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1.0 INTRODUCTION 

1.1.0 SITE DESCRIPTION 

1.1.1 Background. To fulfill the Corrective Action Requirements of 
the Federal Portion of the Final RCRA/HSWA Part B Permit, Naval Weapons 
Support Center (NWSC), Crane, Indiana is evaluating its hazardous waste 
management practices at its past and present disposal sites. This RCRA 
Facility Investigation (RFI) Phase II Soils study will be conducted at an area 
known as the Old Rifle Range (ORR). The US Army Corps of Engineers’ (USACE), 
Waterways Experiment Station (USACEWES) will be conducting the study. 

1.1.2 Location. NWSC Crane is a Navy facility located in Martin County 
Indiana. Nwsc- covers approximately 62,463 acres. The ORR occupies 
approximately 10 acres. The ORR is located near the center of the facility in 
the NW l/4 of ,Bection 35 and the SW l/4 of section 26, T5N, R4W. The area is 
approximately 2000’ east of the Demolition Area, SWMU #06/W. It is in the 
Turkey Creek valley, and it is accessed using a jeep trail off of Highway 658 
(Figure 1.1.2). 

1.1.3 Site History. A waste explosive flashing process is and was 
operated at this site. This is an operation seeking a Subpart X permit. The 
process started at a time which preceded 1983. Prior to being moved to this 
site the operation had been located at the Ammunition Burn Grounds (ABC) in 
T5N R3W. The operation was moved to the ORR, because it was suspected that 
the process was contaminating the groundwater at the ABG. This site was 
thought to be a more secure. Flashing is a thermal incineration process used 
to dispose of explosive contaminated aqueous waste. Flashing today is done in 
clay lined steel pans. In the past it was is done in earthen structures 
called flash pans (or pits). They were constructed to contain the waste 
materials (see Figure 1.1.3a). These pits were located along an access road 
shown in Figure 1.1.3b. 

1.1.4 Site Hydrogeology. The majority of thee bedrock at tehe ORR is 
Mississippian-aged sandstone from the Hardingsburg Formation, Stephensport 
Group. These sandstones are described as being uniform, moderately friable, 
very finegrained, massive, and ranging in color from tan to orange brown. The 
bedrock has been cut by the ancestral Turkey Creek. The ancestral channel is 
filled by a gravelly clay, sandy clay, clay and clayey sand of about 20’ in 
thickness, The, soils at the site are mostly stiff; alluvial clay with minor 
amounts of sand and sandstone gravel. The soil thickness varies from 0’ to 
30'. Dunbar’s report (1984) indicates that the elevation of the water table 
seasonaly f lucuates between 4 ’ and 17', and that the groundwater flow 
direction is generally eastward toward Turkey Creek, and coincident with the 
topography 

1.2.0 STUDY HISTORY 

1.2.1 Previous Investigations. In 1981 a team from the USACEWES 
completed a groundwater and soils investigation at the ORR. Seven monitoring 
wells were placed by USACEWES at this site. This study was followed by a 
round of groundwater and soils testing and a draft report entitled 
“Hydrogeological Investigation of Waste Disposal Sites at the Naval Weapons 
Support Center,, Crane Indiana” (Dunbar, 1982). Groundwater contamination was 
detected in the 1981 groundwater sampling program. Detectable quantities of 
metals, Explos:ives, and Phenols were found in some of the samples. In the 
3 



groundwater analysis completed in 1989, only the inorganic contaminants was 
found in the groundwater. The early USACEWES hydrogsologic study was later 
followed by a final report entitled “Hydrogeological Site Characterization of 
the Old Rifle Range for Hazardous Waste Disposal Facility, Naval Weapons 
Support Center, Crane, Indiana (Dunbar, 1984). 

1.2.;~! Regulatory Status. RCRA as amended by HSWA, a hazardous waste 
treatment, storage, and disposal facility must be permitted by the EPA. In 
1989 NWSC Crane was issued a Storage Operating Permit. The facility was 
required to complete a RCRA Facility Investigation (RFI). The ORR was named 
as a Solid Waste Management Unit (SWMU). Corrective Action Requirements (CAR) 
were negotiated between NWSC CRANE and the USEPA Region V. As part of the CAR 
the NWSC CRANE is to conduct a RF1 at its SWMUs. Table 1.2.2 is a list of 
those SWMUs whiah require Phase II soils investigations. Surface and shallow 
subsurface soil investigations are parts of that RF1 process. A RF1 is a 
three part study, consisting of a Phase I or Environmental Monitoring Report, 
a Phase II or Release Assessment, and a Phase XII or Release Characterization 
study . A RF1 Phase II soils study for the Old Rifle Range site, SWMU 07/09, 
is to be discussed in this work Plan. 

TABLE 1.2.2 
RCRA Solid Waste Management Units identified 

for Phase II Release Assessment, Soils 

Priority Solid Waste Management Unit Site Number 
**~**t***~~******~+Y*******~~~***~***~***~~~*~*~~~*~*~*~*~~*~~****~~~~~****** 

1. Rockeye Munitions Facility 10/15 
2. Demolition Area o6/og 

t : 
Old Rifle Range 07109 
Pesticide Control Area og/o5 

2 
Old Burning Pad 05103 
MC Comish Gorge 04/O;! 

i: 
Mustard Gas Burial Grounds 01/12 
Old Storage Bldg. 225 1 l/O0 

9. Load & Fill Area, 08/17 
Bldg 106 Pond 

10. Mine Fill A 12/14 
11. Mine Fill B 13/14 
12. Road & Grounds Area 15/06 
13. Load & Fill Area Bldgs. 18/13 
14. Pyrotechnic Test Area 1 g/o0 
15. CAAA QA/QC Test Area 20/00 
16. DMRO Storage Lot 21/00 
17. Lead Azide 22/00 
18. Battery Shop, Bldg. 36 23/00 
19. Sludge Drying Beds 24/00 
20. Sanitary Landfill and 14/00 

Lithium Batteries 
**O******~~*Y****+***~~********~~**~**~#**~~**~***~~****#*~~~**~**~****~~**** 

1.2.3 Work Plan Structure. A RF1 Phase II Release Assessment is to 
cover four main tasks. They are the development of a Work Plan, a Facility 
Investigation, an Investigation Analysis, and a Report. The. enclosure is the 
Work Plan which is made up of five plans. Those plans are a project 
management plan :,, a sampling and analysis plan, a Quality Assurance/Quality 
Control plan, a health and safety plan, and a.data management plan. Those 
individual plana will be treated as major headings and elements. 

S”“,,, 

I. 
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2.0 ELEMENT A: MANAGEMENT PLAN 

2.1.0 PROJEC:T OBJECTIVES 

2.1.1 Study Intent. The intent of this Phase II investigation is 
to:l) determine if a hazardoua,releaae to the soil has occurred; 2) describe 

“, I*, 

the hazardous release if it exists; 3) oharacterize the host medium, the soil; 
4) and to address the affects the hazardous wastes and constituents have 
manifested on the host medium. ,, 

2.1.2 Project Description. The project is to quickly determine if 
there are any resiidual contaminants present fn the soils at the site. This 11,,.“, 
objective will be reached by concentrating the search at probable sites of 
surface and subsurface contamination. Soil samplea will be gathered at those 
sites. Those samples will be tested for the presence of contamination. 
Conclusions concerning the presence or absence of contamination, the risk *T 
posed by those contaminants, and the possible future steps to be taken will be 
drawn. A report explaining the findings, conclusions, and future studies will 
be issued. ,. _ I ,, 

2.2.0 TECHNICAL APPROACH 

2.2.1 Sample Locations. The soils portion of this RF1 is to use a ” 
procedural outline provided in the Generic Work Plan for the NWSC CRANE’s RFI. 
This Generic Work Plan has been submitted to the EPA for review. ‘The 
individual studies are to be site specific. Because the site is and was a .,, .I 
waste treatment operation, the contamination should be concentrated at the 
flash pits, in the immediate vicinity of the pita, and at any waste piles that 
may have existed at the site. Following that -reasoning the sampling will be 
biased to locations in the pad underlying the presently used pans, in the “” ‘“‘8 

vicinity of the! pits, and at any .diacerned pile locations which may be 
identified. The structure underlying the pans was at one time used as a flash 
pit structure. Three background borings will be dug at a site located within ,, ,,n 
the unit boundary but removed from the flashing operation. They will be dug, . 
sampled, and analyzed using the identical proceduresas.were used at the other 
boring locations. .I 

2.2.2 Sample Collection. Disturbed soil samples will be collected 
using split spoon sampling methods. For the first 5’ the boring will be 
advanced in l&l/2’ drive lengths. From the last soil sample interval at a ,*m,,* 

depth of 5’ to the water table or top of rock if encountered first, samples 
will only be taken at major stratigraphic breaks. A soil sample will be 
collected just above the water table or top of rock if encountered first. For .lltll 
the borings within the pita.care will be taken to prevent the penetration of 
the impermeable barrier. Pits in this usage refer to the containment 
structure, which was used in the flashing process, not to the clay lined, 
metal pans which are used today at the site. A hand auger will be used to *, 1,, 

collect those samples. In the pits samples will be collected only at the soil 
surface, at the sand layer, and in the clay layer (Figure 2.2.2). A puncture 
in the plastic impermeable barrier could result in the further spread of the ,,” ,,” 
contaminant. 

2.2.3 Sample Testing. Flashing is an incineration disposal process. 
It is used to dispose of aqueous explosive (RDX, HMX, and TNT) wastes, and to 

,,, I_- 

reclaim metals. It is expected that the contaminants of concern are 
explosives and inorganics. Soil testing for the presence of inorganics, 
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explosives, and some organics will be done (Figure 2.2.3). For physical 
testing of the soils at least one disturbed split spoon sample per boring will 
be collected. Additional samples for physical testing will be collected at 
major stratigraphic breaks. This information will be used to characterize the 
soils and in the remedial teohnique selection. Samples collected for 
chemical analysis will be sent to USACEWES’ Analytioal Laboratory Group (ALG) 
in Vicksburg Mississippi, and the samples collected for physical 
characterization will be sent to USACEWES’ Geotechnical Laboratory also in 
Vicksburg, Mississippi. ALG’s (POC Ann Strong) address is: 3909 Halls Ferry 
Rd. ; Vicksburg, Mississippi. The address for the Soils Investigation 
Laboratory (POC Mr. Jesse Oldham) is: 3909 Halls Ferry Rd.; Vicksburg, 
Mississippi. 

2.3.0 STUDY MANAGEMENT 

2.3.1 Management Responsibilities. USACEWES is the Navy 1 s prime 
contractor for this Phase II soils investigation. A project team, which is 
made up of United States Army Corps of Engineers (USACE) personnel, was 
assembled (Diagram 2.3.1). Oversight and management responsibility will be 
handled by William Murphy of USACEWES’ Geotechnical Section. The planning, 
scope writing, and report preparation is the responsibility of Robert Magee of 
USACE Engineering District, Wilmington, N.C. Field work supervision and soil 
sampling will be the responsibility of Paul Albertson of USACE Engineering 
District, Vicksburg, Ms. Drilling will be done by personnel from the In situ 
Section, Geotechnical Branch of USACEWES. Mr. Mark Vespi is the Section 
Chief. The chemical analysis. is to be processed through the USACEWES’ 
Analytical Laboratory Group (ALG) under the supervision of Ann Strong. The 
explosive testing is to be done by the USACE Cold Regions Research & 
Engineering Lab (CRREL). All chemical data validation will be done by Ann 
Strong’s group. Soils classification and physical testing will be done at 
USACEWES ’ Soils Investigation Laboratory under the supervision of Mr. Jesse 
Oldham. 

2.3.2 Program Schedule. Diagram 2.3.2 is a work schedule which 
illustrates expected work durations, phase structure, phase completion dates, 
and milestone dates. ’ The dates. are time figures shown in working days. 
Allowances for exact start dates, off days, and work delays are not shown. 
Field work weeks are to be 6 day weeks. The field work is scheduled to take 9 
days total. This is figuring on 2 borings per day, and two days for pit 
sampling . To expedite data reduction the field data will be forwarded to the 
Wilmington Engineering District office were it will be processed in final 
form. 45 days are set aside for.chemical and physical analysis. This is 
followed by 24 days of data reduction, and report preparation. The final 
report should be ready in 115 working days after commencement of the field 
work. Following the start of the soils investigation, bimonthly progress 
reports will be issued. These reports will include overall projeot progress, 
individual study progress, impending schedule targets, and expected or 
existent schedule adjustments. Because the bimonthly progress reports are 
independent of the individual study work plans, they are not shown on the work 
sdhedule (Diagram 2.3.2). 
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3.0 ELEMENT B: SAMPLE AND ANALYSIS PLAN 
““.* ,I 

3.1.0 SELECTION PROCEDURES 

3.1.1 Selection Rational. Because the Old Rifle Range (ORR) is used 
as a treatment site for contaminated aqueous waste, it was identified as a “,,,., 

Solid Waste Management Unit (SWMU). A Phase II release assessment must be 
performed at the ORR. The intent of a Phase II study is to evaluate the 
presence or absence of a release, and to characterize the hazardous waste and tlllltl,, 
its constituents. Chemioal analysis will be done using SW-846 analytical 
methods, or other accepted methods when not SW-846 methods are available. The 
soil will be physically characterized using US Army Corps of Engineers 
geotechnical proaedures. This Release Assessment will be accomplished by 

,,” ,.,,, 

judiciously selecting sample locations, selecting the appropriate analytes, 
and using proper analytical methods. 

,1”,1,1 
3.1.2 Sample Location. Borings and sample locations were selected 

with a bias toward areas having the greatest probability of contamination. 
These locations are the previously used flash pit structures, the area ~,_,,l 
surrounding the pits, and the areas down slope from the pits (Figure 3.1.2a). 
The location for the background borings were selected for their remoteness to 
the flash pans, and because analysis of water extracted from well WES?&6?%~k3 
free of explosive contaminants. The borings shown in Figure 3.1 .2 a are “’ 0 
approximate. The exact location for the8 individual borings will be picked in 
the field. The field selected boring locations will be surveyed by field 
personnel. The down slope areas could have been contaminated by a contaminant “,1, ” 
spill. In the pits the sites of most imminent hazard or probable 
contamination will be sampled. Those sites are the upper soil layer, the sand 
layer, and the impermeable clay layer (Figure 3.1.2b). A programmed sample 
routine will be used at the boring locations. The upper soil surface will be )‘I ,,/ 

sampled. A sample at the groundwater interface or top of rock surface will be 
taken. 

3.1.3 Chemical Analyte Selection. Analyte selection is based on the 
probability of a contaminant occurring at the site. The area was used to 
treat liquid wastes derived from a washing process. This aqueous waste was 
placed in the pit structure, allowed to air dry, and then was flashed. The ” 
principle contaminants were explosives and metal wastes. Groundwater 
monitoring has been performed at the site and the detected contaminants were 
explosives and inorganics. The groundwater testing results from ORR wells are m.’ 
listed in Appendix D. The list of analytical test parameters shown in Table 
3.1.3 were selected on the bases of their probility of occuring at the site. 
Explosive were burned at the site and some explosive contaminants were ,““,,,, 1 
detected in the groundwater. The inorganic parameters consist of common 
metals associated with munition distruction, common toxic metals, and 
phosphorus which was reportably flashed at the site.. The 8240 and 8270 
organics were selected, because of their common industrial usage, not because (I*’ 
there was a reported disposal or that their presence was detected in 
groundwater analysis. In each soil boring one set of samples will be 
collected for organic compound analysis. These samples will be taken from the 1,1,,1 
soil interval directly overlying the water table or if bedrock is reached 
prior to encountering groundwater, the soil layer directly above the top of 
rock will be sampled. It is expected that if volatile organics exist they 
will will exist in the grOUndWater and the soil directly above the ,“,,,, 

groundwater. 

14 



Y
 

. . 

, , 

i 

)!! 
3 c- 
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Figure 3.1.2b 
Schematic of Flashing Pit Construction 



TABLE 3.1.3 
LIST OF PARAMETERS 

--------------_--------------------------------------------------------------- 
EXPLOSIVES INORGANICS ORGANICS 

-_-----------------------------------------~---------------------------------- 
HMX Aluminum Mangnesium 8240 Volatiles 
TNT Antimony Manganese 8270 Semivol. 
RDX Arsenic Mercury 
TNB Barium Nickel 
2,4 DNT Beryllium Phosphorus 
2,6 DNT Cadmium Selenium . 
TETRYL Calcium Silver 

Chromium Sodium 
Cobalt Thallium 
Copper Zinc 
Iron 
Lead 

TABLE 3.1.4a 
SUMMARY OF METHODS FOR 

DETERMINATION OF INORGANIC METALLIC ANALYSIS 
------------------------------------------------------------------------------ 

SOILS METHODS from SW-846 
----------------_----------- 

METAL ANALYSIS TECHNIQUE* EXTRACTION'+* ANALYSIS 
------------------------------------------------------------------------------ 
Aluminum ICP 3050 6010 
Antimony ICP 3050 6010 
Arsenic GF 3050 7060 
Barium ICP 3050 6010 
Beryllium ICP 3050 6010 
Cadmium ICP 3050 6010 
Calcium ICP 3050 6010 
Chromium ICP 3050 6010 
Copper ICP 3050 6010 
Iron ICP 3050 6010 
Lead ICP 3050 6010 
Manganese ICP 3050 6010 
Mercury cv 7471 
Nickel ICP 3050 6010 
Selenium GF 3050 7740 
Silver ICP 3050 6010 
Sodium ICP 3050 6010 
Thallium ICP 3050 6010 
Zinc ICP 3050 6010 

* Abbreviations: GF = Graphite Furnace, CV = Cold Vapor, and ICP = Inductively 
Coupled Plasma. 
**Extraction process, when not noted, is included in the analytical method. 
------------------------------------------------------------------------------ 

17 



3.1.4 Analytical Methods Selection. Analytical method selection for 
chemical analytes is a mater determined by environmental regulation. US EPA 
mandates that RCRA studies adhere to procedures and methods set out in “Test 
Methods for Evaluating Solid Wastes, Physical/Chemical Methods” SW-846, Third 
Edition. Organic and inorganic test methods are given inTables 3.1.3a and 
3.1.3b. There are no EPA methods for the detection of explosive contaminants. 
The USATHAMA method S02, developed for USATHAMA by CRREL, is the recognized 
detection method and will be used in this study. See the generic work plan 
Appendix B for a full description of the SO2 method. 

3.1.5 Physical Parameter Selection. Soil samples will be 
characterized using standard US Army COE geotechnical methods. The soil 
samples will be desaribed and classified in the field by the field crew. 
Unified Soil Classification System classification will be done at the 
laboratory. The classification will consist of a visual classification, a 
sieve and hydrometer analysis to determine grain size distribution of the 
sample, determination of natural water content, USCS classification, organic 
content. and density. The sieve analysis determines the gradation of grain 
sizes ranging from the number 4 sieve to the number 200 sieve. The hydrometer 
analysis determines the percentage of silt and clay sized particles in the 
sample. 

TABLE 3.1.4b 
SUMMARY OF METHODS FOR 

DETERMINATION OF’NON-METALLIC ANALYSIS 
----------------_--_----~----------------------------------------------------- 

SOILS METHODS 
---------------------------- 

ORGANIC ANALYSIS TECHNIQUE EXTRACTION ANALYSIS 
------------------------------------------------------------------------------ 
Volatiles GC/MS INC. * 8240 

Semivolatiles GC/MS 354013550 8270 

Explosives HPLC USATHAMA USATHAMA 

* INC. is used when the extraction method .is included in the analysis method. zL *’ 

3.2.0 SAMPLING PROCEDURES (_,.,, 

3.2.1 General Principles. Soil samples will be taken with a split 
spoon sampler and/or a hand auger. All sampling equipment and drilling 
equipment will be deconed between usage. A split spoon sampler will be used ” ,,1*,, 
to take the soil samples outside of the flash pit area. Inside the flash pits 
a hand auger will be used to take soil samples. In the pits samples of the 
top soil, the sand layer and the clay layer will be taken. There are 3 pit 
structures at the ORR. Outside of the pits 9 borings are to be taken. Three 

,W.“, 

of these borings will be used as a background boring. The background borings 
will be the first borings to be augered at the location. They will be placed 
at a location away from the pits. At each boring soil samples will be taken ,, I,, ,, 
at the following depth levels, 3” to 6,') 12". to l8", 18" to 24") 36" to 42” 
and from the last 6,’ directly above the water table, or top of rock which ever 
is encountered first. These sample intervals are shown on Figure 3.2.1. If 1,1* 
intervals of evident or suspected contamination are found additional samples 
may be taken. Past soil borings in the area encountered the top of rock at a 
depth of 2, to 25, and encountered the water table at a depth of 15 to 20,. 

18 



,.” 

!IEPTii 

0 1 3” TO 6” 

AN ALYX 

METALS. EXPLOSIVES 

0 
LiL 

6” ABOVE ME’TAL, EXPLOSIVES 
GROUNCWATE2 VCLATiZ ORGANICS 8243 

SEMiVOiATILE ORGANICS 8270 

WATERTABLE 
1 TOP OF ROCK 

Figure 3.21 
Diagram of Boring Log with Smaple Points 

NWSC Crane Phase II Soils 



One test boring will be dug to determine the present relative depths. No 
samples are to be taken below the water table and no samples will be taken 
below the, top of rock. The borings are to be taken to bedrock or refusal. 

3.2.2 Surface Sampling. Surface samples will be collected at all 
boring sites. Sod and top soil will be removed to a depth of approximately 3” 
below the ground surface. A soil sample will be taken using a pre-cleaned 
stainless sampling trowel. a oz. of soil will be taken for inorganic 
detection and 8 oz. of sample will be taken for explosives detection. A 
surface sample will be collected at all sampling sites. 

3.2.3 Hand Auger Sampling. A cleaned shovel will be used to expose 
the sand layer. A grab sample will be taken using pre-cleaned hand auger. 
Care will be taken when extracting the sampler so that the sample does not 
contact the hole walls. This sample will be used to test for the presenoe of 
explosives and inorganics. a 02. of soil will be taken for inorganic 
detection and 8 oz. of sample will be taken for explosives detection. The 
clay layer will be exposed. It will be sampled using a separate pre-cleaned 
hand auger. Care is to be taken to prevent damage to the impermeable plastic 
liner which underlies the clay layer. a 02. of soil will be taken for 
inorganic detection and 8 oz. of sample will be taken for explosives 
detection. 

3.2.4 Subsurface Sampling. Soil borings will be placed using a 
Failing 1500 truck mounted drilling rig. Samples will be taken at specified 
depths all above the water table and refusal. A split spoon sampler will be 
used to collect the soil samples. The sampler will be advanced through a 
hollow stem auger. The hollow stem auger will be used because it will 
minimize cross contamination of samples. As .the auger advances into the soil 
protective casing is advanced which will prevent. the hole from caving. At the 
surface, the split spoon sampler will be opened and the sample extracted, 
peeled, and bottled in the shortest time possible. Feeling is the process 
that removes the portion of the sample which is in direct contact with the 
sampler. Ends of the sample will not be used. Samples for volatiles analysis 
will be taken, bottled, and capped within 15 seconds from the time the sampler 
is opened. All samples will be extruded into wide-mouth glass jars or other 
containers with minimal disturbance of the sample. Stainless steel or plastic 
tools will be used to place the peeled samples into the containers. Steel 
tools will be used to take samples for organic tests and plastic tools will be 
used to take samples for inorganic analysis. The sample jars or bottles will 
then be sealed. Following collection, soil samples will be placed in locked 
ice chests (coolers) for storage at a temperature of 4 degrees C. 
Preservatives will not be required for the soil samples. The coolers 
containing the samples with their accompanying Chain of Custody forms will be 
transported to the analytical lab for analysis. Transport will be by air 
freight with an overnight carrier service. A seal will be placed on each 
cooler to ensure that the samples have not been disturbed during transport to 
the laboratory. 8 oz. of soil will be collected for inorganic detection and 8 
oz. of sample will be taken for explosives detection. 

The auger will advance to the vicinity of the groundwater table or top of 
rock which ever is encountered first. A soil sample will be taken. This 
sample will be analyzed for the presence of explosives, inorganics, and 
Appendix IX organics. a OZ. of soil will be collected for inorganic 
detection, 8 oz. of sample will be taken for explosives detection, 8 oz. of 
soil will be taken for semivol. testing, and two 40 mL VOA vials of sample. 
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Appendix IX Gro’undwatet Monitorifig . . 

The lists below Summarize the Compounds b 
Appendix IX regulations, published m the F 6J 

fraction which are analyzed in accordance with 
eraf hgiStef. Vol. 52. No. 131, Thursday, July 9, 1987. 

- . . 
Volatile Compounps by EPA Method 8240 . . . . . . . . . 
Aceron 1.1 -okhbtwrh4n4 
Aceromtnle 1.2~oic!llorocltnme 
Acrdwn 1.1 -Oichbroe#ane _ -. 

. , . . 

mylonmr 

Z?n?- 
Btomourhlofomomane 
BrOmOfO~ 
Camon aisulfb4 
Camon totracnbnflo 
Chbrotmnzene 
pwn* 

ChlOtOpWO 
Dibtomocnlorwwuune 
1.2-Oi8romo-3dibrrooan4 
1.2.Oibromwtharw 
trans.l.r-O;chb~2-~tene 
Oichbrc&uoromethane 

vans-1 .wicntoro4m4ne 
1.2*oiilo~e 
tis- 1.3Oichbrawooeno 
tyy;I.f~~brwowe 

Eihiberueno 
Ethyl m4maqtate 
2.Hexanon 

i?i%?gzz 
Methy bfomtdo 
Molbyl cRbndo 
Methylon bromde 
Methykne chbndb 
Methyl etnyt kotono 
Methyl Ioula4 

%wnfvolatlk Compound8 by EPA Method 8270 . . . . . , . . 

2-kOtyWWdbwm 
y?AM 

Anmracw4 
Aramirr 

Bir(2u\larcrthory)mrfhano 
BiS(Z~bmUfyl)rtncn 
Bis(ZCnbfo- 14n4my+rmyl)4m4r 
BiS(2-4tByWWqI)@ttlWat4 
MmWWWyt @MyI eUw 
Buryl befwl camalali 
pChlgn>u\lW 
Chloro#nzWr 
pChbr+mcraol 
2.Chbmnaohuuhm 

TABLE 3.2.4 

Methyl methauytatr 
~.hA0lhyl-&MIWlO~4 
Pentachtoroethane 
Proglonttnlo 
Pyncar 
Styrenr 
1.1.1.2.retrachbroeman4 
1.1.2.2.Tetncnl~man4 

zz%Y-” 
1.1.1 -Tftchkxo4man4 
1.1.2.Tricnbroomane 
Trio.borormene 
TnClbroftuorom4thane 
t .2.3-Tticnbtoprooane 
Vinyl acotau 
Vinyl cntondr 
Xyl4n4 

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

m+Jiiline 
pNtitrouwlin4~ 
Ndroo46um4 
o-Nii 
PNM3Oh4d 
4+NinWumotin4-1 -wide 
n-NW&o++buqlamme 
n-Nitro+ooir&yluhnr 
n-Niac4ahmrmyiamw 
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will be taken for volatile analysis. Following collection, soil samples will 
be placed in locked ice chests (coolers) for storage at a temperature of 4 .“I ),, 
degrees C. Preservatives will not be required for the soil samples. The 
coolers containing the samples with their accompanying Chain of Custody forms 
will be transported to the analytical lab for analysis. Transport will be by 
air freight with an overnight carrier service. A seal will be placed on each 

,..“_. 

cooler to ensure that the samples have not been disturbed during transport to 
the laboratory. For a listing of Appendix IX organics see Table 3.2.4. The 
hole will then be advanced to the bedrock using drill bit and drill pipe ,m,. ,1 
methods. The hole will be back filled using grout and drill cuttings.’ The 
cuttings from the first 5’ of the hole, not removed for sampling, will be 
contained in drums. The drums will be marked and left on site. The markings _-* 
will include information describing the contents of the drum, and the boring 
from which the cuttings were gotten. NWSC Crane will take custody of the 
drums and will be responsible for the disposal of the material. The remaining 
cuttings from the boring will be mixed with a cement/bentonite mix and will be -I’ 
used to fill the hole. 

3.3.0 DECONTAMINATION PROCEDURES ,.“,,, 

3.3.1 General Procedures. To prevent the spreading of contaminants 
from one location to another and from one level to another, the sampling and 
drilling equipment will be cleaned between uses. The sample containers will 

, _,l_l 

be pre-cleaned before being delivered to the site. All personnel involved in 
the equipment decontamination will wear protective clothing. 

, I I , , , .  

3.3.2 Sampling Devices. All sampling devices will be cleaned using 
the following steps. 

#l. Scrub equipment with a non-phosphoric detergent and potable ,,,,,,,_, 
water. 

1~2. Rinse with potable water. 
s3. Rinse with 0.1 N (nitric acid) when sampling for inorganics. 

0.1 N is prepared by adding approximately 4.2 mL. concentrated nitric acid to 
approximately 50.0 mL water. Then dilute the solution to 1 L final volume with 
water. Caution: add concentrated acid to water, never add water to 
concentrated acid: 

. 
I 

#4 . 
85 . 
86 . 
87. 
#8. 
#9 . 

#lO. 
(shining side 

Rinse with deionized water. 
Rinse with methanol (pesticide grade). 
Air dry. 
Rinse with hexane (pesticide grade). 
Rinse with deionized water. Collect rinsate blanks now. 
Air Dry 

“,“, 

Wrap or cover sampling equipment with aluminum foil 
out) when not in use. 

