volume of mid range standard injected 

If the response for an analyte is within 20% of the ideal value (100%) over 
- 

the working range, linearity through the origin can be assumed. A result will be 

labeled as an estimated value if there is not an upper and lower standard linear to 

within 20% of the ideal value (100%) or if the response for the compound is above 

the linear range of the detector. 

The mid range standard should be analyzed before the first analysis of each 

day and after the last, or every twenty samples. A standard must be run every day 

the instrument is in use. 
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The response of each succeeding analysis of the mid range standard shall be 

compared to the response of the mid range standard obtained during the most recent m 

analysis of the calibration standards. ‘Ilis is done to monitor change in detector 

response over time. A new calibration awe should be prepared for an analyte if the 

response has changed by more than 15%. The following formula can be used to 

.. 

determine the percent change for a mid range standard. 

area of succeeding analysis 

amlofinilialrurrrlysir 
x loo =(loo 2 15%) 

The concentration of analytes in samples can. be determined using the 

following formula. 
Ax Cs Vs DF w-zx = & -x-x-x-x- 
As 1 vx ZS Volx 

where: 

Ax= Response of tiyte in sample 
As I= Response of analyte in Standard 
cx = Concentration of analyte in sample 
Cs = Concentration of analyte in standard 
vx = Volume of sample injected 
vs = Volume of standard injected 
DF = Dilution factor of sample 
46s = Percent solids of sample 
wt.x = Wet weight of sample used in grams 
vo1.x = Volume of final extraction solvent used in ml 

m 

m 

ri 

m 

m 

I 

Alternately, the data recording system (integrator) can be used to perform 

equivalent calculations to determine percent linearity, percent change and sample 

analyte concentration. 
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U.S. EPA, 1986. Test Methods for Evaluating Solid Waste, SW-846 Office 
of Solid Waste and Emergency Response, Washington, D.C. 20460, 
Method 8000. 
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. ON 1.0. PURPO~ 

To establish a standard procedure for conducting microscale extraction of 

soils. 

. ON 2.0. SCOPE 

‘Ihis procedure details the equipment and procedures necessary to perform 

microscale extraction. 

SECTION 3.0:R.ESPONSlBlLlTY 

First - Project Manager 

Second - Field Team lzader 

Third - Field Technician 

SEC’IION 40:SUPPORTING PROCEDURES 

None 

SECTION 5.0: EOUIPMENT 

a a Burrell wrist-action shaker or equivalent 

0 analytical balance which reads to at least 0.1 grams 

0 extraction vessels - 20 to 50 ml glass or plastic containers 

0 steel ball bearings (optional) 
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r 

ml 

N 6.0. PROCEDUSE . 

l Place up to 10 g of sample in an extraction vessel. 

l Add 5 steel balls (optional). 

l Add extraction solvent. 

l Place extraction vessel on a wrist-action shaker for at least 40 minutes. r 

. ON 7.0. mm 

U.S. EPA, 1988. Field Screening Methods Catalog User’s Guide, Office of 
Emergency and Remedial Response, Hazardous Site Evaluation Division, 
U.S. Environmental Protection Agency, Washington, D.C. 20460, Field 
Method 18. 

m 



ATLANTIC PROCEDURE NO. 1256-C (I 057-P) 

PCB AND PESTICIDE ANALYSIS 
BY GAS CHROMATOGRAPHY 

ATLANTIC ENVIRONMENTAL SERVICES, INC. 
COLCHESTER, CONNECTICUT 



SECTION 

1.0 PURPOSE 

2.0 SCOPE 

3.0 REW0NSlBJlJI-Y 

4.0 SUPPORTING PROCEDURES 

5.0 PROCEDURE 

6.0 STORAGE 

7.0 JUSJSENCES 

Procedure No. m6-C 11057 PI - 
Revision No. 1 . 
De M rch 23. 15’93 
Page 1 a of 4 

PAGE 

2 

2 

2 

2 

2 

3 

3 

I 

m 

m 



- 

CJ'lON 1.0: PURPO~ 

- 

- This procedure details the equipment and procedures necessary to perform 

- 

- 

- 

c 

- 

- 

Procedure No. 1256-C f 1057-P) 
EGon No.~=~ 1 - 

M 23. 1593 
Page 2 of 4 

To establish a standard procedure for conducting PCB and pesticide analysis 

using a gas chromatograph. 

SECTJON2.O:SCOPE 

PCB pesticide analysis using gas chromatography. 

SEC'J-JON3.0:RESPONSJBJLJTY 

First - Project Manager 
Second - Field Team Leader 
Third - Field Technician 

SECl-JON4.0:SUPPORTJNG PROCEDURES 

Gas chromatography analysis using External Standard Calibration 
Atlantic Procedure 1256-A 

Microsolvent extraction, Atlantic Procedure 1256-B 

SECTION 5.0: EOUJPMENT AND OPERATJNG CONDITJONS 

l a gas chromatograph with a electron capture detector, integrator and an 
oven capable of maintaining at least 250” C 

0 analytical column, a Supelcoport JOO/120 mesh coated with 1.5% SP- 
225Oi1.9596 SP-2401 packed in a 1.8 m X 4 mm ID glass column or 
equivalent 

0 carrier gas - nitrogen (UHP) 
- 
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I 

I 

0 carrier gas flow rate, 50 - 75 mJ/min. 

l isothermal oven temperab.uz, 160” C to 240” C 

a extraction solvent a 1:4:5 ration of warer/methanoVhexane 

0 recommended injection size 2 rJ of hexane layer 

. ON 6.0. D 

Microscale extraction, Atlantic Procedure 1256-B 

The hexane extract can be cleaned up if needed by transferring the hexane 

extract to a vial containing sulfuric acid and shaking. Inject hexane layer after it has 

separated. This may not be used for acid sensitive pesticides. 

. ON 8.0.0~ 

External standard calibration is used according to procedures outlined in 

Atlantic Standard Operating Procedure Number 1256-A. 

. ON 9.0. UFEm 

U.S. EPA, 1986. Test Methods for Evaluating Solid Waste; SW+%, Office 
of Solid Waste and Emergency Response, Washington, D.C. 20460, 
Method 8080. 
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U.S. EPA, 1988. Field Scrcming Methods Catalog User’s Guide, Office of 
Emergency and Remedial Response, Hazardous Site Evaluation Division, 
U.S. Environmental Protection Agency, Washington, D.C. 20460, Field 
Method 18. 
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. ON 1.0. PURPOSE 

To establish a standard procedure for sampling ambient air for volatile organic 

compounds in accordance with Method TO1 from the Compendium for the 

Determination of Toxic Organics in Ambient Air, EPA-600/4-84-041. 

The document describes the protocol for collection of certain volatile organic 

compounds which can be captured on Tenax@ GC (poly(2,&Diphenyl phenylene 

oxide)) and determined by thermal desorption GUMS techniques. 

Compounds which can be determined by this method are nonpolar organics 

having boiling points in the range of approximately 80” C - 200” C. However, not 

all compounds falling into this category can be determined. Table 1 gives a listing 

of compounds for which the method has been used. Other compounds may yield 

satisfactory results but validation by the individual user on laboratory is required. 

C-I-ION 3.0: RESPONSIBILITY 

First - Project Manager 

Second - Field Team Leader 

Third - Field Technician 

SECTION 4.0: SUPPORTING PROCEDURES 

Atlantic Procedure 1041, Samole Chain-of-Custody 
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. . 
Atlantic procedure 1042, &&ing procedures for Envw FM 

OF PROTOCOL 

Ambient air is drawn through a cartridge containing - l-2 grams of Tenax@ 

and certain volatile organic compounds are trapped on the resin while highly volatile 

organic compounds and most inorganic atmospheric constituents pass through the 

cartridge. The cartridge is then transferred to the laboratory and analyzed. 

Contamination of the Tenax@ cartridge with the compound(s) of interest is a 

commonly encountered problem in the method. The user must be extremely careful 

in the preparation, storage, and handling of the cartridges throughout the entire 

sampling and analysis process to minim& this problem. 

. ON6.0.AF'PARATUSANDMA~ 

0 Sampling System - Capable of accurately and precisely drawing an air 
flow of 10-500 ml/minute through the Tenax@ cartridge. All sampling 
lines will either be made of Teflon or stainless steel. 

0 TenaXe cartridges, prepared and supplied by the analytical laboratory 

0 Polyester gloves - for handling glass Tenax@ cartridges 

l Glass Fiber Filter - l-inch diameter, to fit in filter holder (optional). 

l Perfluorotributylamine (FC-43). 

l Granular activated charcoal - for preventing contamination of Tenax@ 
cartridges during storage. 
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. ON 7.0. SAMpLING 

7.1 flow Rate and Total Volume Selectipa 

7.1.1 

Each compound has a charaaeristic retention volume (liters of air per gram 

of adsorbent) which must not be exceeded. Since the retention volume is a function 

of temperature, and possibly other sampling variables, one must include an adequate 

margin of safety to ensure good cxGxt.ion effkiency. Approximate breakthrough 

volumes at 38” C (loo0 F) in liters/gram of Tenax@ are provided in Table 1. These 

retention volume data are supplied only as rough guidance and are subject to 

considerable variability, depending on midge design as well as sampling 

parameters and atmospheric conditions. 

7.1.2 

To calculate the maximum total volume of air which can be sampled, use the 

following equation: 

where: 

w vyAI - - 
1.5 

Lx is the calculated maximum total volume in liters. 

V,. is the breakthrough volume for the least retained compound of interest 
(Table 1) in liters per gram of Tenax@. 

W is the weight of Tenax@ in the cartridge, in grams. 

1.5 is a dimensionless safety factor to allow for variability in atmospheric 

conditions. This factor is appropriate for temperatures in the range of 25-30” C. If 
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v 
higher temperatures are encountered, the factor should be increased (i.e., maximum 

total volume decreased). 

7.13 

To calculate maximum flow rate, use the following equation: 

Qux is the calculated maximum flow rate in milliIiters per minute. 

t is the desired sampling time in minutes. Tii greater than 24 hours (1440 
minutes) generally are unsuitable because the flow rate required is too low to 
be accurately mainmined. 

7.1.4 

The maximum flow rate QCAX should yield a linear flow velocity of 50-500 

cm/minute. Calcula.te the linear velocity corresponding to the maximum flow rate 

using the following quation: 
~A!!5 

d 

where 

I 

F 

B is the calcuked linear flow velocity in centimeters per minute. 
r is the internal radius of the cartridge in centimeters. 

Y 
If B is greater than 500 centimeters per minute, either the total sample volume 

(VWAX) should be reduced or the sample flow rate &,,,J should be reduced by 

increasing the colleotion time. If B is less than 50 centimeters per minute, the 

sampling rate (Q,,,& should be incrmsed by reducing the sampling time. The total 

sample value (VW) cannot be increased due to component breakthrough. 

es 

Y 
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7.1.5 

ZZ- 
The flop, rate calculated as described above defines the maximum flow rate 

a allowed. In general, one should collect additional sample4 in parallel for the same 

time period but at lower flow rates. This practice yields a measure of quality control 

and is further discussed in the literatwe (5). In general, flow rates 2 to 4 fold lower 

II than the maximum flow rate should be employed for the parallel samples. In all 

cases a constant flow rate should be achieved for cads cartridge since -rate 

integration of the analyte concentration requires that the flow be constant over the 

sampling period. 

7.2 Sample Collection 

7.2.1 

- Collection of an accurately known volume of air is critical to the accuracy of 

.- 

the results. For this reaSon the use of mass flow controllers or a constant volume 

stroke recording pump rather than conventional needle valves, rotameters, or orifices 

is highly recommended, especially at low flow velocities (e.g., less than 100 

milliliters/minute). 

7.2.2 

Prior to sample collection, insure that the sampling flow rate has been 

calibrated over a range including the rate to be used for sampling, with a ‘dummy” 

Tenax@ cartridge in place. Generally cahbration is accomplished using a soap bubble 

C flow meter or calibrated wet test meter. The flow calibration device is connect4 to 

the flow exit, assuming the entire flow system is sealed. ASTM Method D3686 
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describes an appropriate calibration scheme, not requiring a waled flow system 

downstream of the pump. 

72.3 

The flow rate should be checked before and after each sample collection. If 

the sampling interwl exceeds four hours, the flow rate should be checked at an 

intermediate point during sampliig as well. In general, a flow meter or stroke 

counter should be included to allow observation of the sampling flow rate without 

disrupting the sampling process. 

7.2.4 

To collect an air sample, the cartridges are removed from the sealed container 

just prior to initiation of the collection process. If glass cartridges are employed, 

they must be handled only with clean polyester gloves and should not contact any 

other surfaces. Cartridges should be shipped in a sealed containers with activated 

charcoal. They should be shipped and stored separately from any possible sources 

of volatile organics. 

7.2.5 

An optional particulate filter and holder are placed. on the inlet to the 

cartridges and .the exit end of the cartridge is connected to the sampling pump. In 

many sampling situations, the use of a filter is not newwiry if only the total 

concentration of a component is desired. Glass cartridges may be connected using 

tenon ferrules and Swagelok (stainless steel or teflon) fittings. Start the pump and 

record the following parameters on an appropriate data sheet: date, sampling 
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location, time, ambient temperature, barometric pressure, relative humidity, flow 

rate, cartridge number and equipment meter serial numbers. 

7.2.6 

c 
Allow the sampler to operate for the desired time, periodically recording the 

variables listed above. Check flow rate at the midpoint of the sampling intervaI if 

. 

longer than four hours. At the end of the sampling period, record the parameters 

listed in 7.2.5 and check the flow rate and record the value. If the flows at the 

beginning and end of the sampling period differ by more than 1096, the cartridge 

i- should be marked as suspect. 

_ 7.2.7 
-- 

Remove the cartridges (one at a time) and place in the original container (use 

clean polyester gloves for glass cartridges). SeaI the cartridges in culture tubes in a 

friction-top can containing a layer of activated charcoaI and package for immediate 

shipment of the laboratory for analysis. Store cartridges at reduced temperature 

(e.g., - 20” C) before analysis if possible to maxim& storage stability. No sources 

of volatile organics should be stored with the cartridge. Cartridges should be 

analyzed within two weeks after sampling. 

7.2.8 ;;;- 

Calculate and record the average sample rare for each cartridge according to 

the following equation: 
QA t Q, + Qz; - - -QN 

where 
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a = Average flow rate in ml/minute 

Q,, Q,......& = flow rate-s determhi at beginning, end, and immediate 
points during sampling 

N = number of points averaged ‘V 

7.2.9 

Calculate and record the total volumetric flow for each cartridge using the 

following equation: 

Y4i = 
TX QA 

1000 

where 

Vm = Total volume sampled in liters at measured temperature and pressure. 
T2 = stoptime 
T, =StarttiJtX 
T = Sampling time = T2 - TI, minutes 

73.10 

The total volume (vd at standard conditions, 25” C and 760 mmHg, is 

calculated from the following equation: 

ys = Yu 
PA 298 x-x 
760 273 + tA 

where 

PA = Average barometric pressure, mmHg 
tA, = Average ambient temperature, “C 
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ON 8.0 OAtOC Sm 

8.1 

P- 

-- 

C 

During each sampling event at least one clean cartridge will accompany the 

samples to the field and back to the laboratory, without being used for sampling, to 

serve as a field blank. The average amount of ma&al found on the field blank 

‘canridge may be subtracted from the amount found on the actual samples. However, 

if the blank level is greater than 25% of the sample amount, data for that component 

must be identified as suspect. 

8.2 

During each sampling event, at least one set of parallel samples (two or more 

samples collected simultaneously) will be wllected, preferably at different flow rates 

as described in Section 7.1. If agreement between parallel samples is not generally 

within f25 56, the user should collect parallel samples on a much more frequent basis 

(perhaps for all sampling points). If a trend of lower apparent concentrations with 

increasing flow rate is observed for a set of parallel samples, one should consider 

using a reduced flow rate and longer sampling interval if possible. If this practice 

does not improve, the reproducibility further evaluation of the method performance 

for the compound of interest may be required. 

8.3 

During each sampling event, a minimum of 10% of all samples should be 

collected with a backup cartridge (two cartridges in series). Backup cartridges should 

contain less than 20% of the amount of components of interest found in the front 
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cartridges, or be equivalent to the blank cartridge level, whichever is greata. The 

frequency of use of backup cartridges should be increased if increased flow rate is 

shown of yield reduced component levels for parallel sampling. This practice will 

help to identify problems arising from breakkou gb of the component of interest 

during sampling. 

. 

The concentration of volatile organic compounds captured on the Tcnax 

cartridge will be de-term&d by thermal de-sorption GC/MS techniques as specified 

in Method T01, h&h& for she Derenniwion of Vohile Organic Compowrdr in 

Ambicru Air Using Term Atirorprion and GUS #uomatograp?ryMm Spcctromeuy 

(GCMS) (U.S. EPA 1984). 

When an analytical laboratory is selected to perform these analyses, its SOP 

for Method To1 will be submitted to the U.S. EPA and CTDEP for review and 

approval. 

ON 10.0 REFERENCES 

1. U.S. EPA Compendium of Methods for the Determination of Toxic Organic 
Compounds in Ambient Air, EPA-600/4-W-041, 1984. 
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TABLE 1 
AMBIENT Am SAMPLING TARGET COMPOUNDS 

Am RETENTlON VOWME 

Compound 
Estimafred Rfhstion Vdume at 

100°F (38°C’) - Liters/Gram 

JPAM~TOI-Voiad&OrganScs 

Benzene 19 
Toluene 97 
Ethylbenzene 200 
Xylene(s) 200 
Cumene 440 
n-Heptane 20 
I-Heptane 40 
Chloroform 8 
Carbon Tetrachloride 8 
1,2-Dichloroethane 10 
1 , 1,l -Trichloroethane 6 
Tetrachloroerhylene 80 
Trichloroethylene 20 
1,2-Dichloropropane 30 
1,3-Dichloropropane 90 
Chlorobenzene 150 
Bromoform 100 
Ethylene Dibromide 60 
Bromobenzene 300 



TO1 SAMPLER FIELD DATA SUMMARY 

smnplc SIN: 

Sampler Set Pdnt: 

Pdowmed By: Sample I.D.: Rdaire Hmnidity: 

PIT 

COMMENTS: 
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which are included in this document under “References”. I 
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To establish a standard procedure for the operation of the MAP Model 3 10 Spectrum 

Analyzer for analysis of soil in situ for the presence of lead. 

SECTJON 1.0: PURPOSE 

-- 

SECTJON 2.0: SCOPE 

The procedure details the steps necessary for the operation of the MAP Model 3 10 for 

performing analysis of soil for lead. Not included in this procedure is the Radiation Safety 

Program, which is necessarily a part of any operation of this device. 

SECT-JON 3.0: RESPONSIBJLm 

First Company President 

Second MAP Operator 

4 

SECTION 4.0: SUPPORTING PROCEDURES 

Griffin Technica Procedure 001 Operation of the Scitec M4P Anal’er Model 310 for Lead 

in Pamt Analysis. Also see Griflin Technica Radiation safety Program. 

SECTION 5.0: PROCEDURE 

5.1 Introduction 

The MAP (Metal Analysis Probe) Model 3 10 can be used in combination with bulk sample 

collection and laboratory analysis for the lead in soil. This procedure describes the necessary 

equipment needed for operation, the method of validating the calibration of the unit, and the 

proper positioning of the assayer and test times. 

1 Note: You must have a certificate from the Scitec Corporation to use MAP Model 310 1 



u Equinment Required 

Equipment needed for operation of MAP Model 3 10 includes: 

l Scanner (A) 

l Control Console (B) 

l Cable (C) 

l Assayer key (not shown) 

l Lead Standard (not shown) 

Optional equipment includes: 

l Battery charger/download interface unit 

l Null modem cable (to connect computer) 

I Procedure No. 002 
Date: 2fOW93 

[Page3 of 15 I, 

l Portable computer (to store downloaded results) 

5,3 Instrument Setup 

1. Check the connectors to assure that they are clean and free from dirt or loose particles, 

Connect the scanner to the console with the cable, properly engaging the Breech Lok 

connectors on both ends of the cable. 

CoMecto~ 

The console, assayer, and the cable each have a “Breech-Lok” type connector 

to provide a quick connect or disconnect operation. 

Breech-Lok co~ectors cannot he coupled until key/keyway alignment has 

been achieved. Keys in the connector mechanism drop into keyways with a 

1 Note: You must have a certificate from the Scitec Corporation to use MAP Model 3107 

m 
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positive “feel” before coupling can begin. A 90 degree coupling ring rotation 

brings the plug to the f%lIy mated position. Three full mate indicators are 

provided: 

l A red band at the rear of the plug disappears. 

l A detente mechanism provides an audible click and a distinct tactile 

indication of locking. 

l An indicator line on the receptacle aligns with the main key way 

indicator on the coupling ring, for positive visual inspection. 