3.3.3 Sample Containers, The sample containers will be obtained II_,, 
from a supplier. The containers will be pre-cleaned. The containers will be 
shipped to the location in protected containers. The sample jar types and 
sizes are given on Table 3.3.3. A verification of the decontamination 
procedure will accompany every container shipment. .- .(I 

3.3.4 Drilling Equipment. Before moving onto a new drilling 
location, the rig, its substructure, and its drill rods, bits and auger 

A combination steam cleaner/pressure washer 
“,,,,,,, 

flights will be steam cleaned. 
will be used. A non-phosphoric detergent can be used. The washing is to 
remove all soil from the rig and drill equipment. A decontamination pad will 
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be constructed at the site. The wastewater generated during decontamination 
will be collected and drummed at the site. NWSC Crane will take custody of 
the wastewater and arrange for the testing and disposal of the waste. 

TABLE 3.3.3 
CHEMICAL ANALYSIS 

SUMMARIZATION OF SAMPLE CONTAINERS 
------------_---------~------------------------------------------------------~ 

MATRIX PARAMETERS 
CONTAINERS 

------------------------------------------------------------------------------ 
Soil Volatiles 40 mL glass 

Septa vial 

Semivolatiles 1 X 8 oz. glass 
Pesticides & PCBs 
Inorganics 
Explosives 

3.3.5 Rinsate Disposal. Wastewater generated during the cleaning 
and decontaminating of the sampling equipment, will be collected. Decon will 
be done on site. Decon water will be segregated into detergent wash, acid 
wash water, and organic wash water. These waters will be put into drums. The 
drums will be properly closed and marked. The drums will be collected by 
facility personnel. NWSC Crane will be responsible for the disposal of the 
material. 

3.4.0 SAMPLE DOCUMENTATION PROCEDURES 

3.4.1 General Procedure. Field parameters will be recorded in a 
field notebook. These parameters will be transferred to Data Sheets, Chain of 
Custody Forms, Drilling Logs, and Sample Tags. Final documentation will be 
made from a consolidation of those notes, data sheets, and laboratory data. 

3.4.2 Chain of Custody. A Chain of Custody program will be initiated 
in the field upon collection of the sample. A Chain of Custody record will 
accompany each shipment of samples at all times. An example of a Chain of 
Custody record is shown in Figure 3.4.2. 

3.4.3 Sample Labeling. At the time of sample collection the sample 
will be placed in a prelabled, pre-cleaned sample container. The sample label 
is to contain the following,information: 

1. Site name. 
2. Field station number. 
3. Date and time of sample collection. 
4. Sample type (grab or composite). 
5. Sample location description. 
6. Signature 
7. Sample preservation used. 
8. Analyses type. 

An example of a sample label is shown in Figure 3.4.3 

3.4.4 Field Logs. Field logs will be made by the geologist or 
inspector of each sample boring. Figure 3.4.4 is an example of a field 
sample/boring log. The field log documents the sample number, the date of 
sampling, the depth sampled, provides a field classification of the soil or 
23 



other material, the type of sampler used, the container number, and job 
information including type of drill rig, operator’s name, site name, boring ,_,, 
number and surface elevation if available. 

3.4.5 Field Notebook. The geologist will keep a notebook. It will 
contain a detailed record of particulars about each sample, and sampling I’ 
condition. This notebook will contain sampling dates, environmental 
conditions at the time of sampling, equipment conditions, soil conditions, 
boring locations, sample numbers, sample descriptions, sample depths, I,,,, 
groundwater conditions, and other pertinent sampling information. Other 
information may include Chain of Custody data, sample shipment information, 
decontamination documentation, and personnel changes. This note book will 
remain at the site and will become a part of the project record at the end of 

,_~,, 

the project. 

I 

,,“, 
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4.0 ELEMENT C: QUALITY ASSURANCE/QUALITY CONTRQL PLAN 
“‘1 

4.1.0 GENERAL: 

4.1.1 Regulatory Framework. This soils investigation is a part of a Phase ““I 
II RCRA Facilities Investigation. It is part of the 

Navy regulations require that its 
Navy’s Installation 

Restoration Program. studies follow NEESA 
Guidance 20.2-047B 9ampling and Chemical Analysis Quality Assurance , ,,,, X~ 
Requirements for the Navy Installation Restoration Program”. USEPA 
regulations mandate that RCRA studies adhere to procedures and methods set out 
in “Test Methods for Evaluating Solid Wastes, Physical/Chemical Methodstl SW- 
846, Third Edition. 

,, ,*, 

4.1.2 QC Level Selection. The 
Level C. 

QC level selected for this site is a NEESA 
,, II_ 

4.1.3 CDQC. The Chemical Data 
to the procedures stipulated by the 
requires that: -. - 

Quality Objectives are assured by adhering 
selected QC level. The Navy’s Level C ,,,,.l 

1. EPA approved methods (SW-846 Third Edition), when available, be used. 
2. Trip blanks must accompany every glassware shipment. 

R,kl)Je3- v blanks be collected each day. 
4. Field blanks be collected from each source of water. 
5. A 10% duplication of samples be taken. 

The objective of such a plan is to insure that the data collected is 
comparable with known conditions, that sources of extraneous contamination can 
be determined, and that decisions made are meaningful and supported. Holding 
times are dictated by SW-846 procedures. Those holding times are parameter 
specific (Chart 4.4.2). They are to be adhered to specifically to assure the . 
quality of the analytical data. 

, . (  (,,111 

TABLE 4.1.3 
CHEMICAL ANALYSIS 

PRESERVATION AND HOLDING TIMES ),, 

,,,,,,,,,,,,,,,------------------------------------- ---------------------------- 
MAX. HOLDING TIMES 

MATRIX PARAMETERS PRESERVATION -------------------I--- ,,, .I, 
EXTRACTION ANALYSIS 

------------------------------------------------------------------------------ 
Soil Volatiles Ice to 4 Deg. 14 d. ,, ,“, 

Soil 

Soil 

Semivolatiles 

Inorganics 
& Cyanide 

Ice to 4 Deg. 

Ice to 4 Deg. 

7 d. 40 d. 

180 d. ,,( ,*,,, 

------------------------------------------------~----------------------------- 
When only analysis holding time is given, this implies total holding time from ,.“I, 
sampling until analysis. 

4.1.4 Field QC Samples. The number of QC samples are determined by the 
level of QC implemented. The types of QC samples remain the same. 

8, ), 

4.1.4.1 Trip Blanks are defined as samples which originate from 
analyte-free water taken from the laboratory to the sampling site and returned ,.,,I ,, 
to the laboratory with the volatile organic (VOA) samples. One trip blank 
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should accompany each cooler containing VOAs, should be stored at the 
laboratory with the samples, and analyzed by the laboratory. Trip blanks are 
only analyzed for VOAs. 

4.1.4.2 Equipment Rinsates are the final analyte-free water rinse 
from equipment cleaning collected daily during a sampling event. Initially, 
samples from every other day should be analyzed. If analytes pertinent to the 
project are found in the rinsate, the remaining samples must be analyzed. The 
results from the blanks will be used to flag or assess the levels of analytes 
in the samples. This comparison is made during data validation. The rinsates 
are analyzed for the same parameters as the related samples. 

4.1.4.3 Field Blanks consist of the source water used in 
decontamination and steam cleaning. At a minimum, one field blank from each 
event and each source of water must be collected and analyzed for the same 
parameters as the related samples. 

4.1.4.4 Field Duplicates for soil samples are collected, 
homogenized, and split. All samples except VOAs are homogenized‘and split. 
Volatiles are not mixed, but select segments of soil are taken from the length 
of the core and placed in 40-mL glass vials. Field duplicates should be 
collected at a frequency of 10% per matrix for Level C. All the duplicates 
should’ be sent to the laboratory responsible for analysis. The same samples 
used for field duplicates shall be split by the laboratory and be used as the 
laboratory duplicate or matrix spike. This means that for the duplicate 
sample, there will be analysis of the normal sample, the field duplicate, and 
the laboratory matrix spike/duplicate. 

4.1.4 Data Comparison. US Army Corp of Engineers soil sampling procedures 
are to be used when collecting soil samples at the ORR site. NEESA QC Level C 
requirements are to be met. The analytical laboratory to be used is a Navy 
approved laboratory. EPA approved test methods, when available, will be used, 
and USATHAMA analytical methods will be used to test for explosive 
contaminants. Background soil samples will be collected. They will be taken 
in the same manner as are the other samples, processed in the same way, and 
analyzed for the same parameters using the same methods. 

4.2.0 FIELD ACTIVITIES: 

4.2.1 Sampling..The surface soil samples will be taken with a hand 
trowel. The borings outside of the pit structures will be advanced using a 
hollow stem auger. In each boring one soil sample will be taken from the soil 
interval directly above the groundwater table or top of rock. Samples will be 
collected at each of the pit sites. Hand tools will be used to take those 
samples. The deeper soil will be sampled using a hand auger. The soil 
samples will be tested for the presence of explosives and inorganics. Only 
the water table samples will be tested for the presence of semivolatile and 
volatile organics. Soil moisture, and soil temperatures should not 
significantly effect the samples. Samples will be taken under the most 
consistent condition possible. This is to be a one time sampling event. 

4.2.2 Field Documentation-The geologist will keep a notebook detailing 
particulars about each sample, and sampling conditions. This notebook will 
contain environmental conditions at the time of sampling, equipment 
conditions, soil conditions, boring locations, sample depths, groundwater 
conditions, and other pertinent information.Generic Work Plan procedures will 
be used. Field logs will be made by the geologist or inspector of each sample 
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boring . Figure 4.2.2 is an example of a field sample/boring log. The field 
log documents the sample number, the date of sampling, the depth sampled, soil 
classification, the type of sampler used, the container number, and job 
information including type of drill rig, operator’s name, site name, boring 
number and surface elevation if available. 

4.2.3 Sany3le Documentation. Samples will be named using the following 
procedure. The sample number will include the past and present (SWMU) site 
number followed by a medium identifier (S = soil), followed by a boring 
number, followed with a sample interval, and followed by the sampling year. 
Sample intervals are numbered by depth with the first interval being the 
shallowest sample taken. At the time of sample collection the collected 
samples will be plaued in prelabled, pre-cleaned sample containers. The 
sample label will contain the following information: 

1. Site name. 
2. Field station number. 
3. Date and time of sample collection. 
4. Sample type (grab or composite). 
5. Sample location description. 
6. Signature 
7. Sample preservation used. 
8. Analyses type. 

An example of a sample label is shown in Figure (4.2.3) 

4.3.0 SHIPPING PROCEDURES 

4.3.1 Chain of Custody Procedures. A chain-of custody program will be 
initiated in the field upon collection of the sample. A Chain of Custody 
record will accompany the shipping containers at all times. An example of a 
Chain of Custody record isshown in Figure (4.3.1). 

4.3.2 Sample Containers. Sample containers will be delivered from the 
laboratory in a cleaned condition. They will be shipped with appropriate 
documentation certifying their decontaminated condition. The containers will 
be stored on location in a secure location until used. 

4.3.4 Sample Preservation. Each sample will be placed in an appropriate 
saninle container . The containers will contain proper preservatives when 
needed. Following collection, the samples will be placed in ice chests for 
storage and shipping. 

4.3.5 Sample Shipping. Transportation will be by commercial airfreight 
transporter. Delivery to the laboratory will be within 24 hours of sampling. 
A Chain of Custody program will be initiated in the field and a Chain of 
Custody form will accompany the shipment. All shipments of samples must have 
correct Department of Transportation placarding and documentation. The 

,w “I 

-/,. 

I ,  , . , , ,  

shipments will be accompanied by 

4.4.0 LABORATORY QA PROCEDURES 

signed Chain of Custody forms. 

4.4.1 General. The Corps 
Analytical Laboratory Group have 

“._,“* 
of Engineers I Waterways Experiment Stations 

a set QA procedure which was covered in its 
application for Navy approval. Excerpts from the application document are 
contained in the Appendix C to this Work Plan. 
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4.4.2 Sample Receipt. Laboratory procedures outlined in Appendix C cover 
the receipt, storage, and disposal of r8CeiV8d samples. Field samples are to 
be delivered to ALG within ,24 hours of the sample date. Proper Chain of 
Custody procedures will be followed. 

4.4.3 Calibration Procedures. The laboratory has set calibration 
procedures which are instrument and method specific. Those procedures are 
explained in Appendix C. 

4.4.4 Detection Limits. Material contained in SW-846 are used to 
determine ability to meet contract required detection limits. The analytical 
methods and detection/practical quantitation limits are presented in Appendix 
C. For organic analyses, the analyses are highly matrix dependent and higher 
detection limits are reported when interferences prohibit the reporting of the 
specified limits. 

4.4.5 Data Evaluation. All data is checked by the analyst, the inorganic 
team leader or the organic team leader, and the Chief, ALG before it is 
submitted to the customer. The following items are checked: 

1. Completeness 
2. Duplicate values for precision 
3. Recovery of Spikes for accuracy 
4. Method blanks for contamination 
5. Surrogate recoveries for organic analysis 
6. Data for QA check samples 
7. Reasonableness and trends 

If data falls outside acceptable limits as described in the’procedures, sample 
are rerun if sample is available. If data falls outside acceptable limits on 
the reruns and QA check sample data is good, then data may be reported with 
qualifying explanations. Acceptable data is usually defined by the specific 
procedural method (i.e. SW-846). 

4.4.6 Control Conditions. Control Chart construction and Corrective 
Actions are explained in Appendix C. 

4.4.7 Document Management. The sample management officer is also in 
charge of the document control. She maintains the master logbook, the 
computer logbook, the computer-generated bench sheets, the completed computer 
generated bench sheets and the final computer generated reports, Each analyst 
maintains the raw data files and his/her instruments. Final Data reports are 
approved by the team leader, the quality assurance officer and the Chief, ALG. 

4.5.0 DATA VALIDATION: 

4.5.1 Management Responsibility. Analytical data is validated by the team 
leaders, the quality control officer, and the Chief, Analytical Laboratory and 
consists of the following steps. 

4.5.2 Procedures. Completeness Check is (1) be sure that all samples and 
analysis have been processed, (2) ensure complete records including Chain of 
Custbdy for each analysis and associated QC sampled, ( 3) ensure that 
procedures specified in project planning have been followed, and (4) assure 
that all calibrations were performed. 
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4.5.3 Data Evaluation. Data evaluation with respect to: 
1. detection limits. _ 
2. control limits for duplicates, spikes, blanks, and surrogates. 
3. data control within control limits and corrective action. 
4. flagging of consistently out of control data. _. “.L 

4.5.4 Control Factors. Data is to be evaluated with respect to holding 
times and QA sample analysis results. 
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I 5.0 ELEMENT D: HEALTH AND SAFETY PLAN 

SEE APPENDIX A 
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6.0 DATA MANAGEMENT PLAN 

6.1.0 General. A RF1 Work Plan is made up of five elements. The purpose 
of the Work Plan is to guide the investigative work through those separate 
elements. The Data Management Plan is the final element of the Work Plan. It 
is the part of the‘Work Plan that explains the movement of the data to final 
report form. Chemical and Physical Data is reduced from its raw form into 
final form by the laboratory personnel. The final data is then put into a 
report format. The data will be presented in various text, tabular, and 
graphic formats. Concurrent with the work on. the individual sites progress 
reports for the overall soil investigation program, bimonthly reports of 
progress will be issued. These bimonthly progress reports are separate from 

’ the individual SWMUs’ studies and are covered under the generic work plan for 
the RF1 soils investigation. 

6.2.0 Data Record. Recorded data will consist of site (SWMU) locations, 
sampling station (boring) numbers and location, sample number and depth 
sampled, date sampled, names of sampling personnel, sample descriptions and 
other boring log data, Chain of Custody information, parameters measured, 
laboratory results, and analysis of results. Locations will be recorded on 
map positions on base maps. 

Chemical and Physical laboratory results will be presented as computer 
print outs generated by the analyzing laboratory and will include parameters 
such as the sample number, parameter measured, amount detected, date analyzed, 
units used, a lab ID number for each sample, duplicates, and results of 
analysis of blanks. The data will be presented in Appendixes to the Draft and 
Final Report. 

6.3.0 Tabular Displays. Tables ‘of data will include field data (sample 
station number, number of samples per station,. depths sampled, date sampled, 
and ect.) and laboratory data for chemical and physical testing results. 

6.4.0 Graphical Displays. Data will be presented in various graphical 
formats. Sample boring locations will be presented on base maps. Contaminant 
Plume maps will be made to display the contaminate spread. Cross sections of 
the soil profile will be made to display the vertical distribution of soil 
type and contaminant concentrations. Bar and line graphs will be used to show 
contamination levels. Pertinent photographs will be included in the report to 
refine a point or add emphasis to a finding. Other displays are possible. 

6.5.0 Report Format. A draft and.a final report will be written. A 
period of time for commenting will occur between the draft report and final 
report . This comment period will allow for important prespectives to be 
considered. The contents of the reports shall be arranged in accordance with 
the suggested RF1 format as presented in RF1 Guidance Manual (USEPA, OSWER 
Directive 9502.00-6c, April 1987). The report shall consist of 8 l/2" X 11" 
pages with drawings to be folded, if necessary, to this size. Large displays 
will be presented as Plates found at the end of the report but refered to 
within the text. To reduce the number of drawings, data, and ideas should be 
combined on drawings. But drawing details will not be cluttered or poorly 
organized. The data must not reduce the drawings effectiveness. All drawings 
shall be of engineering quality in drafted form with sufficient detail to show 
interrelations of major features and/or thoughts on the installation site map. 
A decimal paragraphing system shall be used, with each section and paragraph 
of the reports having a unique decimal designation. The report covers shall 
consist of durable j-ring binders and shall hold pages firmly while allowing 
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the easy removal, addition, or replacement of pages. In the appendix of the 
draft report only there shall be a statement listing the persons who had 
significant and specific imput into the report’s preparation. This statement 
will include the individual’s name, job title, and telephone number. 
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1.0 PURPOSE: 

The Site-specific Safety and Health Plan (SSHP) establishes procedures that 
are to be followed in order to protect Corps of Engineers’ employees from 
potential safety and health hazards arising from the collection of soil 
samples from areas adjacent to three former flash pans located in the Old 
Rifle Range, Ordinance Disposal Areas of the Naval Weapons Support Center 
(NWSC) Crane. The site is an active disposal area, no drilling/sampling 
activity will be carried out when the disposal operation is occurring. Any 
contract personnel required on this job will be required to develop and 
implement a SSHP that meets the minimum requirements that are outlined in the 
following SSHP. Supervisors are to ensure that employees understand and 
follow these guidelines. 

2.0 LOCATION and SITE DESCRIPTION 

The NWSC is.located in the northern half of Martin County, in southwestern 
Indiana , approximately 75 miles southwest of Indianapolis and 71 miles 
northwest of Louisville, Kentucky. The nearest major metropolitan area is 
Bloomington Indiana approximately 40 miles northeast on State Highway 45. 
NWSC occupies approximately 100 sq. miles zone ( 62,463.46 acres) which 
includes 1,006 acres of improved grounds, 49,611 acres of unimproved grounds, 
and 800 acres of water ( Lake Greenwood ). The area is divided into facility 
operations, safety buffer,security zones and surrounding farmland (Figure 1,). 

The exact site location is designated as the Old Rifle Range-SWMU #07/09 GG-24 
and is located approximately 2000’ east of the Demolition Area. The ORR 
occurs along the western margin of the floodplain associaked with Turkey 
Creek, at the base of the ridge from the Demolition Area. The ORR is located 
near the center of the facility in the NW l/4 of Section 35 and the SM l/4 of 
Section 26, T5N, R4W. The area is composed of undulating terrain dissected 
by numerous well-defined drainageways. The elevation ranges from approximately 
470 ft at the drainage exiting to the south to 860 ft on a rid@. The area is 
accessible by using a jeep trail off of Highway #58 (Figure 2,3,). 
The area was utilized for bomb cook-off testing, and,” waste explosive 
flashing ” . Flashing is a thermal incineration process used to dispose of 
explosive contaminated aqueous waste. Formally flashing is done in earthen 
structures called flash pits. Todays Flashing is carried out in clay lined, 
steel pans set on elevated earthern structures. The elevated ear then 
structures are the former flash pans. It is expected that the contaminants 
of concern are aqueous explosive wastes Trinitrotoluene (TNT), Cyclonite 
(RDX), Cyclotetramethylenetrantramine (HMX), and a number of heavy metal 
contaminants (i.e Barium,Cadmium,Chromium,Lead,Mercury,Selenium,Silver)~ 

In 1981 ACOE-WES/DUNBAR installed 11 monitoring wells (WES-6-14-81 to 6-23- 
8l), in 1983 the EPA installed an additional 5 borings’ (EPA-l-83 to EPA-S- 
83). The exact locations of the Rifle Range/flash pans and monitoring wells 
are shown in Figure 4. 

3.0 Site Investigation Personnel. A four-person Corps of Engineers’ sampling 
(drill crew) under the direction of a Corps of Engineers geoldgist will 
perform the investigation activities. The geologist in the supervisory 
capacity will act as the Site Safety. Coordinator (SSC). 
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4.0 Hazard Assessment and Contaminant Characterization 

4.1 Physical 

4.1 Weather Extremes . The climate in the region of NWSC is a 
temperate climate with broad seasonal variations. Characterized by a mean 
January temperature of 26 degrees F and a mean July temperature of 89 degrees 
F. Precipitation averages approximately 44 inches annually, with 42 inches of 
rainfall and 15 inches of snowfall. Humidity averages 40 to 90 % in the 
summer and 60 to 90 5 in the winter. Both heat stress and cold stress are 
significant potential hazards to workers. Severe weather with thunderstorms 
is also a possible feature of the area (Appendix A). 

4.1.2 Heavy Equipment. A truck-mounted drilling operations present 
inherent noise and equipment hazards, a Job Hazard Analysis is 
attached (Appendix A). 

4.1.3 Chemical. Sampling of the wells in July, 1989 revealed the 
contaminant concentrations shown in Table 1. A description of 
contaminants is provided in Appendix C. 

4.1.4 Radiological. Contact with radiological contaminants is not 
anticipated based on the results of previous WES testing. 

4.1.5 Biological. Biological Hazards include insects ( ticks, 
mosquitoes. ) and two species of poisonous snakes (Appendix A). 

5.0 Investigation Activities and Associated Hazards 

5.1 Drilling.. Drilling will be performed at the site.for the collection 
of soil samples. Some,of the bore holes will penetrate material known or 
suspected to contain hazardous material. The sampling and drilling have 
limited potential for exposing employees to parts per million (ppm, mg/m3 ) 
levels of organic vapors or soil particulates carrying heavy metal 
contaminants. Primary exposure routes during drilling operations will be 
skin absorption, ingestion and possible inhalation due to vapors and 
contaminant volatilization from the drill cuttings. 

6.0 Worker Protection Requirements 

6.1 Training Requirements. All personnel who will be engaged in 
hazardous waste operations must first present to the SSC certification of 
completion of a 40 hr hazardous waste site investigation course and an 8 hrs 
of annual update training as required. This training must comply with OSHA 
regulations found in 29 CFR 1910.120(e). Personnel not safety trained will 
not be allowed’within the control zone (a 30 foot radius) of any field 
investigations being conducted at the site. 
Besides initial training, all personnel involved in field investigations will 
be required to have site-specific training. Topics to include in site 
training sessions for on-site personnel include: 
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Table 1 

Contaminant Concentration Ranges at Flash Pans 
Monitoring Wells at the OAR 

July, 1989 

SEMI-VOLATILES 

Contaminants Well Concentration 

Phenol 6/148-6123 <0.05 mg/L 

(Inhalation Hazard, strong irritant to tissue) 

TLV 
Exposure 

Sppm, 13.5mg/m3 
in air. 

EPA TOXIC METALS Well Concentration EPA MCL TWA 

Arsenic 

Barium 
I' 

Cadmium 

Chromium 

Lead 

Mercury 

Selenium 

Silver 

EXPLOSIVES 

Contaminant 

TNT 
RDX 
HMX 

6/14A 0.071 ” 
6/15 0.030 ” 
6/16 0.08 ” 
6/17 0.04 ‘I 
6/18 0.026 tt 
6/19 0.133 ” 
6/20 <O.Ol " 
6/21 <O.Ol " 
6/22 0.023 tt 
6/23 0.021 " 

6/144-6/22 

6/148-6122 

Well 

6/14~-6122 
I' 
tt 

<0.05 mg/L 0.05 mg/L lmg/m3 

1 mg/L O.%g/m3 
tt 0 
tt tt 
‘1 ‘1 

If tt 

I’ 1’ 

1' I’ 

0 II 

tt tl 

tt 1’ 

<O.Ol " O.O5mg/m3) 

<0.05 I' .l mg/L O.O5mg/m3) 

<0.05 " .05mg/L (NIOSH) 
<O.lmg/m3 

<0.002 )1 .002mg/L O.lmg/m3 

<O.Ol " O.OCjmg/L 0.2mg/m3 

.<0.05 " O.OFjmg/L O.Olmg/m3 

Concentration 

co.02 " 
<0.02 (( 
<0.02 " 

TWA 

' 1.5 mg/m3 
1.5 mg/m3 
1.5 mg/m3 

MCL-Maximum Contamination Limit (in water), TWA-Time Weighted Average 
(8hr day, 40hr week maximum exposure) 
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1. Biological, Chemical, and Physical Hazards. The biological, chemical and 
physical hazards at the site and their respective properties will be 
discussed. 
2. Toxicolo~~y. The potential routes of exposure to chemicals, the possible 
toxic effects, the IDLH (Immediately Dangerous to Life and Health) and TLV 
(Threshold Limit Value) values of chemical hazards at the site, and the level 
of personal exposure which can be anticipated will be discussed. 
3. Personal Hygiene. Personal cleanliness and restrictions on the eating, 
drinking, and smoking on the site will be discussed. 
4. Rights and Responsibilities of Workers under OSHA. Applicable provisions 
of the Ocoupational Safety and Health Act (29 CFR 1910) and the Corps of 
Engineers Safety and Health Program will be discussed. 
5. Monitoring Eauinment. The functions, capabilities, limitations use and 
maintenance of monitoring equipment will be discussed. A hands-on review will 
be held with persons assigned to use the equipment. 
6. Site-Specific Safety and Health Plan. The full SSHP will be reviewed, and 
a field SSHP will be available to each on-site worker. 
7. Standard Operating Procedures. SOP’s for this work will be reviewed. 
These SOP’s are included in the appendices. 
8. Personal Protective Equipment. The use, care, and disposition of the 
specific PPE selected for this work will be discussed. The PPE will be 
available for hands-on familiarity and practice donning, as needed. 
Individual respirator fit testing will be conducted at this time, if needed. 
9. Medical Program. Handling of medical emergencies will be discussed. The 
names, locations and telephone numbers of an available physician, ambulance, 
and hospital will be posted and available. 
10. Decontamination. The decontamination procedures established for this work 
will be discussed. 
11. Emergencies. The Emergency Contingency Plan contained in the SSHP will be 
reviewed. 
12. Public Relations. The SSC will be provided with instruction in 
communicating with the press and local community. 

6.2 Medical Monitoring Requirements. All site personnel will participate in a 
medical monitoring program. The respective components and divisions of this 
plan are shown in Table 2. All examinations are implemented by a licensed 
physician who is board-certified/board-eligible in occupational medicine. 
All personnel who will be engaged in hazardous waste operations must first 
present to the SSC certification of completion of the comprehensive medical 
monitoring examination within 12 months prior to the beginning of site 
activities. The medical monitoring program complys with OSHA regulations 
found at 29 CFR 1910.120(f) and Corps of Engineers requirements. 
The COE provides their employees with an annual indepth physical examination, 
including blood chemistry with complete blood count and differential; 
urinalysis; medical history; required chest X-ray; audiograms; pulmonary 
function testing; and a physician’s interpretation of the employee’s ability 
to wear a respirator. The examination may include testing for heavy metals, 
i.e. lead, mercury and pesticides such as DDT, DDE. The following signatures 
from each individual on the site verifies completion of requirements: 

1. 2. 

3. 4. 
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TABLE 2. Medical Monitoring Program 

1. Pre-employment Screening 

a. Medical history 
b. Occupational history 
c. Physical examination 
d. Determination of fitness to work wearing protective equipment 
e. Baseline monitoring for specific exposure 

2. Periodic Medical Examinations 

a; Yearly update of medical and occupational history; yearly physical’ 
examination ; testing based upon (1) examination results,. (2) exposures, 
and ( 3) job class and task. 

b. More frquent testing based on specific exposures. 

3. Record-keeping and Review 

a. Maintain and provide access to medical records in accordance with OSHA 
and state regulations. 

b. Report and record occupational injuries and illnesses. 
c. Review health and safety plan periodically to determine if additional 

testing is needed. 
d. Review medical monitoring program periodically in light of current site 

hazards, exposures, and industrial hygiene standards. 
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6.3 Site Inspections Meetings. To ensure that the SSHP is followed, the SSC 
shall conduct safety meetings before each day’s work. The purpose of these 
meetings is to: 

Coordinate site work activities. 
Describe any changes in the SSHP . 
Obtain worker feedback on conditions affecting health and safety. 
Obtain feedback on how well the HSP is working, and discuss needed changes 
Reinforce proper work habits. 

6.4 Site Inspections. The SSC will inspect daily site conditions, facilities , 
equipment, and activities to determine whether the SSHP is adequate and being 
followed. In order to make inspections effective, the SSC shall: 

- Have a checklist applicable for each site and activity, listing the items 
be inspected. 

- Review results of these inspections with supervisors and workers in the 
safety meetings. 

- Inspect again any identified problems to ensure that they have been 
corrected. 

- Document all inspections and subsequent follow-up actions. Retain these 
records until site activities are completed and turn them in to the 
Geotechnical Branch at the conclusion of the work. 

to 

The frequency of inspections shall be made more or less commensurate with the 
characteristics of the site the equipment used on the site, and the progress 
of the work on the site. 

6.5 Personnel Protection. 

6.5.1 Division of Work Area. Considering the isolated area of the ORR in 
which the flash pans are located and the low levels of contaminants revealed 
in earlier sampling, no formal division of the work area will be made at the 
start of sampling. However, if air monitoring indicates the need to minimize 
the transfer of hazardous substances from the work site and to ensure proper 
protection of personnel, three zones will be established. The three 
contiguous’work zones are (1) Zone 1: Exclusion Zone, (2) Zone 2: 
Contamination Reduction Zone, and (3) Zone 3: Support Zone (Figure 5). 

6.5.1.1 Exclusion Zone. Contamination does or could not occur in this 
zone. All people entering the Exclusion Zone must wear Modified Level D 
protection as a minimum. An entry and exit point for personnel and equipment 
will be established at the periphery of the Exclusion Zone to regulate the 
flow of personnel and equipment by the Site Safety Coordinator. 

The outer boundary of Zone 1, the Hotline, will initially be established as a 
30-ft radius circle surrounding the drill rig or completed hole when bore 
samples are gathered. This Hotline will be defined in the field by a printed 
hazard ribbon or equal. Factors that will be considered in extending this 
boundary will be air monitoring data, the physical area necessary to conduct 
site operations, and the potential for contaminants to be blown from the area, 
but in no case will the circular boundary have a radius of less than 30-ft. 
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6.5.1.2 Contamination Reduction Zone. Between the Exclusion Zone and the 
Support Zone will be the Contamination Reduction Zone which will provide a 
transition between the potentially contaminated zone and the clean zone. Zone 
2 will serve as a buffer to further reduce the probability of the clean zone 
becoming contaminated. It will provide additional assuranoes that the 
physical transfer of contaminating substances on people equipment, or in the 
air will be limited through a combination of deoontamination, zone 
restrictions, and work functions. Exit from the Exclusion Zone will be 
through this Contamination Reduction Zone. 

6.5.1.3 Support Zone. The Support Zone will be considered a non- 
contaminated area. The location of support facilities in the Support Zone and 
readily accessible to the nearest road. Support facilities ( i.e command 
post. equipment trailer, first aid station,) will be located in this zone. 
Since normal work clothes are appropriate within this zone, potentially 
contaminated personal clothing, equipment, and samples are not permitted in 
this zone. 

6.5.1.4 Work Zone Integrity. The integrity of the division of the work 
zone during duty hours shall be maintained by control of access and egress. 
B.efore crossing into another zone, a person will be admitted by the Site 
Safety Coordinator only after having given proper identification, 
authorization and certification of required training and medical examinations. 
The Site Safety Coordinator will record each person’s: 

- Name 
- Status (in or out) 
- Time of entry 
- Anticipated exit time 
- Areas to be entered 
- Task to be performed 
- PPE worn if applicable 

Access,to any divisions of the work zone during off-duty hours shall be’ 
controlled by security at NWSC. They will be appraised of the work at the 
site and its hazards and will be instructed in contacting emergency services. 

6.5.2 Personal Protective Equipment 

6.5.2.1 Proposed Levels of Protection. Modified Level D is 
prescribed for all activities on this except for the Support Zone, where no 
level of protection will be required. 

Modified Level D protection includes: 

- Tyvex disposable coveralls 
- Disposable inner and outer gloves 
- Chemical-resistant safety boots with steel toes and shanks 
- Disposable boot covers 
- Hard hat 
Y Safety glasses or chemical splash goggles 
- Hearing protection (if needed) 

I,.“, 
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Monitoring will be periodically performed with a photoionization detection in 
,,.” the breathing zone during all investigation activities to ensure that the 

level of protection is proper. Upon detection and identification of 
contaminants by air monitoring surveillance the SSC will, if neueaaary, 

., upgrade the level of protection to Level C, which requires in addition a full- 
face, air-purifying, organic vapor, dust, mist canister-equipped respirator. 

6.5.2.2 PPE Inspection. All PPE will be inspected by the Site Safety 
Coordinator prior to being issued to workers on the job. The exception will 
be individuaily issued items such as respirators, which are previously fit 
tested by each individual. The SSC will: 

. 
- Inspect and operational testing of newly received equipment . 
- Inspection of equipment prior to issue to workers 
- Inspect multiple-use equipment after use or training and prior to 

maintenance 
- Periodically inspect stored safety equipment 

Equipment inspection will follow procedures specified by PPE manufacturers. 

The SSC will maintain records of all inspection procedures. Individual 
identification numbers shall be assigned to all multiple-use pieces of 
equipment, and records will be maintained by that number. Inspections, 
will record the ID number, date, inspector’s name and findings. Damaged or 
otherwise objectionable equipment shall be repaired or removed from the job. 

6.5.2.3 Donning PPE. A routine will be established for donning 
PPE . Once the equipment has been donned, fit will be evaluated by the SSC. - 

,,e- 
6.5.2.4 Work Mission Duration. Before the workers actually begin 

work in their PPE ensembles, the anticipated duration of their work mission 
will be established. Several factors will be considered in determining .- 
length. These include : 

- Suit/ensemble permeation and penetration by chemical contaminants. 
- Ambient temperatures 

6.5.2.5 In-use Monitor inq. During equipment use; workers 
encouraged to report any perceived difficulties to their supervision. 
difficulties include, but are not limited to: 

2 Degradation or permeation of PPE 
- Perception of odors 
- Skin irritation 
- Unusual residues on PPE 
- Discomfort 
- Resistance to breathing (if respirators are worn) 
- Fatigue due to respirator use 
- Interference with vision or communication 
- Restriction of movement 
- Personal response such as rapid pulse, nausea, and chest pain 

mission 

will be 
These 
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6.5.2.6 Temnerature Stress. Site training will address the topics 
of heat stress and cold stress as presented in (Appendix A). 

6.5.2.7 Storage. PPE will be stored properly to prevent damage or 
malfunction due to exposure to dust, moisture, sunlight, damaging chemicals, 
extreme temperatures and/or impact. The SSC shall be responsible for proper 
storage of PPE. 

6.5.3 Air Monitor inq. A program will be established for the 
periodic surveillance to detect changes in the areas of investigation sites so 
as to continually ensure the accuracy of the division of the work area and the 
adequacy of worker protection. During investigation activities, the Site 
Safety Coordinator will monitor the work site for (1) combustible gas 
concentrations and for (2) organic vapors. 

6.5.3.1 Combustible Gas Concentrations. During drilling, the SSC 
will monitor the work area to detect, meaaure, and document any explosive 
concentrations of contaminants. Explosion potential measurements will be 
made using a combination combustible gas/oxygen (CGM) (Neotronics Meter, 
Exotox Model 40-OFH) and hydrogen sulfide meter. Drill crews shall use the 
CGM while drilling to determine if any explosive potential exists within the 
working area. Readings taken at the barrel or opening of the boring are 
indicative of vapor-gas escape,’ but may be inaccurate or inconclusive. 
Readings taken approximately one foot above the source indicate a greater 
potential for a hazardous condition developing. Readings one foot above a 
source showing 20% of LEL or greater requires an immediate shut down of 
operation and area evacuation of the Exclusion Zone until bore readings 
return to background levels. The Industrial Hygienist (IH) or Safety Office 
shall be notified to determine further action. .A11 readings shall be recorded 
on direct reading forms (Appendix B) . Potential for oxygen deficient 
atmosphere is unlikely for the work being conducted. Hydrogen sulfide will 
generally not be a problem in this project, but any readings greater than 
10ppm of Hydrogen Sulfide above a source require an immediate shut down. The 
IH or Safety Office shall be notified immediately to determine further action. 

6.5.3.2 Organic Vapors/Photoionization Indicating Device (PID) 
The SSC shall use a photoionization detector ( HNU Systems Model 101, 
Hazardous Waste Detector) to monitor the levels.of ionizable vapors at the 
investigation site. Depending on the investigation activity, I-min 
measurements will be made in the bore hole, at ground level, and at the 
worker’s breathing zone. The PID will be calibrated relative to benzene 
concentration or to standards traceable to benzene. In the event that the PID 
detects a contaminant(s), a 0.5a Draeger tube for benzene will be used to 
confirm the presence of benzene and its concentration. Benzene will be 
specifically monitored for each drilling. If benzene is detected, but its 
concentration is below Sppm in the breathing zone, work will stop, and the IH 
or Safety Office will be notified to inquire about donning respirators. If 
the benzene level exceeds 5ppm in the breathing zone, all personnel will 
evacuate the Exclusion Zone until bore hole readings return to background 
values, and the SSC will call the designated Safety Office or IH for further 
instruction. 

-*,, 
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.I. ,, 

14 



If benzene is not detected, the protection level will be baaed on total . 
organic concentration levels for a 1-min detector reading in the breathing 
zone. The following protection levels will be used for concentration 
measurements in the breathing zone: 

Concentration Protection Level or Action 

O-5 units above background Modified Level D PPE will be worn 

5-50 units above background The SSC will suspend work and consult 
the IH or Safety Office about donning 
respirators. 

>50 units above background Evacuation of Exclusion Zone 

6.5.4 Decontamination 

6.5.4.1 Standard Procedures. All personnel, clothing and 
equipment leaving the Exclusion Zone (if applicable) must be decontaminated to 
remove any contaminants . Decontamination activities will be conducted in the 
Contamination Reduction Zone. The location of the Contamination Reduction 
Zone is shown in Figure 5 Site Work Zone, and its layout is shown in Figure 6. 
For personnel, the following steps will be taken for decontamination: 

Station 1. 

Station 2. 

Station 3. 

Station 4. 

Station 5. 

Station 6. Remove facepiece/shield, and deposit it on a plastic sheet. 

Station 7. Wash hands and face thoroughly. Shower as soon as possible. 

Deposit equipment (tools, sampling devices and containers, 
monitoring instruments, clipboard etc.) on plastic drop cloths. 

Scrub outer boots, outer gloves, and splash suit with decon 
solution or detergent water. Rinse thoroughly with water. 

Remove outer boots and gloves. Deposit in a canister lined with a 
plastic liner. -6s 

If a worker leaves the Exclusion Zone to change a canister or mask, 
this is the last step in the decontamination procedure. Obtain a 
new canister, don new outer gloves and boot covers, tape joints, 
and return to work. 

Remove boots, chemical-resistant splash suit, and inner gloves and 
deposit in separate containers lined with plastic. 

15 
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The equipment needed to perform the decontamination steps as follows: 

Station 1. Containers of variable sizes 
Plastic liners 
Plastic drop cloths 

Station 2. Containers (20-30 gallons) 
Decon solution 
Rinse water 
2 to 3 long-handled, soft-bristled brushes 

Station 3. Container (20-30 gallons) 
Plastic liners 
Bench or stools 

Station 4. Masks and cartridges 
tape . 
Boot covers 
gloves 

Station 5. Containers (20-30) gallons 
plastic liners 
Bench or stools 

Station 6. Plastic sheets 
Wash basin or bucket 
Bench and stools 

Station 7. Water 
Soap 
Tables 
Wash basin or bucket 

For equipment, the following steps will be taken for decontamination: 

1. Remove any solid particles from the equipment’by brushing and then rinsing 
with tap water. For drilling equipment , steam cleaning is necessary. 

2. Wash. equipment with a detergent solution. 

3. Rinse with tap water by submerging or spraying. 

4. For organic contaminants, an optional rinse with a solvent (methanol or 
acetone) may be used to dissolve and remove contaminants. 

5. Rinse thoroughly with distilled water. 

6. Air dry equipment or rinse with methanol. 

To protect delicate instruments prior to use in the Exclusion and 
Contamination Zones, they shall be placed in a clear plastic bag, and the bag 
shall be taped and secured around the instrument. Openings are made in the 
bag for sample intake. The plastic bag shall be discarded appropriately in 
lieu of decontamination. 

17 
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The supplies needed to decontaminate equipment follows: 

- Decontamination solutions. 
- Cleaning liquids: detergent solutions, tap water, distilled water, and 

me than01 . 
- Chemical-free paper towels. 
- Cleaning brushes. 
- Cleaning containers; plastic buckets and galvanized steel pans. 
- Waste storage containers: drums and plastic bags. 

Decontamination solutions and rinses shall be contained collected and stored 
until they shall be analyzed to determine suitable disposal methods. 

6.5.4.2 Emergency Decontamination. If immediate medical treatment 
is required to save a life, decontamination will be delayed until the victim 
is stabilized. If decontamination can be performed without interfering with 
essential first aid , decontamination will be performed immediately. 

7.0 Contingency Plan 

7.1 Line of Authority. The SSC will be responsible for all 
decisions relating to site safety. This includes overseeing all the worker 
protection requirements. The SSC will ensure that all participants conduct 
their work in accordance with the SSHP, and will direct any employee to leave 
the site if the employee fails to observe safety requirements or in any way 
creates a safety hazard. The SSC will be backed up by a specified alternate. 
Other personnel who may be involved in emergency response will be identified 
and their respective roles defined: at least two emergency response personnel 
on the job shall be certified in CPR and First Aid. 

7.2 Pre-emergency Planning. The SSC will contact the local 
hospital emergency room, the local poison control center, and the NWSC 
security, fire and ambulance services before activities begin. The SSC will 
inform the hospital emergency and ambulance service of probable emergencies. 
At the investigation site, the SSC shall ensure that adequate emergency 
equipment is at the investigation site. This equipment shall include: 

-‘Mobile telephone (optional) And in this project not authorized. 
- First Aid Kits 
- Portable Eyewash and shower 
- Blankets 
- Stretchers 
- Water in portable containers 
- Fire-fighting equipment and supplies 
- Level B PPE, available from NWSC 

7.3 Fire and Accident Procedures. All employees will be made 
aware of the fire and accident response procedures by site-specific training 
prior to start of work. And the available support from the local Crane Spill 
Response Team (Appendix B, Spill/Emergency Contingency Plan). 

..““,,S 
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7.3.1 Fire Response 

1. 

2. 

3. 

Report fire 

Secure equipment and vehicles. 

Only attempt to extinguish small controllable 
fires which can be easily controlled with 
portable fire fighting equipment (1.e 5 lb ABC, 
Co2) until help arrives, unless imminent danger 
exists. Evacuation will be necessary whenever an 
uncontrollable fire threatens health and safety 
at the site. Notify the NWCS fire department 
immediately following evacuation. 

7.3.2 Accident Response 

1. Remove,the injured or exposed worker(s) from 
the immediate danger. 

2. If decontamination can be done, first wash, _ 
rinse and/or cut off protective clothing and 
equipment next render first aid as needed, 
and then call for transport to the hospital. 

3. If decontamination cannot be done, first 
wrap the victim in blankets or plastic to 
reduce contamination of other personnel. 
Next alert emergency and off-site medical 
personnel of potential contamination 
and instruct them of specific procedures 
if necessary. 

4. Evacuate other personnel from the 
immediate affected area to a safe location 
until the Safety Coordinator determines that 
the site is safe’for work to resume. 
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7.4 Emergency Information 

7.4.1 Site Maps. Site maps showing topographic features, prevailing 
wind direction, work zones, and evacuation routes shall be posted 
conspicuously at the work site in locations known to all personnel. Site 
personnel must verify these numbers upon arrival to the site and prior to 
beginning any activities. 

7.4.2 Emergency Telephone Numbers The following list of emergency 
telephone numbers will be posted conspicuously. And all site personnel will 
be told their locations. (attached) 

EMERGENCY SERVICE/CONTACTS TELEPHONE NUMBER 

USEPA Environmental Response 

US Coast Guard Environmental 

Team 

Response Team 

201/321-6460 

800/424-8802 
.686/759-0313 or 759-0357 

Association of American Railroads Response Team 202/293-4048 

Project Manager Robert Magee g1g/251-4709 

Health & Safety Officer Paul Albertson 812/854-3447 or 854-1625 

Fire Department NWSC CRANE 812/854-1235 or 854-1333 

Police/Security Department NWSC CRANE 812/854-3300 

State Police Indiana State Police 812/332-4411 

Hospital NWSC CRANE 854-1220 
Bedford Medical Center 854- 1339 

Ambulan& On-Site/Off-Site NWSC CRANE 854-1100 
LAWRENCE CO. 279-6545 

Poison Control Center 800/382-9097 

Name of Hospital: Bedford Medical Center 

Telephone Number: 812/275-1200 

Hospital Address: 2900 West 16th St. 
Bedford,In. 47432 

Route to Hospital (Also, note route on a map and attach to plan) 
Left Bedford Gates South, to Bedford, take left on 16th St. 

on Route 37. 
Distance to Hospital: 20 miles 

,” ,,,, .,,, 
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7.5 Emergency Documentation. All incidents involving personal injury shall 
be investigated and documented so that preventive measures may be taken to 
avoid similar incidents. At a minimum, the following steps shall be taken: 

- Notify the Safety and Occupational Health Office 

- Prepare the Accident Report, Eng 3394, in accordance with Corps of Engineers 
regulations. 

- Prevent the work area from being disturbed until the accident investigation 
is completed. 

- Notify NWSC personnel in accordance with their regulations. 

8.0 Logs, Records, and Reports The following logs, reports, and records 
shall be developed, retained and made available to entitled regulatory 
agencies upon request: (1) Training logs; (2) Medical records; (3) Daily 
safety meeting,reports; (4) Daily air monitoring logs; and (5) Daily safety 
inspection logs. The daily records for safety meetings, air monitoring, and 
inspections will be kept in a separate safety and health log book (Appendix 
B). 

9.0 F.ield SSHP Appendix C contains a condensed version of this SSHP for 
consultation by Corps of Engineer employees at the work site. Copies of the 
field SSHP will be made available to each worker and also to the Site Safety 
Coordinator in addition to the full version of the SSHP. 

10.0 Changes to the SSHP The Site Safety Coordinator will submit changes 
the SSHP for approval by the District Safety and Occupational Health Office 
prior to implementing the changes. ,,. 

to 
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APPENDIX A 
STANDARD-OPERATING PROCEDURES . . 

TITLE em- 

SEVERE THUNDERSTORMS/TORNADOES A-l 

DRrILLING JHA A-2 

SNAKE BITE A-3 

TEMPERATURE STRESS A-4 



STANDARD OPERATING PR&DURE A 

,(, 

,I 

Meteorological conditions shall be closely watched, especially in etched, especially in 
the spring, when severe thunderstoqs rsr3cus*3 aLIIu tornadoes are most and tornadoes are most 
likely. 

. ILL- 
Often they o&x& late in the afternoon on hot spring days, m4pc?rnoon on hot spring days, 

but they can occur at any tine of the day in any season of the day in any season of the 
year. Usually, tornadoes are preceded by aeverethundfesrstoms with y yJ aeverethundfesrstoms with 
frequent Lightning, heavy rains, and strong winds. Qbbu strong winds. 

8’ A severe storm watch or a tornado watch announcement on radio or 
television indicatas that a severe,thunderstonn or tornado is 
possible. No work is permitted in the Exclusion Zone during 

,, thunderstorms, severe thunderstorm watches or tornado watches. 

A severe thunderstorm warning or a tornado warning signify that a 
severe thunderstom or a tornado has been sighted or: detected by ,I 
radar and may be approaching. All work.on site shall stop during 
the time of a severe thunderstorm warning or tornado warning. 

Personnel on site during a tornado shall take the following steps: 

- Leave office trailers or vehicles. 

- If outdoors, lie flat in a nearby ditch. 

,,,," - Beware of lighting hazards. Stay away from power poles, 
electrical appliances, and metal objects. 

- Do not try to outrun a tornado. 

,,, 
l 
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STANDARD OPERATING PROCEDURE B 

-_ SNAKE BITES 

Normally, the noise of a person ‘approaching a snake habitat is 
sufficient to frighten the snakes off. However, extreme caution 
is necessary when exploring areas where snakes might be found, such 
as behind rocks, under bushes, or in holes, crevices, and abandoned 
pipes. 

The rules to follow if bitten by a snake are: 

- Do not cut the bite area as it will exacerbate the effect of 
the venom. 

- Do m apply sui::tion to the wound as it is minimally effective 
in removing venom. 

- Do ne$L apply a tourniquet since venom is most dangerous when 
concentrated in a small area. 

- Do JJQ& allow the victim to run for help as this allows 
accelerates circulation. 

- Do seek immediate medical attention. 

- Do keep the victim calm and immobile. 

- Do have the victim hold the affected extremity lower than the 
body while waiting for medical assistance. . 

. 

. 
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STANDARD OPERATING PROCEDURE C . 

I “m 

*. TEMPERATURE STRESS 

Beat Stress. Wearing PPE puts a hazardous waste worker at 
considerable risk of developing heat stress. Because heat stress 
is probably one of the most common illnesses at hazardous waste 
sites, regular monitoring and other preventative precautions are 
vital. 

,. ,., 

,. 

To monitor heat stress, the Site Safety Coordinator will have 
workers count their pulse during a 30-second period as early as 
possible in a rest period. If the heart rate exceeds 110 .beats 
per minute at the beginning of the rest period, the Site Safety 
Coordinator will shorten the next work cycle by one-third and keep 

.I, 

,",, 

the rest period the same. If the heart rate still 
beats per minute at the next rest period, the 

I '_ Coordinator will s'horten the following work,cycle by 
* 

The. frequency of physiological monitoring depends 

exceeds 110 
Site Safety 
one-third. 

on the air ,", 
temperature adjusted for solar radiation and the level of physical 
work (See Table 1.). 



The Site. Safety Coordinator will take the following preventative 
steps: 

.r 
- Adjust work schedules as required in the following ways: 

Modify work/rest schedules according to physiological 
monitoring results. 

Mandate work slowdowns as needed. 

Alternate job functions to minimize overexertion at one 
task. 

- Perform work during cooler hours-of the day, if possible. ' 

- Provide cooled. shelter or shaded areas to protect personnel 
during rest periods. 

- Maintain workers' body fluids at normal levels. 

- Provide cooling devices to aid natural body heat exchange 
during prolonged work or severe heat exposure. Cooling devices 
include: , 

Field showers or hose-down areas to reduce,body temperature 
and/or to cool off protective clothing. 

Cooling jackets, vests, or suits. 

- Train workers to recognize and treat heat stress. As part of 
on-site training, identify the signs and symptoms of heat 
stress (See Table 2.). 

.-. 
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Suggested Frequency 
for Fit and 

,. 

Table 1 

of Physiological Monitoring 
Acclimatized Workers - 

. 

ADJUSTED TfM#RAlURE’ NORMAL WOW ENSEMBLE@ 
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Table 2 

Signs and Symptoms of Heat Stress 
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Table 3 

Wind Chill Factor Chart* 

Table 4 

Symptoms of Cold Exposure 

Staaes~of Frostbite 

1. Whitening of skin . 

2. Waxy skin ' 
. 3. Skin. firm to touch 

4. Tissues cold, pale, and solid 
. St-es of Hw0them.u 

1. Shivering 

2. Apathetic, sleepy, lowered body 
temperature , 

3. Glassy stare, slow, 'pulse, slow breathing, 
unconsciousness. 

4.. Freezing of extremities 

5. Death 

. 
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Cold Stress. Cold' injury (frostbite and hypothermia) and 
impaired ability to work are dangers at low temperatures and when 
the wind-chill factor is low. If the available clothing does not 
give adequate protection to prevent hypothermia or frostbite, work 
shall be modified or suspended until adequate clothing is made 
available or until weather conditions improve. Specifically, for 
exposed skin, continuous exposure should not be permitted when the 
air speed and temperature 'results in an equivalent chill 
temperature of -25% (See Table 3.), and at air temperatures of 
34.6'F or less it .is imperative that workers who become immersed 
in water or whose clothing becomes wet be immediately provided a 
change of clothing and be treated for hypothermia. 

l 
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If work is performed continuously in the cold at an equivalent 
,(. chill temperature (ECT) below 20°F, heated warming shelters shall 

be made available nearby: the frequency of use of these shelters 

shall depend on the severity of the environmental exposure. The 

onset of intense shivering, frostnip, the feeling of excessive 

fatigue, drowsiness, irritability, or euphoria, are indications 

for immediate return to the shelter. When entering the heated 

shelter, the outer layer of clothing shall be removed and the 
remainder of the clothing shall be loosened to permit sweat 
evaporation, or a change of dry work clothing shall be provided. 
A change of dry work clothing shall be provided as necessary to 
prevent workers from returning to their work with wet clothing. 
Dehydration occurs insidiously in cold environments and may 

increase the susceptibility o.f the worker to cold. injury due to a. 
significant chang,e in blood flow to the extremities. Warm sweet 

drinks and soups should be provided at the work site to provide 
caloric intake and fluid volume. The intake of caffeinic beverages 

. shall 'be prohibited because of diuretic and circulatory effects. 

As part of on-site training, workers will be instructed in: 

- Proper warming :procedures and appropriate first aid 
treatment. 

- Proper clothing practices. 

- Proper eating and drinking habits. 

- Recognition of impending frostbite. 

- Recognition of signs and symptoms of impending hypothermia 
or excessive cooling of the body (See Table 4.). 
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I. Background! 

40 CFR 264.50 and 320 IAC 43 regulations require the preparation 
of a Spill Contingency (SC) Plan outlining in detail the 
emergency procedures to be effected'if a spill or release of 
hazardous material occurs which could threaten human health or 
the environment. OPNAVNOTE 6240 (20 February 19801 and OPNAVINST 
5090.1 (26 May 1983) directed all Navy facilities to prepare and 
submit a Spill Contingency Plan along with a Spill Prevention, 
Control and Countermeasures (SPCCl Plan and a Hazardous Waste 
Management Plan. 

XI. Purpose and Scooe: 

The purpose of this SC Plan is to provide response procedures for 
a spill or release of hasardous‘material and/or waste within the 
boundaries of the Naval Weapons Support Center Crane (NWSXl. 
Crane, Indiana. This plan is intended to enable the NWSCC to 
meet the requirements of Federal and State regulations and Navy 
instructions concerning hazardous material spills. This plan 
will be modified as necessary to meet any future requirements. 

This plan will be implemented in case of incident within the 
boundaries of NWSCC wherever hazardous material is spilled or 
released in an unplanned manner and presents any threat to human 
health or the environment. 

111.~ Mission 

The N'k.CC .i~ situated on a 62.465-acre tract of land in southwest 
Indiana. It is located in the northern portion of Martin County 
and extends into neighboring Daviess, Qreene. and Lawrence 
Counties. 

C~ranb's mission is to 'Provide quality and responsive 
engineering, technical and material support to the Fleet for 
combat subsystems. equipment and components: Microelectronic 
Technology, Microwave Components, Electronic Warfare, Acoustic 
Sensors Test, Electrochemical Power Systems, Conventional 
Ammunition Engineering Pyrotechnics, Small Arms, Electronic 
Module Test and Repair, Electronic Warfare, as assigned by the 
Commander, Naval Sea Systems Command.' 
Management Program, 

Under the Single Service 
a segment of the Center's mission includes 

8upport of the Crane Army Ammunition Activity (CAAA). This Army 
activity is tasked with the production and renovation of 
conventional ammunition and related items; the performance of 
=nufacturing. engineering, and product quality assurance to 
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support production: and the storage, shipment, and/or 
demilitarization and disposal of conventional ammunition and 
related components. 

Approximately 4348 people are employed at NWSCC. Of these, about 
747 personnel wdrk for the Army. The Center engages these people 
in a variety of processes and functions to accomplish the 
missions of the Navy and Army. A tremendous assortment and 
volume of hazardous materials are used for this purpose. 

IV. Who are the Environmental Emergency Coordinators? 
329 IAC 3-43-3(d) and 3-43-6 

The primary and alternate Environmental Emergency Coordinators 
(EECl listed in this section are available at all times, either 
on-site or on-call, to coordinate emergency spill response 
measures. If they are unavailable.~ the Fire Division shift 
captain will act as On-Scene Commander (OSCl until the 
Environmental Protection Branch Manager'or alternates arrives on 
the scene. In cases where a fire involved, the OSC will.remain 
in charge until the fire is controlled. At that time, the OSC 
can transfer command to the EEC. 

Three Indiana Page Beepers have been assigned to the 
Environmental Protection Branch (Code 09241 so that Code 0924 
personnel can be reached in transit to and from work and during 
off-work hours. 

Process for using the Beepers is: 

-Dial number assigned to the beeper Wats 701 

-It will ning.2 times and then you will, hear 3 computer beeps. 

-Xey in the phone number you want the person to call and follow 
UP with the e sign. 

-It will then beep and you will get a busy signal. Hang up. 

-It is then in the computer and the beeper will be notified. 

Each person listed below is thoroughly familiar with this plan as 
well as operations and activities of the regulated units listed 
in Appendices I, II, and III. Each person has the authority to 
commit the resources necessary tocarry out this plan. 

Primary Contact: NWSCC Environmental Protection Branch 
Manager, Jim Hunsicker (Code 09241, work phone 812-854-1132 or 
3114. Home address: 408 12th St., Huntingburg, IN 47542. home 
phone 812-683-3323. To make contact by beeper dial 
7-O-1-278-2447. 
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Alternate: NWSCC Environmental Protection Assistant, Phil 
Keith (Code 092471, work phone 812-854-3114 or 1132. H0me 

address: 2526 North 14 l/2 Street, Terre Haute. IN 47804. home i 
phone: 812-466-7592. To make contact by beeper dial 
7-O-1-278-2441. 