2. Turn the power switch “ON.” The console will briefly flash a “SELF TEST IN 

PROGRESS” message. The display wilI then show “Connect delay” and the delay time 

remaining. This 15 second delay allows the electronic circuitry to stabilize before 

measurements are taken. 

3. If the results from previous testing have been downloaded to the computer, press the 

“<ETC>” key. At the next screen press the “MEMCLR” key to clear the memory. Press 

the “YES” key to con&m the operation. The right hand bottom comer of the screen 

should read, “AVAIL: 325,” to indicate that the memory is ready to receive data from 

325 test operations. 

4. At the main screen, press the “DATE” key to enter the current date. Enter the date as 6 

digits (for example “022393” for February 23, 1993). Press “ENTER” when date is 

correct. 

5. At the main screen, press “ID” to enter the necessary identification number for the 

sample. Use up to 17 digits including dots (“.“) as separators. Since you will be running 

Note: You must have a certificate from the Scitec Corporation to use MAP Model 310 
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a calibration validation test, use the prefix “0.0.” before the sequential ID number to 

identify it as a validation. . 

6. At the main screen, press the “<ETc>” key, and press the “INIT” key when the new 

screen appears. At the next screen, which will display the request to “SELECT 

PRIMARY ELEMENT TO ASSAY,” press the number assigned to “K-LBP,” then 

“ENTEq” then “YES” to indicate you want to select other elements, then the number 

assigned to “L-LBP,” then nENI’ER,n and then “YES”. Pressing this last key will 

automatically add the “Lead in Soil” calibration. 

7. Using the lead standard painted block included, perform five (5) TEST’s by entering an 

ID number once, then pressing the “ASSAY” key and the “TEST” key for each test. 

Holding the face of the assayer against the block, place the key in the lock at the front 

end of the assayer and turn key clockwise until it can be turned no more, then press 

“TEST” to begin the operation. (For more complete instructions on testing, see 2. una%?r 

“Sampling” below and check the mation Protection Program for proper use of the 

Model 310, pertitrent sections of which are inch&d in this document urlder 

“References. “) Write down the results on the “Validation Test” form, and check to see 

that the average of the five tests falls within the range of + or - 0.3 mg/cm2 of the values 

recorded from the factory validation test. Ifthe average does not, postpone testing until 

the manufacturer can calibrate the instrument properly. 

8. Now perform at least three (3) TEST’s of either the “GENERIC SOIL SAMPLE” or the 

“SITE SPECIFIC SOIL SAMPLE,” whichever is indicated on the “JOB DETAIL” sheet. 

Compare the average from these tests with the laboratory results for the soil sample used. 

Note: You must have a certificate from the Scitec Corporation to use MAP Model 310 
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Record the difference as the “ADJUSTMENT FACTOR” on the “Validation Test” form 

to be added or subtracted from all test results for the day. 

Fig. II MAP Model 310 Menu Tme 

Assay . Recall ID# Print Date I- 

I 

Scm Test Conf Man1 1 r-1 ( P&Pause End 1 1 I 
1 Memclr lnit Etc 1 

1 Yes No) 

u Sampling 

1. With the cable connected to the assayer and the console, go to the site of the first point 
- 

on the grid of the area to be tested and place the face of the assayer flat against the soil. 

If there are any pebbles or debris, remove these from the site before beginning testing. 

2. Press the “ASSAY” key at the main screen. Open the shutter by engaging the key in the 

-- 

- 

lock at the front of the assayer and then turning it clockwise until it stops. Now press the 

“TEST” key and hold the assayer motionless until the screen displays the following 

message: “Turn key off now.” Once you have done this, record the results on the data 

sheet and continue to the next point on the grid. 

GII must have a certificate from the Scitec Corporation to use MAP Model 310 1 



3. Make sure there is no accumulation of dust on the front of the assayer. With the key 
m 

removed Corn the keylock on the assayer, examine the face after each assay while making 

sure not to point it directly at your body or face. Use a sofi bristle brush or a compressed m 

air spray can to remove any dust. 
li 

4. When testing is completed for the day or when.the console display indicates that there is 

no available memory IefI., download the results to the portable computer using the null 

modem cable and the MAP Utilities program. 

i 

Note: You must have a certificate from the Scitec Corporation to use MAP Model 310 
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SECTION 6.0: TRANSPORT AND STORAGE OF EOUIPMEN’I’ 

1. When transporting the MAP Model 3 10, you must place it in the supplied padded case 

with the appropriate radiation warning stickers in place. The unit should be broken down 

into its components. Be sure that the key that opens the shutter of the device is not 

engaged in the keylock on the assay. 

2. When the device is transported by automobile, it must be closed in the trunk of the 

vehicle or secured within the passenger area of the vehicle at the point farthest from the 

occupants. If the operator leaves the vehicle, it must be kept locked while the operator is 

away. 

3. When it is necessary for the device to be kept over night away from the regular storage 

facility, it must be kept in a locked area accessible only to the operator. If the operator is 

lodging over night, the device must be kept in his locked vehicle and not in the place of 

lodging. If the over night stay is not scheduled in advance with the Radiation Safety 

Officer (RSO) of GrifIin Technica, then the operator must notify the RSO for approval. 

4. Whenever possible, the device should he returned to the permanent storage facility and 

signed in by the operator. 

Note: You must have a certificate from the Scitec Corporation to use MAP Model 310 



SECTfON7.0:REFERENCES 

1. “Spectrum Analyzer, Operations Mand” Scitec Corporation, ND. 

2. “Spectrum Analyzer, Radiation Saf’ and MAP Spectrum Analyzer Operator Training 

Seminar”, scitec corporation, ND. 

3. “Grifiin Technica, Inc., Radiation Protection Program,” Grifiin Technica, Inc., ND. 

Below are pertinent sections from this document: 

Radiation Protection Program 
XRF Spectrum Analyzer 

Griffin Technica, Inc. m 

Sections Included: Personnel Training Program 

Personnel Monitoring Program 

Safe Use of the XI@ 

Emergency Procedures 

Note: You must have a certificate from the Scitec Corporation to use MAP Model 310 

I 

m 
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Personnel Training Program 
Personnel Training Program 2 

. Course Outline 2.1 

. Training Provider 2.2 

. Recordkeeping 2.3 

2 

Personnel will be instructed by means of a lecture: 

1. Before assuming duties with, or in the vicinity of, radioactive materials. 

2. During annual refresher training. 

3. Whenever there is a significant change of duties, regulations, or the terms of the license. 

2.1 Course Outline 

Instruction for individuals in attendance will include the following subjects: 

i Applicable regulations and license conditions. 

2. Areas where radioactive material is used or stored. 

3. Potential hazards associated with radioactive material in each area where the employee will 

work. 

4. Appropriate radiation safety procedures. 

5. Licensee’s in-house rules. 

6. Each individual’s obligation to report unsafe conditions to the Radiation Safety Officer. 

7. Appropriate responses to emergencies or unsafe conditions. 

8. Worker’s right to be informed of occupational radiation exposure and bioassay results. 

1 Note: You must have a certificate from the Scitec Corporation to use MAP Model 310 1 



9. Locations where the licensee has posted or made available notices, copies of pertinent -. 
m 

regulations, and copies of pertinent licenses and license conditions. 

I 

2.2 Training Provider 

Radiation safety and use of the Scitec MAP Analyzer will be taught by a representative of the I 
- 

Scitec Corporation. No one will be allowed to use the Scitec MAP Analyzer until 
II 

completion of this &hour course and receipt of a certificate of attendance. 

AU matters pertaining to in-house procedures and storage will be taught in a supplementary a 

.course by the RSO. 

- 

2.3 Recordkeeping I 

Records of initial and refresher training will be maintained for a period of five years and will 

include: 

1. The name of the individual who conducted the training. 

i 

I 

2. The name(s) of the individual(s) who received the training. 

3. The dates and duration of the training session. 

4. A list of the topics covered. 

3.3 Notification Procedures 

Before the XRF is carried into any other state, the radiation control authority for that state 

must be contacted to determine any additional requirements beyond written notification. This 

is the duty of the RSO. The portable XRF is not to be transported out of state without the 

authorization of the RSO. 

I Note: You must have a certificate from the Scitec Corporation to use MAP Model 310 
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Devices 5.1 
Procedures 5.2 

- 

<- 

- 

- 

- 

5.1 Devices 

Monitoring of personnel for exposure to X-Ray, Beta, and Gamma radiation will be performed 

with the Landauer Thermoluminescent Dosimetry badge, Type Kl . The unit consists of a tray 

module, consisting of three TLD elements in a closed cassette, and a holder. A second tray 

module is shipped with each round, to be used as a control sample to detect background 

radiation. This control tray module is kept in the office of the RSO away from the XRF. 

5.2 Procedures 

1. At the beginning of every quarter of the year, each employee will be issued a new tray 

module. Replacement of the tray module in the holder will be performed by the RSO. 

2. When the employee receives a new tray module, it is his or her duty to make sure that the 

name shown on the module is correct. 

3. The badge, consisting of module and holder, is to be worn by every employee who uses the 

portable XRP. It is to be put on before signing out the XRF,in the log and kept on ones 

body until the XRF is signed back in. 

4. The badge should never be stored in a hot or sunny place. 

5. The results of personnel monitoring will be reported to concerned personnel by the RSO 

within 24 hours of their receipt from Landauer. 

1 Note: You must have a certificate from the Scitec Corporation to use MAP Model 310 1 



Safe Use of the XRF 
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1. During the performance of your duties, keep the curious away but do not draw u~ecessuy 

attention so that people are frightened. 

2, Wear film badges whenever working with or around the portable XRF. Do not store them in 

hot places such as glove compartments. 

3. Work quickly and keep the exposed source painted away from you. Distance and brevity are 

the two best operator protections. 

4. Keep the portable XRF “OFF” whenever it is not in use. 

5. Always transport the portable XRF in its carrying case!. When transporting it by car or truck, 

keep the closed case in the trunk or back of the truck, as ti as possible from the operator or 

driver. Make sure the case is secured in place so that it cannot be jostled by the movement of 

the vehicle. 

6. Always position the front end of the XRF securely against the surface to be assayed before 

opening the shutter. Close the shutter before removing the XRF Tom the surface. 

7. Carry the XRF by its pistol grip, with the shutter closed, so that the front of the device points 

down. When moving to another building or a remote area of the building you’re in, carry the 

XRF in its carrying case. 

I 

. . 

m 

ti 

. 

II 

ti 

r 
1 Note: You must have a certikate from the Scitec Corporation to use MAP Model 310 1 
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Emergency Procedures 7 
. Notification of Accident 7.1 
. Emergency Procedures 7.2 

7.1 Notification of Accident 

The first action to be taken in the event of an accident with the portable XRF if to keep other 

people away from the site. Then notify the following: 

State radiation regulatory agency 

RSO 

Scitec Corporation (the manufacturer) 

State Patrol 

Fire Department 

7.2 Emergency Procedures 

- 

IF: The XRF is superficially damaged, dented, flooded, or otherwise injured from a drop, 

minor runover, etc. 

aluminum housing. 

not tom apart. 

THEN: 

The device housing is in one piece with a minor break or two in the 

The source is obviously in place, or, at least, the source location is 

2. 

1. Turn the XRF over to view the source area if necessary. Do not walk through the site 

where the device was pushed or pulled. Visually inspect the source area for damage. 

If the source area is intact, pick up the device, place it in a storage container and return it 

to the permanent storage area. 

1 Note: You must have a certificate from the Scitec Corporation to use MAP Model 310 1 
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I_ 

3. 

IF: 

1. 

2. 

3. 

4. 

7.3 

Call the Scitec RSO (Bill Boyce at 1(800)466-5323) for assistance in shipping the device 
m 

back to the UNC factory for repair or disposal. 

DO NOT SHIP THE DEVICE WITHOUT SCITEC APPROVAL OR KNOWLEDGE. 

The device is broken apart, severely burned, severely crushed, the parts strewn around, or 

the source holder is visibly damaged. 

THEN: 

Freeze the site. Rope off the damage site for 10 feet around. If a vehicle is involved, stop 

the vehicle and have the driver walk away. Do not walk through the damage site. If 

radioactive material is loose, it can be picked up and traced elsewhere. 

Call the RSO, and/or the nearest public health department office for help. The object is to 

get an expert radiation technician to the site with an operating survey meter who can 

determine if the radioactive material is lost or is intact. 

The radiation expert will determine whether the site is safe, will remove the contamination 

if there is any, and will prepare the damaged equipment for shipment to the factory for 

repair or disposal. 

Call the Scitec factory and RSO, and briefthem on the situation. i 

Loss or Theft 

Notify the state Public Health Department, the police, and the RSO immediately in the case 

of a stolen device. 

1 Note: You must have a certificate from the Scitec Corporation to use MAP Model 310 1 
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(1 “I 1 ‘I ” I 

(425pm) sieve is rrquirrd in lolal amounl of 220 
g. allocated as ItRows: 

Gramt 

loo 
I5 

li 
65 

6. Prrparalhm nl Icst Samplr 

6 I S&cl IhJl portrnn of rhr airdricd umplc 
sckrlrd for puqnrsc ol lcsls Jnd record thr mass 
as Ihe mass of lhc lolrl Inl sample uncortcctcd 
Tar hygroscopir moirturc Separate the trsi tam- 
plc hy skving with a No. IO l2OfLmml sieve. 
Grind that Traction retained on ~hc No. IO sieve 
in a morirr with a ruhhcrcovcrrd prs~lr until 
lhc aggrrgalions of soil particks arc broken up 
into the sqwalc grains. Then scparalc the 
firound soil inlo lw rraclions hy SicrinS with J 

No. IO s&c. 
b.2 Wash that fraction retained JnW the see- 

ond sieving free of all fine malcrial. dry. md 

weigh. Record this mass as the mass of coarx 
malrrial. Sieve Ihr c01t-w malcrial. ancr being 
washed and dried, on Ihc No 4 (4 75.mm) sip 
Jnd rcrord rhc mass rrrainrd on the No 4 sicn. 

7. lrsl Samplr for Partirk-Sl~c Analyrls 

7 I lhoroughly mir logcthcr the fractions 
pawng the No IO I? (to-mm) srcvc in hoih sicr- 
ing operations. and hy ihc method of quartering 
or the use of a sampler. alrcf a portion weighing 
approaimalcly l I5 g for sandy soils Jnd rppton- 
imarcly 65 g Tar sill and clay soil for parlick& 
analysis. 

8. 1 c*I Samplr Ior Soil <‘onrimls 

g I Sepanlc the rcmrining portion oTthe ma 
icrial passing the No. IQ (2.00-mm) sieve in(a 
IWO parts hy means of a No. 40 (425pm) sieve. 
Discard the fraction rctaincd on the No. 40 stew. 
Use the Fnaion passing she No. 40 sieve Tot the 
dclcrminJtion of the soil conslants. 

II4 

VilP Designrllon: D 422 - 63 (Reappmmd 1972)” 

I. !3opt the malcrial retained on a No. IO sieve. 

I.1 This mtlhod covers the quanlilalivc dc- 
termination nf the distriltulion of parlick sires 
in soils. The distribution of parlick sizes larger 
lhrn 75 pm (retained on the No. 200 sieve) is 
detcmGcd by sieving, while the distribution or 
pattick sizes smaller than 7S pm is dclerrnincd 
by a sedimentation process. using a hydrometer 
b mure ~hc necessary data (Notes I Jnd 2). 

Nott I-Sepanlion mry be made on lk NO. 4 
(4.75.mml, No. 40(425+ml.a No. 200(75+rmltkve 
imad d lhe No. IO. Fur whalewr t&c uud. Ihc tire 
dull lx indirrrcd in the rcpxt. 

Norm I-Two lypct of dirpertion devim JR PFp 
6&d: (t) J hi-@ mcehmkJ! Jkn3. Jnd (2) Jir 
&mtiort. Enlcndve inwrligJlimtJ indilC lkl Jir- 
ditpmim devices produce a more p&live diinion 
d pkttic $&Is blow rhe 2Oqm size and apprciably 
katdcgmd~tion on ~11 siret when used with tandy toils. 
lkcautc d ok Minitc J~VJ~J~~J IJvoring Jir dboer- 
ian, irs UPC it rccommcndcd. The rc~ults from tk Iwo 
rypcs of &vim dilTer in magniluck. depending urn 
mil type. kading IO marked dille- in prtick dre 
(iaribuiim. epecially foe site9 liner than 20 pm. 

1.2 Sfirring Appttrarut-Either apparalus A 
or II may be used. 

3.2.1 Apparatus A shall consist of a mcchan- 
ically operated stirring device in which a suitably 
mwntcd ckc~tic mrtor turns a vertical shaft 81 
a speed of no1 kss than 10000 rpm without load. 
The shall shall be quipped with a rcplaccabk 
stirring paddle made of metal. plastic. or hard 
ruhbcr. as shown in Fig. I. The shall shall bc OF 
such length that the stirring paddk will opcrale 
no! kss than 5% in. (19.0 mm) nor more than I% 
in. (38. I mm) above Ihc bottom of~he dispersion 
cup. A special dispersion cup conforming lo 
either of Ihe designs shown in Fig. 2 shall be 
provided lo hold the sample while il is being 
dispersed. 

1. Applkabk Dorrmcnls 

2. I ASTM Sfandords: 
D42l Practice lor Dry Prcparalion of Soil 

Samples for Particle-Size Analysis and De- 
lcrminalion of Soil C0nslant.s’ 

E I I Spccilicalion for Wire-Cloth Sieves for 
Testing Purposes’ 

3.2.2 Apparatus B shall consist of an air-jet 
dispersion cup’ (NOIC 3) conforming IO the gen- 
eral details shown in Fig. 3 (Noln 4 and 5). 

MTE 3--Tk JmoUnI of Jir rtqUit’Cd by Jn Jir-jet 
dkpcrtion cup it of ok o&r nf 2 R’/min: tome smrll 
air comprcstmt Jtc nut cat&k of supplying sullicicnt 
Jir lo upcnte J cup. 

NotE 4-Another Jir-lyp disperGon device. 
known at J dirpcrtion lube. dcvctopcrJ by chu l nd 
DJvidton Jl ~OWJ gllte C’olkge, hrr hecn Jhuwn lo gk 

E 100 Spccilication For ASTM Hydrometers’ 

3. Apparatus 

3.1 Bo/orurc-A halancc sensitive lo 0.01 g 
for weighing the material passing a No. IO (2.W 
mm) sieve. and a balance sensitive lo 0.1 I of 
iltc mass of the sampk lo bc wcighcd for weighing 

II5 



? f fl~cfnmc~~~~~-An ASI h4 hvdromrtrr. 
graduatrd lo rrad rn rrthcr sprcuir gravuy of 1hc 
surprnrion of grams per hrrc of susfwnnon. and 
conforming lo 1hc rcquircmrms for hydrnmrlcrs 
IJIll or 15214 in Spcclficatrons F #ONI Dunen- 
S~WIV of both hydromricn arc 1he umc. 1hc scale 
kmg lhc only ilcm of difkrcncr 

3 4 .Tfrfvnm/trfrrm t ‘dmfrr-A glass cvlin&r 
nmtirlly II) in (457 mm) in krghl and 2% in. 
(63.5 mm) in dirmc1n. and msrkrd for a volume 
of IMKI mL. Thr inside diameter shall k such 
1hr1 the lOO@mL mark is J6 f 2 cm horn 1he 
tmt1om on 1hc inside. 

3 5 T~rrrmorrrrrtr-A 1hrrmornc1c.r acruraic 
10 I ‘F (0. ST). 

3.6 Swr~--A uricv nf vicvcs. nf quarc.m& 
woven-wire cm1h. conforming IO thr requim- 
mcnls of SpcciPrraiion E I I A full vi of rirm 
includes 1hc rollowing Snow 6). 