9 

2nd Alternate: NWSCC Environmental Protection Assistant, 
Jerry McCracken, (Code 092411, work phone 812-854-3114 or 1132. 
Home address: R.R.31, Box 55. Bloomfield, IN 47424, home phone: 
812-384-3073. 
To make contact by beeper dial 7-O-l-278-2445. 

3rd Alternate: NWSCC Fire Division Shift Captain, work 
phone 1235. Below is a.list of potential shift captains. 

Phone t 
Name Title Address (Area Code 8121 

David Anderson Asst. Fire Chief Box 71 694-8879 
Sandborn. IN 47578 

Larry Wools Asst. Fire Chief P.O. Box 118 84'7-9593 
Linton. IN 47441 

C. Scott Wolfe Fire Captain R. R. +l 295-3694 
Loogootee. IN 47558 

James W. Wires Fire Captain R. e3, Box 36 848-4195 
Orleans, IN 47452 

sam Wilcoxen Fire Captain R. R. *l. Box 205 633-7525 . 
Milltown. IN 47145 

Philiip Burger Fire Captain R. R. e2,~ Box 218 384-4000 
Bloomfield, IN 47424 

V. Duties of Emergency Coordinators: 
329 IAC 3-43-6 and 3-43-7 

The primary duty of the EEC is to coordinate and supervise all 
spill response efforts. This includes: 

A. Notifying and organizing the spill response team and 
other needed personnel. 

8. Enacting further spill containment procedures. 

C. Identifying the type/chemical composition of the spill. 

D. Evacuating and securing the area of the spill as 
necessary. 
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E. Notifying or Reporting spill to the DUTY OFFICER AND 
COMMANDING OFFICER. The EEC will also contact the NATIONAL 
SPILL RESPONSE CENTER, IND~IANA DEPARTMENT OF ENVIRONmNTAL 
MANAGEMENT and outside authorities in the community (State 
Police, local hospitals and Local Emergency Planning 
Commissions) 'as necessary. Telephone numbers for 
aforementioned personnel and Agencies is found in 
Appendix IV. 

F. Initiation of spill cleanup and equipment 
decontaminatio. 

VI. Soil1 RssDOnse Team (SRT): 

A. Drills: Routine drill8 and exercises in spill 
containment procedures involving key personnel will be 
performed periodically. 

B. The regular member8 of the SRT will include the 
following: 

1. Environmental Protection Branch Manager. who serves as 
the EEC (extension 3114/11321; 

2. Hazardous Waste Handlers (extension 1182 or page by 
dialing extension 3125. then dial 236 or 240 after beeping 
tone stops); 

3. Environmental Protection Assistants: 

4. Public work8 Shop8 personnel, Code8 04, 104, EOD, 10, 
Disaster Preparedness Team. or other personnel will be 
noti"ied according to the discretion of the~OSC and/or the 
REC. 

VII. Authorization Statement: 329 IAC 3-43-6. 

The EEC and the OSC have the authority to call in any personnel 
(ROD. Public Works, Industrial Hygiene, Safety, etc.1 needed in 
an emergency situation. In situations where the EEC and the OSC 
have assessed that a release. fire or explosive threatens human 
health or the environment outside the facility, the Captain 
should be advised of the situation simultaneously as outside 
official8 are being notified. If a spill cleanup contractor is 
to be called in, the Ca,ptain. Technical Director. and Public 
Works Officer should be notified and advised of the decision, and 
lhe contractor contacted. If the Captain, Technical Director or 
the.Public Works Officer are not available, the OSC or EEC will 
proceed with contacting and requesting the services of a 
contractor. 

4 
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VIII. Identification of Hazardous blatarials: 320 IAC 3-43-7(b) 

A. If there is a release, fire, or explosion, the EEC will 
immediately identify the character, exact source, amount and 
area1 extent-of any released materials to the extent possible 
with respect to the release circumstances. 

B. If the identity of the spill material is not known or 
relayed by the report of the spill, the EEC may be able to 
determine the identity on the basis of the location of the 
material and knowledge of the related processes in its 
vicinity. The Environmental Protection Branch has data files 
of processes and storage areas involving hazardous 
wastes/materials throughout the Center. This information 
file will also be of assistance in determining the exact 
source of the spill. Identification of spilled material can 
also be made by actual observation or production records to 
determine what materials are being used by process. Samples 
may be taken to verify the identity of the released material. 
Analysis could be received back if analyzed: on-Center - 24 
hours; off-Center - 48 hours. 

C. A member of the Center's spill response team will be 
dispatched by the EEC to determine or verify the reported 
Volume of the spill. as well as to investigate the cause of 
the release, through observation and discussions with key 
personnel in the area, If a spill occurs locally during 
transit of a.hazardous waste/material, logs and/or manifests 
and label information will provide data on the identity, 
volume and source of the spill. 

IX. Assessment: 329 IAC 3-43-7(c) and (el 

A. Concurrently while identifying the character, exact 
source and area1 extent of any released materials the EEC 
will assess possible hazards to human health and the 
environment due to emergency incident. This assessment would 
be developed through consultation and coordination with 
representatives from NWSCC's Safety, Medical, Fire, and 
SeouritY Departments and the Explosive Ordnance Disposal 
detachment. The assessment should address: 

1. Direct and indirect results from the release, fire, or 
explosion; 

2 ; Effects of any toxic, 
that are generated: 

irritating or asphyxiating gases. 

3. Effects of any hazardous surface water run-off from 
water or chemical agenta used for fire control. 
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B. The following resources would be reviewed by the 
asaessment'group to complete the hazards assessment: 

1. hfaterial Safety Data Syeets for material involved in 
incidents, to determine decomposition by-products: 

. 
2. Chemical reference documents such as Sax Dangerous 
Properties of Industrial Materials, Merck Index, Condensed 
Chemical Dictionary, Lange’s Handbook of Chemistry, and 
Emergency Handling of Hazardous Materials: 

3. Analytical data that is available. for material 
spilled. 

C. The assessment group would also have to evaluate means of 
egress and direction for any spill or gas/smoke cloud to 
leave the facility to determine what areas would have to be 
evacuated. After reviewing the situation and determining 
that a release (spill. fire or explosion) has occurred which 
can affect human health and the environment outside facility 
boundaries, the following notifications would be made:. 

1. Outside notification of state or local police, local 
hospitals in Bloomington, Linton, Vincennes. Jasper, 
Washington. or Bedford, will be made by the OSC or EEC. 
The hospitals will be advised by the Center's medical _ 
staff of any related injuries resulting in transportation 
of injured parties to the hospital for treatment; 

2. If areas outside. the Center must be evacuated, and 
traffic rerouted, the state police will be advised of such' 
by the EEC. as well as the nature of the hazards involved: 

3. The EEC will immediately notify either the government 
official designated as the on-scene coordinator for that 
geographical area, (in the applicable contingency plan 
under 40 CFR Part 3001 or the National Response Center, 
the Indiana Department of Environmental Management's 24- 
hour emergency number and the Martin County Sheriff's 
Department and will seek outside assistance from these 
agencies as necessary. The key telephone numbers for 
emergency spill response are found in Appendix IV. 

X. Emergency Plan for Off-Centor Spill Incidents: 

._ .Appendix V is a formal Center instruction establishing an 
'... emergency action plan for off-Center incidents involving 

_ .- 

. 

hazardous materials shipped by a government vehicle, or a private 
carrier dispatched by the Supply Department, or where the Center 
is the nearest government activity and assistance is requested. 
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XI. Yotification: 328 IAC 3-43-7(a) 

If an imminent or an actual situation should occur, the EEC will 
immediately: Activate or cause to be activated internal alarms 
and/or communications Bystems in order to notify operating 
personnel and will notify or cause to be notified appropriate 
contingency response agencies if their help is needed. As Boon 
as possible. the Indiana Department of Environmental Management 
and the National Response Center will be notified. Their phone 
numbers are found in Appendix IV. 

The following information should be available at time of call: 

A. Type of material spilled: 
B. Time of spill: 
C. Waterway/stream affected: 

Amount spilled: 
Count facility located in. 

XII. Evacuation Plan: 329 IAC 3-43-3(f) 

Appendix IX contains a map of the facility and Primary Evacuation 
Routes. Site specific evacuation plans are posted in every 
occupied building on Center. 

XIII. Control Procedures: 329 IAC 5-43-7(e) 

The operations at NWSCC are so varied and complex that it is 
difficult to be all inclusive in one plan, therefore, site 
specific plans are included in Appendix I. The provisions of 
this plan Gill be carried out immediately whenever there is a 
fire, explosion, 
material, 

or release of hazardous waste. hazardous 
or hazardous waste constituents at any of the units 

listed in Appendices I. II. or III. which could threaten human 
life or the environment. The EEC will take all measures 
necessary to contain the incident within the affected area, and 
will notify the appropriate personnel. Furthermore, a Disaster 
Preparedness Oil and Hazardous Substances Spill Contingency Plan 
and Oil and Hazardous Substances Response Plan for NWSCC is 
enclosed aa Appendix X. Descriptions of control and containment 
procedures of some potential incidents follow: 

A. Explosion: In the event of an explosion, operation of 
the affected unit will be ceased immediately and the Fire 
Department and Explosive Ordnance Disposal Qroup Two 
Detachment (EODl will be notified of the incident. Operation 
will not resume until the cause of the explosion has been 
determined;all repairs, if any, have been completed: and 
approval to resume operations has been obtained. 

. 
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B. Fire: In the event of a fire, NWSCC Fire Department and 
the EEC will be notified immediately. The Fire Chief will be 
considered On-Scene Commander (OSC) until the fire is brought 
under control and spill cleanup/containment can begin. The 
EEC'or his alternate will advise the OSC during the fire what 
action is needed to contain the,spill. Such actions as 

building dams downstream from the fire will be done to 
collect runoff generated while fighting the fire. Once the 
fire is out the OSC will transfer authority for cleanup Of 
the area to the EEC. At the discretion of the OSC, non- 
essentiai personnel may be evacuated from the immediate area. 
No operations will be resumed until inspection and approval 
is obtained from the EEC and/or OSC. 

C. Spill: A spill of hazardous waste at any of the 
buildings listed in Appendices I, II, and III. or along a 
haul road used to move wastes could occur. However, due to 
posted speed limita. hazardous waste handling procedures, and 
safety precautions, spills are unlikely. .If a spill does 
occur, the following ,procedure would.be initiated: 

1. Immediately notify the NWSCC' Fire Department. The OSC 
will transfer command to the EEC once it is determined 
that an Imminent threat to human health or safety no 
'longer exists; 

2. Notify the EEC immediately after notifying the NWSCC 
Fire Department; 

3. Assess the extent of surface contamination to 
determine if a hazardous situation exists. The EEC will 
as8888 possible hazards to human health or the environment 
due to the emergency incident. The assessment will 
consider the short-term and long-term effects of the 
event . . Examples of long-term effects could include 
effects of toxic gases generated or effects of run-off 
generated by fire fighting: 

4. If the EEC determines that the incident c‘ould be 
harmful to personnel, he may order evacuation of the 
affected area. Personnel will not retury to affected 

? 

5. Some of the hazardous wastee are in solid form and do 
not migrate after the spill. A solid waste spill would be 
cleaned up, and a report documenting the event and cleanup 
measures would be submitted by the EEC the next day. The 
operation would not restart until the EEC or his alternate 
ha's determined that the spill has been properly cleaned 
and has given approval for restart of operation; 

. . 
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2. If possible, stop the leak by plugging the hole. For a 
leaking drum, place the drum on Its side with hole or 
leaking area up, put down absorbent (oil dry) or absorbent 
pads ; 

3. Select a~compatible 'container to transfer leaking 
material into. For waste streams handled on a continuous 
basis Code 0924 knows what drums are compatible. This 
information is also available from MSDSs. Bureau of 
Explosives. Tariff NO. BOE-6000. and Dangerous Properties 
Of Industrial Materials by N. Irving Sax and Richard J. 
Lewis, Sr.; 

4. Decontamination and/or neutralization of the area 
where the spill occurred. As examples, in some cases you 
iray use soap and water to decontaminate or caustic soda: 

5. Any contaminated material which cannot be 
decontaminated will be removed and disposed of as 
hazardous waste; 

6. Certification that the area is clean and can be used 
again. 

E. Major Malfunction of Process Equipment: If a major 
process equipment item should malfunction. that item would 
immediately be shut down according to SOP's, and the EEC 
would be notified. 
environment exists, 

If no threat to human health or the 
and if there is otherwise no reason to 

remain in a shut-down condition, the proper craftsmen would . 
be notified and remedial action would begin. Operation of 
the item would not resume until certified safe by the EEC and 
the Safety Department. Examples of .malfunctions could 
include, leaking pumps. ruptured pipes, leaking tanks, etc. 

F. Severe Weather Conditio,ns: Occasional severe weather may 
threaten safe cleanup operations. If severe weather should 
threaten, waste handling operations would be discontinued. 

If any of the aforementioned potential incidents occur. the EEC 
would monitor for leaks, pressure buildup, gas generation, or 
ruptures in equipment whenever appropriate. During an emergency, 
the emergency coordinator will take all reasonable measures 
necessary to ensure that fires, explosions, and releases do not 
occur, recur. 
facility. 

or spread to other hazardous wastes at the 
These me.ssures will include, where (pplicable, 

stopping processes and operations, collecting and containing 
released'waste, and removing or isolating containers. 
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XIV. Storaf. and Treatment of Release Material: 
329 IAC 3-43-7(g) 

All recovered wastes, contaminated soil, water. or other 
substances affeqted by the emergency incident will be collected 
to the extent possible, placed in compatible containers. and 
eiter treated or stored as appropriate in NWSCC'a permitted 
hazardous waste facility. 

xv. Disoosal: 329 IAC 3-43-7(g) 

Waste material generated in a spill cleanup will be turned over 
to Code 0924 for disposal via the Center's Hazardous Waste 
Disposal Contractor. All hazardous wastes are stored at Building 
2993 while awaiting pickup by contractor for disposal. 

XVI. Incomoatible Waste: 329 IAC 3-43-7(h) (11 

A. In the case of an emergency incident which results in the 
recovery ~of wastes. contaminated soil or water, 
decontamination solution, or other collected materials, such 
collected materials will be stored, treated or disposed of 
with respect to compatibility. 

XVII. Prevention of Recurrence or Spread of Fires. Rxulosions. 
or Releases: 329 IAC 3-43-7(e), (fl. (gl, and (h) 

During an emergency, the EEC will take all reasonable measures 
necessary to ensure that fires. explosiona, and releases do not 
occur, reoccur, or spread to other hazardous waste at the 
building. These measures will include, where applicable, 
stopping processes and operations, collecting and containing 
releasedwaste. and removing or isolating containers. 

The follow-up actions for the EEC are: 

A. Investigate the cause of the emergency and submit a 
formal report to Command within 48 hours: 

B. Fire and Accident reports will be submitted; 

C. Ensure that proper restoration actions are instituted a8 
soon as possible after decontamination and clean up 
procedures have been completed. All decontaminationand 
clean up records will be submitted to the..EEC; 

D. Ensure that equipment repaired or replaced a8 a result of 
an incident is recertified, as necessary, prior to being 
placed in service; 

11 
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E. Within 15 days notify Naval Facilities Engineering 

$,"zs"sdiOner of the Indiana Department of Environmental 
the Naval Sea System Command a8 well as the 

Management (IDEM) and the EPA Regional Administrator: 

F. The EEC &8t 
appropriate loca 
compliance with, 
264.56(h) and (i 
affected area(s) 

notify the Commissioner of IDEM and 
.1 authorities that the facility is in 

329 IAC 3-43-7(h) and (il. and 40 CFR 
) . before operation8 are resumed in the 

of the facility; 

G. Immediately after an emergency, the EEC and/or OSC will 
provide for collection, storage, treatment and di8pOEal of 
recovered waste. contaminated 8oil and any other material 
that results from the incident. This waste will be handled 
a8 hazardous waste until a chemical analysis can be obtained 
that proves otherwise. Emergency/Spill residue will be 
pla~ced in compatible container8 land either treated or stored 
in a permitted/interim status NWSCC hazardous waste storage 
facility. Any hazardous waste from emergency eituations 

requiring disposal will be sent by NWSCC to and off-site RCRA 
permitted TSD facilfty; 

H. If Wa8te from an emergency situation i8 found by analysi8 
to be considered a Special Waste, apprOVal8 for di8pOEal and 
recommended disposal site8 will be 8OUght by NWSCC from the 
IDEM. 

XVIII. Post-Emergency Equipment Maintenance: 
329 IAC 3-43-7(h) (2) 

Any emergency equipment uaed in response to an emergency incident 
covered by. this Contingency Plan will be cleaned and certified 
fit for itsintended use by the EEC before operation8 are 
resumed. This will be accomplished by: 

A. Having Industrial Hygiene prescribe procedure8 for 
cleaning all respirators and breathing apparatus. After 
equipment (respirator8 etc.1 have been decontaminated, 
Industrial Hygiene will be asked to visually inspect each 
item and certify if it i8 fit for intended use; 

B. Having all boots, coats, etc. decontaminated and 
inspected for wear and damage: 

C. Having all rubber gloves, Tyveka. etc., collected and 
handled as hazardous waste; 

D. Having pumps, shovels, lifting mechanisms, and other 
equipment decontaminated, 
Put back in service. 

inspected by Safety and the EEC and 

NWSCC Safety and Industrial Hygiene Departments will Play a large 
role in certifying emergency equipment fit for reuse. If there 
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is any question about a piece of equipment being fit for reuse, . 
it will be discarded.or sent back to the manufacturer (if 
possible1 for recertification. 

XIX. tdaterials*and Eauinment: 529 IAC 3-43-3(e) 

Each department on-Center which handles hazardous material in 
their programs must have equipment to use for immediate response. 
This equipment and material, as a minimum, should include a 
transfer pump (of chemically compatible material), absorbent, and 
empty container(s) on hand to hold spilled material or 
contaminated absorbent. Safety eye washes and showers and alarm 
eystems should be checked at least weekly to determine if they 
are functional. Industrial Hygiene can provide protective gear 
for personnel, and the Public Works' Environmental Protection 
Branch (Code 0924) has protective gear for use in material 
handling. Disaster Preparedness has available a large inventory 
of protective gear to be used if authorized. This equipment 
includes respirators, coveralls, boots, and gloves. The EEC, EOD 
Team and Industrial Hygiene have chemical-resistant Tyvek suits 
suitable for use in handling toxic, skin-absorbed materials or 
corrosive materials. See Appendix IV for phone numbers. 

A variety of equipment for containment, control, cleanup, and 
decontamination is available. The Public Works Department has 
loaders, bulldozers, dump trucks, pumps, and tank trucks. 
Disaster Preparedness has decontamination apparatuses available, 
trucks, and decontamination chemicals for use if authorized. 
Code OQ24 has a variety of pumps available for cleanup of spills 
ps well as tank patch kits. Absorbent is available from 
Storeroom 2 or Code 0924. For a complete listing of items, see 
Appendix VI of this plan. 

. . 
Facilities are available from the EEC or Disaster Preparedness 
personnel for decontamination. Showers (portable) and cleaning 
equipment can be assembled on site, if needed. 

The OSC will use the Disaster Preparedness mobile communications 
van with self-contained generators for IlO-volt power as needed. 
The van is equipped with two-way radios on the frequencies used 
for mobile communications on-center'. citizens band, and 
shortwave. Many vehicles assigned to the departments are 
equipped wity two-way radios, and portable hand-held units are 
available in Public Works and other departments and can be used 
for reporting observations in areas remote from a road. 

xx. Coordination Agreement: 329 IAC 3-43-3(c) and 3-42-7 

AS necessary, for major spill incidents, the Center will seek the 
assistance of community groups (local fire departments, state 
police, and hospital services). Mutual ald agreements entf tied, 
-Mutual Aid Fire-Fighting Assistance Agreement'. have been 
established between NWSCC and the following: 
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Martin County (Indiana) Civil Defense, Fire and Rescue 
Crane (Indiana) Volunteer Fire Department 
Indiana Division of Forestry 
Richland-Taylor'Township (Indiana) Volunteer Fire Department 
Perry Township- (Indiana) Volunteer Fire Department 
Loogootee (Indiana) Volunteer Fire Department 
Odon (Indiana) Volunteer Fire Department 
Owensburg (Indiana) Fire Fighters, Inc. 
Daviess County Sheriff's Department 
Greene County Sheriff's Department 
Lawrence County Sheriff's Department 
Martin County .Sheriff's.Department 
Indiana State Police Department 

A copy of NWScC's spill Contingency Plan has been provided to 
each of the following organizations/hospitals: 

Martin County Sheriff's Department 
Good Samaritan Hospital, Vincennes. Indiana 
Greene County General, Linton, Indiana 
Bedford Medical Center, Bedford, Indiana 
Bloomington Hospital, Bloomington, Indiana 
Daviess County Hospital, Washington, Indiana 
Memorial Hospital and Health Care, Jasper, Indiana 
Dunn Memorial Hospital and Health Care, Bedford, Indiana 

Documentation concerning these agreements, arrangements, letter 
to Hospital and responses is found in Appendix VII. 

A,t the present time NWSCC does not have agreements with any 
. 

specific contractor(s) for cleanup of spills. Appendix VIII is a 
lirt that would be used to locate or hire a cleanup contractor. 

* 

RI. Required Reports: 329 IAC 3-43-7(j) 

The EEC will note in the operating record the time, date, and 
details of any incident that requires implementing the 
contingency plan. Within fifteen (151 days after the incident he 
must submit in a written report on the incident to the 
commissioner. The report must include: 

A. Name, address, and telephone number of the owner or 
operator; 

B. Name, address, and telephone number of the facility: 

C. Date, time, and type of incident, e.g. fire, explosion; 

D. Name and quantity of material(s) invoIved: 

E. The extent of injuries. if any: 
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F. An as8essment of actual or potential hazards to human 
health OF the environment. where this is applicable: and 

0. Estimated quantity and diSpO8itiOn of recovered material 
that reoulted fro,= the incident. " 

XXII. Amendments to the Continlency Plan: 329 IAC 3-43-5 

The EEC will be responsible for reviewing and immediately 
amending the Contingency Plan, if necessary. whenever: 

A. The facility RCRA permit i8 revised: 

B. The plan fail8 in an emergency: 

C. The facility changes in it8 deeign, COnstrUCtiOn. 
operation, maintenance, oc others circumstances in a way that 
sUb8tantially increases the potential for fires, explosions. 
or releases of hazardous waste OF hazardous waste 
constituents, OF changes in the response necessary in 'an 
emergency; 

D. The list ,of emergency equipment changes (minor permit 
modification); OF 

E. The list of Emergency Coordinators changes (minor permit 
modification). 

XXIII. Documentation and Coat Accounting: 

A. The OSC will maintain a log of all activities related to 
the spill with times and locations noted in detail. A 
hand-held recorder (available from Code 0924) will be used " 
for noting detail8 under field conditions where hand writing 
of notes is slow and cumbersome and may cause loss of 
pertinent details. 

B. Cost accounting will be handled by the Center charge 
number and accounting system. This system provides separate 
accounting of labor and material. 

- 
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AIR MONITORING WORKSHEET 
DATE: 

d 

kte: 

Activity: 
Drilling Soil/Gas - Groundwater Sampling - - Other (explain) 

Instrument: 

I:; 
- Photoinitation Meter, Types 
- Combust Gas/02 Meter, Type 

(HS)- Hydrogen Sulfide, Type 
(DT)- Detector Tubes, Type 

Unit/Model Calibration 
Unit/Model Calibration 
Unit/Model Calibration 
Unit/Model Calibration 

Monitoring Requirements: 

Gener.al Comments: 

READINGS: 
Time Instr. Reading Location Comments -8 

Prepared by 



APPENDIX C 
Table of Contents 

Appendix C contains information on the chemicals/compounds PreViOUSly 

identified in the areas to,be investigated. The tables in the appendix 
contain physical and chemical property data, hazard information, and 
toxicological data for the chemical/compound. . 

1. Arsenic 
2. Barium 
3. Cadmium 
4. Chromium 
2. gonite (RDX) 

7: Lead 
8. Mercury 
9.Phenol 
iO.Selenium 
11. Silver 
12. 2,4,-6trinitrotoluene 

/ 



ARNM-EISSERT SYNXHESIS 98 

Derivation: Sulfonatioo of naphthakne with fum- 
ing sulfuric acid at low tempmture followed by 
separation from the 1.6-iimcr. 

Use: Dye intermcdiite 

Arndt-Eistert synthesis. Prcccdurc for convert- 
ing an acid to its next higher horn&g. 

“Ar11e1.‘~’ TM for an acetate fiber made from 
cellulose triacetatc. It has a higher melting point. 
and is less soluble than cclhdosc acetate 

see acelate tikr. cellulose trklcctatc 

“Arno~“‘~~. TM fo; P family of I-component liq- 
uid and solid epoxy msins daigncd for comprcs- 
sion and transfer molding. injection molding, ti- 
lament winding and pultrusion. 

aromatic. (arene). A major group of un- 
saturated cyclic hydrocarbons containing one or 
more rings, these are typiticd by lxnzme which 
has a 6-carbon ring containing thre.z double 
bmds. The vast number of compounds of this 
important group derived chiefly from petroleum 
and coal tar arc rather highly reactive and chcmi- 
c-ally versatile. The name is due to the strong 
and not unpleasant odor charactaistic of most 
substances of this nature Cc&n 5.mcmbercd 
cyclic compounds such as the fuan group (hct- 
crwyclic) arc analogous lo aromatic compounds. 
Note: The term “armnatic” is often used in the 
perfume and fragrance indusuia to describe a- 
semial oils which are not aromatic in the chcmi- 
Cal scns.5. 

aromaticih’. A stable electron shell configuration 
in organic molccula. specially thox related to 
benzmc. 

See r~onancc. orbital thmry. 

aromatization. See hydrofonning. 

“Aromin.“” TM for a highly aromatic solvent 
widely used as a carrier for chemical paticides. 

Arrhenius, &ante. (1859-1927) A native of Swe- 
den, he won the Nobel prize in chemistry in 1903. 
He is best known for his fundamental invatiga- 
tions on electrolytic disscciotion of compounds 
in water and other solvents. and for hi basic 
equation stating the increase in the rate of a 
chemical reaction with rise in tempcraturez 

dlnk A 

dT =c 
in which, k is the spccifx reaction velocity. T 
is the absolute temperature. A is a conswt usu- 
ally refcrrcd to as the cncrgy of activation of 
the reaction. and R is the gas law constant. 

uroretln. (sodium acetylarsanilate: sodium 
pacetyl aminophcnylarsonatc). 
CH,CONHCH,ASO(OH)ON~. 

Propnia: White. crystalline powder; odorless; 
tastelnr: free of arscrmus or arsenic acid; solu- 
lions will admit of thorough sterilization. Soluble 
in cold water, but more so in warm water. 

Ux: Medicine (antisyphilitic). 

arsnnilic acid. (atoxylic acid; paminobenzenc- 
arsenic acid; paminophcnylanonic acid). 
GH, . C,H,AsNO,. 

Propenier: White. crystslline powder; practically 
cdorlcsq soluble in hot water: slightly soluble 
in cold water, alcohol, and acetic acid: insoluble 
in acctonc. benzene. chloroform. and ether. Mp 
232C. 

Derivation: By condensing aniline with arsenic 
acid rcmoving the excess of aniline by steam dir 
tillation in alkaline solution and setting the acid 
free by hydrochloric acid. 

Hazard: Yields flammable vapors on heating 
above melting point. A poison. 

Use: Arsanilata. manufacture of arsenical mcdici- 
nal compounds such as arsphenaminc. etc., vctcr- 
inary medicine, grasshopper bait. 

arsenic. As. CAS: 744038-2. Anon- 
metallic elcmmt of atomic number 33, group 
VA of Periodic Table, aw 74.9216. 
vaIence=2.3,5; no stable isotopes. 

Propertics: Silver-gray. brittle, crystalline solid 
that darkens in moist air. Allotropic formsz 
black, amorphous solid @-arsenic). yellow. cryr 
talline solid, d 5.72 (commercial product ranges 
from 5.6 to 5.9), mp gl4C (36 am). sublima 
at 613C (1 am), Mohs hardness 3.5. insolu!~le 
in water. caustic and nonoxidizing acids. At- 
tacked by hydrochloric acid in prcscnce of oxi- 
dant. Reacts with nitric acid. Low thermal con- 
ductivity; a semiconductor: 

Derivation: Flue dust of copper and lcad smelters 
from which it, is obtained as white arsenic (ar- 
Sentc tnoxidc) in varying degrees of purity. This 
is reduced with charcoal. The commercial grade 
is not made in US. 

Grade: Technical. crude (9&95%). refined 
(99%). semiconductor grade 99.999%. single 
crystals. 

Hazard: Carcinogen and mutagen. TLV OSHA 
standard for employee exposure is 10 pg/m3 of 
air. Rcmirators rcauircd for worker exposure to 
stmospl;ercs of o&r 500 ,,g/m3. AC&H TLV 
is 200 pg/m3 (arsenic and soluble compounds). 

Uses (metallic form): Alloying additive for metals. 
especially lcad and copper as shot. battery grids, 
cable sheaths. boiler tubes. High-purity (semi- 
conductor) grade: used to make gallium arsenide 
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117 BARIUM BROMIDE 

haives fertilizers. roofing granules. putties. 
caulking compamds, etc. 

Bardhan-Sengupta phemutthrene synthesis. 
Formation of ocmltydrophenanthrcne deriva- 
tives by cyclcdchydration of derivatives of 2-u- 
phenethyl)-lsyclohexanol and consequent de- 
hydration to phcnantbrena with selenium. 

bar disintegrator. See cage mill. 

Bardal”‘. TM for a coal-tar oil with aromatic 
CO”lC”l. 

Propcnia: Dark-colored liquid. d 1.07-1.12 (25/ 
2X). distillation at 3coC 60% max. low viscous 
at 4.4C. Combusrible. 

Ux: Swelling agent for natural and synthetic clas- 
tamers. dispersing agent for blacks and mineral 
till- tackiicr. plasticizer. 

Barfoed’s reagent. Aqueous solution of copper 
acera*e. 

Use: To distinguish monosaccarida from disac- 
charides (red cuprous oxide forms in presence 
of glucose). 

barite. (BsSO,). Natural barium sulfate, bar- 
yta. heavy spar. 

barium. CA% 7440-39-3. Ba. Alkalinc- 
eanh element of atomic number 56. Group IIA 
of Periodic Table; aw 137.34; valence 2: 7 stable 
isotopes. 

Propcnia: Silver-white. somewhat malleable 
metal. d 3.6. values for melting 2nd boiling points 
are reported ranging from 704C to SSOC for mp 
and from I14OC to l637C for bo. The m&t PC- 
ceptnble values based on rcliab~e original w&k 
appear m be mp 710C and bp 15OOC. Extremely 
reactive. reacts readily with water. &monia. 
halogcns, oxygen. and most acids. Gives green 
color in flame. Extrudzble and mnchinnble. 

Occurrence: Ores of bnritc and with&e nre found 
in Georgia. Missouri, Arkansas. Kentucky, Cnli- 
Cornin. Nevada. Canada. Mexico. 

Derivation: Reduction of barium oxide with alu- 
minum or silicon in P vxuum at high tcmpera- 
f”,C. 

Forms: Rods, wire. plate. powder. 
Grade: Technical. pure. 
Huxd: Flammable (pyrophoric) at room tem- 

pcraturc in powder form: store under inert gas, 
pctrolcum. or other oxygen-free liquid. When 
huted to approximately 20X in hydrogen. bar- 
ium reacts violently forming BaH*. TLV: For 
all soluble barium compounds, 0.5 me/ml in air 
(as barium). 

Use: Getter alloys in vacuum tuba. deoxidizer 
for copper. Frary’s metal. lubricsnt for anode 
rotors in x-ray rubcs. spark-plug alloys. 

barium-137. Radioactive isotope of barium. 
see Cs-137. 

barium acetate. CAS: 543-80-6. 
Ba(CzH,O&-HsO. 

Properties: White crystals. soluble in water, in- 
soluble in alcohol. d 2.02, mp decomposes. 

Derivation: Acetic acid is added to a solution of 
barium sulfide. The product is recovered by 
evaporation and subsequent crysrallizadon. 

Grade: Technical. CP. See barium. 
Ux: Chemical reagent. xctata. textile mordant. 

catalyst manufacturing. paint and varnish driers. 

barium aluminate. 3BaO*A1~0,. 
Properties: Gray pulverized mass. soluble in wa- 

ter, acids. See barium. 

barium aride. CAS: 18810-58-7. Ba(N,)z. 
Crystalline solid, d 2.936, loses nitrogen at ItOC, 
soluble in water. slightly soluble in alcohol. 

Hazard: Explodes when shocked or heated. Se+ 
also barium. 

Use: High explosives. 

barium binoxide. See barium peroxide. 

barium borotungstnte. (bnrium borowolfmmatc). 
2BaO.B~0,*9WO~.ISHzO. 

Properties: Large. white crystals. Effloresces in 
air. Keep well stoppercd! Solubic in water. 

Hazard: A poison. TLV: See barium. 
Use: Making borotungsuta. 

barium barowolfr~mnte. See barium burotung- 
state. 

barium bromate. CAS: 13967-90-3. 
Ba(BrO.).a*H?O. 

Propertics: White crystals or crystalline powder. 
Sligtitly soluble in water. insoluble in alcohol. 
d 3.820. decomposes at XOC. 

Derivation: By passing bromine into a soluble of 
barium hydroxide. barium bromide and barium 
bromar being formed which arc separated by 
crystallization. 

, Gmde: Pure. reagent. 
Hazard: A poison. Modcrate fire risk in contxt 

with organic materials. TLV: See barium. 
Analyticzd rengmt. ortdizing agent. corrosion in- 

hibitor. 

barium brattide. BaBr**ZHzO. 
Propertics: Colorless crystals. Soluble in water and 

in alcohol. d 3.852. mp (anhrdrous) g47C. 
Derivation: Intcmction of bar&m sulfide and hy- 

drobrvmic acid with rubsequcnt crystallirntion. 
Gmde: Technical. CP. 
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timber thinning. 
“Cc. (carbon-14). The naturallv oec I<. (carbon-14). The naturally oecuting radio- 

active isotope of carbon used in chemical dating. cnctinomycin. USAN name for an antibiotic pr* 
tracer studies. etc. duced from Strepmmyces which is 10% 

dactinomycin and 90% two kin& of actinc- 

c 
grass on cotton. soil sterilant, chemical warfare, 

Ca. Symbol for calcium. mycin C. 

CA. Abbreviation for cellulose acetate and coni- UCadalome” L.=* TM for a bright cadmium efec- 
sane acetate. also for controlled atmosphere. tropiating process for a protective coating on iron 

and steel. Materials used are CdO, NaCN. and 
C,A. Abbreviation for tricalcium aluminate as addition agents. 

used in cement. 
see cement, Portland. 

CAB. Abbreviation for cellulose acetate butyrate. 

“Czb-06il.“n~ TM for colloidal silica panicles 
sinrered together in chain-like formations. Sur- 
face area ranges from 50 to 400 ml/g. depending 
an grade. 

Grade: Sundard M-S, L-5, SD-20. 
Use: Thickening and emulsifying agent for oil/ 
waler systems. drilling muds, cattle-feed supple- 
mews. tile cleaners. disperson of oil slicks on 
sea water. plastics. solar-heated ceiling tiles. 

“Cab-0-Spent.““? TM for aqueous dispersions 
of pyrwgenic silica for use in the paper and textile 
industries. 

“Cndalyte.“~ TM for a series of compounds for 
cadmium electroplating. 

cadaverine. (1,5-diaminopentane. pentameth- 
ylcnediamine). NH&Z-I&N&. A pto- 
maine formed in the decay of animal proteins 
after death, also made synthetically. 

Properties: Syrupy, colorless. fuming, odorous liq- 
uid: mp 9C; bp 178-179C; soluble in water and 
alcohol. slightly soluble in ether. 

Hoard: Toxic by ingestion, absorbed by skin, a 
skin and eye irritant. 

Use: Preparation of high polymers, intermediate. 
biological research. 

“caddy.““ TM for a liquid cadmium fungicide 
used an turf grass. 

Harxd: See cadmium. 
cawo bottn. (cocoa butter). See theo- 

broma oiL Code oil. See juniper tar oil. 

C acid. (2.naphthyl~mine-4,8-disulfooic acid). 
C,oHdNH1z(SO,H)*. 

cadicne. See sesquiterpcne. 

Properties: White, crystalline solid; slightly solu- 
“Cadmote.w* TM for cadmium diethyldithiocar- 

blc in water. barnate. 

Derivation: Reduction of 2.nitronaphthnlene-4.8- 
Hazard: See cadmium. 

disulfonic acid. The sodium salt is recrystnllized “Cadminnti”‘?9 TM for a turf fun&de contnin- 
from water. 

Uw Azo dye intemxdiate. 
ing 60% cadmium succinate and 4i?% inert mat: 
ter. 

cncodylic xid.~ (dimcthylnrsinic acid). 
yzard: See cadmium. 

(CIlr)rAsOOH. cadmium. CAS: 7440-43-9. Cd. 
Properties: Colorless. odorless. deliquacent cry*- Metnllic clemeot of atomic number 48. group 
1~1% mp XX; soluble in water. alcohol, and IID of the periodic fable. Aw 112.40. Valence 
xellc acid: insoluble in ether. 

Derivation: By distilling a mixture ofarsenic triox- 
2. There are eight stable isotopes. 

ide and pornssium acetate. nod oxidizing the re- 
Properties: Soft, blue-white. malleable mernl or 

suiting product with mercuric oxide. 
grayish-white powder. Tarnishes in moist air. 

Hazard: Toxic by ingestion. 
corrosion rairtnnce poor in industrial atom- 

use: Herbicide espeeinlly for control of Johnson 
spheres. becomes brittle at 8OC. Resistant to nl- 
kalin. high neutron absorber. D 8.641. mp 

19.5 
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320.9C. bp 767C. refr index 1.13. Mohr hardness 
2.0. Soluble in acids. especially nitric, and in am- 
monium nitrate solution. Lowen melting point 
of certain alloys when used in low percentages. 
Combustible. 

Occurrence: A greenockitc (cadmium sulfide) ore 
containing zinc sullide also with lead and copper 
ores containina zinc. Canada central and west- 
ern US. Pcru,Australia. Mexico. Zaire. 

Derivations: (1) Dust or fume from rOating Zinc 
ores is collected. mixed with coal or coke and 
sodium or zinc chloride. and sintered. The cad- 
mium fume is collected in an clecrrostatic pm- 
cipitator. leached. fractionally precipitated. and 
distilled. (2) By direct distillation from cadmium- 
bearing zinc (3) By recovery from electrolytic 
zinc process (approximately 40%). 

Hazard: Flammable in powder foqn. Toxic by in- 
halation of dust or fume. A carcinogen. Cad- 
mium plating of focd and beverage containers 
has resulted in a number of outbreaks of ga.S- 
tromteritis (food poisoning). Soluble compounds 
of cadmium arc highly toxic; however, ingestion 
usually induces a strong emetic action which 
minimizes the risk of fatal poisoning. Use as fun- 
gicide may be restricted. TLV: (Dust and soluble 
compounds) 0.05 mg/ma of air: (oxide fume as 
Cd) ceiling 0.05 m%m’ of air. 

Grade: Technical. powder. pure sticks, ingots, 
slabs, high-purity crystis (less than IO ppm im- 
purities). 

Use: Electrodeposited and dipped coatings on met- 
als, bearing and low-melting alloys, brazing al- 
loys. fire protection systems. nickel-cadmium 
storage batteries, power transmission wire, TV 
phosphors. basis of pigments used in ceramic 
glazes. machinery enamels. baking enamels, 
Weston standard cell control of atomic fission 
in nuclear reactors. fungicide. photography and 
lithb8raphy. selenium rectitien. electrodes for 
cadmium-vapor lamps and photoclecttic cells. 

cadmium acetate. (a) C!d(OOCCH,).*3HOH; 
(b) Cd(OOCCH& 

Propenia: Colorless crystals, soluble in water and 
alcohols. (a) d 2.01. mp loses water at 13OC; 
(b) d 2.341. mp 256C. 

Derivation: Interaction of acetic acid and cad- 
mium oxide. 

Hazard: See cadmium. 
Use: Ceramics (iridescent glazes). manufacture of 
acetates. assistant in dyeing and printing textiles. 
electroplating baths. laboratory reagent. 

cadmium ammonium bromide. (ammonium-cad- 
mium bromide). CdBrz.4NH.Br. 

Properties: Colorless crystals. Soluble in alcohol 
and water. 

Hazard: See cadmium. 

cadmium antimonide. A semiconductor used in 
thermoelectric devices. 

Hazard: See cadmium and antimony. 

cadmium-base Babbitt. See Babbitt metal. 

cadmium borotungstate. 
Cd,(BW,,O,.)* IBHOH. 

Properties: Yell&. heavy crystals; mp 7% solu- 
ble in water. The solution is yellow to light 
brown. 

Grade: Technical. 
Hazard: See cadmium. 
Use: Separating miner&. 

cadmium hromnte. Cd(BrO&*HOH. 
Properties: White c;ystala or crystalline powder. 
d 3.758, mp decomposes. Soluble in water. in- 
soluble in alcohol. 

Derivation: By adding cadmium sulfate to a S&J- 
lion of barium bromate. 

Hazard: Strong oxidizer. dangerous in contact 
with organics. Highly toxic. irritant. oxidizer. 

Use Analytical reagent. 

cadmium bromide. CAS: 778942-6. 
CdBr,.4HOH. 

CdBrz or 

Propertics: White to yellowish etllorescent crystal- 
line. d 5.192. mp (anhydrous) 568C. bp 863C. 
soluble in water, acetone alcohol, and acids. 

Derivation: By hating cadmium in bromine va- 
PO*. 

Grade: Technical, reagent. 
Hazard: See cadmium. 
Use: Photography, process engraving. lithogra- 
phy. 

cadmium carbonate. CAS: 513-78-o. CdCO,. 
Properties: White, amorphous powder; d 4.258; 
decomposes at less than 5WC: soluble in dllure 
acids and in concentrated solution of ammonium 
salts: insoluble in water. 

Hazard: See cadmium. 
Grade: Reagent. 

cadmium chlorate. Cd(ClOJ.*2HOH. 
Properties: Colorlas. prismatic crystals. Hygro- 
xopic. d 2.28 (180 mp 8OC. soluble in alcohol, 
water. and acetone. 

Gmde: Technical. 
Hazard: Dangerous in contact with organic mate- 

r&. 

cadmium chloride. CAS: 10108~64-2. 
(a) CdClz; (b) CdClz.2.5HOH. 

Properties: Small. white, odorless crystals: d (a) 
4.05. (b) 3.327; mp (a) 568c; bp (a) 960C: soluble 
in water and acetone. 
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(a) 3.012; (b) 1..867: (c) 1.70. (a) Insoluble in 
wttcr and acids; (b) soluble in water. insoluble 
in alcohol; (c) soluble in water and alcohol. 

Derivation: Action of sulfuric acid on chromium 
hydroxide with subsequent crystallization. 

Use: Chrome plating. chromium alloys, mordant, 
ctwalyst. green paints and varnishes. green ink, 
ceramics (glsra). The basic form (reduction of 
sodium dichromatc) is used in tanning. 

chromite. (chrome iron ore). 
CAS: 1308-31-2. FeCrsO,. A natural OX- 
ide of ferrous iron and chromium. sometimes 
with magnesium and aluminum present. Usually 
occurs in magnesium and iron rich igneous rocks. 

Properties: Color iron-black to brownish-black, 
streak dark brown. luster metallic to submetallic. 
d 3.6, Mohs hardness 5.5. 

Grade: Merallurgical. refractory. chemical. 
Occurrence: USSR, South Africa. Zimbabwe, 

Philippines. Cuba. Turkey. 
Hazard: A carcinogen. TLV: 0.05 mg/m’ of air. 
USC: Only commercial source of chromium and 

its compounds. 

chromium. CAS: 744017-3. Cr. Me- 
tallic element of atomic number 24. group VIB 
of the Periodic Table. aw 51.996. valenca=2.3.6; 
4 stable isorooes. Name derived from Greek for 
color. 

Properties: Hard. britdc, semi-gray metal: d 7.1; 
mp 190X; bp 22WC. Compounds have strong 
aid varied c&-s. Cr ion f&u many coordina: 
tion ~compounds. Exists in active and passive 
forms. the lstrcr giving rise to its corrosion rair- 
tance due 10 a thin surface oxide layer that passi- 
vales the metal when treated with oxidizing 
agctits. Active form reacts rmdily with dilute 
acids to form chromous salts. Soluble in acids 
(except niwic) and wong alkalies. insoluble in 
vfam-. 

Occurrence: USSR. South Africa. Turkey. Philip- 
pines. Zimbabwe. Cuba. 

Derivation: From chromite by direct reduction 
(ferrcchrome). by reducing rhc oxide with tinely 
divided aluminum or carbon. and by electrolysis 
of chroniium solutions. 

Grade: (ore): Chromium ores are classified as 
(I) metallurgictd. (2) rcfmctory, and (3) chemical 
and their consumption in the US is in that order. 
(I) Must contain a minimum of 48% Cr201 and 
have Cr-Fe ratio of 3:l; (2) must be high in 
CrZOs. and AlzOa and low in iron: (3) must be 
low in SiOl and AlrO, and high in CrzO,. 

Forms available: (I) Chromium metal as lumps, 
granules or powder: (2) high- or lowsnrbon fer- 
rochromium; (3) single crystals. high-purity crys- 
tals, or powder TM 99.97% pure. 

Hazard: Hcxavalcnt chromium compounds are 

carcinogenic (OSHA) and corrosive on tissue, 
resulting in ulcers and dcrnmtitis on prolonged 
contact. TLV: For chromium dust and fume is 
0.5 mg/m’ cd air. 

Use: Alloying and plating clement on metrtl and 
plastic substmta for corrosion resistance. chrc- 
mium-containing and stainless steels. protective 
coating for autotitotivc and equipment accesso- 
rim. nuclear and high-temperature research. con- 
stituent of inorganic pigments. 

chmmium-51. Radioactive Chromium of mass 
number 51. 

Properties: Half-life 26.5D. radiation: gnmma 
(0.32 Mel’). 

Grade: USP (as sodium chromate Cr-51 injcc- 
[ion). 

HazardzRadioactive poison. 
Use: Diagnosis of blood volume (as tracer). 

chromium acetate. See chromic acetate. 

chromium acetylacetonnte. 
[CH,COCHC(CH,)O],Cr. 

Proper&z Purple powder or red-violet crystals. 
mp 216C. bp 34OC. insoluble in water. soluble 
in acetone and alcohol. 

Derivation: Reaction of chromium chloride, ace- 
tylacctonc and Odium carbonate. 

Use: Reduction of dctonntion of nitromethnne. 

chromium ammonium sulfate. (ammonium chro- 
mium sulfate; chrome ammonium alum). 
CrNH,(SO.)r*ltHOH. 

Properties: Green powder or deep violet crystals, 
d 1.72. mp 94C. Soluble in water. slightly soluble 
in alcohol. The aqueous solution is violet when 
cold. green when hot. 

Gmdc: Technical. 
Use: Mordant, tanning. 

ehromiu~ boride. One of several compounds of 
chromium and boron. e.g.. CrEi. CrB*. and 
CraBI. They have high melting points, are very 
hard and corrosion-resistanr and may be suitable 
for use in jet and rocket engines. 

Properties: CrB may be crystals. d 6.2. mp 155OC. 
Mohs hardness 8.5, raistivity 67 p-ohm cm 
(20C). CrBz: d 5.15, mp 185OC. hardness 2010 
(Knoop). resists oxidation up to I ICQC. Cr,B1: 
may be crystals, d 6. I. Mohs hardness 9+. 

Use: Metallurgical additives. high-rempcmturc 
elcctricnl conductors, cermets. refmctoria, coil,- 
ings resistant to attack by molten mcrnls. 

chromium bromide. See chromaus bromide. 

chromium cnrbide. Cr& 
Properties: Ortho-rhombic crystals. d 6.65. micro- 

hardness 27M) kg+ mm (load 50 8). mp 189OC. 
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but improved models retain pani&s as small 
as 20 microns. Cyclones ore also used in cleaning 
and tiring pulverized coal. 

cyclonite. (sym-trim~thylcne trinitnmiw 
hcxahydm-l.2.5-trint~sym-tria2ine: trinitr+ 
trimethylenerriaminc; cyclotrimcthylenarini- 
tramine: RDX). CAS: 121-824, 
N(NO~)CHIN(NO:)CHIN(NOKHZ. 

Properties: White, crystalline solid: d 1.82; mp 
203SC:. soluble in acetone: insoluble in water, 
alcohol. carbon retrachloride, and carbon disul- 
tide: slightly soluble in methanol and ether. 

Dcrivntion: Reaction of hcxamcthylmetctramine 
with concentrated nitric acid. 

Hnzard: High explosive. easily initiared by mcr- 
cury fulminate. Toxic by inhalation and skin con- 
tact. TLV: 1.5 mg//m* of air. 

Use: Explosive 1.S timer as powetful as TNT. 

many about 1940. The mechanism has several 
possible pathways. 

Use: Organic research 
see also polyacetylene. 

3-eyclooctndiene. CAS: 29965-91-7. CJL 
Intermediate for such compounds as subcric 
acid 

l,S-cyclooctodiene. 

H&CH(CHz)+ZH:CHCHz~H,. A butadimc di- 
me*. 

Properties: Liquid, fp -56.39C. distillation range 
3Ol-303F (wchnical). bp 149.34C (pore), d 
0.88328 (to/40 lb/gal 7.38, vap press 0.50 psia 
(37.70. rcfr index 1.4933 (ZOC). flash p IOOF 
(37.70. combusriblc. 

Derivation: Catalytic dimcrizstion of bumdime. 
Grade: Technical 95%. 99%. 99.8 mole %. 
Hazard: Moderate fire risk. 
Use: Rain intermediate. third monomer in EPT 
rubber. 

eyclooctnne. C&.. 
Properties: Colorless liquid. d 0.835, bp 148C. mp 

14C. combustible. . 

lf.5.7.cyelooctatetren~ CAS: 629-20-9. 
G-b. 

Prope~in: Colorless liquid, fp -7C. bp 14OC. d 
0.943 (0/4C). rcfr index 1.5394 (20C). It behava 
like an aliphatic hydrocarbon. is relatively rc. 
active, and resin&s on standing in air. Cornbust. 
ible. 

“C \ CH-CH 

Derivation: Nickel-ztalyzed polymerization of 
acetylene. a reaction discovered by Reppc in Ger- 

cyclooletin. An alicyclic hydrocarbon having two 
or more double bonds, e.g.. the very reactive and 
widely used cyclopentodime derived from coal 
tar IS well as tiyclohexadienc and cyclooctatet- 
raene containing six and eight carbon atoms re- 
spectiveiy. The latter has four double bonds and 
is a polymer of acetylene. 

cyeloparsftin. An alicyclic hydrocarbon in which 
three or more of rhe carbon atoms in each mole- 
cule are united in a ring structure and each of 
these ring carbon atoms is joined to two hydro- 
gen atoms or alkyl groups. The simplest members 
arc cyclopropane (C,H.). cyclobutme (C.H.), 
cyclopentane (G&o). cyclohexane (CJi&. and 
dcrivarives of these such as mcthylcyclohexane 
(CJiuCHr). 

Hazard: All members of the cycloparaffn series 
are narcotic and may cause death through respi- 
ratory paralysis. For most of the members there 
appears to be a narrow range between the conccn- 
tration causing deep narcosis and those causing 
death. 

lf~cyclopentadiene. CAS: 542-92-7. CrH.. 

HIC 
,CH-CH 

‘CH-CH 

Properties: Colorless liquid with d 0.805 and bp 
425C. Insoluble in water; soluble in alcohol. 
ether, and benzene. 

Derivation: From coal tar and cracked petroleum 
oils. 

Hazard: Decomposa violently at high tempera- 
ture. Toxic. TLV: 75 ppm in air. 

Use: Chemical intermediate. ornanic synthesis 
(Dick-Alder reaction). stoning n&erial ior syn- 
thetic prostaglandin, chlorinated insecticides. 
and formation of sandwich compounds by chela- 
tion, e.g.. cyclopcntadicnyl iron dicarbonyl dimer 
[CG-kFc(COMz. 

cyelopentamine hydrochloride. (I-cyclopcntyl-2- 
methyl-aminopfopane hydrochloride). 
C,HoCH&Hz)NHCH,:HCl. 

Properties: White. crystalline powder. Mild char. 
actcristic odor and bitter taste. Mp 113.0- 
Ilb.OC. Freely soluble in warcr. alcohol. and 
chloroform: soluble in benzmc: slightly soluble 
in ether, pH (1% solution) approximately 6.2. 

I 
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‘:rl”,c detergent. 
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.’ bulk d 0.868 
. Comburtiblr 
.Ilstics. molding 
:*Ys. oil addi- 

.a and paper 

: ‘I&Ha.. 
‘, able in water 
!; ( 175C). Com- 

i lower fatty 

.E and wetting 
:J bxfericides. 

I ,zyl rultide. 

!~a. Moltm rock (magma) that has reached the 
surface of the earth. 

i.2*andin oil. See lavender oil. 

lnrender oil. CAS: XCCC-28-O. An essential oil 
used in perfumery, 35% ester content as linalyl~ 
xctate required. Terpencless grade has about 
twice the concentration of the natural oil. 

%wwd”~~ TM for a series of synthetic lavcn- 
dcr oil substitute of various types. 

Lrroisier. Antoine Laurent. (1743-1794) A 
French chemist generally regarded as the “fa- 
the? of chemistry. His “Tnite Elementairc de 
Chimie” (1789) listed 30 elements. clarified the 
nomcnclarure of acids, bases and salts. and de- 
scribed the composition of numerous organic 
subswxes. He erroneously believed that oxygen 
is the characteristic element of acids. However, 
his fundamental work on combustion. as a result 
of which he identilicd and named nitrogen 
(azo~c). and on the separation of hydrogen from 
water by s unique reduction experiment carried 
out in a heated gun barrel. earned him a leading 
:osinon among early chemists. 

See also .Llendclcef. 

Lwrence. Ernest 0. (1901-1958) An American 
physwst who invented the cyclotron in 1929. 
Both [he clement lawrencium and the Lawrence 
LivermOre Research Laboratory at the Univcr- 
sity of California were named after him. 

See also cyclotron, bombardment. 

lawrencium. CAS: 22537-19-5. Lr. A syn- 
thetic radioacrive element with atomic number 
103. discovered in 1961. aw 257, only one other 
isotope is known (256); the 257 isotope has a 
half-life of 8 wconds. It has been made by bom- 
barding c.olifornium with boron ions. It exhibits 
alpha radiation. 

See actinide series. 

lay-up. In the reinforced plastics industry, a term 
used to refer fo placement of the reinforcing roa- 
terial in the mold. 

LCse.’ (lethal concentration 50%). That quantity 
Of 3. substance administered by inhalation that 
is ncc~sury 10 kill 50% of test nnimnls exposed 
to It within a speciticd time. The test applies 
not only 10 gmcs and vapors but to fumes, dusts. 
and other pxticulntes. suspcnd~~ in air. 

LCL. Abbreviation for “less than carload lot; 
used by shippers. trntlic mzm~gcrs. railroads, etc. 

LD,. (lethal dose 50%). That quantity of 3 sub- 
stance necessary to kill 50% of exposed animals 

607 LEAD ACETATE 

in laboratory tests within a specified time. A sub- 
stance having att oral LD% of less than 400 mg/ 
kg of body weight is considered to be highly 
toxic. 

LDPE. Abbreviation for low-density polycthyl- 
enc. 

leaching. See solvent extraction. 

lead. CAS: 7439-92-l. Pb. (from Latin 
plumbum). Metallic element of atomic num- 
ber 82. Group IVA of the periodic table. aw 
107.2. valences = 2.4. four stable isotopes. The 
isotopes are the end products of the disintcgra- 
tion of three series of natural radioactive’clc- 
merits uranium (206). thorium (208). and ac- 
tinium (207). ‘. 

Properties: Heavy. ductile. soft. gray solid. d 
11.35. mo 327.4C. bo 1755C. soluble in dilute 
nitric&. insolubic in water but dissolves slowly 
in \vaer containing a weak acid, resists corro- 
sion. relatively impenetrable to radiation. Poor 
electrical conductor. good sound and vibration 
absorber. Noncombustible. 

Occurrence: US. ,Uexic.o. Canada. South America. 
Australia, Africa, Europe. 

Derivation: Roasting 2nd reduction of gnlena (lead 
soltide). nnglesite (lend rulf;lte). and ccrussitc 
(lead carbonme). Also froin scrap. 

Puritication method: Desilvering (Pnrkes process), 
electrolytic refining (Belts process), pyrometal- 
lurgical relining (Harris process). Bismuth is re- 
~moved by Betterton-Kroll process. 

Grade: High purity (less than IO ppm impurity). 
pure (99.9+%), powdered (99% pure), pig lead. 
paste. paste. 

Forms available: Ingots, sheet. pipe, shot. buckles Forms available: Ingots, sheet. pipe, shot. buckles 
or straps. grids. rod. wire. etc.: paste; powder. or straps. grids. rod. wire. etc.: paste; powder. 
single crysttds. single crysttds. 

Hazard: Toxic bv ineestion and inhalation of dust Hazard: Toxic bv ineestion and inhalation of dust 
or fume. TLV’(ae.-Pb): (fumes and dusts and 
inorganic compounds) 0.15 mg/m’ of air. For 
nmhient air the EPA standxd is I.5 micrograms/ 
ml. A cumulative poison. FDA regulations re-. 
quirc zero lead content in foods and less than 
0.05% in house paints. 

Use: Storage bateric+ tctraethyllwd (gasoline ad- 
ditive), radiation shielding, cable covering. nm- 
mu ‘tion. chemiccal reaction equipment (piping. 
tan r. Immgs. etc.). solder and fusible alloys. type 
metal, vibration damping in buvy consrruotion. 
foil, bahbit and other bearing alloys. For further 
information. refer to Lead lnduatrin Associa- 
tion, 292 Madison Ave.. New Vwk. 

lead acetate. (sugar of lead). 
Pb(C.Ii.O&3H~O. 

CAS: 30lM2. 

Properties: White cryslnls or nukes (commercial 
grades arc frequently brown or gray lumps). 
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xv on hemlog. 
Kkem on erp 

longed heating). hot concentrated sulfuric acid. 
hot ammonium carbonate or ammonium succi- 
mte solution% sparingly soluble in water. insolu- 
ble in alcohol and ether: d 7.307; sublimes at 
3.a35cC: mp 405c. 