Jin (7%mm) 
l.in. tX%mm) 

No IO (I 00.mm) 

I%M 117.5.mm) 
No 201630+1m) 

I-in (ZJ OmmJ 
Nn 40 WSpm) 

Am (l9.Omml 
No 6omllpm) 

C-in (9.5.mml 
No 140 1IO6-(rm1 

No 4 t4.75.mml 
No znolwpll~ 

Now 6-A W of ucm giving unirorm sparing d 
pina for Ihe gI8ph. .l mquml I” set-lion 17. My br 
uud if dmwed 7 hn YI COII~QI of lhr Mowirrx ruti 

J.in. (7%mm) No. lb (I IR.mm) 
I%-in. (17 5mm) 
uGn. (19.0.mml 

No JOMOgm) 

Kin. (9. I-mm) 
No. 50 IWO-pm) 

No. 4 (4 7S.mm) 
No lMt(l5Qm) 

No. I (2.36-mm) 
No. ZOO OSpm) 

3.7 Il’arrr Bath w Concraw Tempqa/rtrt 
Rr~rnr-A water bath or constant-iempcratura 
room for maintaining the mil suspension at 4 
conslant Icmpera1urc during the hydrometer 
analysis. A satisfactory water tank is an insulated 
1onk ihai mainlnins 1hc 1empcralurc of ihe sus- 
pcnion 11 a convcnienl constant Iempzalurc al 
or near 68’F (2UC). Such a device is illusinkd 
in Fig. 4. In cases where the work is pcrformd 
in a room at an aulomaIicallycon1rollcd conslant 

II6 

lrmpcralurr. 1he water haih is no1 n~ary. 
3.8 Bdv-4 brakcr ol250-mL capacity. 
3 9 Itmmt fh~~rcr--h watch or clock with s 

urond hand 

4. Dispersing Agmt 

4 I A \ohr~ion of so&urn hrramrtaphosphau 
(uuoclimes calkd unlium mrtaphosphate) shag 
k uud in drr1ilkd or dcmincnhrcd wa1cr. a1 ti 
ra1c of 40 g or sodrum hc~amrtaphtnphatc/lilrr 
nf u&rl~on (Note 7) 

Ndnf 7-Sohntiw of this sah. if widir. slowly I+ 
wn or hvddytc hack to the ortwhru form wi6 
I rnul~~nl decreau in dqwmve xlion Sdu~iac 
lhMdd he Prplrcd kwwnllr I.11 lrrr1 mlcc 1 mamlk) 
w.dpwd 10 pl4 0r I Or 9 hy mcIns Or scdium 
artwwc fJoUks ronlaining wlulionr &xdd ban IIU 
dale d prrpanlwn mrrktd on lhcrn 

4.2 All water used shall hc either distilled a 
dcmincralizcd wa1cr. 1 hc waler for a hydromcur 
test shall be bmughi lo 1hc 1cmpcraiura lhat is 
crpeclcd 10 prevail during 1he hydrometer iti 

For example. if the sedimenlaiion cylinder is to 
bc placed in lhc waler bath. 1hc dislillcd or de. 
mincnlircd water to bc used shall he brought lo 
1hc lcmpnlure olihc comrolkd waler baih; or, 
if rhe udimcntaiion cylinder is used in a room 
wi1h controlkd Icmpn1urr. I~C waler for the 
iti shall br a1 the tmpcnture 0r the room. Tk 

b&c !emperalurc for the hydrometer 1es1 is 6fl 
(2OC). Small nriaiions of lcmpemlure do nd 
imroducr dilTerences 1ha1 arc of pnc1ial sign& 
kmm and do run prevent 1hc USC orcatnxtiom 

dfriwd n pIrsnihcd. 

S. Tnt Samplr 

5.1 Prrpare the 1cs1 sample ror mcchrnial 
analysis as ouilined in Practice D42I. During 
~hc preparation procedure the sample is divided 
in10 two portions. One portion contains only 
particks retained on 1lrc No. IO (2.00-mm) sieve 
while 1hc o&r portion contains only particks 
passing lhc No. IO sieve. The mxss of rirdriai 
soil sclerkd for purpose 0r tests. a3 prescribed in 
Pm&c D 421. shall be suficient to yield quan- 
1itics ror mcrhanicrl analysis as Callow* 

5. I. I The size or 1hc porlion retained on lhc 
No. IO sieve shall dcpcnd on the maximum size 
of particle, according to the following s~hduk: 

Neminal llian**r of 
lam hiirk% A~rinuw Minima 

in fnml Mudronion.g 

Y (9.J) Jo0 
bllVO1 mo 

Nomind Di8mclcr 
d hr#"l f’Mic!=% Apprminulc Minlnmm 

in lmml Mm#dFJuliion.l 

I 12541 Ma) 

IH 111 I) moo 

2 vow 4aoo 
1 (7(.2I Jcal 

5. I .2 Tbc sire of 1hc portion passing the No. 
10 ievc shall be rpproximakly I I5 g for sandy 
ails and rpproximncly 6S g for sill and clay 

oils. 
5 2 Provision is made in Seaion 5 0r Praclice 

Cl 42 I (or weighing of the airdry soil rkctcd lor 
purpose of tests. the separation of tbc soil on the 
No. 10 sieve by dry-sieving and washing. and the 
weighing of Ihe wrshcd and dried fnaion rc- 
txincd on the No. IO sieve. From Ibcsc two 
mmses Ibc pcrctnlagcs ntxined and paxsing (he 
No. IO sieve can be cakulalcd in accordance 
with 12.1. 

I4YDROMFSR AND SIEVE ANALVSS OF 
PORl’ION PASSlN~,;-l~ NO. 10 t2.m.-) 

7. Determinrlion 0r compdtc C~rreciion r0f 

Ilydrometcr Reading 

7.1 Equa1iona r0r percentages 0r soil rcmsin- 
ing in suspcndon. as given in 14.3. am based on 
the use or distilled or demineralized waler. A 
dispersing agerr~ is used in the waler. however, 
and 1he spzcific gravity of lhe resulting liquid ix 
appreciably gmucr lhan that of distilled or dc- 
mineralized water. 

7.1 .I floth soil hydrometers are calibrated al 
68’F (2O.C). and variations in tcmpcratun from 
this standard tempcrnbrre product inaccumcia 
in the actual hydrometer readings. The amount 

of the in-racy increases as the variation from 

the standard lcmpcmture incrcasm. 
7. I .2 Hydrometers are graduated by the mxn- 

Norf 8-A check on the mm dun 8fd Ihe Iha- 
ufactumr IO be lrad at the bottom or the meni* 

0aghmrofpulvcrirationofthcdodsmxybesecurxd cur Pbrmcd by the liquid on the s~cm. Since it ix 

br &iux the oartion mssing du No. IO skv~ and not possible to secure rexdings or soil xuspmxkrns 
&gihis~al~lo the r&s oi the wmhcd and ovcn- 
&J portion mtaimai on the No. 10 sieve. 

at the bottom of the mcniuzus, readings mud be 
taken at OR top and a correction applied. 

SWVE ANALYSIS OF FORTlON RETAINED 7.13 The net amount of tbc corrections tbr 

ON No. 1@(2m-aN) SIEVE ~bc three items cnumcrxkd is dcs$nated us the 
composite cormclion. and may be drIermined 

6. Pfudare expcrimcntxlly. 

6.1 !%para~c rhc portion retained on lbc No. 7.2 For convenience. a graph or table Orcom- 

10(2.00-mm) sieve into a shsolr~iom using 
posik izomctions for a series of I’ temperature 

the 3in. (?5-mm). 2-m. (50-mm). IKln. (37.5- dilkrcncex for Ibc range orexpected tesl lemper- 

mm), l-in. (25.0-mm). %-in. (19.0-mm). Kin. alum may be prepad 8nd used U nC&d. 

(9.5mm). No. 4 (4.75-mm). and NO. IO rie~n, Masurrmcnt d the composite corruzlions may 

of IS many IS may be ncahd &pending on the be made at two tempcnlura spanning the nns 

nmpk, 0~ upon the speciTiitiom Par Ibc mrle- 0fe~pcckd text tcrnpcralurrr. and corrections r0r 

lid under kst. 
Ibc intermediate kmpcnlura mkubkd mum- 

6.2 Condud the sieving opcrolion by means 
ing a stnigbl-iine dationsbip bctwczn the Iwo 

of a lakr8l l nd vertical motion of the im. observed values. 

accompanied by a jarring action in o&r lo kap 7.3 Prepare IO00 mL oL liquid composed of 

the xampk moving continuously 0vrX the turlke distilled or demincralixcd waler and disperxing 

of rhc siwt. In no ase turn or manipulate rnk 
ogcnt in Ilie same proportion 4s will prcvril in 

mcntx in IIIC sample through tbc sieve by bnnd. the sedimentation (hydrometer) test Place the 

Conlinuc sieving until not more tbxn I mxs3 X liquid in g sedimentation cyclinder and the cyl- 

of the residue on II sieve passes that sieve during indcr in the constant-temperature water bath. set 

I min or sieving When mechanica) sieving is r0r one ofrhc two ttmperatvrcs to be used. When 

used, test the ~h~rougtmcs or sieving by using the tcmpmlurC 0r tbc liquid becomes corrstxnt. 

rhe hand method ofsieving as &ribcd above. insert Abe hydrome1cr, and, rner a short inlcrva) 

6.3 ~terrnine lhe mass oreach 6aclion on a IO permit the hydrometer IO come IO the lempcr- 

balance conrorming to the requirements 0r 3. I. ature of ~hc liquid. read the hydrometer a1 the 

,tt the end or weighing. the sum or the masses lop of the meniscus Pormcd on the stem. For 

retained on rll the sieves used should C-4 hydrometer I5 I H the composite corrcclion is the 

closely lbc original mass d the quxnlity sieved. dillircnce between this reading and one; Tar hy- 

II7 



d~omctrr 15211 ic 8% Ihc tl,llcrcncc hc~ucrn Ihe 9 5 Plarr Ihr cover cap on Ihr cup and open 
rrading and rem Rring the hquid and Ihc hy- Ihr air cnnlrol ralvr unIil Ihr gagr pressure is 20 
dromrlcr IO Ihc mhrr IrmpcraIurc IO k uud. psi (I40 kPa) Disperse thr soil according IO the 
and vcurc Ihr comprrsr~r cnrrrchnn as klorr following u hrduk 

II. It)~rmrnpir hloislurr 

II I Whrn thr omplr rs urrghrd for lk hy. 
dromrlrr Irsl. urrgh out an aurrhary puiron of 
horn IO In IS g in a small mrlal or glass con. 
taincr. dry Ihr ompk In a constant mass in an 
own at 230 + 9-r (I IO f 5’0. and weigh again 
Record Ihc masses 

9. Dlsptrslon ol Soil Samplt 

ih\pmmn rrnrd. 
rhl*~l) In&l Ill,” 

I’ndw~ Y 

h IR .Y) IO 

o>n ?o 15 

Soils conlaining largr pcrcrnlagrs or mica need 
k dispersed (or only I min. ARrr I& dispcrsioa 
period. rtdurr lhc gage prtssurr lo I psi p-r. 
aIory IO Iranslrr ol soil - watrr slurry IO the std. 
imcnlalion cylindrr. 

9.1 When the sod is mostly of Ihr clay and sill 
s&r. urigh out a samplr of air-dry soil of ap 
prosimatrly SO g. When the soil is mostly sand 
the sample should k approaimalrly IO0 g 

IO. Ilydromtltr Tnt 

9 2 Plarx ~hc sample in the 250.mL kakrr 
and covrr with I25 ml. of sodrum hcsamrlr- 
phosphalr solulion (40 g/L). SIir until Ihc soil is 
Ihoroughly wc11ed Allow lo soak for a1 kasl I6 
h 

IO. I ImmcdiaIcly rncr dispersion. Iransfcr the 
soil -water slurry IO the glass vdimenIaIion qC 
itukr. and add dislilkd or drminrralircd water 
unlil Ihc total volume is 1000 mL. 

9 1 AI thr end of Ihr soaking period. dispcrsc 
Ihc sample lurthrr. using rilkr stirring rpparrlus 
A or R If slirring apparalus A is uud. lnnskr 
Ihc solI. waIrr slurry lrom Ihc kakrr inlo the 
special dispersion cup shown in Frg 2. washing 
any rriduc Ram Ihr kakrr inlo Ihc cup wiIh 
dirhlkd or drminrralirrd waIcr (NOIC 9). Add 
dirIilkd or drminrrahrrd waler. il ncwsury. w 

Ihat Ihc cup is more Ihan hall lull SIir (or a 
period 0r I min 

NOIE 9-A large site cyringt r* a ronvcnitnl rkvict 
ror handhng tht waler rn Iht waahrng operaIron Other 
&ricw include lk marh.walcr hnltk and a host with 
norrk conncctcd IO a ~ruurizrd dtrldkd wulcr lank. 

IO.2 Using Ihe palm ofthe handovcr lhcopcn 
end ol ~hc cylinder (or a rubber slopper in tht 
open end). lum the cylinder upside down ad 
back for 8 period of I min IO complclc lhc 
agiIaIion ol ~hc slurry (NOIC I I ). Al lhc end of I 
min YI Ihc cylindrr in a convcnirnl localion and 
Iakr h)dromrIcr readings a1 Ihr following inlcr- 
rals ol time (mrasurrd from Ihc beginning d 
udimcnIaIion). or as many as may be needed. 
dtpcnding on Ihr sample or 1hc specification (or 
the maIrrial under 1cs1: 2. 5. IS. 30.60. 250. and 
1440 min. II the rontrolkd water balh is used, 
the scdimcnIaIion cylinder should be placed ia 
Ihc bath klwccn Ihc 2- and S-mm rcading. 

9.4 I( sIirring apparalus R (Fig 3) is uxd. 
rrmovc the cover cap and conncc1 Ihc cup IO a 
compressed air supply hy means ola rubher hose. 
A air gage musl k on Ihc line ktwccn the cup 
and Ihr control valve. Open Ihe control valve so 
Ihai the gage indicalcs I psi (7 kPa) pressure 
(&le IO). Transkr Ihr soil. waler slurry from 
Ihc kakrr IO Ihc air-jcl dispersion cup hy wash- 
ing wiIh distilled or drmineralircd waler. Add 
drsIilltd or drmincralirrd waler. il nCCCSsary. so 
(haI Ihe IoIal votunic in Ihr cup is 250 ml.. hul 

no morr. 

NOTE I I -7ht numbrr ol Iurnr during Ihis minuIe 
should k approximatrly 69. counting lht turn upide 
dmn and hack u Iwo lums Any soil remaining in lhc 
buom of lhc cylinder durirq lhe tiR( few lurm should 
k Ioounrd by vigorous shaking of the rytindtr whik 
il is in lht invcrkd poshion 

IO 3 When i1 is desired IO lake a hydrometn 
reading. carefully insell Ihr hydrometer about 20 
IO 25 s helorc Ihc reading is due lo approaimalely 
Ihc dcpIh i1 will have when Ihc reading is laken. 
As soon as Ihc reading is taken. carefully remove 
Ihc hydromcler and place it wiIh a spinning 
moIion in a gradualc of clean distillrd or demin- 
rralirrd watrr. 

~rrrr IO-Thcinirial air prcssurcol I psi isrtquirtd 
Io ptvtn1 ~hr roil. water mixture horn tnltring Ihr 
a,r.jtI rhamhrr when the mirlurc is Iranskrrfd lo lhc 
diqwrwm cup 

Norr 12-11 isimportant IO rtmovc lhe hydromekr 
immtdiatcly aIlcr each rtading. Rrading~all ht Iakn 
II the lop d the meniscus rormcd by Iht susptnsim 
around lhc skm. since il is nol pouibk IO nut? 
rtadmg 11 tht botlom d~hc meniscus. 
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10.4 Allrr each reading. take the IempcraIurc 
of Ihe suspension by inscrhng lhc thermomeler 
inIo Ihc suspension. 

I I. Sltvt Analysis 

I I I Aller Irking Ihe linal hydromctrr read- 
ing, Iran& ~hc suspension IO a No. 2UO (75ym) 
sieve and wash wiIh lap waler until Ihc wash 
waIrr is ckar. Transfer Ihe material on Ihe No. 
200 sieve IO a suilahlc ronlaincr. dry in an oven 
a1 230 f 9’F (I IO f 5-C) and make a sieve 
analysis of Ihc portion rrraincd. using as many 
sieves as hired. or required for Ibc material, or 
upon the spccil’iiIion of Ihc material under tcsI. 

CALKlllATlONS AND REPORT 

12. Skre Almlyrh Vahsts ror tbt Pollbn 
Cmser than tbt No. IO (2.00-nm) Skvc 

12. I CalculaIe lhe percentage passing lhe No. 
IO sieve by dividing the mass passing Ihe No. IO 
sieve by RK mass or soil originally splil on the 
No. IO sieve. and multiplying Ihe mu11 by 100. 
To obtain ~bc mass passing Ihc NO. IO sieve, 
subIrac1 RIG mass retained on Ihc No. IO sieve 
horn 1hc original mass. 

12.2 To secure the 1oIal mass of soil passing 
the No. 4 (4.75-mm) sieve. add lo Ihe mass or 
the material passing ~he No. IO sieve the mass ol 
~hc lmciion passing the No. 4 sieve and rcIaincd 

on ihc No. IO sieve. To sccu~ lhc lotrl mass of 
soil passing the ‘kin. (9.5-mm) sieve, add IO lhe 
total mass of soil passing ~hc No. 4 sieve. the 
mass of the fmcbon passing lhe sin. sieve and 

retained on the No. 4 sieve. For the remaining 
sieves. conlinue the calculations in Ihe same 
manner. 

12.1 To dclerminc the 101al pcrccnIagc pas+ 
ing Ru each sieve. divide the total mass passing 
(XC 12.2) by the totrl mass or sample and mul- 
tiply the rcsul~ by 100. 

13. Ilygmampk Molatrrc Cwtclion Faclor 

13.1 The hydroscopic moisturtcorreclion bc- 
nor is Ihc ratio between Ihc mass of Ihc oven- 
dried sample and Ihe air-dry mass belore drying 
II is a number kss Ihan one. crccp1 when Ihem 
is no hygroscopic moisture. 

II. Ptrctntagts of Soil In Saptnslon 

14. I Calculalc the ovrndry mass ol soil used 
in Ihe hydrometer analysis by multiplying 1he 
air-dry mass by the hygroscopic moisture COIXC- 

lion lacier. 
14.2 Calculalc Ihc mass of a lotal sample rcp- 

resented by the mass of soil used in Ihc hydrom- 
ctrr IL+. by dividing Ihe oven-dry mass used by 
1hc pcrcentagc passing lhc No. IO (2.00-mm) 
sieve. and multiplying the rcsul~ hy 100. This 
value is Ihe wcigbl ll’ in 1he equalion for pm- 
cfnlagr remaining in suspension. 

14.3 The pcrctnlagc of soil remaining in SW 

Fnsion a1 lhe level a1 which Ihe hydrometer is 
measuring the dcnsily of the suspension may be 
calculalcd as hollows (Nolc 13): For hydrometer 
I5IH: 

P-((IOOOOO/W)xG/(G-G,)I(R-G,) 

bbE I&The bnctt?k!d p&n d lhe qU8tiOn 
rirr hydromtItr I5 I H is condan la a strits or reading 
and may k akulawd lhsI and lhrn mulliphed hy Iht 
p&on in lht partnlhtsts. 

For hydrometer ISZH: 

P - (/&l/W1 x loo 

where: 
(1 = correction laclion IO bc applied IO the mad- 

ing of hydromclcr 15211. (Values shown on 
Ihe scak arc computed using a specific grav- 
ity o12.65. Correction raclon are given in 

Table I ). 
P = percentage 0r soil remaining in suspension 

a1 Ihc level PI which Ihe hydrometer mca- 
sum the dcnsiIy orthe suspension, 

R = hydrometer mading with conipositc corrcc- 
lion applied (Section 7). 

II’ = oven-dry mass of soil in a 101al &I sample 
rcpresenIcd by mass or soil dispersed (see 

14.2). h 
G - spccilic gmvity or the soil par-ucla, and 
Gr = spccilic gmvily of the liquid in which soil 

particles am suspended. Usx numerical 
value olom in boIh instances in Ihc cqua- 
Iion. In the lirst instance any possible vari- 
aIion produces no sign&m1 CNCCI, and in 
the second inslanct. lhe composite corrcc- 
lion for R is based on a value or one ror G. 

IS. Diamtltr al SolI Parlklts 

15. I The diamclcr ol a parliclc rorrcsponding 
IO the perccnlage indicated hy a given hydrome- 
trr trading shall be calculaIrd acrording IO 
SIokcs’ law (No~c 14). on Ihc basis IhaI a particle 
orthis diameter was a1 rhc surface of the suspcn- 
sion a1 the beginning of scdimcnIaIion and had 
rIIled IO the level a1 which Ihc hydrometer is 
mrasuring lhc densily ollhc suspension. hccord- 
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uhrrc: 
D = diamrkr al p.wiclr. mm. 

n -rrwllictcn~ 111 t~rc~~y uf Ihc suy*ndin8 

mrdrum(inrh~rcau walrcrin ptti~(rrrWs 
uilh rhanacs in 1rmpcrarurc of tk sus. 
prndrn8 mcdrumr. 

I - distance horn ~hc rurfxr n/ ~hr suy*ns~m 
IO 1k k\rl JI whrch lhr drnsrry nf ok 
surpcnuon II hrln@. mc3sured. cm (I CY a 

8rscn hydrnmrirr and srdrmcnlr~mr~ qt. 
in&r. brlucs \ary arcnrdrn8 lo the hydrorn- 
ncr rradiny. Ihrs drslrnrr IS known as 
cfTcc1ise dquh ( lrblc 21). 