Derivation: (a) Action of potassium bromide on 
solution of mercuroos nitrate in dilute nitric acid. 
(b) Sublimation from mixture of mercury and 
mercuric bromide 

Hwrd: Highly toxic by ingestion, inhalation. and 
$i;i;bsorption. TLV (as mercury): 0.05 mg/m’ 

mereorous chlorate. (mercurv chlorate). 
Cxs: 10294-U-7. H&O&. 

Prooenis: White crystals, d 6X9. mp 25OC (de- 
coinooxrk soluble~in alcohol. water, and acetic 
xtd. 

Hazard: Explodes in contact with organic or com- 
husdble materials. keeo away from light. Highly 

merwroos ehloridr (mercury monochloride; 
mcrcoty protochlotide: mercury chloride. mild; 
C;llO”Cl). CAS: 10112-91-l. Hg&&. 

Propetrries: Whits rhombic crystals or crystalline 
powder. odorless: stable in air but darkms on 
es~orure to light: insoluble in water. ether. alto- 
kd, J&I cuid dilute acids: d 6.993; mp 302C; 
‘p %C: decomposed by alkalies. 

Dai\~ation: Bv hatinz mercuric chloride and mer- 
cur? with subsequent sublimation. 

. Grade: Technical. CP, NF. 
Hazard: Toxic dose is oncertnin. 
Use: Fungicide. electrodes. pharmaceuticnh, pyre- 
technics. ceramic painting, maggot control in ng- 
ticulture. 

me~eurous chromate. (mercury chromate). 
Hg:CrO.. 

Properties: Brick-red powder. variable composi- 
tion. decomposes on heating. soluble in nitric 
actd (conccntnted), insoluble in alcohol and wil- 
tcr. 

Hazard: Moderate tire hazard in conmct with or- 
ganic matti~ln Highly toxic. TLV (as mercury): 
0.05 “g/m3 of air. 

UK: Ceramics lcoloring green). 

~ereurous iodide. (mercury protoiodide). mercury. (quicksilver: hydrorgyrum). 
C.\s: 15385-57-6. HgI or Hg,I.. CAS: 7439-97-6. Metallic element 

Propatics: llrieht yellow wwder, becomi& 
Hg. 

:rccnish on ex&xur; to lighi due to decomposil 
of atomic number SO. group IIB of the Periodic 
Table. w LO0.59. vaicnces - 1.L; 4 stable iM- 

1wn into metallic mercury and mercuric iodide. toper nod I2 artiliciolly radioxtrve isotopes. 
Beema dark yellow. orange. nod orange-red Properties: Silvery. extremely heavy liquid. some- 
w Iwting. Undergoes same color change in op- timcs found naive: insoluble in hydrochloric 
FOwtc order on cooling. Odorless and tostelrw: acid, soluble in sulfuric acid upon boiling; readily 
dahlc in eastor oil. liquid ammonia. aqua nm- 
menu: insoluble in water. alcohol, and ether: d 

soluble in nitric acid: insoluble in water. alcohol. 
and ether; soluble in lipid%. extremely high IUP 

MERCURY 

7.6445-7.75; sublimes at 14OC. mp 29K (with 
panial decomposition). 

Derivation: (a) Action of potassium iodide on a 
mercuroos salt. (b) Boiling a solution of merco- 
row nitrate containing nitric acid with excess 
of iodine. 

Grade: Technical. 
Hazard: Toxic by ingestion. inhalation. and skin 
absaprion. TLV (as mercury): 0.05 “g/m’ of 
air. 

Use: Medicine (topical a.otibactetial). 

mcrcocoos nitrate. hydrated. CAS: 10415-75-5. 
HgNO,.ZHOH. 

Propertia: Short prismatic crystals, efflorncn 
and becomes anhydmus in dry air. sensitive to 
light, soluble in small quantities of warm water 
(hydrolyzes in larger quantitics)and water acidi- 
fied with nitric acid, d 4.785 (3.9C). mp 7OC 
(decomposes). 

Derivation: Action of cold dilute nitric acid upon 
an excess of mercury and warming slightly. 

Hazard: May be explosive if shocked or heated. 
Highly toxic. TLV (as mercury): 0.05 m&/m’ 
of air. 

Use: Analytical agent. 

mereurous oxide. CAS: 15829-53-5. HgsO. 
Properties: Block powder, d 9.8. decomposes at 

ICK. soluble in acids, insoluble in water. 
Derivation: Action of sodium hydroxide on mer- 
curous nitmte. 

Hazard: Highly toxic. TLV (as mercury): 0.05 
mg/m3 of air. 

mereurous sulfate. CAS: 7783-36-O. HgzSO.. 
Properties: White to yellow. crystalline powder; 
soluble in hot sulfuric acid. dilute nitric acid: 
slightly salublc in water, d 7.56, decomposes on 
heating. 

Derivation: (a) Dissolving mercury in sulfuric acid 
and hmtinc acntly. lb) Adding sulfuric acid to 
rn~r~~ro~s~Gr& soiution. - 

Hazard: Highly toxic. TLV (as mercury): 0.05 
mg/m3 of air. 

Use: Chemical (admired with sulfuric acid as a 
cot~lyst. in oxidation.of naphthnlene to phthnlic 
acid), batteries (Clark cell. Weston cell). 



hIERCURY. AXXIOSIATED 746 

face tmsimt (480 dynes/cm) giving it unique 
rheologicrl behavior: high electric conductivity: 
d 13.59: fp -3g.gSC: bp 356.6. Noncombustible 

Chief ore: Cinnabar. 
Occurrence: Spain. Yugoshvin. Mexico, Canada. 

Al?eria. 
Derivation: By heating cinnabar in air or with 

lime and condmsmg the vapor. 
Method of putiticarion: Distillorion: nn important 

propmtion of used mercury is recovered by redis- 
iilliIion. 

Grade: Tech&al. virgin, redistilled. ACS. 
Hazard: (I) .Mercury. metallic: High ly toxic by 
skin absorption and inhalntion of fumea wmor. 
absorbed by respiratory and intestinal t&w: 
FDA permits zero addition to the 20 micrograms 
of mercury contained in avenge daily diet. TLV 
(as mcrcu~): 0.05 ms/m’ ofair. (2) All inorganic 
compounds of mercuv are highly toxic by ioges- 
tion. inhalation. and skin absorption. TLV: 0.05 
mg/ml of air. (3) ,Most organic compoun’dr of 
mercury are highly toxic: inorganic mercury can 
be convened to merbylmacury by bacteria in 
water. TLV (as mercury)~ (alkyl compounds) 
0.01 “g/m* of air: all others 0.05 mg. rYore: 
Spillage may be a toxic hazard due to droplet 
proliferation. Chnvp requires special care. 

Use: Amalgmns. cataljm. electrical apparatus. 
cathodes for production of chlorine and caustic 
soda. imnuments (therntometm baromerers, 
etc.). mercury vapor lamps. cxtrac7ivc metal- 
lurgy. mirror coarin~. arc lamps. boilers, coolant 
and neutron absorber in nuclear power plants. 

a~ercury, ammoniated. (mercuric chloride. am- 
moniatcd: ammonobasic mercuric chloride: am- 
momated mcrcu~ chloride. white precipitate, 
white precipimte, fusible; aminomercuric chlo- 
ride: mercury cosmetic). HgNHzCI. 

Propcnies: White. pulverulcnt lumps or powder; 
earthy. metallic taste. Odorless. stable in air, 
darkens on exposure to light, soluble in ammo- 
nium carbonate and sodium rhiosulfatc solutions 
and in warm acids. insoluble in water and alto- 
hol. 

Derivation: By precipitating mercuric chloride 
with ammonium hydroxide in cxccss. 

Grade: USP. technical. 
Hazard: Highly toxic. TLV (as mercury): 0.05 
me/ml of air. 

&z$4edicine (local anti-infective). pharmacemi- 

mercury bichloride. Legal label name for mercu- 
,tic chloride. 

mercury cell. An elearolytic cell for rhe pro&c- 
lion of caustic soda and chlorine from radium 
chloride brine. Continuously fed brine is decom- 

posed in one compartment between graphite an- 
odes where chlorine is liberated and a mercury 
cathode where a Iodium amalgam is formed. The 
amalgam flows continuously or intermittently to 
a second compartment where it is decomposed 
with water, forming a caustic solution. The de- 
composition is usually performed elcctrolytic~lly 
by making the amalgam rnodic with respect to 
an iron or gmphiic cathode. Pure water is sup- 
plied to the decomposition compartment at such 
a rate as to maintain a constant conccnrration 
of caustic in the product. With respect to the 
diaphmgm cell. the mercury Cathode cell has 
generally a more concentrated solution (56 
70%). it has the disadvantages of higher opent- 
ing voltage and lower eff~cilcimcy (52-55%) and 
a high capital investment in meremy. Examples 
of mercury-cathode cells are Castner cell and 
DeNon ail 

mercury compounds. See corresponding mercu- 
row or mcrcurie compound. ea. mcrcurv chlo- 
rate. see mercurou~ c6lorate; m&uy oxide. see 
mmcuric oxide. 

mercury dichromate. (mercuric dichromate: mer- 
cury bichromate). HgCr20,. 

Properties: Heavy. red, crystalline powder: soluble 
in acids: insoluble in water. 

Hamrd: Highly toxic. TLV (as mercury): 0.05 
“g/m’ of air. 

mercury fulminate. (mercuric cyanate). 
H$KNOh. 

Properties: Gray, crystalline powder. Soluble in 
alcohol. smmonium hydroxide, and hot wrer: 
slightly soluble in cold water; d 4.42; mp.es- 
plodes. 

Derivation: By treating mercury with strong nitric 
acid and alcohol. 

Grade: Technical. 
.Hzxard: Explodes readily whm dry, keep moist 

till use, an initiating e+plosive. Highly toxic. TLV 
(as mercury): 0.05 mg/m5 of air. 

Use: Manufacture of caps and detonaton for pro. 
ducing explosions of military, industrial, and 
sportrng purposes. 

mercmy relenide. HgSe. Sublimes in a vat. 
uum. d 8.266. insoluble in water. 

Hawrd: Highly tonic. TLV (as mercury): 0.05 
mg/mf of air. 

Use: Semiconductor in salar cells, thin-film tran- 
sirton. infrared detectors, ultrasonic amplifiers. 

mercury tellwide. HgTe. 
Grade: 99.99%. 
Use: Semiconductor in solar cells. thin-film van- 
sirton, infrared detectors. ultrasonic amplifiers. 
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P’HESETOLE 896 

Derivation: Ethylating p-nitrophenol with ethyl 
sulfate or chloride in presence of sodium hydrox- 
ide followed by reduction with iron tilings and 
hydrochlotic acid. 

Hazard: Toxic by ingestion. inhalation, and skin 
absorption. 

Use: DyestutTs intermediate. pharmaceuticnls, lab 
reagent. 

phenetole. (phenyl ethyl ether). 
CAS: 103-73-I. CsH10tZzHa. 

OC:H5 

Properties: Colorless, oily liquid. Bp 172C. fp 
-30C. d 0.967 (ZO/JC). insoluble in water. soht- 
ble in alcohol and ether. Combustible. 

phenetsal. See p-acetylaminophenyl salicylate. 

“Phenex.‘=’ .TM for a-ethyl-P-propylacrylani- 
line. 

Use: Accelerator for natural and synthetic rubber 
and latexes. 

phenic acid See phenol 

phenindione. (2.phenyl-l.3-indanedione). 
CAS: 83-12-5. C,sH,oOz. 

Properties: Pale yellow crystals: practically odor- 
lesr: insoluble in water: soluble in methanol. alco- 
hol, ether, acetone, benzene: solutions in alkalies 
are red. in concentrated sulfuric acid blue. 

Use: Medicine (blood anticoagulant). 

pbeniramine maleate. (prophenpyndamine ma- 
late: I-phenyl-I-(2.pyridyl)-3di-methylamino- 
propane maleate). CAS: 132-20-7. 
C~sHzoNz.CH.0, 

Properties: White, crystalline powder with faint 
amine-like odor; mp IO&108C. Very soluble in 
alcohol and water. slightly soluble in benzene 
and ether, I% solution has pH between 4.5 and 
5.5. 

Grade: NF. 
Use: Medicine (antihistamine) 

“Phenmad.“‘ls TM for a IO% phenylmercuric 
acetate aqueous solution. 

Use: Turf fungicide. 
Hazard: Highly toxic. 

phenobarbital. (phenylbarbital: phenylethylmalo- 
nylurea; 5.ethyl-5-phenylbarbituric acid). 
CAS: 50-06-6. C,zH,zNzG,. 

Properties: White. shining, crystalline powder; 
odorless: stable; mp l74-l78C: soluble in alco- 
hol, ether, chloroform. alkali hydroxides, alkali 
carbonate solutions: sparingly soluble in water. 

Derivation: Condensation of phenylethylmalonic 
acid derivatives and urea 

Grade; USP. 
Hazard: May have damaging side effects. 
See bttrbituat~. 
Use: Medicine (sedative), laboratory reagent. Also 

availnble as the sodium salt which has good wa- 
ter-solubility. 

phenocoll hydrochloride. (aminoacetopheneti- 
dide hydrochloride: glycocoll-~phenetidine 
hydrochloride). 
C~H~OCeH,NHCOCH~NHvHCl. 

Properties: Fine. white, crystalline powder: soluble 
in water and warm alcohol: slightly soluble in 
chloroform. ether, and benzene; mp 95C. 

Derivation: By the action of aminoacetic acid 
upon phenetidine and acidifying. 

Use: Medicine (analgesic). 

phenol. (I) A class of aromatic organic com- 
pounds in which one or more hydroxy groups 
are attached directly to the benzene ring. Exam- 
ples are phenol itself (benzophenol). the cresols. 
xylenols. resorcinol. naphthols. Though rechni- 
tally alcohols, their properties are quite different. 

(2) phenol. (carbolic acid; phenyiic acid: ben- 
zophenol; hydroxybenzene). CAS: 108-95-2. 
CsHsOH. 

0 I loH 
34th highest-volume chemical produced in US 

(1985). 
Properties: White, crystalline mass which turns 

pink or red if not perfectly pure or if under inllu- 
ence of light: absorbs water from the air and 
liquefies; distinctive odor; sharp burning txre. 
When in very weak solution it has a sweettsh 
taste. D 1.07, mp 42.~5-43C, bp 182C. flash p 
(CC) 172.4F (78C). Soluble in alcohol. water. 
ether, chloroform. glycerol, carbon disulfidc. pet- 
rolatum, fixed or volatile oils. and alkalies. Au- 
toign temperature 1319F (715C). Combustible. 

Derivation: Most of the phenol in the US is made 
by the oxidation of cumene, yielding acetone 3s 
a byproduct. The lint step in the reaction yields 
cumene hydroperoxide. which decomposes with 
dilute sulfuric acid to the primary products. plus 
acetophenone and phenyl dimethyl cnrbinol. Sw- 
era1 other benzene-based processes have bwn 
used in the past; derivation from benzoic acid 
is also possible. 

Method of puriticntion: Rectitication. 
Grade: Fused. crystals. or liquid, all as technical 
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Hazard: Toxic by ingestion. inhalation. and skin 
absorption: strong irritant to tissue. TLV: 5 ppm 
in air. 

Ur Pheoolic r&a epoxy resins (bisphmol-A) 
nylon-6 (caprolsctam). 2.4-D. selective solvent 
for rctining lubricating oik, adipic acid salicylic 
acid. phmolphthalein. pntachlorophmol. aeeto- 
phenetidine. picric acid. germicidal paints. phar- 
maceutic;lk laboratory reagent. dyes and indica- 
tom. slimicide. biocide. general disinfectant. 

.Vore: High-boiling phenols are mixtures contain- 
ing predominantly m-substituted alkyl phenols. 
Their bailing points range from 238 to 288C. 
they set to a glvs at -30C. 

USC: In phenolic resins. as fuel-oil sludge inhib- 
itors, Y solvents and as rubber chemicals. 

phenolate process. A process for removing hydro- 
pen ruiildc from gas by the use of sodium pheno- 
late. which rexts with the hydrogen sulfide to 
give sodium hydrosultide and phenol. This cm 
be reversed by stean heat to regenerate the so- 
dium phenolarc. 

phenol mefticient. In determining the effectivc- 
ness of a disinfecrnnt using phenol as a standard 
of comparison, the phenol coefftcient is a value 
obteincd by dividinp the highest dilution of then 
tesr disinfectant by the highest dilution of phenol 
that sterilizes a given culture of bacteria under 
standard conditions of time and temperature. 

See also disinfectant. 

phenoldisolfonic acid. CAS: 96-77-S. 
C.H.O&. 

Properties: Deliqoncent crystals. mp 9OC. decom- 
poses above IOOC. soluble in water and alcohol. 

Use: .Mmufxture of dye intermediates. 

phenol-formnldehyde resin. The first synthetic 
thcmmsettmg polymer. the.reaction product of 
phenol with aqueous 37-50’70 fomxddehyde at 
SO-ICOC. with basic catnlyst. discovered by 
n;lekelend in 1907 sod trademarked “flakelite” 
I” 191 I. Polymerization is of the condmsation 
type. proceeding through three stt~ga. With 3” 
XXI calnlyt “novol~k” resins are produced. 
uhtch are thermopl;lsric. 

I’ropcrt~er: Gray to black. bard. infusible solid 
vAw cured. resisraor to moisture. solvents. ;md 
h+ up to XOC. dimensionally stable. good elec- 
tncal resistxtce. noncombustible. soound- nod 
““iv;-absorbent. dwompored by oxidizing neids. 
fair resistmce to alkalies. Cannot be successfully 
COlored. 

Uu: Molded and cast wticles. bondins pwden. 
ion exchange. laminating and impregnating. ply- 

897 PHENOLSULFONEPHTHALEIN 

wood and glasn~libcr composites. ablative coat- 
ings for aerospace use, binder for oil-well sands, 
paint and baked enamel coatings. thermal and 
acoustic imulation. brake linings, clutch facings, 
shell molds. chemical equipment. machine and 
instrument housings, chemical-resistant mortars, 
machine pans, electrical devices. 

See also A-, B-. and C-stage resin; novolak, Backe- 
land. phmolic resin. 

phenol-turfural resin. A phenolic resin that has 
a somewhat sharper transition than phvol-for- 
maldehyde from the soft. thermoplastic stage 
to the cured. infusible state and can be fabri- 
cated by injection molding since it has little ten- 
dency to harden before curing conditions are 
reached. 

phenolic resin. Any of several types of synthetic 
thermosctting resin obtained by the condensation 
of phenol or substituted phenols with aldehyda 
such as formaldehyde. xetaldchydc, and fur- 
Coral. Phenol-fortruldehyde resins are typical and 
constitute the chief class of phenolics. 

phenolphthalein. (3.3.bis(p-hydroxyphcnyl)- 
phthalide). CAS: 71-09-8. 
(CsH,OH)&O&H, (an approximation). 

Properties: Pnle yellow powder: forms an almost 
colorless solution in neutral pr acid solution. pink 
to deep red in presence of alkali. but colorless 
in the presence of large amounts of alkali: soluble 
in alcohol. ether, and alkalies; insoluble in water; 
d 1.2765: mp 26LC. 

Derivation: Interaction of phenol and phthalic an- 
hydride in sulfuric acid. 

Grade: Technical. pure reapen,. NF. 
Use: Acid-base indicator. laboratory reagent. med- 

icine (lamtive). 

phenol red. See phenolsuifonephth~lein. 

phenolsulfonephthalcin. (phenol red). 
CAS: 143-74-g. 
nppronimation). 

GH,OHKOSOK.H, (an 

Properties: Bright 10 dark red. cryrtnllinc powder: 
s(;lble in air: slightly soluble in water. xlcobol, 
and xetone: almost insoluble in chloroform and 
ether: wlubls io alkali hydroxides and carbon- 
il,CS. 

Derivation: Reaction of phenol with o.rulfobm- 
zoic acid otthydride. Differs from phenolphrha- 
Iein in containing a” SO: group in place of a 
co group. 

Grade: Technical. reagent. USP. The USP spelling 
is phcnolrulfonphthalein. 

Use: Acid-base indicator. diagnostic rc~gent in 
medicine. l&“mtory reagent. 

, 
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SELESIU,M I 

selmium. CAS: 7782-49-Z. Se. A nonme- 
tallic element. aromic number 34, Group VIA 
of the Periodic Table. aw 78.96, valences = 2, 
4. 6. These are 6 stable isotopes. 

Properties: Amorphous. red powder becoming 
black on standing and crystalline on heating: vit- 
reous and colloidal forms may be prepared. Cryr 
talline form has d 4.5, mp 217C. bp 685C: smor- 
phous form softens at 40C and melts at 217C. 
Crystalline selenium is a ptype semiconductor: 
cleccrric~lly it acts as a rectifier and has marked 
photoconductive and photovoltnie action (con- 
vens radiant to electrical energy); the electrical 
conductivity incrcares with increasing light irra- 
diation. Soluble in concentrated nitric acid and 
(in liquid form) in common alkalies; forms binary 
allo?.s with silver. copper. zinc. lead. etc.: a neca- 
snry nutritional factor for animals. 

Occurrence: Canada. Japan, Yugoslavia. Mexico: 
also in certain soils. 

Grade: Commercial (powder or lumps), high- 
purity up to 99.999%. 

Use: Electronics. xcroeraphic olata. TV cameras. 
photocells. magnetic compuier cores. solar bat: 
Ierie (rectifiers. relays): ceramics (colorant for 
glass). srcel and copper (degas&r and machin- 
ability improver). robber accelerator. catalyst, 
tract clement in animal feuls. For further infor- 
mation consult Selenium Tellurium Develop 
mm Association. 11 Broadway. NY. NY. 

selenium diethyldithiocorbarte. 
CAS: 5456-28-0. Se(SC(S)N(C&):l,. 

Properties: Orange-yellow powder, d 1.32 (201 
200. melting range 63-71C. characteristic odor, 
soluble I” carbon biruliide, benzene, chlorofxrn. 
insoluble in water. 

Hazard: Toxic by inhalation, ingestion. and skin 
at5orplion. TLV (as Se): 0.2 mp/m’ of air. 

USC: Vulcanization agent without added sulfur or 
as a primary or secondary accelerator with sul- 
fur: 

selenium dimethyldithiocarbamote. See “Methyl 
SClC”X.” 

selenium dioxide. (szalytf acid anhydtide). 
CAS: 7446-08-X 

Properties: White or yclldwish-white to slightly 
reddish. lustrous, ctystalIinc powder or needles. 
D 3.954 (IS/lSC). mp 340-350C (sublimes). 
roluble in alcohol, water. 

Hazard: Toxic by inhalation, ingestion. and skin 
absorption. TLV (as Se): 0.2 me/m’ of air. 

UK: Analysis (testing for alkaloids). oxidizing 
agent, antioxidanr in lubricating oils. catalyst. 

selenium sulfide. (selenium disulfidc> 
CAS: 7488.564~ SrS- 

__,_ 

Propcnies: Bright orange powder.’ trio ICSI than 

.sl.32 

Grade: USP. 
Hazard: Toxic by ingestion, strong irritant to eyes 
and skin, an animal carcinogen. TLV: (as Se): 
0.2 mg/m* of air. 

Use: Medicine (treatment of seborrhea. medicated 
shampoos). 

selSe~~” tetratluoride. CAS: 1@026-03-6. 

Prop& ColorIns, fuming liquid: fp -lOC; bp 
IOSC; d 2.75; reacts strongly with phosphorus 
and with water (hydrolysis). Soluble in alcohol, 
sulfuric acid. ether. and carbon tetrachloridc. 

Derivation: Reaction of selenium chloride and sil- 
ver fluoride. 

Hazard: Irritant. 
Uu: Fluorinating agent. 

selenous acid. (wleniws acid). H&O,. 
Properries: Transparent, colorless. deliquacettt 
crystals. Soluble in water and alcohol, insoluble 
in ammonia. d 3.CQ66. mp 70C (decomposes) 

Derivation: Action of hot nitric acid on selenium. 
Hazard: Toxic by inhalation, ingestion. and skin 
absorption. TLV (as Se): 0.2 mg/m’ of air. 

Use: Reagent for alkaloids. 

selenous acid anhydride. See selenium dioxide. 

Semenov. yikolai N. (I896 ) A Russian chemist 
and phystcist who won the Nobel prize in 1956. 
He authored books on the chain reaction and 
problems of chemical kinetics and reactivity as 
well as mnny articles. His work concerning [her- 
mal combustion and explosion is utilized in rock- 
as and jet engines. He received his doctorate 
at Leningrad State University. 

“Semesan.“” TM for a wetrable powder conrain- 
ing 25.3% hydroxymercurichlorophenol. 

Hazardz As for mercury compounds. 

‘Semesan Bei.“‘* TM for a seed disinfectant con- 
taining 12.5% hydroxymcrcurinitrophenol and 
3.8% hydroxymcrcurichlorophenol. 

Hazard: AS for mercury compounds. 

semicarbnzide hydrochloride. (carb&ylhydra- 
zinc hydrochloride: nminourea hydrochloride). 
CAS: 563-41-7. HzNCONHNH2HCI. 

Properties: White crystals. mp 172-l 75C (decom- 
poses). soluble in water. insoluble in absolute al- 
cohol and ether. 

Dcrivnrion: From hydrazinc sulfate. potnsrium or 
sodium cyanau. and sodium carbonate. or elec- 
trolyticolly by the reduction of nitrourea. 

Grade: CP. technical./ 
Hazard: Toxic by ingestion. 
Use: Reagent for aldrhydes and ketones. isolntion 
of hormones and isolation of certain fractions 
from essential oils. 

ICQC. practically insoluble in water and organic 
soivc”tr. 
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and rubber compaundr. treotmrnt of oil well Hazard: Toxic motcrial. TLV: 0.01 mg/m’ of air. 
drilling fluids. repincement for cork. Use: Lab reagent. oxidizing agent. 

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

silver. CAS: 7440.22-4. Ag. Metallic ele- 
mcnt. atomic number 47. Group IB of the Peri- 
odic T.ablc. aw 107.868. valc”ce = I. two stable 
isxxopes. 

Properties: Soft. ductile. Iwtrous. white solid; 
highest clecuic~l and thermal conductivity of all 
metals. Excellent lieht reflector that resists oxi- 
dation. but mmish& in air through reaction with 
atmosphefic sulfur compounds. D 10.53. mp 
96lC. bp 221X. rhennsl conductivity I.01 cal/ 
cm/ss/C. absorbs oxygen strongly at the melt- 
ing point. Soluble in nitric acid. hot sulfuric acid. 
and alkali cyanide Eolutions: insoluble in water 
and alkalies. Xoncomburtible except as pawdcr. 

Derivation: Byprodun of operations on copper, 
zinc. lad. or gold ores. but some smelters still 
operate on nolive silver. The recovery ranges 
from 166 oonccs ro a few thousandths of a” 
ounce per ton. 

See Parka prccas. The Pattinson process. 
Source: Chief silver ores are native silver. argenritc 

(silver sulfide). and cn~rgyrite (silver chloride). 
Forms available: Pure (“tine”), sterling (7.J% 
copper), various alloys. plate; ingot, bullion, 
moss. sheet. wire. tubing. castings, powder, high 
purity (impuriria less than IO0 ppm). single crys- 
1~1s. whiskers. 

Hazard: Toxic marerial. TLV (metal): 0. I mg/m’ 
;f,ai$;~,s$ubIc compounds as silver): 0.01 mg/ 

USC: Manufacture of silver nitrate, silver bromide. 
photographic chemicals: lining vars and olher 
equipment for chemical reaction vessxls. water 
diaillation. etc.: mirrors, electric conductors, 
such as bus bars: silver plnrirrg. electronic equip 
mat: sterilant; rate, purificarion: surgical ce- 
mcnts; hydration and oxidation camlyst; special 
baneries; solar cells: reflectors for solar towers: 
low-temperature brazing nlloys: table cutlery: 
jewelry; dental. medical. and scientific equip 
mat; electrical contacts; bearing metal: magnet 
windings; dmral amalgams. Colloidnl silver is 
used as a nucleating agmt in photography and 
in medicine. often combined with protein. 

See “Argyrol.” 
Note: A sandwich assembly consisting of a layer 
of silver between two layers of TiO? is used to 
coat the interior of light bulbs. it is said to reduce 
powc,Co”sumption by more than 50% and triple 
the life of the bulb. Each layer of the coating. 
a$$ by the sputtering technique is IgO A 

silver acetate. CAS: 563-63-3. CHCOOAg. 
Properties: White crystals or powder. d 3.26, mod- 
erately soluble in hot water. soluble in nitric acid. 

silver acetylide. CAS: 13092-75-6. AgzC.. 
Propatia: White, unstable powder, a salt of 
acctylenc 

Derivation: Reaction of acetylene wtth aqueous 
solution of argentous salts. 

Hazard: Severe explosion risk when shocked or 
heated. 

Use: Detonators. 

silver bromate. AgBrO,. 
Properties: White powder. sensitive to light. keep 

in amber bottle, solublein ammonium hydroxide. 
;igttll5;luble in hot water. decomposed by 

. . 

silver bromide. CAS: 7785-23-l. AgBr. 
Properties: Pale yellow crystals or powder. dark- 
ens on exposure to light, finally turning black; 
d 6.473 (2X); mp 432C; bp decomposes at 7% 
soluble in potassium bromide. potassium cya- 
nide. and sodium thiosulfate solutions; very 
slightly soluble in ammonia water: insoluble in 
water; light-sensitive. 

Derivation: Silver nitrate is dissolved in water and 
a solution of alkali bromide added slowly. The 
precipitated silver bromide is washed repeatedly 
with hot water: the operation mua be carried 
on in a darkrwm under a ruby red light. 

Use: Photographic film and phta. photochromic 
glass. laboratory reagent. 

silver carbonate. CAS: 534-16-7. A&CO.. 
Properties: Yellow to yellowish-gray powder: con- 
tains 78% silver; light-sensitive; soluble in am- 
monium hydroxide. nitric acid: insoluble in alto. 
hol and water; d 6.077; decomposes at 218C. 

Use: Lab reagent. 

silver chlorate. (argcn;;;$ly). 
CAS: 7783-92-g. 

Properties: White, crystalline :olid; mp 23OC; de. 
composes at 27OC. D 4.44, partially soluble in 
water, light-sensitive. 

Derivation: Reaction of silver nitrate and sodium 
chlorate. 

Hazard: Oxidizing agent, may rwct violently 
when shocked or heated. store away from com- 
bustible materials. Toxic by ingestion. 

USC: Organic synthesis. 

silver chloride. CAS: 7783-90-6. AgCI. 
Properties: White. granular powder which dfrkcns 
on exposure to fight. tinally turning black; exists 
in several modifications differing in behavioi TV- 
ward light and in their solubility in various sol- 
vents; soluble in ammonium hydroxide, concen- 
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Hazard: Dangerom. explodes by heat or shock. Small amounts of the 2.3.P and 2.4.5isomers 1 
Use: Explosive compositions. are produced which may be removed by washing 

with aoueous sodium rulftte solution. 
2.4.~trinitro-m-craol. (cresolitc: cresylite). 
~. &o,),C~(CH,X)H. 
Properties: Yellow crystals: mp 106C, readily solu- 
bli in alcohol, ether. and acetone. 

Derivation: Prepared fmm m-cresol by a process 
similar to which picric acid is prepared from 
phenol. 

Hazard: Explodes at 3COF (148.80. severe explo- 
sion risk when shocked or heated. 

UK: Bursting charges and other high explosive 
USC3. 

trinitmglyeerin. See nitroglycerin. 

trinitromethme. CAS: 517-25-9. CH(NO&. 
Proper&s: Whitecrystals. mp ISC. d 1.469 (25C). 
decompose above 2%. heat of combustion 746 
caV8. soluble in water. 

Derivarion: Rcxrioo of acetylene with nitric acid. 
Hazard: Explodes on heating. concentrations 
&we 50% in air may explode. 

use: >lsnuiacrure of propellnnrs and explosives. 

1.3.5.trinitronnphthnlene. (nnphite). 
C,oHi(SO&. Commercial preparation is a 
mixture of isomers which melts at I IOC. 

Hazard: Explosion risk when shocked or heated. 
Use: Explosive, stabilizer for nitrocellulow. 

trinitrophenol. See picric acid. 

2,4,6-trinitrophenyl methyl ether. See rrinitroani- 
sole. 

trinitrophenylmethyInitr~miw. See tetryl. 

2,4.&trinitroresoreiool. Legal label name for 
styphnic acid. 

2,4,&trinitrotoluene. (TNT; mcthyltrinitroben- 
ZC”e,. CAS: 118-96-7. 
CH&H;JNO.z),. 

Propcrtia: Yellow. monoclinic wedls: d 1.654: 
mp JO.9C: soluble in alcohol and ether: insoluble 
in xocr. 

Derivation: Nitration of tolucnc with mixed acid. 

Grade: icchnical. 
Hazard: Flammable. dangerous fire risk, moderate 
explosion risk. will detonate only if vigorously 
shocked or heated to 450F (2320. Toxic by in- 
gestion. inhalation, and skin absorption. TLV: 
0.5 mg/mJ of air. 

Use: Exolosive. intermediate in dyestuffs and pho- 
tographic chemicals. 

trinitrotrimethylenetrismine. See cyclonite. 

lrioctndecyl phosphite. (GHarOhP. 
Properties: White, waxy solid; mp 45-47C; d 0.940 

(25/250. 
Use: Stabilizn in polymers and an intermediate. 

tri-n-oetylaluminum. (CsHt,),Al. 
Properties: Colorless. pymphoric liquid. 
Derivation: Reaction between octenc nnd iwbutyl- 
aluminum. 

Hazard: Flnmmnble. ignites in air. 
Use: Polyolefin catalyst. 

trioctyl phosphate. (octyl phosphate). 
(C,H,;),PO,. 

Properties: Liquid. d 0.924 (26C). bp 2.X-30 (8 
mm). Soluble in alcohol, acetone, and ether. 
Combustible. 

Hazard: Toxic by ingestion and inhalation. 
UK: Solvent, antifoaming agem, plasticizer. 

trioctylphosphinic oxide. (TOPO). 
(C,H,,),PO. 

Propertic% Solid, mp 55C. min purity 95%. 
Use: Kcngent for enraction of meals from nquc- 
ous and nonaqueous solutions. including tissionn- 
ble xtinidr ekmcnrs. 

trioctyl phosphitc. See Iris-2.ethyl-hexyl phos- 
phite. 

triolein. See &in. 

tri-o.cresylphosphate. See tricresyl phosphate. 

rym-trioram. (triformol: trios% mclaformnl- 

dcbvde). (CH-.O)I or ‘&iizGz& 
A t&r of fornuldchyde. not to he confused 
with pwatixm;ddchyde. which consists of eight - 
or more formaldehyde units. 

Properties: White crysmls. formaldehyde odor, mp 
62C. sublimes at Il5C. flash p I13F (45C) (00. 
Soluble in wafer. ;Ilcohol and ether: nutoign tern- 
peclture 777F (4130 
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Corrective .Action Plan 
HI:RA Facility Investigation Phase II Release .Assesrment. 

Task 4: RFI Phase I I kork Plan (Soils) 
Saval keapons Support Center, Crane, Indiana 

Part a. EFI Phase II Pro.iect !Inna4emen_t Plan. This document is a horl; 
Plan submitted as a requirement of the RCRA iorrective .Action Plan 
(CAP). RCR.4 Facility Investigation (RFI) for Solid haste lanngement 
1xits (SWl:s) located within and operated by the Sayal weapons Support 
c‘entrr (WV), Crane, Indiana. T!:e facility plans to conduct as part o! 
the i4P surface and shallox subsurface sampling and analysis of soils at 
identified SW?ICs within the NkSC. This kork Plan provides <enera in- 
formation 011 pro.jert aana$ement., soii sampling and analysis procedures, 
quaI it? assurance/qllnlity control !Q.VQC) , data management, and heai th 
and safety practices for the proposed Phase II Soils Release Assessaent. . 
Details concerning site-specific procedures xi11 be slibmitted later. 
Figlures 1 rind 2 sholi the location of Crane SkSC. The purpose of the 
sampling and analysis program.is t3 provide further assessment or con- 
firnat.ion of suspected contamination of soils at identified S!+lLs. An 
Initial ,Assrssment Study (I-\S) co:!ducted at the SgSC in 1:)81 identifier! 
and assessed sites posing a potential threat to human health or tne en- 
virorlment due to contamination from past hazardous materials operarions 
(Eal:es et al, 19R3). .Additional sites xere identified in meetings be- 
ti;em Cr.me personr~el and EP4 Re:iorl L. 

.A list of the S’+lCs scheduled for soiis assessment is presented ir. 
Table 1. Site numbers reflect th? :)rl:inal IiS-designatea number and 
the new number assIgned for the Corrective .Action investigations. 4 
I;r?ef histor!- of o!)erat ions :ct Cr~:ne %hSi and a description of its 
physical fearurrs are presented i!? ipy,wdiz 1. 

The objectives of t!w RF1 P!ise II soils assessment are i I) to 
evaluate the presence or absence of a release to soils at each SOli and 
the rltellt of a release. and (2) tc hetcrmine the t.y@ xv3 concenr,rat-ion 
of nny contaminants released to the soil. lhe approach xi11 be to ob- 
tain soil sampies at selected iocntions at each Sh!ll ~17 a preder.~rm:nw 

tir:~th and to perform physical and chemical anal>-sis of tile soil samples. 
,411 previous sampling and analysis conducted at the SVKs x-ill be 
rrviwed prior to initiatin: neli sxmplin:. The folloxir:g sect ions 
provide details of the samplinq and analysis procedcres. 

Part b. RF1 Phase II Samolin< and .Analvsis Plan. 
(1) Statement of sampling objectives. Previous inspections of 

the SW!lCs have identified potential sources of contaminant release to 
the soil. Soil samplinc will be performed to define the extent 
!ateraIl!: away from the potential release points and vertically into the 
soil column, at the ground surface and to a depth of at ieast 5 ft belox 
<round surface. Sampling xi11 be performed in the immediate vicinit>- of 
the potential wlease point and dxn-slope particulari>- in surface 
drainage ~aq. 

(2) List of sampling equipment. and containers. Subsurface 
samples xi11 be obtained primarily Kith a nominal 3-irIch diameter steel 
split-spoon sampler driven by a hammer from a truck-mounted drilling 
ri:. .4 stainless. steel knife and spatula or spoon uill be used to peel 
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mm) to the number ZOO sieve (O.Oi4 mm). ‘~‘l~hr hyqlromrter sti~?l!-s:s rlct.,~.r- 
mines t.hc percrnt~n:c of si It- and clay-sized particles (those pnssiti; 
the numb(‘r ‘LOO sieve1 in the snml’lr. fiqlre :I is an r.xample of a grnin- 
size gladnt.ion chnrt anti accompnnying informnt~ion. 

(4) Sample types. Sampll! t>-p<.s can be considered hisser! in I> lan 
v,ec’. Soil boring locxt.ions..will he selected on--<he&sis .of~ prior 
studies at”+ach Sk!lU as-discussed above under statement of sampling oh- 
ject ises.‘.- ~- Samples xi11 be collected randomly at depth in each boring at 
preselected intervals to a depth of 5 ft. Field 05 samples xi11 consist 
of trip blanks, equipment. rinsates sod field blanks as provided in the 
QA/QC ~,‘Inns below. 

. I’ 

(5) Sample locations, depths and frequency. Sample locztions for 
each SWll: x-ill be provided Hezion V nt a later date. Sampl in< depths 
and frequencies we discussed belox in paragraph (7). 

(6) Sampling schedule. .4 schedule of sampling activities Kill be 
provided Rqion V at a later date. 

(i) Sampling procedures. 
General guidance. Collect.ion. preparation, packaging and 

safeguarding of soil samples Kill follow guidelines presented in 
“~L;S;\TH-\\~~\._Q?_Pro~~,am: , Chapter 3 , Sample Collection ad >lanag+ment. Se,:- 
tions 5.3.3 (Soil and Sediment Samples), 5.6 (Soils) and 5.i (Sediments) 
except as noted helw. The CS;\TH.A?l-\ qidelines arr [:rrsented in ippen- 
dis 4. Further guidance is pro!-ided in Samolin o axd Chemical :!nalrsis 
Qualitr .Assurance Requirements for t&e Save Installation Restoration 
ProSram ( SEES.4 20.2-04iB, June 1988.Sample preservation procedures and 
holding t.imes for aqueous and sol:d samples are included in .Appel:dis 4. 
Table H-l. .Mditional qidance co3ccrnin 4 organic compounds is provided 
in EP.\-Sk-846. Tes~t.-~le.tllods.~or._E~aluntin~ Soli~,~+sr~~~~(Tahle H-2). 

.~’ Specific procedures are explained belox. 
.* Surface samAs- Surface scrape samples Kill !>e coiiected at 

., 
:‘;, -;~-- all boring sit.es. Prior to sampling, sulfnce Yegetarion, rocks, leaves 

y. th-iqs and other debris xi11 he cleared from the sample point ?o ,allw 
: .:. collect ion of a represe!!tat.ive soi 1 sample. Isin< a 10 cm li 1G cm 

/P templzce to mark the area to he sampled, the surfnce c-ili be scraped to 
a dept~h of I cm with a st.ainless steel trawl ov similar implement to 
yield approximately 100 < of soil. If ioil is I>resrnr. core s.-31npl~s vi 
more than 5 cm deep xi11 be t;:ken using a soil wring device. The 
sample xi1 I lie scr.apec! directly Into a pr~li~ned zla5s j,?r walei xitil 
a Teflon-1 ineti cap. The sampl~e_i~bel..xnd .z chain-of-;ustod~- form xii1 
be completed.. ::. “-id. .~-- ,+-...*,;..mLI ~:.. L.C. .~. _ - -...~. 

Sul:surfxe snmpl in<. Subsurface soil samples will he coi- 
lected using a truck-mounted drillin< ri: to drive a nominal 3-inch un- 
lined split spoon. Sxnples *-i 11 be taken to’-rriusn~l or’~~,a.~mzximmllm. 
drI1t.h of 5 ft unless otherwise specified by Crane officials. The split 
spools sampler obtains soil s.amplrs of a!lprosimar.ely !8 inches in length. 
Fotlol;in: State of Indiana Drpa~tment~ of’ Environmental Yanngement (IlE!I) 
$uidelines, the first drive sample of each boring site xi11 be split 
lengthl;ine and one half discarded. The remainder xi11 be divided into 
lifts of Gin, G-in and ti-in and samples of each lift packaged and 
nnnlvzrrt individually. j The. puqwse of t.his ,plocedurz iGt~fir&+fit~c;;;.~ 
i;os i 1 i r+~~f&a’+ lo++ <n‘+:h&l [;T$tmos t 

.i ) 
part * f t tlr ~0 i 1 pr;o’f..{~j &; In sub- 

Secluent drives only the bott.om 6 inches of the drive Kill be saved and 
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other manual sampling device. --. _--.~- 
The split spoonzrer k.i 11 1~~ advanced either t.hrouzh .I hollol;- 

stem auger or through the open howhole. In the lat.t.er cas;, the hole 
vi11 he reamed out to a diameter ilifficient to allox insertion of the 
sampler fer-.the-nest dri.le. without kwching the sides of the hole. Both ..~ ._---- 
methods xii’1 pr+venr crI)~s-collt.xm!I!.ltion of suhserluent dril-es. The 
borehole wi 11 be atix~ancrd by rotary drill ins. 

.At the surface, the sampler sill he opened and the sample es:~. 
tracted, peeled, ar,:! bottled in ;ke shortest. time possible. pee.1 ing ‘ii 
the process that removes the portion of sampie which is in direct con- 
tact with the s,?mpler. Irr sddit icn, the ends of the sampl.e.ufll be 
removed and discarded. Snrq les sr,r volatil+s anaIysis Kill he peeled, 
bottled, and ca!zprd xithin 15 seccn:Is from the time the sampier is 
opened. .A1 1 samples h’i 11 he ‘e\-t.r!:ded int.o xide-mout.hed glass .jnrs or -. 
other containers with minimal dis::irbance of the sample. Stainless .~~- 
steel tools xi 11 he nsrtt t,o place ‘the peeled samples into the con- 
r,ainers. The sampi” .jar or botri? ii11 t.hen be sealed, labeled, ar;d 
handled in the same manwr as the sllrfacr soil samples. Sample hand i 134 
equipment. Kill b” cieaned. b~,I;ashin~~xith I;ar.e;~and hy rinsinq with d;s- 
till4 uat.er.~_: ._.. ; .~ .-k~--. _,~. -~~ 

Folloxing coilect.ion. soil slmpies I;iii he placed in locked i:7r 
chests (coolers1 for storage at a t.emprrat.ure of -I°C. Preservatives 
riill not be required for the soil samples [see .Appendis 4, Table H-1;. 
The coolers containing the ssinples kith their accompanying chain-of- 
cuss,ody forms-ii,1 1 .b~ translir,rted :o the analyt.icsl iah [‘or nn,alysis. 
Transport, Kill be-~b~.c_ohme_.cial_~ro~ind carrier xi thin 2-l hours of sam- 
pling. A chain-of-custody progra..i h.111 he initiated in the field upon 
collection of the saxpie. .a seai Kill he placed on each cooler to en-. 
sure that the samp!es 1131-e not bee:1 distllrtwri during rr,xnsport. to the 
laboratory (Figure 4 I. 

Locations ot’ sampling sites xiii he wrked Kith i~ooden s.tnks a::,-i 
located on a map by t.aping from isndmarks, roads or similar i’?att:rrs. 
Surveying may be required to record 1ocations of sites remote from 
mapped landmarks. 

Blanks. Blanks, or fiel:i Gi sam~~les xi I I he collected or 
prepared for every sampling event a; directed in SEES.4 20.2-O-liB. Tri:, 
blanks are samples which originate from annlyte-free I;atrr taken from 
t-he laboratory ot the sampling site and returned to the laboratory r;ith 
the WN samples. Equipmrnt. rinsa:rs are the iinal analyte-free xater 
rinse from equipment cleaning collected daily during a sampling event. 
The rinsates are analyzed for t~he4 same parameters ns the rilarerl 
sa;nplea. Field blanks consist of the source Kat.er used in drcontnmina- 
tion and steam clennin<. 

(B) Rationale for sampling locations, analysis, and anaiytes. To 
be submit.ted at. a later date. 

19) Environmental conditions at the tine ~of sampt ing. Sot FL,,- 
plicable. 

(10) Chain-of-custody forms and procedures. .A chain-of-custody 

_I---- 

I- 
-b-L _ 

- 
. .-.’ 

.\ ,- 

-.-. ._ ._ 
_... 

-- ., 

‘. 
-1 -‘. 









=: bSti.\ Safety and Health St.andards 1’9 CFH i9liil 0CH.A 2’06 

4ir monitorin: eiforts vi11 concentrste on monitoring for orga3lc soi- 
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Figure 4. Example oE tamper-proof seal. 



Figure 6. Chain-01 -custody lorm 



BORING LOG 
FIELD DATA 

P~OieC~~ - Ua- _ iSitew TN Date; 
Location _ Job No.-2 

!i’~’ R’g +J+h-- Inspe:tx J. Operator C.;;rakP Surface El- Boring No. I 
I I 

PLE 
TYPE OF 
SAMPLER 

“yd 

tress. cant 

,, Shelby 
100 ST 

TO 

-a.L 

-9-L 

2L.B 

2n.n 

25.0 

-2Lz 

JoA2 
35.0 

/ ,;,iEs :::“:. 819 ,_ LO,T,O" 0, no" 1.11 YAY IIC "SLD *Jar sample given to NWSC for Sheet l of ' sheets ___, chemical analyeis 

CLASSIFICATION AND IWMRKS 



Table 1. RCR.4 Solid Waste Yana<ement. Knits identified for Phase I I 
Release .Assessment, Soi Is. 

Priori tt Solid k’aste !4(znaoement Unit $i t.e Number 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
a. 
9. 

10. 
11. 
12. 
13. 
1,4 . 
15. 
IE. 
li. 
18. 
19. 
20. 

Rockeye ?lunitions Facility lO/lj* 
Demolition .~rea 06/09 
Old Rifle Ranqe Oi/OY 
Pesticide Control ;\rea OY/Oj 
Old Burnin< Pit 0.5/03 
McComish Gorge 04/02 
Yustard Gas fiurial Grounds 01/12 
Old Storase B!dg 225 11/W 
Load & Fill .4rra, Blcq 106 Pond GE/ii 
Yine Fill .A 12/l-1 
Mine Fill B 1:1/14 
Road k Grounds .Area IS/O6 
Load & Fill .Area bldgs 18/13 
Pyrotechnic Tesr Area 15/cio 
C.A.AA QWYC Test .Area 20/00 
DR?iO Storage Lot 21/00 
Lead .Az ide ‘,2/w 
Battery Shop, 31dg 36 23/00 
Sludge Dryin< ticds ‘4iOO 
Sanitary Landfill and Lithium Batteries 14/00 

= Site Zumber= WES 61 HYTC So./I-\S So. 



Table 2 

Analytical Methods 

Detection* Method 
Parameter 

Ilelogeneted llydrocerbon Peeticides 
Polychlorlnoted Biphenyle 
Pheno,xy Acid tlarblcides 
Voletile Organic Compounde 
Acid frtrecteble Organic Compound8 
Base-Neutral Extractable Organic 

Compounde 
Ant imony 
Arecnlc 
BeriuUl 
Beryllium 
Cadmium 
Chromium. Total 
Wwr 
Lead 
Harcury 
Nickel 
Selenium 
Silver 
ThelliuIO 

Hethod Limit (ppm) Number 

Gee Chromatography - Electron Capture .00001 608 
Cae Chromatography - Electron Cnpture .ooot 608 
Gee Chromatography - Electron Cepturs .00005 509B 
Gee Cbrometography/Heee Spectrometry’ .005 624 
Cea Chromatography/Hsee Spectrometry .oos 625 

Gee Chromatogrephy/Heee Spectrometry 
Atomic Absorption - Furnece 
Atomic Absorption - Furnace 
Atomic Emiesion - DCP 
Atomic Emiaaion v DCP 
Atomic hbeorption - Furnace 

Atomic hbeorption - Furnace 
Atomic hbeorption - Furnace 
Atomic hbeorption - Furnece 
Atomic hbeorption - Cold Vapor 
Atomic hbeorption - Furnace 
Atomic hbeorption - Furnace 

Atomic Absorption - Furnace 
Atomic hbeorption - Furnace 

.oos 625 

.005 204.2 
.OOl 206.2 
.OlO D-4190 
.OOS D-4190 
.OOOl 213.2 
.OOl 218.2 
,001 220.2 
,001 239.2 
.OOO2 245.1 
.003 249.2 
.002 270.2 
.OOl 272.2 
.OOl 279.2 

Reference 

U.S. EPA 1984 

U.-i. EPA 1984 
APtu 1985 
U.S. EPA 1984 

U.S. EPA 1904 

U.S. EPA 1984 

U.S. EPA 1964 
U.S. ICPA 1979 

ASTU 1984 
ASn4 1984 
U.S. EPA 1979 
U.S. EPA 1979 
U.S. EPA 1979 

U.S. EPA 1979 

U.S. EPA 1979 
U.S. EPA 1979 

U.S. EPA 1979 

U.S. EPA 1979 
U.S. EPA 1979 

(Continued) 

* The detection limit 16 determined on clean wetcr eamplee end will very eignificantly depending on enmple 
oatrix. 

Refereocee: hmerican Public [leolth heaociarion. American Water Work8 heeociation. Water Pollution ControL 
Federation. 1985. Standerd Hethode for the Examination of Wstsr and Unstcwntsr. 16th 
edition. APHA. Woehington, D.C. 

United Statea Environmental Protection Agency. 1979. Method8 for Chemical hnrlyeir of Water 
and Uastee. EPA 600/4-79-020. U.S. EPA, Cincinnati, Ohio. 

United Staten Envlronmontel Protection Agency. 1984. Guideline8 establishing test proccduree 
for the anolysie of pollutants under the Clean Uocer Act, & Federel Register 49(209): 
43234-43442. 



Table 2. (Continued) 

Parameter Method 

ZltlC’ 

Chemical Oxygen Demand 
Atomic Absorption - DCP 
Colorimstric - Automat&d 

Oil sad Greasr 
Total Organic Carbon 

Spsctrophotometric - Infrared 
Wet oxidat‘ion - Infrared 

Detection* Method 
Number Limit (ppm) Reference 

.OOl D.4190 ASTU 1984 
5.0 410.4 U.S. EPA 1979 
5.0 413.2 U.S. EPA 1979 
1.0 50x APHA 1985 



Table 3 
ha ChroMtograph/Wasa Spectrometer Operating Coodirions - Voletiles 

)L 
INSTRLWENT - 

COLUKN 

LHJECXION PORT mERATl?'W 

INITIAL OWI TEWEFM'URE 

PAKP 

FINAL OVEi TMPERATURE 

SODRCE TEWDXI'URE 

TYPE OF IONIZATION 

ELECTRON ENERCI 

SCAN Tim'. 

SCAN RANGE 

CARRIER GAS 

PUXETLKR 

REWLETT PACKARD MODEL 5993C 

6' x 2 tili I.D. 1X SP-1000 ON 60/80 
WESH CARBOPACK B 

18O'C 

45.C (3 Winutes) 

8*C/tiIN 

.2?.O'C 

18O'C 

ELECTRON 1~AC-S. POSITIVE IOH 

70 VOLTS 

2 SECONDS 

35 Am co 260 Am 

EELIUH AT 30 HL/HIN 

12 HINUTES 

DESORPTIOl? TIHE 4 HIHWZS 

DESORPTION TMPERATLTRE 180-C 

TRAp SORBENTS TWAX. SILICA GEL, CHXRCOAL 

DATA SYSTM FOR QUAHTITATION R-El&FIT-PACKARD 



Table 4 

Caa Chromatograph/Haes Spcctromet.er Operating Conditions 

Eaec/Neueralr and Acid-Phenols 
‘. 

In8trumenc 

Column 

Injectlou port temperature 

Initial oven temperature 

Ramp 

Final oven temperature 

Source temperature 

Type of ionization 

Electron energy 

Scan time 

Scan range 

Iajectiori mode 

Split delay 

Carrier gas 

Eevlett-Packard 59858 

30 m x 0.32 mm 1.d. SE-54 fused silica 
capillary 0.25-m film thickness 

25O.C 

45.C (3 minutes) 

a*chin 

36O'C 

2OO'C 

Electron impact. positive Ion 

70 volts 

1.08 seconds 

35 amu to 450 arm 

Splitless 

0.6 minutes 

EeliWJl 



Table 5 

Gas Chromacographic Operating Condlciona 

LNSTRm ’ 

OVEN TRfP PROFILE 

Hevlect-Packard 5880A 
Gas Chromatograph 

Initial Value 80.C 

CAP.RIER GAS PRESSURE 

INJECTOR TEHPERATURE 

D~ECMR ~z+fmwrm~ 

COLUKN 

DETECTOR 

Initial Time 1.50 min 

Level 1 

PRQ4 Rate 30.00 *C/tin 

Final Value L6O’C 

Final Time 5.00 min 

L-cl,? 

PRGH Rate 3.00 Y/mfn 

Final Value 26O.C 

Final Time 100.00 min 

15 psi 

25O’C 

325’C 

30 x SPB608 

30 X DB5 

63 Ni electron capture 



APPENDIX 2 

High Performance Liquid Chromatography (HPLC) Method for Determining 

Concentrations of Explosives in Water (Source: Jenkins, T.F., Miyares, 

P.H., and Walsh, 14. E., 1980, "An improved RP-HPLC method for determining 

nitro&omatics and nitramines in water," Cold Regions Research and 

Engineering Laboratory, Special Report 88-23, September. 

, 



APPENDIXB: METHOD DOCUMENTATION IN USATHAMA (1987) FORMAT 

Reversed-Phase HPLC Method for the Determination of 
Nitroaromatics and Nitramines in Water 
~T---~~--- 

I. SummarY 

A. Analvtes: The following analytes can be determined using this 

i 

J / 

analytical method: Hi&, RDX. 135TNB. 13DNB. 246TiT, 24DNT. 26DNT, NB, 2NT, 

3NT, 4NT and TETRYL. ) 

B. Matrix: This method.is suitable for the determination of nitroaro- 
L- 

matics and nitramines in a water matrix. 
-- 

c. General Method: This method involves diluting the water sample 

1:l with methanol, mixing thoroughly, filtering and determining by reversed- 

phase HPLC on an LC-18 column, using an eluent of 1:l (V/V) water-methanol, 

and W detection at 254 nm. 

II. ADDlication 

A. Tested Concentration Range: This method was found to be linear 

over the following concentration ranges: HMX (lo-203 /&L) RDX (lo-201 

Irg/L). 135TNB (2-40 pg/L). 13DNB (2-40 pg/L). 246TNT (2-36 pg/L), 24DNT 

Q-40 pg/L). 26DNT (2-40.1 pg/L), NB (3-64 pg/L), 2NT (11-214 pg/L), 3NT 

(11-221 pg/L), 4NT (13-256 .ug/L), and TETRYL (9-184 /.q/L). 

B. Sensitivity: The response of the W detector at 254 nm for the 

various analytes is presented below. 



Analvte Sensitivitv* 

HMX 9.5x1o-5 

RDX 8.ox1o-5 

135TNB 7.2~10-~ 

13DNB 4.8x110 -5 

NB 4.4X1O-5 

24bTNT 4.3x1o-5 
2bDNT 3.4x105 
24DNT 3.9x1o-5 

2NT 3.5x1o‘5 

3NT 2.1x1o-5 

4NT 2.ox1o-5 

~ TETRYL 2.6x10 -4 

* Absorbance units at the 
Certified Reporting Limit. 

C. Reuorting Limits: Certified Reporting Limits (CRL) for the follow- 

ing analytes were determined over a 4-day period using the method of Hubaux 

and Vos as described in the USATHANA Installation Restoration Program 

Quality Assurance Program (1987). CRL values for the various analytes are 

given below. 

Certified Reporting 
Analyte Limit (uejL) - 

HMX 13 
RDX 14 
135TNB 7.3 
13DNB 4.0 
NB 6.4 
24bTNT 6.9 
2bDNT 9.4 
24DNT 5.7 
2NT 12 
3NT 7.9 
4NT 8.5 
TETRYL 44 

26 



D. Jnterferences: Either 24DNT or 26DNT can be determined using this 

protocol, however, their retention times differ by only 0.2 min. Thus a 

large amount of either would preclude the low level determination of the 

other. The method was also qualitatively tested for a number of potential 

interferences. Retention times for certified analytes and potential inter- 

ferences on LC-18 and LC-CN are presented in Table 1. Use of LC-CN for 

second column confirmation has proven satisfactory. 