1‘ - inlcrval nllimc horn bqinnin8nlscdirnerr- 
lalion lo lhc Irkin of the rcadrq, min. 

f; = sprcific 8rasily of soil panicks. and 
fi, - spccilii 8rabily (rclrlivc densily) of *us- 

pendin medium (value may he usrd as 
I .fWw) for all prarlrcal purposes). 

Fknr Il-Sinrc Slokn’ la* convdrn the rcm~~I 
wk~u) da single rphnt Ialhg in an idimly d kjud. 
~hc ci/n cakula~cd mprcsmu IIN dumercr d spkm 
thal rouhl rail LI rk YIM ralr as Ik al panrcks 

I!.2 For rrmvrnienrr in ralcula1ions ~hc 

aknc cqualion may he wnllcn as follow: 

0 - A.Tii 

whrw 
A w rrmslanl &(*ndln( on lhe iem(xraiurc or 

1k susprnuon and Ik spcrrfii aravily d 
ik~tilpm~k~ ValunorA ha raqed 

1rmprra1urn and spn rh aravihesarr Riven 
in Iahk 1 IkralwdAdoesno4cha~ 
rm a U* d rrdlnp rrmnr1u1in8 8 1-1. 

whrk ralucs of I and 1 do vary 
I5 1 Valucl of I7 may hc rompuicd wi1h sul- 

riicnl accuracy. uin8 an ordinary IO-in. slide 
I&. 

Nrrrr l5-~k~alucol/.rsdrv&dhy ~Usm@Ihc 
I. l rul l.rcalcr. lk cquan I&c* kin# lndirrlcd 011 Ik 

Ihrak. Witkul rsrrrxGrina tk value d tk square 
nru )I ma% k mulupkd hy A. uina cukr tk C ‘. or 
( /.wak 

IL. SICSC ANl)S/s Values hrr Portinn Finrr lh 

Nn. Ill (2.00-mm) Sloe 

Ih I (~alcularion or prrccniaan pastin ihc 
sari~~us sicvs used in sic\ing rhc ponion or ihc 
sample from lk hydromrlcr 1cs1 involves scvcrat 
slcps 1 hc rircl slcp is lo cakutalc lhc mass Of lhc 

D422 

frnrrion 1ha1 would h&c ken rclaincd on ik 
No. IO sicbc had il no1 ken removed. This mass 
is rqual lo 1hc lnlal pcrccnlapc rclaincd on 1k 

.Nn IO ricxc l IM minus lolal pcrcrnlagc passiag) 
limes ~hr mass of rhc ~oial umpk rcnrcserucd 
hy 1hc mass of soil uud (as calculn1rd in 14.2) 
and ~hc rcsul~ drbrded hy IIMI 

I6 2 ~‘alculare neal 1hc hnal mass panin ik 
Nn Hn ucxc Add rrqcthrr 1hc Irartional mmcl 
rrlairwd on all Ihr saem. lwludm8 Ik No. IO 
ww. and rubrrart (his sum rrom ihe mass ofilrt 
lcrlal umph (as rakulaicd in I4 2) 

16 1 C‘akula1c ncsl ik lolal marus passin( 
rxh of ~hc olhrr sicvrs. m a manner similar lo 
1ha1 8isen in 12.2. 

16 4 Cakulalc Iatl ihc lolal pcrrcnla8o pra 
in8 by dikidiy the 1o1a1 mass passin (as cake 
laied in 16.3) by 1hc ioial mass or sampk (a 
cakulatcd in 14.2). and mulliply the result by 
IO0 

I?. Graph 

I7 I When Ihc hydromclcr analysis is per. 
rormcd. a 8raph or the 1~51 rcsulls shall be made. 
phw1irq 1he diame1rn of 1hr pariicks on a log 
ri1hmic srak as the abscissa and 1hc pcrcetn~ 
smalkr lhan lhe corrcspnndin8 diameters lo m 
l ri1hmriic scak as the ordinak When the hy. 
drornrln analysis is no1 made on a ponion d 
~hc soil. IIU prpln~ion or 1hc yrph is oprional, 
since ralucs may k secured directly rrom talnr- 
lakd data. 

IO. Rrpurl 

I11 I The rrporl shall include 1hc followi~ 
I8 I I Maaimum sire ofpaflicks. 
1111.2 Percrnlop patsin (or rrlaincd on) 

earh sicvc. which may bc labulalcd or prcxnkd 
by plo(1in8 on a srpph (Note 16). 

lb.13 Description or sand and 8raVd parti. 
CICSI 

18.1.3. I Shape-rour&d or an8ular. 
II. I.32 Ilardncs.s-hard and durabk, son, or 

wrarkrrd and friable. 
lR.l.4 SprrifiK 8ravily. ir unusually hi8h or 

low. 
II. I.5 Anydilliiully in dispcrsin8 the rraction 

passin the No. IO (2.00-mm) sieve. irrdicatirq 
any rhan8c in Iypc and amounl or dispersiq 
a8cn1. and 

11.1.6 The dispersion device used and ik 
kn8lh of lhc disprnion pried. 
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NWF 16-Thii rrhulalion nf yph rqzrcsals lk Ml Clay sire. rmalkr lhan 0.005 mm 
dation of 1k sampk lested. II par~icks laracr dun Colloidq tmalkr rhan 0.001 mm I I 
hose contained in rk sample ycrc mmovcd hefore 
ain& the rcporl shall su slate givin8 lk amounl and 18.4 For makrials for which compliance with 

nasimum sire. dclinilc specilTcalions is not indicalcd and when 

11.2 For mrtcrials wswd for compliance wi1h 
rhc soil contains material retained on 1hc No. 4 

kfinilc spccilicalions. the fractions called for in 
sieve sufficienl lo require a sieve analysis on lhal 

,Wh spccifica1ions shall he rcporrcd. The Inc- 
poeion. the results may he reporicd as follows 
‘h(,.,m 17,. 

rons smaller lhrn ~hc No. IO sieve shall be read “-“‘% ’ “’ 

knm the 8rrph. 
!%FVl! ANALYN 

Ill 3 For ma1criah lor which compliance wi1h 
R=“W 

sieve size -“R 
Mnilc ylccifiia1ions is nol indicaled and when 
tk soil is composed almosl cnlircly of panicles 

)-in. 
Z-in. 

psssirq drc No. 4 (4.7S-mm) sieve. 1he rcsul1s I W-in. .,.,...... 

d rrOm Ik grOph may be rClkm!d 8S rObWS I -in. .,........ 
kin. ..,....... 
Kin. 

..o. % No.4 (4.Wmm) 

* 
No. IO (2.00mml 

,, I. No. 40 1425-pm) 
No. ZOO W-pm) 

* 
ttVoKrM&TFa ANALM 

111 Smd.possing No. 4 Scve and m. 
taincd~No.za,siwc 

(0) Canrmrd.@lyNo.4kw 
and mained an No. IO rim 

(h) Medium sand. passing No. IO 
akvc and lvAai”cd on No. 40 x 0.074 mm 

om5mm 
ahc 

(r) Fine awl. )tmsi~ No. 40 aiwe 
O.OUI mm 

andrcrairrcdonNo. 2OOaiew 
% 

NOTE 17-No. R(Z.Mmm)md No. 50(300+m) 

[I) Sib size. 0.074 lo 0.005 mm X aicm may he ruhsdturd lix No. IO and No. 40 slcicm 
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Wb Derlgnrtlon: 0 854 - 03 

I. .scape 

I. I This lest method coven dcterminrtion of 
lhc rpecilii gravity ol soils hy means of a pyc- 
nomrlcr. When Ik sod is compnud of panicles 
larger lhan the No. 4 (4 7S.mm) skvc. the 
mrthod outlined in JCSI Method C 127 shall bc 
hllowd When the soil is composed dprlick 
hrth larger and smalkr than lk No 4 sieve. lk 
sample shall k uparaled on Ihe No 4 sieve and 
the appropriatr WI mrthod uud on rach por- 
IIon 1 hc y*rAr grr~iy valw lor lhc sod shall 
k rhc wrtghtrd avcragc of rhc IWO values (Note 
I I When Ihc yrctfic gravity value is to he used 
in ralculaIionc m connection filth the hydrome- 
OCR portion of Method 0 422, ii is inlcnded that 
(he specifi grar~iy irrt he made on that por~iort 
d I~C soil which passes Ihc No IO (2.00-mm) 
sieve. 

G, - 
I 

RI+ p, 
mG , iizc 

where: 
G,., = mightrd average spccilic gravity of soils 

composxl of particles larger and smaller 
than the No. 4 14.75-mm) sieve, 

RI = pcrcenl or soil parlicles rclained on the 
No. 4 sicvc. 

/‘, = pcrccnl ol soil particles passing the No. 4 
sieve. 

(;, = apparcnl specilic gravily 0r soil particks 
retained on the No. 4 sieve as determined 
hy Test Method C 127. and 

(;I = specific gravity 0r soil particles passing the 
No. 4 sieve as dclcrmincd by Ihis lest 
method 

1.2 The values stated in aoxptahk rtxtric 
units are to be rgardcd as the standard. 

I.3 This siondord mot- in&e hotordous 1)10 
r&a/r. rywrotmonr. and c~wpmmf. This ~~ondard 
dwr nt# pwpm IO ad&ccc all nj the sofcfy pm& 
Icmc otwiofd *wh ifr IW II IS rhr rqmnsibib 
tr,r tJ whtnrr IWS rhtc standard in ronsuh ad 
rcrohhch opprqwmtr &VW and hrolrh pro&n 
onddrwrmmr rb* onJlc abrh~y ofrqulotoq /in& 
IOIIIMI pmr In uw 

2. A@cabk -Y 

2, I ASTM Standardr 
C I27 Tess Method for Specific Gravity and 

Akorp~ion OcCoarx Aggregate’ 
C 670 Pncliw br Preparing Prccisiost State- 

ments far TWI McIhods for Constntctioa 
Materials’ 

0 422 Melhod Tar Particle-Sire Analysis d 
soils’ 

E I2 Dcftnitions of Terms Relating to &nsi~y 
and Spccifii Gravity oC Solids, Liquids, and 
Gases’ 

3. Oclhllka 

3. I sp@c~ravir~thc ratio of ~hc mla ofa 
unit volume ora mrtcrial at a staled lempetatun 
IO Ihe mass in air of the same volume ofga+rrce 
distilled water at a stated tempctaturc (per Deli- 
nit ions E 12). 

Cumnl cditbn 4ppmwd Nor. 21.1991. pvblihad Jv 
IPU tX+mtty immt m DIH-4% Lrm pniora sdi(ia 
DW-JItI979t. 

’ hmd Dook ~ASTM SIOII&~I. Vd 04 02. 

‘~ammd Ed 4ASTM SW&W&. Vd M.W. 
’ Annd &ok cf ASTM Smdmds. Vd I I.05 

II 
,, “_ 

I 

-- 
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4. Siplllhnrc and Ike 

4.1 The specific gravity of a soil is used in 
almost cvcry equation cxprming the phase rcla- 
Iionship of air, water. and solids in a given vol- 
ume 0r malerial. 

4 2 The term “solid particles,” as used in go- 
trchnical engineering. is lypically assumed to 
mean naturally occurring mineral particles that 
arc not very soluhlc in waler. ThcreTorr. the 
spccilic gravity or matctials containiq exlra- 
ncous matter (such as ccmcnI, lime. etc.). water- 
sol&k malter lsuch as sodium chloride). and 
soils containing matter wiIh a spccilic gravity or 
kss than one. typically require &al tratmcnt 
or a qualifted definilion of spccilii gravity. 

5. Appnl~ 

5.1 ~rrtcmrcrcr-EiIhcr a volumetric flask 
having a rapacity or aI kad 100 mL or a slop 
m boIIk having a capacity or II least 50 ml. 
(NOIC 2). 1 he sloppcr shall be of the same ma- 
terial as the hottk. and of such sire and shape 
thaI iI can hc easily inserted IO a fixed depth in 
~hc neck of Ihc botIlc. and shall have a small hole 
throogh iIs center to permit ~hc emission of air 
and surplus water. 

Nfm 2-The UY d either the vdumctrk fl& or 
Ihc dnppmd hdtk is a mallcr of individual ptrlrctwX. 
bul in pmnl. tk flask should k uud wkn a Iargtr 
olmpk than can k uud in tk sI0pccrc.d botlk is 
muled due IO maximum grain size Ortk sampk. 

S.2 &lance-Either a balance sensitive to 
0.01 g for use with the vohtmclric flask. or a 
halance sensitive IO 0.001 g for ur with the 
a~oppercd hottk. 

6. Callbratlast of Pycnomeler 

6.1 The pycnomctcr shall be clcancd. dried. 
weighed. and lhc weight rccordcd. The pycnom- 
elcr shall lx filled with distilled water (Note 3) 
essentially aI room Icmpcraturc. The weight or 
the pycnometcr and water. II’,. shall lx dcIer- 
mined and rccordcd. A thcrmomctcr shall bc 
inset-ted in the waler and its temperature 7; de- 
termined IO the nearest whole degree. 

NOTE 3-Kcrosinc it a ktlcr wetting agent lhrn 
water for mcn( soils and may k used in plarr oldirtittcd 
waw for own-dried -mph% 

6.2 From the weight II; determined aI Ihc 
observed lcmperalurc. 7; a table 0r values 0r 

weights II; shall k prepared for a scrics Of 
temperatures thac arc likely to prevail when 

‘1 ““I I 

weights II; arc dctcrmined later (Note 4). These 
values of 11’. shall he calculated as follows: 

M, lat r.j 
- (density ol water ai 7;/dendiy or water at 73 

x(H;(at L)- HiI+ H; 

where: 
II’, = weight of pycnomcter and water, g. 
rC; = wcighl of pycnometer. g, 
T, = ohscrvcd lempcmlurc 0r waler. l C. and 
7, = any other desired Iemperaturc, l C. 

NUTF )-This method provides a praccdure that is 
mosl convenient for Iaburalories making many deter- 
mina~ionr with tk ssmc pycnomcler. II is equally 
l ppliahIc lo a single &lermina&n. tJrin#ng rk plr- 
oomclcr rod cumcnls to some dcsignalcd lempcmturc 
hen weights H; and H’r are taken. mquim considcr- 
aMc time. II is much more convenient IO prepare a 
tabtc al weights It; lor various lempmlum likely lo 
prevail when weights ti’~ arc taken. II is impurlanl lbal 
*rcigIMs t4’. and II’, k based on waler al lk Same 
lemperalum. Values for the dative densily of waler al 
tcmpcmlum from Ig IO Urc are given in Tahk I. 

7. Sampling 

7. I The soil lo he used in sl%cific gravity tcsl 
may contain its nalural moisture or be ovcn- 
dried. The weight of Ihc test sample on an oven- 
dry hasir shall hc at kast 25 g when the volumel- 
ric flask is to be used, and at least IO g when the 
sloppcrcd holllc is lo he used. 

1.2 Sampks ConfaininR Norural Afni.r/ure- 
When the sample contains its natural moisture. 
the weight of the soil, W;, on an ovcndry hasis 
shall hc determined III lhe end of the test by 
evaporating the water in an oven mainlaincd at 
2YJ -19’F (I IO &5-C) (Note 5). Samples orclay 
soils containing thrir natural moislure conlent 
shall lx dispersed in dislilkd water hcrore placing 
in lhe flask. using ~hc dispersing cquipmcnt spcc- 
ilicd in Method 0 422 (NOR 6). 

7.3 Own. Dried .%o?r~/c.+ When an ovcn- 
dried sample is IO he used. the sample shall k 
dried Tar at lrast I2 h. or lo constanl weight. in 
an oven mainlaincd al 2.311 f9’r II 10 _+5’C) 
(Ncrtc 5). cooled in a dcsiccalor. and weighed 
upon removal rrnm the desiccator. 1 he sample 
shall Ihen he soaked in disMlcd waler for al least 
I? h. 

Norr S-Drying of certain soils al I IOY may king 
ahwl loss of moisture ol composition nr hydralinn. 
and in such cam drying shall hc done. if d&red. in 
rrdurrd air prcsrurc and al a lowrr lcmpcrsturc 

N~MI L-The minimum volume 01 slurry thrl can 
k prcparcd hy ok diywting equipmcnl s(xcificd in 
Mrlhod D 422 is such that I Wlll.ml. tlark is needed 3% 
the pycnomctcr 
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II. Procrdorc 

8 I Pkf lk sampk in Ihe ~ycnmnctrr. Irk- 
ing care no1 IO lnu any nf Ihr roil in car ~hc 
wight nf Ihc umpk has hrcn drtrrmincd Add 
diwlkd waler IO fill the vnlumrwic flash ahnut 
three-firurthr lull or lbr wppcrrd hwk ahnu~ 
hall rutI 

R 2 Rcmnrr cnwapprd air hy ctthrr nr the 

hilnwng method\ 0) ruhjw Ihc ct-uwn~s 10 I 

parl~rl wcuum (air pfrwrr no1 rrcccding 100 
mm 111) or (2) hail gntly Tar (II kasl IIt min 
whik occasionally rolling ~hc pycnometer IO OS 

sis~ in the rrmovrl of ~hc sir. %~I ~hc contents 
IO reduced air prcwtrc riOur hy connecting the 
pycnomctrr directly to an aspirator or vacuum 
pump. or hy use of a bell jar. %me soils hoil 
vinknliy wkn suhjectcd lo reduced air pressure. 
II will hc ncctwary in those cases In K&IX the 
air prcwre at a slowr rate or to UY a larger 
flask.. Cnd umpks lhal arc healed lo room 
lcmpwalurc. 

R 3 Fill the pycnnmctcr with distilkd waler. 
ckrn hr outside and dry urth a ckrn. dry cloth. 
Octcrminc ok *rclght of ~hc pycnometcr and 
conlcnls. 11’~ and Ihc lcmpenlurr in drgm 
(‘clsiux 7 . . nf Ihc wnlcnls as dcwrihcd in *- 
linn 6. 

9. Cakob~bn 04 Report 

9.1 CalcubIc the sprcifi gnvily or Ihc soil. 
hased on waler al a lcmpmiurc I’,. 0s fotkm 

.Slrc& gfavky. 1 ./I. I ll’~llL l (II; - II;)1 

whrrc: 

II:. - weigh! td sampk of nvcndry soil. g. 
II: - weight or pycnnmrtcr filled with water II 

lcmpcralurr 7‘. (Nnte 7). g. 
II; = wright 01 pycnnmrwr lilkd with walw 

and soil al lrmpcraiure 7’.. g. and 

7. = lrmpcralure of Ihc conlcnls or lhc pyc. 
nomctcr wbcn wright II; was dc~cr- 
mined. ’ (‘. 

U ? Ilnl~ othcrwisc rquircd. spccifii Rnvicy 
~;durs rrpnrlcd <hall hc bawd on waler aa 20-C. 

The value baud on waler aI 2o’C shall be al. 
culatcd rmm Ihe value hased on wakr al Ihc 
ohuncd lcmperalurc F.. as rollnw: 

Srv41 gmvily. T.fMC - 
A x qw~k gravity, TJT. 

vhrrt: 

A - a numkr round hy dividing the relative 
dmily of warr al trmpcralurc F. by IIU 
rrlalivc density 0r waler al 2o’C. Valuer b 

a nngr ol Icmpcra~urcs are given in Table 
I. 

9.3 When il is d&cd lo rrport the spccifr 
gravily value based on waler a1 4Y: sue+ a 
spccifk graviiy value may bc calculated by mal- 
liplying the spccik gravity value at lcmpcralarc 
T’. hy lhc rclali*c dcnsily 0r waler PI lcmpenlure 

F.. 

9.4 When any portion of IIIC original sample 
ofsnil is climinalcd in IIK preparation oflk lcJl 
umpk. the portion on which the ~csl has &a 
made shall be reported. 

In. lkkbaodbbs 

lo.1 Critcrir r0r j0dging I~C accrptabilily d 
spcdi grovhy ICSI rcsul~s obtained by this ta( 
method on malcrial passing ~hc No. 4 (4.7bmmj 
rirw arc given as rdlo*R ( NOIC II): 

II 

a 
21 
22 
21 
24 
23 
26 

:: 
n 
.w 

0 WRhZ44 
0 W84141 
09WUl 
0 WM2JJ 
0 W7PI9 
own102 
0.99712Y 
o.wm7m 
0.996IlY 
O.WbWSI 
O.wb26~2 
O.WW61 
q.wpw7m 

o.wIb 
09981 
o.wm 
O.Wl7 
O.WT4 
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Standard Method for 

LABORATORY DETERMINATION OF WATER (MOISTURE) 

CONTENT OF SOIL, ROCK, AND SOIL-AGGREGATE 
MIXTURES’ 

1. scope 
I. I This method covers (he laboratory dcter- 

mination or the water (moisture) content of 
soil. rock, and soil-aggregate mixtures by 
weighl. For simplicity. the word “material” 
hereinaller reren IO either soil, rock. or soil- 
;yegate mixtures, whichever is most applica- 

1.2 The water conlent or a mrlerial is de- 
lined as the ratio. expressed aa a percentage. ol 
the mass of “pore” or “kc” water in a given 
mass oC material IO the mass ol the solid ma- 
terial particles. 

I.3 This method does not give INC repre- 
sentalive results r0r: materials conlaining sig- 
nilkant amounts or halloysitc. montmorillon- 
ile. or gypsum minerals; highly organic soils; 
or. materials in which the pore waler contains 
dissolved solids (such as sali in the case of 
marine deposits). For a material of the previ- 
ously mentioned lypes. a modified method of 
testing or data caIcuI~Gon may be established 
lo give results consistent with the purpose ol 
the test. 

2. Smmmary of Method 

2. I The practical application in determining 
the water conlent of a material is to determine 
the mass of water removed by drying the moist 
material (la1 specimen) lo a conslanl mass in 
a drying oven controlled al I IO f S”C and lo 
use this value as the mass of water in the test 
specimen. The ma- of material remaining aller 
oven-drying is used as the mass of the solid 
particles. 

3. Slgnifkance and Use 

3. I For many soil types. the water content is 
one of the most significant index properties 
used in establishing a correlalion bclwcen soil 
behavior and an index property. 

3.2 The water conlent oC a soil is used in 
almost every equation expressing the phase 
relationships of air. water. and solids in a given 
volume 0r malerial. 

3.3 In tine-grained (cohesive) soils, the con- 
sistency of a given soil lype depends on its 
water content. The waler conlent of a soil, 
along with its liquid and plastic limit. is used IO 
express its relalivc consistency or liquidity in- 
dex. 

3.4 The term ‘*water’* as used in geotcchnical 
engineering, is lypically r.uumed IO be *‘pore” 
or “kce” water and not that which is hydrated 
IO the mineral surraces. Therefore. ibe water 
content 0r malcrials containing signilicanl 
amounts of hydrated water at in-situ lempera- 
lures or less than I IO’C can be misleading. 

3.5 The term “solid particles” as used in 
geotechnical engineering, is typically assumed 
lo mean naturally occurring mineral particles 
that are not readily soluble in waler. Thererore, 
the water contenl of mrlerials containing cxtra- 
neous matter (such as cement, CIC). water-sol- 
uble matter (such as Salk) and highly organic 

’ This methad ic under #he iuridiclion rd ASTM Cmn- 
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mnllcr typically require special lrcatmcnt or a 

yuahfied &fir&on of water rorrlcnt. 

4. Apparrlr* 

4 I /)rrinK ovrn. thcrmc~tatiully~ccn. 
Irotkd. prckrahly ol the f~~rced dran type. and 
maintaming a unrhrrm icmpcraturr <er Iltt f 
5°C’ throughout the dryrng chamhrr 

4 2 Rolanrr~. havmg a prccrsrcm (rcpeatahil- 
iry) of f0.01 g for specimen* having a mass nf 
2(N) g nr ICV. ftl I g ku rpecrmem havmg t 
mass of betwren 200 and ItRRt g. or f I g rnr 
qpecimcns harrng a mau grcalcc than lot11 g 

4 I Spnimrn Conrarnrrr Surtahk con- 
taincrr made ol material r&slant IO rrrairm 

and a change in mass upn repealed heating. 
cooling. and ckaning. Containers with cknc- 
litting lids shall he uwd for testing specimens 
having a mass ol less than ahoui 200 g, while 
for xpccimens having a mass greater than ahoui 

200 g. conlaincn without lids may k used 
(Note 1). One container is nccdcd for each 
Vader content determination. 

Nwr I The pu’lnr of rlou numg IId9 is IO 
pevcnt kmor morwwc from spaimecu brfotc initial 
rcrghing and IO pcrtnt l twr~ion n( moistuw hnnr 
lhc almmphere Mrrrmg drymg and hcfme hal 
rciphmg 

4 4 Ikticrafar A desiccator of suitabk sire 
(a runvcnicnl si?e is 200 lo 2!X&mm diameter) 
containing a hydrous silica gel This quipment 
i* only recommended for use rben containen 
having clnse~litling lids are not used See 7 4 I. 

5 Wmmptu 

5. I Keep IIK samples that are stwed prioc to 

toting in noncorrodibk ainight containers II 

a temperature hetrccn l pproaimalcly 3 and 
3O’C and in an area that prevents direct contact 

with rurdighl. 
5 2 The water content determination should 

be done as soon as practicable after wmpliag. 
cspccially if potentially conodibk containen 
(such as rIceI thin-walkd tuks, paint cans. etc.) 
or sample bags are trued. 

6. l&l SpAmen 

6. I Fur water contents hcing determined in 
conjunction with another ASTM method. the 
method of specimen selection specified in that 
method controls 

a IM I; / I 

6 2 The manner in which the ICSI specimen 
is sckctcd and ire required mass is basically 
dependent on the purpose (application) ol the 
IN. type olmatcrial hcing tc%tcd. and the iypc 

of wmplc (specimen from another IN. hag. 

luhc. <phi-barrel. CIC I In all ca%~~. however. a 
rrprcuniatirc pl*nion ol the lntal sample shall 
k~k~~cd ir4 i aycrcd soil or more than one 
soil type is enoxrnicred. s&cl an avcragc pnr- 
lion or individual pr~inns or both. and note 
rhich portion(c) *a% t-ted in the report of the 
r*~ullr 

6 2 I For hulk umplct. sclrc~ the IN qpeci- 
men rrnm the material a&r it has been thor- 
oughly miacd The maa of moist material r- 
kctd shall be in accordance with the following 
table. 

6.2.2 Fm small (jar) sample\ select a rcptc- 
sentalive pnrtion in accordance with the follow- 
ing procedure: 

6.2 2.1 Fnr coksiiku soils. thotoughhly 
mir Ihc malcfial. then wkct a lest specimen 

having a mass Or moisl materi in accordance 
with the tabk in 6.2.1. See Note 2. 

6 2 2.2 For cohcsivc soils, remove about 3 
mm or material rrom the capsed pcriiphery Or 

the sample and slice it in hall (to check ir the 
material is layered) prior IO selecting the test 
rpcrimm. If the soil is layered see 6.2. The 
mass or moist material sckcted should not bc 
kss than 25 g cx should be in acaxdrna with 
the tabk in 6.2.1 if coarse-grained parlicks arc 
noted. (Note 2). 

6.3 Using a test rpccimcn smaller than the 
minimum mass indiatcd previously rquira 
dimion. though it may be adequate for the 
purpose of the test. A specimen having a mass 
leas than the previously indicated value shall 
be noted in the report of the results. 

Now 2 In many CAVS. when working with a 
small sample containing a rclalivcly large coarse- 
grained panick. it is appropriate nc* IO include this 

g: 
rtick rn the test specimen. If this occurs. ir should 
noted in the rcporr of rhc rnulu 
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7. Procedure 

7. I Select rcprescnlative test specimens in 
accordance with Section 6. 

7.2 Place the moia specimen in a clean, dry 
container of known mass (Note 3). set the lid 
securely in position, and dcttwninc the mass ol 
the container and moist material using an ap 

propriatc balance (4.2). Reawd these values. 
7.3 Remove the lid and place the container 

with moist material in a drying oven main- 
tained at I Ift f 5°C and dry to a constant mass 
(Notes 4. 5. and 6). 

Non I - To assist in the oven-drying d large tat 
sprcim they should be placed ia containers hav- 
ing a large surface area (such as pans) and ~hc 
material broken up inro smalkr l ggregalions. 

Nora 4-The hme required lo obtain wnstanl 
mass will vary &pen&R on the ~ypc of material, 
sisaors 
f4ClOtS. Gz 

‘&a. &r~ I)-F md ca)&ty, and other 
influence III rhce facton aen~rall~ can 

being maad. In most caaca, drying a tat specimen over 
night (about I6 h) is sutlicien~. In cases where ~trere 
bdwbl oomrming the adequacy of drying, drying 
slwndd be eontinue4 until the rnas+ akr 1-0 succu- 
h-c periods (greater lhan H h) of drying indicate an 
insiyifii change (ko than l bou10.1 %). Speci- 
mens of uad may dlcn be dried lo constanl muI in 
I p”od d A~OUI 4 h. when a rorccddratl men is 
used. 

Nora S-Oven-drying at II0 f 5°C does not 
drays resuh in wales cuntant values retaled to tk 
intended aa4 of the basic dalkhlw qdally r0f 
mawriab containing gypsum OT other nunuab hav- 
ing ~gnifiint l muunts uf hydraled watar 01 for soil 
coirtaining a aigaitkanl am&l uf organk material. 
la marrv cues. and derxndinc 01 tha intended uaa 
ror th& typa of maleXab. it”might ba rnora l ppli- 
uMcloumuiaIbcd~iryorrrat60t5’Cocur 
a wcaYm desianta II I vacuam d approawlely 
I33 h (IO mm fit) aad at a lam 

p”. Lx 
l lura ran ing 

bclr~z3d60crordrT(~ rnthadf 
dcyiq methods are used. il rhoaid be noled in UK 

rrprlarlllcrcaahs. 
NOTE bSinca mme dry mmerialr may absorb 

m&tmrc haa moist rpuuncas, dried apaimem 
should bc rc(mmd berorc placing moist spacimans 
in ~ha oven. Il-a, this requirement is not l ppli- 
c&k ir ihe previously dried specimens will remain 
in the drying oven for an addr~ional lime period 01 
about 16 h. 

D 2210 

bare hands and the operation of the balance 
will not be alkcted hy convection cur! 
Determine the mass of the container and 
dried material using the same balance as used 
in 7.2. Record this value. 

7.4.1 If the container does not have a lid. 
weigh the container and material right alar 
their temperatures am such that the operalion 
of the balance will not be l tTectzd by convec- 
tion currents or after cooling in a desiccator. 

Non 7-Coolin in a daiculor is rceommcnded 
since il przvcnu a b i0n 0r moisture rr0ln the 
atmosphere during caohng. 

6. Cakdmtbn 

1.1 Calculate the rain content of the ma- 
letial as followsI 

where: 
Iv - waler content. %. 
Wr - mass of container and moist spccitncn, 

c 
I+‘, - mass of container and oven-dried spec- 

imen. g. 
W. - mass of container, g, 
IV. - mass of water. g, and 
IV. - man olsolid prticks, g. 

9. Report 

9. I Tk report (data sheet) shall include the 
rollowing: 

9. I.1 ldentifition or the sample (material) 
being tcstcd, by boring number, sampk num- 
ber, teat number, etc. 

9.1.2 Water amtent of the specimen to the 
nearest 0. I % or I %. depending on the purpose 
0r the test. 

9.1.3 Indication of test specimen having a 
mass less than the minimum indicated in Set- 
lion 6. 

9.1.4 Indication of tert specimen containing 

7.4 Alkc the material has dried to constant more than one soil type (layered. etc). 

mass remove the container rrom the oven and 9.1.5 lndiution or the method or drying il 

replace the lid. Allow the material and con- different from oven-drying at I IO f 5°C. 

taina IO cool IO room temperature or until the 9.1.6 Indication of any material (size and 

container can be handled comfortably with amount) crcluded from the test specimen. 

357 

I I 



m D 2210 

IO. PrecMon and Arcracy curacy or this lest melhod have not yet ken 

IO I Requitcmcn~c hr Ihc prccitinn and ac- develoPcd 
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I. Srope 

1.1 This practice covers the wet prqaration 
of soil samples as rcccivcd from the field for 
partick-six analysis and dctcrmination of soil 
constants. 

I.2 Proccdurc A provides Tar drying the held 
sampk at a temperature not crcccding 14o’F 
(M)‘C?. making a wet sepamtion on the No. IO 
(2.OCmmt sieve. or No. 40 (425.pm) s&e. or 
both. as nccdcd. and tinally drying at a tempcr- 
aturc not carceding 14o’F. Proccdum kt provides 
that the sample shall he kept at a moisture con- 
tent qua1 to or greater than :hc natutal water 
content The proccdurc to be used should lx 
indicated in the specification For the malcrial 
bring tmd. IT no proccdute is specified, fhc 
provisions oT Proccdurc B shall govcm. 

I. 3 Thic srondnrd may invnlvr hozordous mo- 
Ma/s. tprralionc. cmd cqttipmtw#. This standard 
dws rnti ptrrpw 10 0ddrc.w all drhc s&y proh- 
km a.wwiaIt=d wit/l ire WC If is rhr rqwnsihil- 
iry CJ whwwr rrwr H1i.c .slandard 10 consuh and 
trmhtish oppropriarr .safn.v ond hcahh prac:icts 
and dtiwminr tfrr nplrlic.ahility flfr~rrl~r~y limi- 
rorions prior fo ,I*(*. 

2. Applkablc Docummtc 

2. I .ISTM .%7rtdnrdrt 
D421 Practice for Dry Preparation ol Soil 

Samples Tar Particle-Site Analysis and De- 
Icrminalion of Soil CbnslanIs* 

0422 Method for Particle-Sire Analysis oT 
Soils’ 

E I I Spcrification Tar Wire Cloth Sieves For 
Testing Purposes’ 

3. Signiticance ad Use 

3.1 Proccdurc A is uxd IO prcparc soil sam- 
plcs for plasticity tests and particle-size analysis 
when the coarsegraincd panicles ota sample arc “. 
sop and pulverize readily. as in Practice D 42 I, 1,” 
or when the fine part&s arc very cohesive and 
tend lo resist removal from the coarse particks. 

3.2 Some soils never dry out in nature and 
may change their characteristics greatly when ; 
dried. If the true natural gradation and plasticity 
charactcristicsoTsuch soils arc desired, these soils 
should hc shipped to the laboratory in scakd 
conlaincnand prnccsscd in accordance with Pro- 
ccdurc B of Ihis pm&~. 

3.3 Liquid limit and plasticity indcr values 
dcrivcd from sampla containing their natural 
moisture arc usually. hul not always, qual lo 01 
higher than values derived from similar sampI- 
of the dried soil. In the case of fine-yaincd 
organic soil. there is a radical drop in plasticit) 
due lo oven drying. 

3sq 
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3. Appsrslm 

3 I Own. r*ulalrd lo a rnnsianl lrmprnrurr 
d 10s i ST. 

12 .IfrMc* I’watr: r@alrd lo a conslanl 
lrmprralurr of SWC. 

4 t f%cr a rrpwunlaiirr 6rld rsm* cm I 
quart ruther sheet. paper. w od rloIh. Rrdurr 
Ihr urn* lo Ihr quanllly frqutrrd by quaficri~ 

and placr in a moiuurrpfonf conlaincr. lliw& 
mapdlr to prtwnt nwwwr hrc vs 

s. Praredrr-Meihd I 

S I MI& thr sampk Ihoroughly and place . 
M sprclmrn nf al kasI SO B in an ignilrd and 
wrighrd (with liard heavyduly aluminum roil 
covrrl high silica or porcrlain cvrporaling dish 
or not kss Ihan 100 mL rapacity. Crush soil 
lumps wiIh a spoon M spatula. Cover immedi- 
alrly with Ihr aluminum foil and weigh IO the 
ncamt 0.01 g. Dry uncovrred for 16 h at 105%. 
Rrmovc rrom ~hr own. cow tightly. cool. and 
weigh. 

6. CakdrIion 

6. I Cakulatc the moisture ronIcnI IS follow: 

Mci\lurc. % - it.4 - 8) x Mm]/,4 

where: 

.I - grams of as-nxeivrd ler( sprrimrn. and 

8 - grams oTuwndrird ICSI rplrimcn. 

Now-In gcowchnical cngimring ~hr moirrurr 
c0nIrn1 is commonly r~pwucd as J pap~rlion d the 
wrndricd mm. CJR must he bkcn lo indiilc *hi 
ryurm b Mng urcd. 

7. Rerrdmre-Method II 

7.1 Usr McIhod II when pfl. nitrogen. sand 
conIcnt. cation crchrng apority, ek., ue IO bc 
Icsled. Mir Ihorou&h)y 8nd weigh a 100 to MO- 
8 rcpfrsrntdve ampk and rptd evenly on I 
latgc flrc pan. Cn~sh soil lump with a spoon or 
spatula l td kc ihe vmpk come lo fnoisfurr 
quilibrium wiIh mom air. noI less Ihan 24 h. 
Sir ocf8sbnrlly I0 m8inlrin mrrimum air CR- 
posufe of the entim sampk. When the weigh1 is 
constsnl. cakulrK the los3 in weigh1 as pcfcenl 
moisww removed by air dtyim Ghd a rrprr- 
mtaIin pa~ion of the airdried nmpk I ta 2 
min in a MdHpad bkndcr. Ur Ihe gfwnd 
prntion li7v moisture. ash. nit-. etc., deter- 
minwiw. 

1.2 Thmwghly mix Ihe airdried. gnwnd 
sampk l nd wigh lo the nearrrt 0.018 the quiv- 
rknldso~oflesIspccilncnonIheas-mxive.d 
ba&DcwrminethegunroCdrdriedmmpk 
quiraknI IO SO g of as-mxiwd nmpk n fd- 
lows 

hum pnk rcbhl. 
g-se.0-~soxpl!mllmdsl,olemnavcd 

in airdryin&/MDJ 

Place the weighed s8mplc in 8n ignilai and 
weighed (wilh fitted hav-yduIy aluminum foil 
mvcr) high silka or porcelain evaporating dish 
rndpnxudrainM&odI. 

8. tIMddkm 

8. I C&ul~Ie the moisture contenl a lbllow 

02B7b 

h4oiuurc. 74 - I.50 - I) x 2 

WhCW 
B = grams of oven-dried sampk. 

ASll 

9. Rocedare 

9.1 Place 0n unmvcnxl (rrlain rover r0r 

wrighing) high silica or porcelain dish conlrining 
the dried test specimen from the moisture deter- 
minalions in 8 mulllc rurnw. Gradually bring 
IO 55OT and hold until compkicly rshed. Cover 
viIh the reIaincd aluminum bil cover, cool. and 
w&h. 

IO. cdcnlalbn 

IO. I Cakulrte the ash content as lollowsz 

Ash. * - (C x Ial)/ 

WIUIC 
C = gmms of ash, and 
B - Erams Orowndried ~esl sperimen. 

ORGANIC MAllTR 

II. Plvrdmle 

I I. I DrIermine the rmwnl orofgank mrtler 
by difl‘crcmx, as fdlow - 

Orgnk rmner. * - 100.0 - D 

vhcre: 
D - wighI pcnxn~age of ash. 

REPORT 

t2. Rcpnr~ 

12. I Report all rcsul~s to the ncarcsI 0. I X. 
t2.2 Indicate whether moidurr conlenls are 

by proportion dawcaivcd mass or oven-dried 
mra. 

13. t%e&badluu 

13. I The p&ion and biaorthese tea nwh- 
ah have not been determined. Ma a~ bein 
sou@~l r0r use in developing 0 pfe&i011 whd biu 
sManenl. 

a I 



METHOD 9081A 

CATION-EXCHANGE CAPACITY OF SOILS (SODIUM ACETATE1 

1.0 SCOPE AND APPLICATION - 

1.1 Method 9081 is applicable to most soils, including calcareous and 
noncalcareous soils. The method of cation-exchange capacity by summation 
(Chapman, 1965, p. 900; see Step 10.1) should be employed for distinctly acid 
soils. 

2.0 SUMMARY OF METHOD 

2.1 The soil sample is mixed with an excess of sodium acetate solution, 
resulting in an exchange of the added sodium cations for the matrix cations. 
Subsequently, the sample is washed with isopropyl alcohol. An ammonium acetate 
solution is then added, which replaces the adsorbed sodium with ammonium. The 
concentration of displaced sodium is then determined by atomic absorption, 
emission spectroscopy, or an equivalent means. 

3.0 INTERFERENCES 

3.1 
content. 

Interferences can occur during analysis of the extract for sodium 
Thoroughly investigate the chosen analytical method for potential 

interferences. 

4.0 APPARATUS AND MATERIALS 

4.1 Centrifuge tube and stopper: 50-mL, round-bottom, narrow neck. 

4.2 Mechanical shaker. 

4.3 Class A volumetric flask: lOO-mL. 

4.4 Top-loading balance: capable of weighing to 1 g. 

5.0 REAGENTS 

5.1 Reagent grade chemicals shall be used in all tests. Unless 
otherwise indicated, it is intended that all reagents shall conform to the 
specifications of the Committee on Analytical Reagents of the American Chemical 
Society, where such specifications are available. Other grades may be used, 
provided it is first ascertained that the reagent is of sufficiently high purity 
to permit its use without lessening the accuracy of the determination. 

5.2 Reagent water. All references to water in this method refer to 
reagent water, as defined in Chapter One. 

5.3 Sodium acetate (NaOAc), 1.0 N: Dissolve 136 g of NaC Ha0 l 3H 0 
in water and dilute it to 1,000 mL. The pH of this solution should be 6.2. ff 
needed, add a few drops of acetic acid or NaOH solution to bring the reaction of 
the solution to pH 8.2. 

P 
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5.4 Ammonium acetate (NH,OAc), 1 N: Dilute 114 mL of glacial acetic 
acid (99.5%) with water to a volume.of approximately 1 liter. Then add 138 mL 
of concentrated ammonium hydroxide (NH&OH) and add water to obtain a volume of 
about 1,980 mL. Check the pH of the resulting solution, add more NH&OH, as 
needed, to obtain a pH of 7, and dilute the solution to a volume of 2 liters with 
water. 

5.5 Isopropyl alcohol: 99%. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 All samples must be collected using a sampling plan that addresses 
the considerations discussed in Chapter Nine of this manual. 

7.0 PROCEDURE 

7.1 Weigh 4 g of medium- or fine-textured soil or 6 g of coarse- 
textured soil and transfer the sample to a 50-mL, roundsbottom, narrow-neck 
centrifuge tube. (A fine soil has >50% of the particles < 0.074 mm, medium soil 
has ~50% ~0.425 mm, while a coarse soil has more than 50% of its particles 2 2 
lmn. 

7.2 Add 33 mL of 1.0 N NaOAc solution, stopper the tube, shake it in 
a mechanical shaker for 5 min, and centrifuge it until the supernatant liquid is 
clear. 

7.3 Decant the liquid, and repeat Step 7.2 three more times. 

7.4 Add 33 mL of 99x isopropyl alcohol, stopper the tube, shake it in 
a mechanical shaker for 5 min, and centrifuge it until the supernatant liquid is 
clear. 

7.5 Repeat the procedure described in Step 7.4 two more times. 

7.6 Add 33 mL of NH,OAc solution, stopper the tube, shake it in a 
mechanical shaker for 5 min, and centrifuge it until the supernatant liquid is 
clear. Decant the washing into a lOO-mL Class A volumetric flask. 

7.7 Repeat the procedure described in Step 7.6 two more times. 

7.8 Dilute the combined washing to the 100-ml mark with ammonium 
acetate solution and determine the sodium concentration by atomic absorption, 
emission spectroscopy, or an equivalent method. 

8.0 QUALITY CONTROL 

8.1 Refer to Chapter One for specific quality control procedures. 

8.2 Material of known cation-exchange capacity must be routinely 
analyzed as a laboratory control sample to verify precision and bias of the 
analytical prccess. 

9081A - 2 Revision 1 
November 1990 
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9.0 METHOD PERFORMANCE 

9.1 - No data provided. 

10.0 REFERENCES 

10.1 This method is based on Chapman, H.D., "Cation-exchange Capacity," 
pp. 891-900, in C.A. Black (ed.), Method of Soil Analysis, Part 2: Chemical and 
Microbiological Properties, Am. Sot. Agron., Madison, Wisconsin (1965). 
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METHOD 9081A 

CATION-EXCHANGE CAPACITY OF SOIL (SODIUM ACETATE) 
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METHOD FOR THE DETERMINATION OF VOLATILE ORGANIC COMPOUNDS 
IN AMBIENT AIR USING TENAX@ ADSORPTION AN0 

GAS CHROHATO~RAPHY/!J~ASS SPECTROMETRY (GCMS) 

1. Scope 

1.1 The document describes a genaralfted protocol for collection 

and deteminatfon of certafn volatile organic compounds 

which can be captured on Tenax@ 6C (poly(2,6-Dfphenyl 

phenylene oxide)) and dctenined by thermal dcsorptfon 

6C/xS tcchnfques. Spcciffc approaches usfng these techniques 

are described in the literature (l-3). 

1.2 Thfs protocol is designed to allow some flexibility in order 

to accomodatc procedures currently in use. However, such 

flexibility also results in placement of considerable 

responsibilfty with the user to document that such procedures 

give acceptable results (i.e. docmentatf on of method perfomance 

within each laboratory situation is required). Types of 

documentation required are described elsewhere in thfs method. 
1.3 compounds which can be determined by this method are nonpolar 

organics having boiling points in the range of approximately 

80" - 2OOOC. However, not all compounds falling into this 

Category can be determined. 7able 1 gfves a lfstfng of 

compounds for which the method has been used. Other compounds 

my yfcld satfsfactory results but valfdatfon by the Mfvidual 

user is required. 

2. Applfcable Documents 

2.1 ASTM Standards: 

- 
01356 Definitions of Terms Related to Atmospheric Sawlfhg 

and Analysis. 

E355 Recousnended Practfce for Gas Chromatography Terms and 

Rtlatfonshfps. 



2.3 Other documtnts: 

Existing pmceduns (1-3). 

U.S. EPA Technical Assistance Oocumtnt (4). 

3. sulmaary of Protocol 

3.1 AaMtnt air is drawn through a cartridge containing 21-Z 

grams of Ttnax and certain volatile organic compounds art 

trapptd on the rtsin while highly volattlt organic compounds- 

and most inorganic atawphtrfc constituents pass through the 

cartrtdgt. The cartridge is then transferred to the 

laboratory and analyzed. 

3.2 For analysis the cartridge is placed in a heated chamber and 

purged with an inert gas. The inert gas transfers the 

volatile organic compounds ftom the cartridge onto a cold trap 

and subsequently onto the front of the GC column which is held 

at low temperature (e.g. - 7O.c). The 6C column temperature is 

than Increased (temperature prograaantd) and the components 

tluting from tht columnart fdtntifftd and quantified by mass 

Sptctrometry. Component idtntfffcatlon is normally accomplished. 

using a library starch routfne, on the basfs of the GC retention 

tlmt and mass spectral characttristlcr. Less sophlrtacated 

detectors (e.g. electron capture or flaaw fonitatlon) may be 

used for certain applications but their suitabflity for a given 

aPPlication must be vtrifitd by the user. 

3.3 put to the canpltxity of ambient air samples only high resolution 

wt. capill ary) GC techniques art conrldtrtd to be acceptable 

In this protocol. 
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4. Sign1 ff canct I 

4.1 Volatilt organic compounds art emitted into the atmosphere from 
I 

a variety of sources including industrial and coaantrcial 

facllltlts, hazardous waste storage facilitits, etc. Many of 

these compounds art toxic; htnct knowltdgt of the levels of 
mi 
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such materials in the ambient atmosphere is requirea in oraer 

to detenine human health impacts. 

4.2 Conventional air monitoring methods (e.g. for worksoace 

monitoring) have relied on carbon adsorption approaches witn 

subsequent solvent desorption. Such techniques allow 

subsequent injection of only a small portion, typically l-5: 

of the sample onto the GC system. However, typical 

ambient air concentrations of these compounds require a more 

stnsitfve approach. The thermal desorptfon process; wherein 

the entire sample is introduced into the analytical (GC/MS) 

system fulfills this need for enhanced sensitivity. 

5. Definitions 

Oeffnitions used in this document and any user prepared SOPS should 

be consistent with ASTM 01356(6). All abbreviations and symbols 

are defined with this document at the point of use. 

6. INTERFERENCES 

6.1 Only compounds having a similar mass spectrum and GC retention 

time compared to the compound of interest will interfere in 

the method. The most commonly encountered interferences are 

structural isomers. 

6.2 Contamination of the fenax cartridge with the compound(s) 

of Interest 1s a commonly encountered problem in the method. 

The user must be extremely careful in the preparation, storage. 

and handllng of the cartridges throughout the entire sampling 

and analysis process to minimize this problem. 

7. Apparatus 

7.1 Gas Chromatograph/Hass Sptctrometry system - should be capable 

of subambient temperature prograrmning. Unit mass resolution 

or better up to 800 amu. Capable of scanning SO-440 amu region 

every 0.5-l second. Equipped with data system for instrument 

control as well as data acquisition, processing and storage. 



7.2 

7.3 

7.4 

7.5 

7.6 

7.7 

7.8 

7.9 

7.10 

7.11 

7.12 

7.13 

7.14 

7.15 

7.16 

7.17 

7.18 

7.19 

7.20 

TOl-4 

Thermal Dtsorption Unit - Designed to accoaaaodatt Tenax 

cartridges in use. Set Figure 28 or b. 

Sampling System - Capable of accurately and p?tCfsely 

drawing an air flow of lo-500 ml/mlnutt through the Tenax 

cartridge. (Set Figure 38 or b.) 

Vacuum oven - connected to water aspirator vacuum supply. 

Stopwatch 

Pyrtx disks - for drying fen&x. 

Glass jar - Capped with Teflon-lined screw cap. For 

Storage of purif 1 cd Tan&x. 

Powder funnel - for delivery of Tenax 1 nto cartridges. 

Culture tubes - to hold fndfvidual glass Tenax cartridges. 

Frfctlon top can (paint can) - to hold clean Ten&x cartridges. 

Filttr holder - stainless steel or aluminum (to accomdatt 

1 inch dlamtttr filter). Other slrts may be used ff dtsi=d. 

(optional) 

Thermometer - to record ambient temperature. 

8arometer (optional). 

Dilution bottle - Two-liter with septum cap for standards 

prcparatfon. 

Teflon stirbar - 1 inch long. 

Gas-tfght glass syringes with stainless steel needles - 

10-500 ul for standard injection onto GUMS system.. 

Liquid microlittr syringes - 5.50 uL for fnjtctlng neat 

liqufd standards fnto dilution bottle. 

Oven - 66 2 PC for equilfbratfng dilution flasks. 

Mtgnttfc stirrer. 

Heating mantel. 

7.21 Variac 

7.22 Soxhltt extraction apparatus and glass thimbles - for purifying 

Ttnax. 

7.23 fnfrartd lamp - for drying Ttnax. 

7.24 GC column - SE-30 or alttmativt coating, glass capillary or 

fused silfca. 
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7.25 Psychrometer - to determine ambient relative humidity. 

(optional). 

8. Reagents and Materials 

8.1 

0.2 

8.3 

8.4 

8.5 

8.6 

8.7 

8.8 

8.9 

8.10 

8.11 

8.12 

8.13 

8.14 

Empty Tenax cartridges - glass or stainless steel (See 

Figure la or b). 

Tenax 60/80 mesh (2.6.diphenylphenylene oxide polymer). 

Glassm~ol - sflanized. 

Acetone - Ptstfcfde quality or equivalent. 

Methanol - Pesticide quality, or equivalent. 

Pentane 

Helium - 

Nitrogen 

Lfquid n 

8 Pesticide quality or equivalent. 

Ultra pure, comprtsstd gas. (99.99992) 

- Ultra pure, cofaprtsstd gas. (99.9999%) 

trogen. 

Polyester gloves - for handling glass Tenax cartridges. 

Glass Fiber Filter - one inch diameter, to fit in filter holder. 

(optional) 

Perfluorotributylamine (FC-43). 

Chemi ca 1 Standards - Neat compounds of interest. Highest 

purity available. 

Granular activated charcoal - for preventing contamination of 

Tenax cartridges during storage. 

9. Cartridge Construction and Preparation 

9.1 Cartridge Design 

9.1.1 Several cartridge designs have been reported in the 

literature (l-3). The most conxnon (1) is show in 

Figure la. This design minfmfzes contact of the 

sample with metal surfaces, which can lead to 

decomposition in certain cases. However, a 

disadvantage of this design is the need to rigorously 

avoid contamination of the outside portion of the 

cartridge since the entire surface is subjected to the 

purge gas stream during the desorptlon porcess. 
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Clean polyester gloves must be worn at all times 

when hana: -:g such cartridges and exposure of the 

open cartr- :ge to a.zoitnt air must be minimized. 

9.1.2 A second conanon type of design (3) is shorn in 

Ffgurt lb. Uhilt this design uses a metal (stainless 

steal) construct1 on, it tlfminatts the need to avoid 

direct contact with the exterior surface sinct only 

the interior of the cartrldgt is purged. 

9.1.3 The thtnnal dtsorptlon module and sampling system 

must be selected to be compatible with the particular 

cartrldgc design chosen. Typical module designs 

art show in Figures Za and b. These designs are 

suitable for the cartridge designs shown in Figures 

la and lb, rtspecttvtly. 

9.2 Ttnax Purification 

9.2.1 Prior to use the Tenax resin is subjected to a 

series of solvent extractlon and thermal treatment 

steps. The operation should be conducted in an area 

where levels of volatile organic compounds (other than 

the txtractfon solvents used) art minimized. 

9.2.2 All glassware used in Tenax purification as well as 

cartridge mattrials should be thoroughly cleaned by 

water rinsing follomd by an acetone rf nst and dried 

in an oven at 250'C. 

9.2.3 Bulk Ttnax fs placed in a glass extraction thimble 

and held in place with a plug of clean glasswool. 

The twin is then placed in the soxhl'et extraction 

apparatus and extracted stqutntlally with methanol 

and then ptntane for 16-24 hours (each solvent) at 

approxlmattly 6 cycles/hour. Glasswool for cartidge 

prtparation should be cleaned in the same manner as 

Ttnax. 

9.2.4 The extracted Ttnax is ffmntdiattly placed in an open 

glass dish and heated under an fnfrartd lamp for two 
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- 
hours in a hood. Care must be exercised to avoid 

over heating of the Tenax by the infrared lamp. 

The Tenax is then placed in a vacuum oven (evacuated 

using a water aspirator) without heating for one hour. 

An inert gas (he1 fum or nitrogen) purge of 2-3 

ml/minute is used to aid in the removal of solvent . 

vapors. The oven temperature is then increased to 

llOY, maintaining inert gas flow and held for one 

hour. The oven temperature control is then shut 

off and the oven is alloutd to cool to room temperature. 

Prior to opening the oven, the oven is slightly 

pressurized with nitrogen to pnvent contamination 

with ambient air. The Tenax is removed from the oven 

and slaved through a 40/60 mesh sieve (a~ttont rinsed 

and oven dried) into a clean glass vessel. If the Tenax 

is not to be used faanediately for cartridge preparation 

it should be stored in a clean glass jar having a 

Teflon-lined screw cap and placed in a desiccator. 

9.3 Cartridge Pnparatfon and Pretreatment 

9.3.1 All cartridge materials are pn-cleaned as described 

in Sectlon 9.2.2. If the glass cartridge design shown 

in Figure la is employed all handling should be 

conducted wearing polyester gloves. 

9.3.2 The cartridge is packed by placing a 0.5-1~11 glass- 

wool plug in the bust of the cartridge and then 

ffllfng the cartridge to within approximately 1 cm 

of the top. A 0.5.km glasswool plug is placed in 

the top of the cartridge. 

9.3.3 The cartrfdges art then thermally conditioned by 

heating for four hours at 27O'C under an inert gas 

(helium) purge (100 - 200 ml/mfn). 
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9.3.4 After the four hour heating period the cartridges 

art allomd TV cool. Cartridges of the type shown m 

fn figurt la n ituntdfactly placed (without coolfnc) 

in clean culti;lt tubes having Teflon-lined SCftW Caps i 

with a glass-o1 cushion at both the top and the bottom. 

Each tube should be shaken to ensure that the cartrfdgt I 

fs held firmly in place. Cartridges of the type shown 

In Ffgurt lb arc altoMd to cool to room ttmptraturt under I 
m 

.lntrt gas purge and art then closed with stainless stttl 

plugs. 
1 

9.3.9 The cartridges art labeled and placed in a tightly 

staled a~ttl can (e.g. paint can or similar friction 

top contalntt). For ctrtrfdges of the type shown 
I 

fn Figure la the culturt tube, not the cartridgt,is 

labeled. m 

9.3.6 Cartridges should be used for sampling within 2 mtks 

after prtparatfon and analyzed within two mtks after i 

samplfng. If possible the cartrfdgts should be stored 

at -2O'C in a clean frttztr (i.e. no solvent extracts I 
or other sources of volatile organics contained in the 

fntrtr). 
r 

10. Sampl fng 

lg.1 Flow rate and Total Volumt Stltctfon 

10.1.1 Each compound has a characttrfstfc retention volumt 

(11 ttrs of aft per gram of adsorbent) which must not m 

bt txcttdtd. Since the rtttntfon volume is a functfon 

of ttmprraturt, and possibly other sampling variables. I 

Ont must include an adequate margin of safety to 

tnsum good colltctlon tfflcltncy. Some considerations m 

and gufdanct In this regard art provided in a recent 

nport (5). Approximate brtakthrough volumts at 38'c 

I (lOOoF) In 1 lttrs/gram of Ttnax art provided In Table 1. 

Thtst rtttntlon volumt data art supplltd only as rough 

guidance and art subject to considerable variabilfty, 
I 

depending on cartrfdgt design as wtll as sampling 
. . . m 
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10.1.2 To calculate the maximum total volume of air which 

can be sampled use the following equation: 

wht rt 

Vwx is the calculated maximum total volume in liters. 

Vb Is the brtakthrough volumt for the least retained 

compound of fnttnst (Table 1) in liters per- gram 

of Ttnax. 

w is the weight of Tenax in the cartridge, in grams. 

i.5 is a dimtnsionltss safety factor to allow for 

variabfllty in atmospheric conditions. This factor 

is appropriate for temperatures in the range of 

2530*C. If higher ttmperaturts are tncountertd the 

factor should be increased (i.e. maximum total volume 

decreased). 

10.1.3 To calculate maximum flow rate use the following 

equation: 

oF(Ax t x 1000 I I!! 

where 

QMAX 

t 

is the calculated maximum flow rate in millf- 

ltters per minute. 

is the desired sampling time in minutes. Times 

greater than 24 hours (1440 minutes) generally 

art unsuitable because the flow rate required 

Is too low to be accurately maintained. 

10.1.4 Tht mxlmum flow rate QI(Ax should yield a linear flow 

vtlocl ty of SO-500 cm/mlnutt. Calculate the linear 

velocity corrtspondlng to the maximum flow rate 

using the following equation: 
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8 is the calculated linear flow velocity in 

centimeters per minute. 

r iS the internal radius of the cartridge in 

centimeters. 

. 

It B is greater than 500 ccntfmettrs per minute 

tither the total sample volume ("WX) should be 

reduced or the sample flow rate (WX) should bt 

rtductd by increasing the collection time. If B is 

less than 50 centimeters per mfnute the sampling rate 

(MX) should be increased by reducing the samgling 

time. The total sample value ("MAX) cannot be 

increased due to component bnakthrough. 

10.1.4 The flow rate calculated as described above defines 

the maxfmum flow rate altowed. In general. one should 

collect additional samples in parallel, for the Same 

time period but at lower flow rates. This practice 

yields a measure of quality control and Is further 

dfscussed fn the literature (5). In general, flow 

rates 2 to 4 fold lower than the maximum flow rate 

should be employed for the parallel samples. In 

all casts a constant flow rate should be achieved 

for each cartridge since accurate integration of the 

analyte concentration nqufns.that the flow be 

constant over the sampling period. 

10.2 Sample Collection 

10.2.1 Collection of an accurately know volume of afr 

Is critical to the accuracy of the results. For 

this reason the use of mass flow controllers, 

rather than conventional needle valves or Orifices 

is highly ncoRmtnded, especially at low flow 

velocftfes (e.g. less than 100 mfllflfters/minute). 

Figure 3a illustrates a sampling system utflirfng 

mass flow controllers. Thfs system readily allows 

=a- --‘f--*dnr) nC nsrDtlr1 qsmfj)@$, Ffaurcs 3b 
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10.2.2 Prior to sample collection insure that the sampling 

flow rate has been calibrated over a range including 

the rate to be used for sampling, with a “dunmy” 

Ttnax cartridge in place. Generally calibration 

is accomplished using a soap bubble flow meter 

or calibrated wet test meter. The flow calibration 

device is connected to the flow exit, assuming 

the entire flow system is sealed. ASTM Method 

03686 describes an appropriate calibration scheme. 

not requiring a sealed flow system downstream 

of the pump. 

10.2.3 The flow rate should be checked before and after 

each sample colltctlon. If the sampling interval 

exceeds four hours the flow rate should be checked 

at an fntennedfatt point during sampling as well. 

In general, a rotameter should be included, as 

showed in FIgurt 3b. to allow observation of the 

sampling flow rate without disrupting the samplfng 

process. 

10.2.4 To collect an air sample the cartridges art removed 

from the sealed container just prior to inf tfatiOn 

of the collection process. If glass cartridges 

(Figure la) are employed they must be handled 

only with polyester gloves and should not contact 

any other surfaces. 

10.2.5 A particulate ffl ttr and holder art placed on 

the inlet to the cartridges and the exit end 

Of the cartridge is connected to the sampling 

apparatus. In many sampling situations the use 

Of a filter is not necessary 1 f only the total 

Conctntratfon of a component is desired. Glass 

cartridges of the type shown in Figure la art 

connected usfng teflon ferrules and Swagtlok 

(stainless steel or tcflon) fittings. Start the 

pump and record the following parameters on an 

appropriate data sheet (Figure 4): data, sampling 

location, time, ambient temperature, barometric 



TOl-12 

pressure, relative humidity, dry gas meter reading 

(if applicable) flow rate, rotameter reading (if 

applicable), cartridge number and dry gas meter 

serial number. 

10.2.6 Allow the sampler to operate for the desired time; 

periodically recording the variables listed above. 

Check flow rate at the midpoint of the sampling 

interval if longer than four hours. 

At the end of the samplfng period record the 

parameters lfsttd in 10.2.5 and check the flow 

rate and record the value. If the flows at the 

beginning and end of the sampling period differ 

by more than 101 the cartridge should be marked 

as suspect. 

10.2.7 Rtmovt the cartridges (one at a time) and place 

In the original container (use gloves for glass 

cartridges). Seal the cartridges or culture tubes 

in the friction-top can containing a layer of 

charcoal and package for imnedfatt shipment to 

the laboratory for analysis. Store cartridges 

at reduced temperature (t-g. - 2O'C) before analysis 

if possible to maximize storage stability. 

10.2.8 Calculate and record the average sample rate for 

each cartridge according to the following equation: 

where 

QA = Average flow rate in ml/minute. 

91. 92.--44 = Flow rates dttenintd at 

beginning, end, and fmnedfate points 

during sampling. 

N = Number of points averaged. 

10.2.9 Calculate and record the total volumetric flow for 

each cartridge using the following equation: 

m 

Y 

c 

I 

I 

r 

n 

r 
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Vm = Total volume sampled in liters at tneasurea 

temperature and pressure. 

T2 = stop time. 

Tl = Start time. 

T = Sampling time = T2 - Tl, minutes 

10.2.10 The total volume (V,) at standard conditions, 

25'C and 760 mnHg, is calculated from the 

following equatf on: 

where 

PA = Average barometric pressure, mnHg 

tA * Average ambient temperature, "C. 

11. GUM Analysis 

11.1 Instrument Set-up 

11.1.1 

11.1.2 

-- . 

Considerable variation from one laboratory to 

another is expected in ttmts of instrument configuration. 

Therefore each laboratory must be responsible 

for verifying that their particular system yields 

satisfactory results. Section 14 discusses specific 

performance criteria which should be met. 

A block diagram of the typical GUMS system 

required for analysis of Tenax cartridges is 

depicted in Figure 5. The operation of such 

devices is described in 11.2.4. The thermal 

dtsorptfon module must be designed to accommodate 

the particular cartridge configuration. Exposure 

of the sample to metal surfaces should be 

minimized and only stainless steel, or nickel metal 

surfaces should be employed. 
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The volume of tubing and fittings leading from 

the cartridge to the GC column must be minimized 

and all areas must be well-swept by helium carrier 

gas. 

11.1.3 The GC column inlet should be capable of being 

cooled to -7OOC and subsequently increased rapidly 

to approximately 3OY. This can be most readily 

accomplished using a GC equipped with subambient 

cooling capability (liquid nitrogen) although 

other approaches such as manually coolfng the 

fnlet of the column in liquid nitrogen NY be 

acceptable. 

11.1.4 The specific GC column and temperature program 

trnployed will be dependent on the specific compounds 

of interest. Approprf ate conditions art dtscri bed 

in the literature (l-3). In general a nonpolar 

stationary phase (e.g. SE-30, OV-1) temperature 

programed from 30°C to 2OO'C at 8O/minutt will 

be suitable. Fused silica bonded phase columns 

are preferable to glass columns since they art 

more rugged and can be inserted directly into 

the MS ion source, thereby eliminating the need 

for a GUMS transfer lfnt. 

11.1.5 Capillary column dimensions of 0.3 mn ID and 50 

meters long are generally appropriate although 

shorter lengths may be sufficient fn many casts. 

11.1.6 Prior to instrument calfbratfon or sample analysis 

the GUMS system is assembled as shown in Figure 

5. Helfurn purge flows (through the cartridge) 

and carrier flow are set at approximately 10 ml/ 

minute and l-2 ml/minute rtsptctfvely. If applicable, 

the injector sweep flow is set at 2-4 ml/minute. 

r- 

I 

r 

m 
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1 

I 
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I 
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11.1.7 Once the coiumn and other system components are 

assembled and the various flows established the 

column temperature is increased to 25O'C for 

approximately four hours (or overnight if desired) 

to condition the column. 

11.1.8 The HS and data system art set according to the 

manufacturer‘s instructions. Electron impact 

fonfratfon (70eV) and an electron multiplier gain 

of approximately 5 x 104 should be employed. 

Once the entire 6C/lls system has been setup the 

system is calibrated as described in Section 11.2.. 

The user should prtpart a detailed standard 

operating procedure (SOP) describing this process 

for the particular instrument being used. 

11.2 Instrument Calibration 

11.2.1 Tuning and mass standarftatfon of the MS system 

is ptrformcd according to manufacturer's instructions 

and relevant fnfonnatfon from the user prepared 

SOP. Perfluorotrfbutylamint should generally 

be employed for this purport. The material 

is introduced directly into the ion source 

through a molecular leak. The instrumental 

parameters (e.g. lens voltages, resolution. 

etc.) should be adjusted to give the relative 

ion abundances shown In Table 2 as ml1 as 

acceptable resolution and peak shape. If 

these approximate rclatfve abundances cannot 

be achieved, the ion source may rtquirt cleaning 

according to manufacturer's instructions. 

In the event that the user's fnstrumtnt cannot 

achieve these rtlatfvt ion abundances, but 

Is otherwfse operating properly, the user 

may adopt another set of relative abundances 

as perfotrnanct criteria. 
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However, these alternate values must be repeatable 

on a day-to-day basis. 

_ 

1 
11.2.2 After the mass standarization and tuning process 

has been completed and the appropriate values 

entered into the data system the user should 
u 

then calibrate the entire system by introducing 

known quantities of the standard components. 

of Interest into the system. Three al temate 

procedures may be employed for the calibration 

process including 1) direct syringe injection 

of dilute vapor phase standards. prepared 

in a dilution bottle, onto the GC column, 2) 

Injection of dflute vapor phase standards 

into a carrier gas stream directed through the 

Tenax cartridge, and 3) Introduction of penncation 

or diffusion tube standards onto a Tenax cartridge. 

The standards preparation procedures for each 

Of these approaches an described in Section 

13. The following paragraphs describe the . 

instrument calibration process for each of 

these approaches. 

If the instrument is to be calibrated by direct 

r 

3 

c 
- 

IL 

m 

injection of a gaseous standard, a standard 

is prepared In a df’lutfon bottle as described 

fn Section 13.1. The GC column is cooled 
u 

to -7O.C (or, alternately, a portion of the 

column Inlet is manually cooled with liquid 
1 

nf trogen). The MS and data system is set 

up for acqufsftf on as described in the relevant iris 

user SOP. The ionization filament should be turned 
off during the fnftfal 2-3 minutes of the run to I 

allow oxygen and other highly volatile components 

to tlute. An appropriate volume (less than 1 ml) rr 
Of the gaseous standard is injected onto the GC 

system using an accurately calfbrated gas tight syringe. : 
w 
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The system clock is started and the column is 

maintained at -7O*C (or liquid nitrogen inlet cooling) 

for 2 minutes. The column temperature is rapidly 

increased to the desired initial temperature (e.g. 3O'C). 

. The temperature program is started at a consistent 

time (e.g. four minutes) after injection. Simultaneously 

the ionization‘ fflament is turned on and data acquisition 

is initiated. After the last component of interest has 

l luted acquititon is tenuinrted and the data is processed 

as described In Section 11.2.5. The standard injection 

process is repeated using different standard volumes as 

desired. 

11.2.4 If the system is to be calibrated by analysis of 

splked Tenax canridges a set of cartridges is 
prepared as described In Sections 13.2 or 13.3. 

Prior to analysis the cartridges are stored as 

described in Section 9.3. If glass cartridges (Figure la) 

are employed care must be taken to avoid direct 
contact, ds described earlier. The GC column is 

cooled to -7O*C, the collection loop is inwnersed in 

lfquid nitrogen and the desorption module is 

maintained at 25O*C. The inlet valve is placed in the 

desorb mode and the standard cartridge is placed in 

the desorption module, making certain that no leakage 

of purge gas occurs. The cartridge is purged 

for 10 minutes and then the inlet valve is placed in 

the inject mode and the liquid nitrogen source removed 

from the collection trap. The GC column is maintained 

at -7O*C for two minutes and subsequent steps are as 

described in 11.2.3. After the process is complete the 

cartridge is removed from the desorption module and 

stored for subsequent use as described in Section 9.3. 
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11.2.5 Oata processing for Instrument calibration involves 

determining retention tfms, and integrated characteristic 

ion fntensitfcs for each of the compounds of interest. 

In addltfon, for at least one chromatographic runethe 

Individual mass spectia should be inspected and 

coakpand.to reference spectra to ensure proper 

fnrtrumntal perfomancr. Sfnce the steps involved 

in data processfng are highly instrument specific, the 

user should pnpan a SOP describing the process for 

Individual use. Overall perfonnancc criteria for 

~nstrumnt calfbration an provided in Sectfon 14. 

Id rcf these crfteria are not achfeved the user shou 

the Instrumental parameters and/or operating 

procedures to meet these criteria. 

If 

ine 

11.3 Sample Analysis 

11.3.1 The sample analysis process is identical to that 

described in Sectlon 11.2.4 for the analysis of standard 

Tenax cartridges. 

11.3.2 Data procastIng for sample data generally involves 

1) qualltatlvely deteminlng the presence or absence 

of each component of Interest on the basis of a set 

Of Chrractarirtfc iOnS and the retention time using 

a nverse-search software routirz. -; quantlffcatlon 

of each identffied component by integratfng the intensitY 

of a characteristic Ion and -2: .rlng the value to 

that of the calfbratfon s?--cJrdr and 3) tentative 

ldentlficatlon of other gonents observed using a 

fomrd (lfbrary) sea ioftwn routine. As for 

other UJCr tpeciffc processes, a SOP should be pmpand 

descrfbing the specfffc operatfons for each individual 

laboratory. 
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12.1 Calibration Resoonse Factors 

- 

12.1.2 

12.1.1 Data from calfbration standards is used to calculate 

a response factor for each component of interest. 

Ideally the process involves analysis of at least 

three calibration levels of each component during a 

given day and determination of the response 

factor (area/nanogram injected) from the linear 

least squrns fit of a plot of nanograms injected 

versus area (for the characteristic ion). 

In general quantities of component greater 

than 1000 nanograms should not be injected 

because of column overloading and/or'!6 nsponsk 

nonlinearity. 

In practice the daily routine may not always 

allow analysis of three such calibration standards. 

In this situation calibrati‘on data from consecutive 

days may be pooled to yield a response factor, 

provided that analysis of replicate standards 

of the same concentration are shown to agree 

within 20X on the consecutive days. One standard 

concentration, near the midpoint of the analytical 

range of interest, should be chosen for injection 

every day to determine day-to-day response 

reproducibility. 

If substantial nonlinearity is present in 

the calfbratfon curve a nonlfnear least squares 

fit (e.g. quadratic) should be employed. 

This process involves fitting the data to 

the following equation: 

12.1.3 

- 

where 

Y . A + 6X + CX2 

Y = peak area 

X = quantity of component, nanograms 

A,B, and C are coefficients in the equation 



12.2 Analyte Concentrations 

12.2.1 Analyte quantities on a sample cartridge are calculated 

from the following l qu&tiOn: 

YA = A + BXA + CXA 

where 

YA is the area of the analyte characteristic ion for 

the sample cartridge. 

XA is the calculrted quantfty of analyte on the Sample 

cartridge, in nanograms. 

A.8, and C are the coefficients calculated from the 

calibration curve described in Section 12.1.3. 

12.2.2 If instrumental response is essentially linear over the 

Concentratfon range of interest a linear equatfon 

(Cm0 in the equation above) can be employed. 

12.2.3 Concentration of analyte in the original air samp 

calculated from the following equation: 

le is 

where 

CA is the calculated concentration of analyte in 

nrnograms per liter. 

Vs and XA are as prevfously defined in Section 

10.2.10 and 12.2.1. mpectfvelY- 

13. Standatd Preparation 

13.1 Direct Injection 

13.1.1 This process involves preparation of a dilution 

bottle containing the desired concentrations 

of compounds of interest for dfnct injection 

Onto the GC/xS system. 
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13.1.2 

13.1.3 

Fifteen three-millimeter diameter glass beads 

and a one-inch Teflon stirbar are placed in a 

clean two-liter glass septum capped bottle and 

the exact volume is determined by weighing the 

bottle before and after filling with deionized water. 

The bottle is then rinsed with acetone and dried at 200°C. 

The amount of each standard to be injected into the 

vessel is calculated from the desired injection quantity 

and volume using the following equation: 

where 

WT is the total quantfty of analyte t0 be injected 

into the bottle in milligrams 

WI is the desired weight of analyte to be injected 

onto the GC/PlS system or spiked cartridge in 

nanograms 

VI is the desired GC/MS or cartridge injection 

volume (should not exceed 500) in microliters. 

V5 is total volume of dilution bottle determined 

in 13.1.1, in lfters. 

13.1.4 The volume of the neat strndard to be injected 

into the dilution bottle is determined using . 

the following equation: 

L 
“T = -+ 

where 

VT is the total volume of neat liquid to be injected 

fn microlfters. 

d is the density of the neat standard in grams per 

mfllflfter. 
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13.1.6 The bottle is placed in a 6O'C oven for at 

least 30 minutes prior to removal of a vapor 

phase standard. 

13.1.7 To withdraw a standard for GC/MS injection 

the bottle is removed from the oven and stfrred 

for IO-15 seconds. A sultable gas-tight microber 

syrfng banned to 6O’C. f s inserted through 

the septum cap and pumped three times slowly. 

The appropriate volume of sample (approximately 251 

larger than the deafred injection volume) is dravm 

into the syringe and the volume is adjusted to the 

l x8ct value desired and then inwdiately injected 

over a S-10 seconds period onto the GC/HS system as 

described in Section 11.2.3. 

- 

I 

m 

i 

?a 

.- 

I 

13.2 Preparation of Spiked Cartridges by Vapor Phase Injection 
m 

13-2.1 This process involves preparation of a dilution, 

bottle Containing the desired concentrations 

of the compound(sj of interest as described 

fn 13.1 and injecting the desired volume of 

vapor into a flowing inert gas stream directed 

through a clean Tenax cartridge. 

13.2.2 A hallum purge system is assembled wherein 

the helfum flow 20-30 ml/minute is passed 

through a stainless steel Tee fitted with 

a septum injector. The clean Tenax cartridge 

is connected dormstream of the tee using 

appropriate Swagelok fittings. Once the cartridge 

is placed in the flowing gas stream the appropriate 

volume vapor standard, in the dilution bottle. 

is injected through the septum as described in 

13.1.6. The syringe is flushed several times 

by alternately filling the syringe with carrier 

gas and displacing the contents into the flow 

stream, without removing the syringe from the septum. 
* . I-- 8-m 

II 

m 

r 

fm 

- 
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13.3 Preparation of Spiked Traps Using Pemation or Diffusion 

tubes 

13.3.1 

13.3.2 

A flowing stream of fntrt gas containing known 

amounts of each compound of interest IS generated 

according to ASTM Method D36Og(6). Note that 

a method of accuracy maintaining temperature 

withln f 0.7OC Is required and the system 

generally must be cquilfbrattd for at least 

18 hours before use. 

An accurately know volume of the standard 

gas stream (usually 0.1-l liter) is drawn 

through a clean Ttnax cartridge using the 

ramplfng system descrfbad fn Sectlon 10.2.1, 

or a sfmflar system. Nowever, If mass flow 

controllers are employed they must be calfbrated 

for the carrier gas used In Sectlon 13.3.1 

(usually nitrogen). USC of air as the carrier 
gas for permeation systems is not ncomrwndtdr 

unless the compounds of fnttnst are known 

to be hfghly stable in air. 

'13.3.3 The spiked cartridges are then stored or imncdfately 

analyzed as In Scctfon 11.2.4. 

14. Perfonwfct Criteria and Qualfty Assurance 

Thfs sectfon sumnarfrts qualfty assurance (QA) measures and 

provides gufdanct concerning performance criteria which should be 

achftvcd ufthin each laboratory. In many casts the sptcfffc 

QA procedures have been described wfthfn the appruprf ate section 

dtscribfng the partfcular activity (e.g. parallel sampling). 
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14.1 Standard Oprtating Procedures (SOPS) 

14.1.1 Each user should generate SOPS describing the 

following actfvftfts as they art ptrformcd 

fn thefr laboratory: 

I 

1) assembly, calfbratfon, and operation of 

the samplfng syttem, 

2) preparation. handling and storage of Tenax 

cartrfdgts, 

I 

m 

- 
3) assembly and operatfon of GUMS system including 

the thennal dtsorptlon apparatus and data 

system, and 

4) all aspects of data recording and proctising. 

14.1.2 SOPS should provide specific sttpwist instructfons 

and should be rtadfly avaflablt to, and understood 

by the laboratory personnel conducting the 

work. 

I 

-- 

a 

~-. 

1 

14.2 Tenax Cartridge Pnparatfon 
R 

14.2.1 Each batch of Ttnax cartrfdgts pnpartd (as 

described fn Scctfon 9) should be checked for 
m 

contaiainatfon by analyzing one cartrfdgt fmtdfattfy ' 

after preparation. whltt analysis can be accomplfshtd 1 

by N/MS, many laboratorfts may chose to use 

WFID due to logistical and cost consfdtratfons. mi 

14.2.2 Analysfs by GCIFID IS accomplfshtd as described 

for GC/w (Sectfon 11) except for use of.FID m 

dtttctlon. 
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14.2.3 while acceptance criteria can vary depending 

on the components of interest. at a minimum 

the clean cartridge should be demonstrated 

to contain less than one fourth of the minimum 

level of interest for each component. For 

most compounds the blank level should be lesi 

than 10 nrnogramr per cartridge in order to 

be acceptable. More rigld criteria may be 

adopted, if necessary, within a specific laboratory. 

If a cartridge does not meet these acceptance 

criteria the entire lot should be rejected. 

14.3 SrrpgIe Collection 

14.3.1 During each sampling event at least one clean 

cartridge will accompany the samples to the 

field and back to the laboratory, without being 

used for samplfng, to serve as a field blank. 

The average amount of material found on the 

field blank cartridge may be subtracted from 

the amount found on the actual samples. However, 

if the blank level is greater than 251 of the 

saa8ple amount, data for that component must 

be identified as suspect. 

14.3.2 During each sampling event at least one set 

of parallel samples (two or more samples collected 

simultaneously) will be collected, preferably 

at different flow rates as described in Section 

10.1. If agreement betwcen parallel samples 

is not generally within 2 25X the user should 

colfect parallel samples on a much more frequent 

basis (perhaps for all sampling points). If 

a trend of lower apparent concentrations with 

increasing flow rate is observed for a set 
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of parallel samples one should consider using 

a reduced flow rate and longer sampling interval 

if possible. If this practfce does not improve 

the nproducfbility further evaluation of the 

method perfornunco for the compound of interest 

may be required. 

14.3.3 Backup cartridges (tm, cartridges in series) 

should ba collected ulth each sampling event. 

Backup cartridges should contain less than 

20% of the amount of components of interest 

found in the front cartridges, or be equivalent 

to the blank cartridge level, whichever is 

greater. The frequency of use of backup cartridges 

should be increased if increased flow rate 

1s show to yield reduced component levels 

for parallel sampling. This practice will 

help to identify problems arising from breakthrough 

Of the component of interest during sampling. 

14.4 K/MS Analysis 

14.4.1 Performance criterfa for MS tuning and mass 

calibration have been discussed in Section 

11.2 and Table 2. Additional crfteria may 

be used by the laboratory if desired. The 

following sections provide performance guidance 

and suggested criteria for determining the 

acceptability of the GC/xS system. 

14.4.2 Chromatographic efficiency should be evaluated 

using spiked Tenax cartridges since this practice 

tests the entire system. In general a reference 

compound such as perfluorotoluene should be 

spiked onto a cartrldge at the 100 nanogram 

level as described in Section 13.2 or 13.3. 

The cartridge is then analyzed by GWMS as 

e 

I 

I 

I 
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I 
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described in Section 11.4. The perfluorotoluene (or 

other reference compound) peak is then plotted on an 

expanded time scale so that its width at 10% of the 

peak can be calculated, as shown in Figure 6. The 

width of the peak at 10% height should not exceed 

10 seconds. era stringent criteria may be required 

for cartain applications. The assymmtry factor 

(See Figure 6) should be betmcn 0.8 and 2.0. The 

Urtymmtry factor for any polar or nactlve compounds 

should be determined using the process described. above. 

If peaks are observed that exceed the peak width or 

UtSymbctry factor critaria above, one should inspect 

the entire system to determine if unswept zones or 

cold spots are present in any of the fittings and 
Is necessary. Sma laboratories may chose 

to evaluate column performance separately by 

direct injectlon of a test mixture onto the ' 

Gc colum. Suitable schemes for colum l valuation 

have been reported in the literature (7). 

Such schemes cannot be conducted by placing 

the substances onto Tenax because many of 

the compounds (e.g. acids, bases, alcohols) 

contained in the test mix are not retained, 

or degrade, on Tenax. 

14.4.3 lba system detection limit for each component 

Is calculated from the data obtained for 

calfbratton standards. The detection limit 

It defined as 

01 = A + 3.3s 
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where 

01 is the calculated detection limit in 

nanograms injected. 

A is the intercept calculated in Section 

121.1 or 12.1.3. 

5 is the standard deviation of rcplfcate 

determinations of the lomrt level standard 

(at least three such determinations are 

nqulnd. 

In general the detection limit should be 20 

nanograms or less and for many applications 

detection limits of l-5 nanograms may be required- 

The lowest level standard should yield a signal 

to nofse ratio.from the total ion current mSpOnSet 

of approximately 5. 

The relative standard deviation for rcpiicate 

anUlyses of cartridges spiked at approximately 

10 times the detectfon limit should be 20% 

or less. Day to day relative standard deviation 

should be 25X or less. 

A useful performance evaluation step is the 

use of an Internal standard to track system 

perfonaance. This is accomplished by spiking 

each cartridge, includfng blank, sample. and 

calibration cartridges with approximately 100 

nanograms of a compound not generally present 

in ambient air (e.g. perfluorotoluene).. The 

integrated ion intensity for thls compound 

hclpt to identify problems with a specific 

sample. In general the user should calculate 

the standard deviation of the internal standard 

response for a given set of samples analyzed 

under identical tuning and calibration conditions. 

Any saqle giving a value greater than 2 2 

standard deviations from the mean (calculated 

i 

I 

I 
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excluding that particular sample) should be 

identified as suspect. Any marked change in 

internal standard response may indicate a need 

for instrument recalibration. 
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TABLE 1. RETENTION VOLWE ESTIMATES FOR COMPOUNDS ON TENAX 

ESTIMATED RETENTION VOLUME AT 
COMPOUND 100'F (38'C)-LITERS/GRAW 

Benzene 19 

Toluene 97 

Ethyl Benzene 200 

Xylem(s) % 200 

Cmenc 440 

n-Heptant 20 

1-Heptene 40 

Chloroform 8. 

Carbon Tetrachloride 8 

1.2.Dlchloroethane 10 

l,l,l-Trichloroethane 6 

Tetrtchlorocthylent 80 

Trichloroethylene 20 

1.2.Dichloropropane 30 

1.3.Dfchloropropane 90 

Chlorobenrene 150 

Bromofom 100 

Ethylene Ofbromide 60 

Brvmobenzene 300 
-- 

P 
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TABLE 2. SUGGESTED PERFORHANCE CRITERIA FOR RELATIVE 
ION ABUNDANCES FROM FC-43 MASS CALIBRATION 

Z RELATIVE 
WE ABUNDANCE 

‘1 1.8 2 0.5 

69 100 

100 12.0 2 1.5 

119 12.0 2 1.5 

131 35.0 2 3.5 

169 3.0 2 0.4 

219 24.0 2 2.5 

264 3.7 2 0.4 

314 0.25 2 0.1 

I 

- 

I 
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FIGURE 1. TENAX CARTRIDGE DESIGNS 
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FIGURE 3. TYRCAL SAMPLING SYSTEM CDNCIGURATIDNS 
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PROJECT: DAn(S) SAMPLED: 

SITE: 

LOCATION: 

INSTRUMNT HOOEL NO: 

PUHP SERIAL NO: 

SAWtIN DATA 

TIHE PERIOD SAMPLED: 

OPERATOR: 

CALIBRATED BY: 

Sample Number: 

strtt Time: Stop Time: 

N. i I I I ! ! 
Total Volume Data- 

V, = (Final - Initial) Dry Gas Meter Reading, or I Liters 

li 

m 

_- 

m 

I 

I 

I 

I 01 + 02 + Oj...ON 
-N x 1000 x’(Samp1 ing T- rme in Hinures~ 

= Liters 

l Flourate from rotameter or soap bubble calibrator 
(specify uhlch). 

H Use data from dry gas meter if available. r 

FIGURE 4. EXAMPLE SAMPLING DATA SHEET m 
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FIOURE A BLOCK DIAGRAM OF ANALYtlCAL SYSTEM 
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Exatnvhcddniacr: 

PakHoi#tt-DE-1Wmm 
lOXPakHoi@t-BD-10mm 
)wlrWIdthnlO%PwlrHoi#n-AC-arnmm 

AB-11 mm 
bC-12mln 

TlWdOl8: *mnmrrr*futl+l.l 

FIGURE 6. PEAK MYMMETRY CALCULATION 
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2580 OXIDATION-REDUCTION POTENTIAL (ORP) (PROPOSED)* 

2580 A. Introduction 

1. Significance 

- 

- 

Oxidation and reduction (redox) reactions mediate the be- 
havior of many chemical constituents in drinking. process, and 
wastewaters as well as most aquatic compartments of the envi- 
ronmcnt.“-’ The reactivitics and mobilities of important elements 
in biological systems (e.g., Fe. S. N. and C). as well as those of 
a number of other metallic elements. depend strongly on redox 
conditions. Reactions involving both electrons and protons are 
pH- and Eh-dependent; therefore, chemical reactions in aqueous 
media often can be characterized by pH and Eh together with 
the activity of dissolved chemical species. Like pH. Eb represents 
an intensity factor. It does not characterize the capacity (i.e., 
poise) of the system for oxidation or reduction. 

The potential difference measured in a solution between an 
inert indicator electrode and the standard hydrogen electrode 
should not be equated to Eh, a thermodynamic property. of the 
solution. The assumption of a reversible chemical equilibrium, 
fast electrode kinetics, and the lack of interfering reactions at 
the electrode surface are essential for such an interpretation. 
These conditions rarely. if ever. are met in natural water. 

Thus. although measurement of Eh in water is relatively 
straightforward, many factors limit the interpretation of these 
values. These factors include irreversible reactions. electrode 
poisoning. the presence of multiple redox couples. very small 
exchange currents. and inert redox couples. Eh values measured 
in the field correlate poorly with Eh values calculated from the 
redox cduples present. Nevertheless, measurement of redox po- 
tential. when properly performed and interpreted. is useful Ott 
developing a more complete understanding of water chemistry. 

2. Sampling and Storage 

DO not store samples; analyze on collection. Minimize both 
atmospheric contact and delay in analysis. 

3. 

1. 

2. 

3. 

4. 

5. 

4. 
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2580 6. Oxidation-Reduction Potential Measurement in Clean Water 

- 1. General Discussion 

- 

u. Princrplc Electrometric measurements are made by poten- 
tiomettic dctermrnation of electron activity (or intenstty) wtth 
an inert indtcator electrode and a suitable reference electrode. 
Ideally. the indicator electrode will serve as either an electron 
donor or acceptor with respect to electroactive oxidized or rc- 
duced chemical species in solution. At rcdox equilibrium. the 
potential difference between the ideal indicator electrode and 
the reference electrode equals the rcdox potential of the system. 
However. met-t indicator electrodes that behave ideally in all 

aqueous systems. particularly in natural waters. do not exist. 

Electrodes made of platinum are most commonly used for Eh 
measurements. The\ have limirations.’ as do alternative mate- 
nab such as gold and graphite. 

The standard hydrogen reference electrode is fragile and 
impractical for routine laboratory and field use. Therefore. 
silvcr:silvcr-chloride or calomel reference electrodes are used 
commonly. The redox potential measurement is correctrd for 
the difference between the potential of the reference electrode 
and that of the standard hydrogen electrode. See Section 45W- 
He. pH Value. 

It is not possible IO calibrate Eh electrodes over a range of 
rcdox potentials (as is done with pH electrodes). Instead. stand- 
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ard solutions that exhibit both chemical stability and known re- 
dox potentials for specific indicator electrodes are used to check 
electrode response at the temperature of measurement. 

The potential of the platinum (Pt) Eh electrode versus the Ag/ 
AgCj reference electrode with KC1 electrolyte in ZoBell’s so- 
lution (3 x lo-)M potassium ferrocyanide and 2 x lo-“M po- 
tassium ferricyanide in O.lM KCI)’ has been measured as a func- 
tion of temperature.’ Good agreement was obtained between 
Eh values measured with this electrode pair in ZoBell’s solution 
and those calculated from the stability constants at 8 to 85’C. 
The potential of the ZoBell’s solution with this electrode con- 
figuration as a function of temperature can be calculated:’ 

Eh. v = 0.428 -. 0.0022 (T - 25) 

where T = solution temperature, ‘C. Alternatively. select the 
value from Table 258O:I. 

To determine the Eh of a sample relative to the standard 
hydrogen electrode. measure Eh of both sample and standard 
solution at the same temperature (i.e.. =O.l’C). Then calculate 
Eh value of the sample: 

where: 
E .*YI..tl = sample potential relative to reference electrode. 

EL.,,,, ec,..r..ma = rheoreucal Eh of reference electrode and Zobell’s 
soluuon. relative 10 the standard hydrogen clcc- 
node (xc Table 285O:I). and 

EL,..,, .m.r,..,., = observed potenurl of Zobcll’s solution, relative to 
the reference electrode. 

The measurements described above can be applied anal* 
pously to other indtcator electrodelrefcrcnce electrode pairs and 
standard soluttons. 

b. lnrerfcrences~ Specific interferences may be due to operation 
of either indicator or reference electrode. rcdox capacity or poise 

TABLE 258O:I. POTENIIAL OF ZOBELL’S So~mon AS Fmcnor~ OF 
TEMPEU~JRE 

T E 
‘C \’ 

2 
3 
4 
5 
6 
7 
a 
9 

10 
II 
12 
I3 
14 
15 

0481 I6 0448 
0 179 17 0446 
0 476 18 04-t3 
0 474 19 0441 
0 472 20 0 439 
0 470 21 0.437 
0468 22 0 435 
0.465 23 0 432 
0.463 24 0.430 
0.461 25 0.428 
0.459 26 0.426 
0451 27 0.424 
0.454 28 0.421 
0.452 29 0.419 
0.450 30 0.417 

T E 
‘C V 

of the sample. sample preservation and handling, and ttmpcr- 
ature equilibration. 

1) Sorption and poisoning effects on electrodes-Contami 
nation of the electrode surface. salt bridge. or internal electrolyte 
in the case of reference electrodes, can lead to excessive drift, 
poor electrode response, and artifact potentials. Organic matter. 
sulfide. and bromide may cause these problems, particularly in 
long-term electrode use. I57 If excessive drift occurs or erratic 
performance of paired electrodes is observed in redox standard 
solutions after appropriate cleaning. refilling. or regeneration 
procedures, discard the faulty electrode and use a new one. 

2) pH variations-Redox potential is sensitive to pH if hydro- 
gen ion or hydroxide ion is involved in the redox half-cells. Cell 
potentials tend to increase as proton concentration increases (i.e., 
pH decreases) and Eh values drop as hydroxide concentrations 
increase (i.e.. pH increase). 

3) Sample handling and preset-vatio~Tbe sample poise will 
govern the resistance of the sample to change in redox potential; 
this phenomenon is analogous to the resistance to pH change 
afforded by buffer capacity. Except in concentrated process 
streams. sludges. leachates. and highly reducing or treated waters, 
the concentrations of oxidized or reduced species may be fairly 
low (i.e.. <lo-‘M). Under these conditions, handle reduced 
samples very carefully to avoid exposure to atmospheric oxygen. 
A closed cell sampling configuration may be used.‘.* Samples 
cannot be stored or preserved; analyze at sampling. 

4) Temperature cquilibration-Gbtain Eh standard solution 
reading for the electrode pair at a temperature as close as possible 
to that of the sample. Temperature determines the Eh reference 
potential for a particular solution and electrode pair. It also may 
affect the reversibility of the rcdox reaction, the magnitude c 
the exchange current, and the stability of the apparent redox 
potential reading. particularly in poorly poised solutions. Hold 
temperature constant for all measurements and report it with Eh 
results. 

2. Apparatus 

0. pH or miilir*oft meter: Use a pH meter or other type of high- 
impedance potentiometer capable of reading either pH or mil- 
livolts (mV). For most applications. a meter scale readable to 
f 1400 mV is sufficient. 

b. Reference clecrrodc consisting of a half-cell providing a con- 
stant electrode potential. See Section 4500-H’.B.Zb. 

c. Oxidation-reduction indicator electrode: The platinum elec- 
trode is used most commonly. A noble metal or graphite elec- 
trode may be useful for specific applications. 

1) Noble metal electrode---Noble metal (i.e., gold or platinum) 
foil. wire. or billet types of electrode are inert and resistant to 
chemical reaction. Clean and polish electrode surface to insure 
r&able performance. Platinum electrodes may be cleaned by 
strong acid soaktng. y.“’ hydrogen peroxide and detergent wash- 
ing.” and anodic activation.‘” Abrasive polishing with crocus 
cloth. jeweler’s rouge. or 400 to 600 grit wet/dry carborundum 
paper may be best.’ 

2) Graphite electrode--A wax-impregnated graphite (WIG) 
electrode may be used. especially in aqueous suspensions or 
soils.“.‘. The WIG electrode is more resistant to electrode po; 
soning than electrodes made of platinum wire. 

d. Beakers: Preferably USC polyethylene, TFE, or glass bcak- 
err. 
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e. Stirrer: Use a magnetic TFE-coated stirring-bar-type mixer. 
5 flow cell: Use for continuous flow measurements and for 

poorly buffered solutions. 

3. Reagents 

II. Standard redox solutions: Standardize the electrode system 
against redox solutions that provide stable known Eh values over 
a range of temperatures. Although standard solutions are avail- 
able. they do not cover the anticipated range of Eh values. Com- 
mercially prepared solutions may be used. particularly in field 
testing. The composition and Eh values of standard solutions are 
shown in Table 25EO:II. With reasonable care, these solutions 
are stable for several months. 

b. G electrode cleaners: Use either: 
1) Aqua regia-Mix 1 volume cone nitric acid with 3 volumes 

cone hydrochloric acid. Prepare fresh and discard after use. 
2) Chromic acid-Dissolve 5 g potassium dichromatc , KzCr20,, 

in SO0 mL cone sulfuric acid. 

4. Procedure 

a. Instrument calibration: Follow manufacturer’s instructions 
for using pH/millivolt meter and in preparing electrodes for use. 
Use a shorting lead to verify the zero point on the meter’s mil- 
livolt scale. Equilibrate the standard solution to the temperature 

After several minutes for electrode equilibration, record rcad- 

of the sample. Immerse electrodes in the gently stirred. standard 

ing to nearest millivolt. If the reading is more than z 10 mV 
from the theoretical redox standard value at that temperature. 

solution in a beaker (or flow cell). Turn on meter. placing the 

replace reference electrode fluid and repeat the measurement. 
If that procedure fails to bring the reading to within z 10 mV 
of the theoretical value. polish the sensing element of the indi- 

function switch in the millivolt mode. 

-- 

cator electrode with carborundum paper. crocus cloth, or jew- 
eler’s rouge. Rinse electrode thoroughly and recheck reading 
with a fresh portion of the standard solution. If the reading is 
within z 10 mV of the theoretical value, record it and the tem- 
perature. If the reading is not within L 10 mV. repeat the clean- 
ing procedure above or try another electrode. Then rinse the 
electrode with distilled water and proceed with the sample meas- 
urement. 

Useful treatments for noble metal electrodes in restoring pcr- 
formancc after long periods of use include immersion in warm 
(7OYZ) aqua re@a for 1 to 2 min or 5 min in 6N HNO, after 
bringing to a boil. Alternatively treat with chromic acid solution 
followed by 6N HCl and rinse with water. 

Make continuous flow or pumped sample measurements. par- 
ticularly of poorly poised solutions, in a closed flow cell after 
external calibration of the electrode system. Recalibrate daily 
and more frequently if turbid. organic-rich, or high-dissolved- 
solids solutions are being measured. 

See Table 258o:III for recommended combinations of clec- 
trodes, standards, and sample handling. 

b. Sumple anolysir: Check system for performance with the 
standard solution, rinse electrodes thoroughly with sample water, 
then immerse them in the gently stirred sample. Let equilibrate. 
record Eh value to the nearest millivolt. and temperature to 
rO.l’C. Repeat with a second sample portion to confirm suc- 
cessive readings within 2 10 mV. Equilibration times vary and 
may take many minutes in poorly poised solutions. Successive 
readings that vary less than z 10 mV over 10 min are adequate 
for most purposes. 

5. Trouble Shooting 

II. Meter: Use a shorting lead to establish meter reading at 
zero millivolts whenever possible. If the meter cannot be zeroed. 
follow the manufacturer’s instructions for service. 

TABLE 258o:II. PREPARATION OF &DOX STANDARD SOLUTIONS 

Standard Sohmon 

Light’s solution” 

Potentials of R Electrode vs. Selected Reference Electrodes 
11 2YC in Standard Solution 

Calomcl Sdver:Silver Chlorldc Qandard 
A@A&l Hydrogen 

W-W& KCI KCl KCI 
saturated KCI l.OOM 4ooM saturated 

-430 + 439 T 475 + 476 + 675 

Weight of Chemicals Needed/l000 
ml Aqueous Solution aI 25-C 

39.21 g ferrous ammonium sulfak. 
Fe(NH,),(S0,),.6H,O 

48.22 g ferric ammonium sulfate, 
Fc(NH,)(SO,);l2H~O 

56.2 ml sulfuric acid. HSO,. 
sp gr I.84 

ZoBell’s solurlon’2 +183 + 192 +22&-l +229 +428 1.4080 g potassium fcrrocyanidc. 
&Fc(CN),.3H:O 

1.0975 g potassium fcrricyanidc . 
K.Fe(CN), 

7.4555 g potassium chloride. KCI 
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TABLE 25803II. RECOMMENDED CounlNAnoNs FOR 
SELEO-ED S.&PLE TyrEs 

sample Type 

Process stream 
(low Br-) 
(sl-) 

(high Br-) 

Indicator Reference Type of Sample 
Electrode(s) Elenrodc Cell 

RorAu Womcl or silver: Closed continuous 
silver chloride flow (dual indi- 

mor electrode) 

R or Au Calomcl or silver: 
silver chloride 
with sah bridge 
(double junc- 
tion reference 
ClCCtrodC) 

Natunl wagers 

Surface waters R or Au Calomel or silver: Closed continuous 
silver chloride flow (dual indi- 

cator elmmdc) 
or beaker 

Groundwater PI or Au Calomel or silver: Closed continuous 
silver chloride tlow (dual indi- 

ator clemodc) 

Soils. sludger WIG. R Calomcl or silver: Beaker or soil 
ulrc silver chlorldc core 

b. Elecrrodes: If the potentiometer is in good working order. 
the fault ma> be in the electrodes. Frequently. renewal of the 
fillmg solution for the salt bridge for the reference electrode is 
suficlenr ro restore electrode performance. Another useful check 
is to oppose the emf of a questionable reference electrode with 
that of the same type known to be in good order. Using an 
adapter. plug the good reference electrode into the indicator 
electrode jack of the potentiometer. Then plug the questionable 
electrode into the reference electrode jack. With the meter in 

the milh\;olt positlon. immerse electrodes in an electrolyte (e.g.. 
KCI) soluuon and then into a redox standard solution. The rwo 
millrvott readmgs should be 0 r 5 mV for both solutions. If 
different electrodes are used (e.g.. silver:silver chloride versus 
calomel or vice tiersa). the reading should be 44 z 5 mV for a 

good reference ele’ctrodt 
L’nless an mdlcator electrode has been poisoned. physically 

damaged. or shorted out. 11 usually is possible to restore function 
b! proper clcanmp 

6. Calculation 

Report temperature ar which readings were made. 

7. Precision and Bias 

Standard solution measurements made at stable’ temperature. 
with a properly functioning electrode system should be accurate 
to within + 10 mV. Calibration precision as reflected by the 
agreement of dual platinum electrodes versus an Ag:AgCl ref- 
erence electrode for over a 2-year period has been estimated at 
215 mV (i.e., one standard deviation) in ZoBell’s solution 
(N = 78) at approximately 12’C. Precision on groundwater sam- 

ples (N = 234) over the same period has been estimated at z 22 
mV (i.e., 2 one standard deviation) in a closed flow cell.‘” 
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MONITORING WELL CONSTRUCTION DETAILS 
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