Table 1. Retention times and capacity factors for primary analytes and 
potential interferences on LC-18 and LC-CN columns eluted with 
1:l V\V water-methanol at 1.5 mL/min. 

Retention Time (min) Cauacitv Factor (k)* 
Substance LC-18 LC-CN LC-18 LC-CN 

RDX 
135TNB 
13DNB 
246TNT 
24DNT 
TETRYL 
NG 
NB 
3NT 
4NT 
2NT 
ZADNT 
4ADNT 
SEX 
TAX 
245TNT 
24DANT 
26DANT 
26DNT 
Benzene 

2.44 8.35 0.49 2.52 
3.73 6.15 1.27 1.59 
5.11 4.05 2.12 0.71 
6.16 4.18 2.76 0.76 
8.42 5.00 4.13 1.11 

10.05 4.87 ~5.13 1.05 
6.93 7.36 3.23 2.11 
7.74 6.00 3.72 1.53 
7.23 3.81 3.41 0.61 

14.23 4.45 7.68 0.88 
13.26 4.41 7.09 0.86 
12.26 4.37 6.48 0.84 

9.12 5.65 4.56 1.38 
8.88 5.10 4.41 1.15 
2.40 5.07 0.46 1.14 
2.78 3.70 0.70 0.56 
8.44 5.89 4.15 1.49 
3.16 4.20 0.93 0.77 
2.39 3.70 0.46 0.56 
9.82 4.61 4.99 0.95 

11.22 3.48 5.84 0.47 
Toluene 23.0 3.93 13.02 0.66 

* Capacity factors are based on an unretained peak for nitrate 
at 1.71 main on LC-18 and 2.00 min on LC-CN. 



E. Analvsis Rate: Approximately 25 samples and working Standards can be 

prepared and analyzed in an 8-hour day provided that stock solutions are,al- 

ready prepared and that the instrumentation is equipped with an auto sampler. 

F. Ssfetv Information: The normal safety precautioni appropriate to use 

of flammable organic solvents should be employed. 

III. Aunaratus and Chemicals 

A. Glassware/hardware: 

1) Filters: 0.5-pm Millex-SR, disposable (l/sample). 

2) Pippettes: 50 mL (1). 10 mL (2), 5 mL (20). 4 mL (l), 2 mL (2). 

1 mL (8) volumetric, glass. 

3) Volumetric flask: 100 mL (14). 250 mL (6), 200 mL (6), 50 mL (2). 

4) Scintillation vials: 20 mL, glass (Z/sample). 

5) Auto sampler vials: glass (Septa Teflon faced) (l/sample). 

6) Disposable springs: Plastipak, 10 mL (l/s;?mple). 

B. Instrumentation: 

1) HPLC Perkin Elmer Series 3 or Spectra-Physics SP8810 pump (or 

equivalent), an injector equipped with a 100-PL injection loop and a - 

Spectra-Physics SP8490 w detector set at X - 254 nm (or equivalent fixed 

W-254 or variable set at 254 nm). Both RP-HPLC columns are eluted at 1.5 

mL/min with a 1:l V/v methanol-water eluenc. 

2) Strip chart recorder (Linear 500 or equivalent). 

3) Digital Integrator (HP3393A or equivalent). 

4) Autosampler (optional) (Dynatech Model LC-241 or equivalent). 

5) LC-18 (Supelco) RP-HPLC column 25-1x1 x 4.6-mm (5 pm). 

6) LC-CN (Supelco) RP-HPLC column 25-cm x 4.6-mm (5 pm). 



c. #h¶lvtes: 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

a) 

HMX (0ctahydr0~1,3,5,7-tetranitro-1.3,5,7-tetrazocine) 
BP: decomposes 
MP: 282'C 
Solubility in water at 22.5'C: 5.0 pg/L 
Octanol/water partition coefficient: 1.3 
CAS #2691-41-O. 

RDX (hexahydro-1,3,5-trinitro, 1,3,5-tetrazine) 
BP: decomposes 
MP: 203.5'C 
Solubility in vacer at 25-C: 60 pg/L 
Octanol/water partition coefficient: 7.5 
GAS #121-82-h. 

135TNB (1.3,5-trinitrobenzene) 
BP: decomposes 
MP: 122'C 
Octanol/warer partition coefficient: 15 
CAS #25377-32-6. 

13DNB (1,3-dinitrobenzene) 
BP: 302'C 
MP: 90°C 
Octanol/water partition coefficient: 31 
CAS #99-63-01. 

TETRYL .(methyl 2,h,6-rrinitrophenylnirramine) 
BP: 187°C 
MP: 131-C 
Octanol/water partition coefficient: 43 
CAS #479-45-8. 

246TNT (2,4,6-trinirrotoluene) 
BP: 280-C (explodes) 
HP: 8O.l'C 
Solubility in water: 130 mg/L 
Octanol/water partition coefficient: 68 
CAS #L18-96-7. 

24DNT (2,4-dinitrotoluene) 
BP: 300°C (decompose) 
MP: 7O'C 
Solubility in water: 300 mg/L 
Octanol/water partition coefficient: 95 
GAS #121-14-2. 

26DNT (2,6-dinitrotoluene) 
HP: 6b’C 
Octanol/water partition coefficient: 97 
CAS # 606-20-2. 



9) NB (nitrobenzene) 
BP: 211-C (Flashpoint 88'C) 
MP: 5.7"C 
Solubility in water: 2 g/L 
Octanol/water partition coefficient: 71 
CAS #98-95-3. 

LO) 2NT (ortho-nitrotoluene) 
BP: 225' 
MP: -4 to -3'C 
Octanol/water partition coefficient: 171 
CAS #88-72-2. 

11) 4NT (para-nitrotoluene) 
BP: 238' 
MP: 54ec 
Octonal/water partition coefficient: 202 
CAS #99-99-O. 

12) 3NT (meta-nitrotoluene) 
BP: 231" 
MP: LS'C- 
Octonal/water partition coefficient: 263 
CAS #99-08-l. 

D. Reaeents and SARMS: 

1) 
2) 
3) 
4) 
5) 
6) 
7) 

i; 
LO) 
11) 
12) 
13) 
14) 

HMX-SARM quality 
RDX-SARM quality 
TNB-SARN quality 
DNB-SARM quality 
TETRYL-SARM quality 
TNT-SARM quality 
24DNT-SARM quality 
26DNT-SARM quality 
NB-SARM quality 
ZNT-Reagent grade 
3NT-Reagent grade 
4NT-Reagent grade 
Methanol-HPLC grade 
Water-regents grade 

IV. Calibration 

A. Preuaration of Standards: Standards for each analyte were dried to 

constant weight in a vacuum desicator in the dark. About 0.1 gm (LOO mg) of 

each dried SARM was weighed out to the nearest 0.1 mg and transferred to 

individual LOO-mL volumetric flasks and diluted to volume with HPLC grade 
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acetonitrile. Stock standards are stored in a refrigerator at 4'C in the 

dark. Stock standards are usable for periods Up to a year after the date of 

preparation. 

If both 24DNT and 2bDNT are to be determined, two separate combined 

analyte stock standards must be prepared. For stock standard #l, 10.0 mL of 

the HMX and RDX stock standards and 5.0 mL of the 135TNB, 13DNB, NB, 24bTNT 

and 24DNT stock standards are combined in a SOO-mL volumetric flask and 

diluted to volume with methanol. This solution contains 20,000 pg/L of HMX 

and RDX and 10,000 pg/L of 135TNB. 13DNB, NB, 24bTNT and 24DNT. Stock solu- 

tion #2 is prepared by combining 10.0 mL of the TETRYL and 5.0 mL of the 

2bDNT, 2NT, 3NT and 4NT stock solutions in a.500-mL volumetric flask and 

diluting to volume with methanol. This solution contains 20,000 pg/L of 

TETRYL and 10.000 pg/L of 2bDNT, 2NT, 3NT and 4NT. 

A lO.O-mL aliquot of combined stock standard #l is pipetted into a lOO- 

mL volumetric flask and diluted to volume with methanol. giving a concentra- 

tion of approximately 2000 pg/L HMX and RDX. and approximately 1000 pg/L of 

the remaining analytes. This solution will be referred to as Solution A. 

In a similar fashion, a lO.O-mL aliquot of combined stock standard +2 is 

-diluted to 100 mL with methanol giving a concentration of 2000 pg/L of 

TETRYL and 1000 pg/L of 2bDNT, 2NT. 3NT and 4NT. This solution will be 

referred to as solution AA. 

From Solution A and AA, two identical series of working standard are 

prepared as described below. 



Calibration Standards 

Solution Cont. (un/L) 
Aliqriot of Size of 135TNB. 13DNB, NB 

STD Solu. A ImL) Vol. Flask (mL) HMX. RDX 246TNT. and 24DNT 

B 25.0 50 1000 500 
C 25.0 100 500 250 
D 10.0 100 200 100 
E 5.0 100 100 50 
F 5.0 200 50 25 
G 1.0 100 20 10 
H 10.0 of E 100 10 5 
I 5.00 of E 100 5 2.5 

Calibration Standards 

Solution cont. (lJe/LJ 
Aliquot of Size of 26DNT, 2NT, 

STD Solu. AA (mL) Vol. Flask (mL) TETRYL 3NT and &NT 

BB 25.0 50 1000 500 
cc 25.0 100 500 250 
DD 10.0 100 200 100 
EE 5.0 100 100 50 
FF 5.0 200, 50 25 
GG 1.0 100 20 10 
HH 10.0 of EE 100 10 5 
II 5.00 of EE 100 5 2.5 

B. Initial Calibration: All of the standards are diluted 5/5 (V/v) 

with water in scintillation vials and well shaken (by hand) before analyz- 

ing . Duplicate injections of edch standard over the concentration range of 

interest are made in a random &der. Peak areas or peak heights are 

obtained for each analyte. Retention times for the analytes under these 

conditions are presented in Table 1. 

C. Analysis of Calibration Data: The acceptability of a linear model 

with zero intercept is assessed using the protocol specified in the USATHAMA 

QA Program (2nd Edition, March 1987). Experience indicates that a linear 

model with a zero intercept is appropriate. Thus the slope of the best fit 
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i . . 
regression line is equivalent to a response factor that can be compared with 

values obtained from replicate analyses of a single standard each day. 

D. Dailv Calibration: Standards B and BB, described above, are used 

for daily calibrations after each are diluted 5/5 (V/V) with water. Stand- 

ards B and BB can be used for a periid of 28 days after preparation. Stand- 

ards are analyzed in triplicate at the beginning of each day, singly after 

the last sample of the day, and singly at the midway point of the analysis 

of each day. Response factors for each analyte are obtained over the cour.se 

of the day and compared with the response factors obtained for the initial 

calibration. 

The mean response factors for daily cal.ibration must agree within ? 25% 

of the response factors obtained for the initial calibration for the first 

seven calibrations. Subsequently, response factors mu.sc agree within two 

standard deviations of the initial calibration. If these criteria are not 

met. a new initial calibration must be obtained. 

V. Certification Testing 

Individual analyte certification stock solutions are prepared in an 

identical manner to that described for the calibration stock standards. As 

with calibration standards, two sets of certification solutions are required 

if 26DNT and 24DNT .X NB and TETRYL are to be included. Combined analyte 

stock certification standard solutions are also prepared in the manner 

described for the combined calibration stock standards. 

From the combined certification stock solutions, 25.0-mL aliquots are 

pipetted into individual SOO-mL volumetric flasks and diluted to volume with 

reagent grade water, giving solutions with concentrations of approximately 
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1000 pg/L of HMX. RDX and TETRYL and approximately 500 pg/L of the remaining 

analytes. 

A series of diluted certification solutions are prepared from these 

solutions by diluting with water as follows: 

Certification Solutions 

Certification Certification 
Solution 1 cue/L) Solution 2 (up/L) 

Aliquot of Size of Vol. HMX, 135TNB. 13DNB, NB 26DNT, 2NT, 
Level Solu. A (mL1 Flask (mL) RDX 246TNT. 24DNT TETRYL 4NT. 3NT 

50x 
~7OX 
10x 

1000 500 1000 500 
100.0 250 400 200 400 200 

50.0 250 200 100 200 100 
5x 25.0 250 100 50 100 50 
2x 10.0. 200 40 20 40 20 
lx 5.0 200 20 10 20 10 

0.5x 10.0 mL or 5x 100 10 5 10 5 

Certification test samples are processed as described below. 

VI. SamDle/Solution Storaee 

Combined stock standards should be refrigerated at 4-C, stored in the 

dark and be used within 30 days of preparation. Certification solutions and 

samples should be prepared the day of the analysis. 

VII. Procedure: 

A. Samnle Preuaration: Samples and certification solutions are pre- 

pared for analysis by combining a 5.00-mL aliquot with an equal volume of 

methanol in scintillation vials, shaking thoroughly and filtering through 

0.5-pm Millex-SR filters. The first 3 mL of solution is discarded, and the 

remainder is collected in a clean scintillation vial. These filtered solu- 

tions will be referred to as sample solutions. 
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B. Determinatioq: Determination of analyte concentration in the 

sample solutions is obtained by RP-HPLC-UV at 254 run. A lOO-PL injection 

loop is flushed with 500 PL of sample solution and injected onto an LC-18 

column sluted with 1.5 mL/min of 1:l V/V methanol-water. Retention times 

and capacity factors for the analytes of interest and a number of potential 

interferences are given in Table 1 for both LC-18, the primary column, and 

LC-CN, the confirmation column. Chromatograms obtained for the primary 

analytes are shown in Figure 1.. 

VIII. Calculation 

A. Resvonse factors: Since a linear qalibration curve with zero in- 

tercept is to be expected, calculations of results on a daily basis are ob- 

tained using response factors calculated for each analyte. The mean 

response (EC) for each analyte from repeated determinations of Standards B 

and BB fs.obtained in either peak area or peak height units. The response 

factor (RF) for each analyte is obtained by dividing the mean response by 

the known concentration (C) in units of pg/L 

RF-F . 

B. Analvtical Concentration: The concentrations @g/L) of each 

analyte (Ca) are obtained by dividing the response for each analyte (R,) by 

the appropriate response factor (RF,) 

R 
ca- a 

RFa ' (2) 



IX. Dailv Oualitv Control 

A. Control soikes: Spiked water samples are prepared as described for 

Class 1 method in the USATHAMA QA Program (2nd Edition, March 1987). This 

requires the use of a method blank, a single spike at two times the certi- 

fied reporting limit and duplicate spikes at ten times the certified report- 

ing limit for each analytical lot. Control spikes are prepared using the 

appropriate spiking solution in an identical manner as described in Section 

V. 

B. Control Charts: The control charts required are described for 

Class 1 methods in USATHAMA QA Program (2nd Edition, March 1987). This will 

require use of standard Shewhart g and R charts for the duplicate high 

spike and moving average x and R charts for the single low spike. Details 

on the charting procedures required are specified in USATHAMA QA Program 

(2nd Edition, March 1987). 



END 

Appendix 2 
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EXCERT FROM ALG SUBMITAL TO THE NAVY 
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IENVIRONMENTAL ENGINEERING DIVLSION~ - .' 
I 
I 

ANALYTICAL LABORATORY GROUP 

QUALITY ASSURANCE 

DUTIES 

Ann B. Strong, GM 13, -. Chemist supervises overall activities of the 
ALG, including final check of all data prior to submission to 
customer. 

Richard Karn, GS-12, Chemist has oversight for all organic analysis 
and is CC/MS expert. 

Don Brown, GS-11, Chemist schedules all inorganic analysis and is an 
experienced analyst using the autoanalyzer. the DCP, the ICAP~and 
the GFAA. 

Linda Stevenson, GS-6, Physical Science Technician is responsible for 
sample rind data management keeping track of all samples received, 
computer entry and tracking of all samples, fiscal reports, data 
reports. 

Newberry Brown, GS-11, Chemist is primary gas chromatograph operator. 

Clennard Warren, CS-11, Chemist is primary CFAA operator and also 
performs autoanalyzer analyses. 

Karen Myers, GS-11, Biologist is experienced in operation of DCP and 
CC and serves as QA officer. (on Long term leave September 1988- 
August 1989) 

Agnes Morrow, CS-09, Chemist is experienced in organic extinctions 
and is secondary CC operator, 

t 
also performs IR analyses. 

Jeffrctha Christian, GS-06, Physical Science Technician performs - 
mercury and TOC analyses under Don Brown's oversight. 

Willat- Tyler, IPA Chemist for 7 years, 
~lutoilnaly7x?r analyses ) 

performs digestions, 
rind othor wet chemistry nnnlyses. 
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cleaning procedures similar to those employed for laboratory 

glassware are used. Certificates of contamination checks are 

filed and lot numbers of bottles shipped to sample collectors are 

maintained in a log book. 

SAMPLE SHIPPING PROCEDURES 

The Analytical Laboratory Group (ALG) at WES is not normally 

involved with the actual field collection of samples. However, 

the AU; frequently provides sample bottles as described above. 

The field crew is requested to initiate chain-of-custody 

procedures for projects requiring chain-of custody using 

appropriate forms (WES form 2196). Field personnel are requested 

to label and identify samples to meet project specifications. 

They are given instructions as to the proper containers to use 

with the ‘intended analyses, the proper preservation technique, 

and volumes needed. 

For chain-of-custody samples, shipping containers are to be 

sealed, whether transported by field personnel or shipped by 

commercial carrier. Samples are to shipped with sufficent ice to 

maintain a 4O C temperature and with sufficient packing to prevent 

breakage. 

SAMPLE RECEIPT AND LOG-IN PROCEDURES 

Upon receipt at the laboratory, the sample management 

officer fills out a cooler receipt form (copy attached). 



COOLER RECEIPT FORM 

Cooler received on and opened on 

Signature 

by 

1. Were custody seals on outside of cooler?-------------YES NO 
.If yes, how many and where? 
Were signature and date correct?----------------YES NO 

2. Were custody papers taped to lid inside cooler-------YES NO 

3. Were custody papers properly filled out(ink, signed)-YES NO 

4. Did you sign custody papers in the appropriate place?YES NO 

5. What kind of packing material was used? 

6. Was sufficient ice used(if appropriate)?-------------YES NO 

7. Were all bottles sealed in separate plastic bags?----YES NO 

8. Did all bottles~ arrive in good condition(unbroken)?--YES NO 

9. Were all bottle labels complete(#,date, signed,anal., 
preserv. etc.)? YES NO 

10. Did bottle labels and tags agree with custody papers?YES NO 

11. Were.correct bottles used for tests indicated?------YES NO 

12. Were VOA vials checked for absence of bubbles?------YES NO 

13. Did each bottle contain Sufficient sample?----------YES NO 

14. Were acid/base presenred samples checked with 
pH paper?-------------Yes NO 

Explain any discrepancies-------> 
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Receipt of chain-of-custody samples is recorded in a 

permanent receipt book. The sample collector or project manager 

is notified of any discrepancies noted on the cooler receipt .~ 

form. 

If samples are delivered by WES personnel, they are required 

to fill out WES Form 2079 with the information indicated by 

asterisks and to sign a sample receipt, WES Form 2118. The ALG 

sample management officer then verifies that the number of 

samples and the sample identification are as stated on Form 2097. 

If samples are received by commercial carrier, Form 2097 is 

filled out by the sample management officer. The WES uses preprinted 

consecutively numbered duplicate gummed labels to identify samples. 

One label is placed on the sample bottle and the other label is placed 

on Form 2079 under the heading Lab I.D. No. next to the corresponding 

Project I. D.'NO. This information is also entered into a permanent 

log book, WES Form 2108 (copy attached). The estimated cost is 

calculated,~ entered onto the Sample Receipt Form 2118, and the 

original copy returned to the Project manager. 

All samples except volatiles are stored in the locked walk-in 

cooler which is maintained at 4O and equipped with an alarm system 

that goes off when the temperature deviates by more than + two 

degrees. A separate refrigerator is maintained for volatile analysis 

and and temperatures are recorded in a refrigerator log. Two ALG 

employees have keys to the cooler and a permanent log is maintained to 

check chain-of-custody samples in and out of the cooler for analysis. : 

The analyst is required to keep chain-of-custody samples behind locked 
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BRANC” 

SAMPLE NO. 

f 

I I I , 

WE5 -=4p;, 2118 
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COPY 2 
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4. 
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A. L. G. SAMPLE LOG 
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doors if he is away from the area where analyses are in progress. 

The sample management officer then enters the information 

into the AI& computer data management system. Job files (example 

attached) are created for use by the analysts in recording their data. 
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SAMPLE DISPOSAL PROCEDURES 

Samples are normally maintained by the ALG for a period of 6 

months. At that time they are returned to the project managers 

if feasible. If this is not practical, the ALG requests 

permission from the project manager to dispose of the samples or 

place them in a semi-permanent repository. Samples that have 

been determined to contain no hazardous materials are disposed of 

via the sewerage system or sent to a sanitary landfill. Samples 

classified as hazardous are submitted to the WES Safety Office 

for disposal. 

INSTRUMENT MAINTENANCE PROCEDURES 

All Perkin-Elmer instruments (atomic absorption units) at 

WES are maintained by service contract that provides for twice 

yearly preventive maintenance and emergency repair. Permanent 

records are maintained of service visits. 

The Plasma Emission Spectrometer (Spectrametrix) is 

maintained, by service contract that provides for twice yearly 

preventive maintenance and emergency service. Permanent records 

are maintained of service visits. 

All Hewlett-Packard Instruments (GC and GC/MS systems) are 

maintained by service contract that provides for twice yearly 

preventive maintenance and emergency repair. In addition, the 

GC/MS systems are tied via modem to the Analytical Response 

Center Support which can duplicate software problems at HPls 

service center. Records of all service calls are maintained in 



permanent files. 

All analytical balances are serviced annually by a certified 

balance technician. 

All other instrumentation is SeNiCed on an as needed basis 

and records are maintained of any repair calls. 

Daily or routine maintenance of instruments 'is performed by the 

individual analysts and recorded in the instrument logs (i.e. Richard 

Karn is responsible for the GC/MS systems, Newberry Brown maintains 

the GCs, Mike Warren maintains the AAs, Don Brown maintains the ICP, 

DCP, and autoanalyzers, Jeffretha Christian maintains the TOC analyzer. 

and the mercury analyzer.) 

CALIBRATION PROCEDURES 

Calibration of the GC/MS Systems. On% instrument tune is met, 

the GC/Mii system is calibrated before any samples or blanks- are 

analyzed. Initial calibration is accomplished through the analysis of 

a minimum of five concentrations of standards. Five concentrations 

are used to confirm the linearity of response of the compounds 

examined. System calibration is verified at the start of every 12 

hour analytical period. Relative r'esponse factors (RRF) are 

calculated for each compound based on the concentrations and areas of 

the characteristic ions for the compound to be measured and its 

assigned internal standard. Percent Relative standard (RSD) 

deviations are then calculated for each compound based on the mean of 

the initial relative response factors of the five standard 

concentrations. The percent RSD of the calibration check compounds 

listed in tables 1 and 2 are used to check calibration. The maximum 
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acceptable percent.RSD for these compounds is 30.0. 

Table 1 

Volatile Calibration Check Compounds 

Vinyl Chloride 

1,1-Dichloroethene 

~Chloroform 

1,2-Dichloropropane 

Toluene 

Ethylbenzene 

Table 2 

Semivolatile Calibration Check Compounds 

Acenaphthene 4-Chloro-3-Methylphenol 

1,4-Dichlorobenzene 2,4-Dichlorophenol 

Hexachlorobutadiene 2-Nitrophenol 

N-Nitroso-di-n-phenylamine Pentachlorophenol 

Di-n-octylphthalate 2,4,6-Trichlorophenol 

Fluoranthene Phenol 

Benzo(a)pyrene 

In addition, system performance check compounds (SPCC) are injected to 

ensure that minimum RRFs are achieved. The compounds used are listed 

in tables 3 and 4 along with their minimUm acceptable RRFs. 
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Table 3 

Volatile System Performance Check compounds 

ComDound Minimum Acceptable RRF 

Chloromethane 0.300 

1,1-Dichloroethane 0.30 

1,1,2,2-Tetrachloroethane 0.30 

Bromoform 0.25 

Chlorobenzene 0.30 

Table 4 

Semivolatile System Performance Check Compounds 

ComDound Minimum Acceptable RRF 

N-Nitroso-Di-n-propylamine 0.050 

Hexachlorocyclopentadiene 0.050 

2,4-Dinitrophenol 0.050 

4-Nitrophenol 0.050 

Once the percent RSD for the CCCs and the minimum RRF for the SPCCs 

are met, the calibration is valid and sample analysis can begin. 

Gas chromatograph calibration. A calibration Curve is determined 

for each of the compounds to be analyzed. Determination of the 

calibration curve involves preparing standards (usually three to five) 

from EPA standards. The samples are analyzed under normal conditions 

and the area under the peak is determined through integration. To 

determine the calibration factor, the area under the curve is divided 

by a standard amount (sample weight): 



Calibration factor = Area under the curve 
sample weight 

To determine the variation between the Calibration Factors, a Percent 

Relative Deviation is calculated. The percent RSD is calculated by 

dividing the standard deviation of the Calibration factor by the mean 

of the calibration factors: 

%RSD = Standard Deviation 
Mean 

If the variation is less than 10 percent, the calibration is 

considered linear for all the samples analyzed for that particular 

compound. 

Metals Analyses. Standard curves derived from data consisting of one 

reagent blank and three or four concentrations shall be prepared for 

each analyte. The response for each prepared standard shall be based 

upon the average of three replicate readings of each standard. the ,_ 

standard curve shall be used with each subsequent analysis provide< 

that the standard curve is verified by using at least one reagent 

blank and one standard at a level normally encountered or expected in 

such samples. If the results of the verification are not within +lO% - 

oFthe original curve, a reference standard should be employed to 

determine if the discrepancy is with the standard or the instrument. 

New standards should be prepared quarterly at a minimum. 

Balances. Balances are checked daily using weights traceable to class 
- 

S weights. Once each month the balances are checked with the'class S 

weights. Acceptance for balances which are direct reading to 0.01 

gram shall be +O.Ol g for 0 to 100 g and 50.1 percent of the applied 

weight over 100 g. A certified balance technician checks the balances 

annually. 

G-13 
__ 



DETECTION LIMITS. Procedures described in the CLP documents are used 

to determine ability to meet contract required detection limits (i.e. 

for metals, standards are run at 3 to 5 times instrument detection 

limits taking seven consecutive measurements on three non-consecutive 

days: the standard deviation is determined each day and three times 

the average standard deviation is used as the actual instrument 

detection limit.) For organic analyses, the method detection limits 

for the method are used, keeping in mind that the analyses are highly 

matrix dependent and higher detection limits are reported when 

interferences prohibit the reporting of the specified limits. 

REFERENCE STANDARDS 

The WES uses a number of sources for reference standards, 

including NIST (NBS) and EPA. Other Commercial sources are 

specified as being traceable to NIST if at all possible. 

Reference Standards-Metals 

NIST SPECTROMETRIC Solutions 

3104 Barium 

3105 Beryllium 

3107 Boron 

3108 Cadmium 

3112 Chromium 

3113 Cobalt 

3114 Copper 

3128 Lead 

3131 Magnesium 



4-8907 Supelpreme-HC Hazardous Substances Mix 1 

4-8851 Purgeables A 

4-8852 Purgeables B 

4-8853 Purgeables C 

A List of EPA Standards ordered from the repository at Research Triang: 

Park is attached. 

Chlorinated Biphenyl Standards were purchased from the National 

Research Council of Canada for congener analysis. 

STANDARD REFERENCE MATERIALS AND CHECK SAMPLES FOR QUALITY 

CONTROL 

The following SRMS from NIST are in the laboratory: 

1642b Mercury in water 

164313 Trace elements in water 

1645 Trace elements in river sediment 

1646 Trace elements in estuarine sediment 

1566 Oyster tissue 

1567 Bovine Liver 

1573 Tomato leaves 

Quality Control samples from Environmental Resource Associates 

are received on a quarterly basis for waste water, potable 

water, priority pollutants, and pesticides. 

Additional quality control samples from EPA and NRC of Canada are 

ordered as needed to supplement samples listed above. 

._ 

-. 

DATA EVALUATION 

All data is checked by the analyst, the inorganic team 

leader or the organic team leader, and the Chief, ALG before it 



is submitted to the customer. The following items are checked: 

1. Completeness 

2. Duplicate values for precision 

3. Recovery of Spikes for accuracy 

4. Method blanks for contamination 

5. Surrogate recoveries for organic analysis 

6. Data for QA check samples (EPA, ERA or NBS SRMs) 

7. Reasonableness and trends 

If data falls outside acceptable limits as described in the 

procedures, samples are rerun if sample is available. If data 

falls outside acceptable limits on the reruns and QA check~sample 

data is good, then data may be reported with qualifying 

explanations. Acceptable data is usually defined by the 

procedures (i.e. SW-846, CLP, 600 methods, 500 methods). 

CONTROL CHARTS 

All inorganic parameters routinely analyzed are charted. A 

minimum of 20 points is required for limit calculations. Precision 

control charts are prepared from the duplicate analysis data and 

accuracy charts are prepared from matrix spikes. Future charts will 

also be prepared utilizing blank spike data. Charts are also prepared 

using SRMs and external QA samples. Control charts for organics are 

limited to the CLP spiked compounds and surrogates. PCB-1248 is the 

spiking compound for PCB analysis. 

CORRECTIVE ACTIONS 

During the performance of work.under any laboratory task, out of 

control conditions may occur which call for corrective action. 

I;,'18 



Typically QC parameters given in the various methods are employed to 

determine the need for action. The type of action required shall br 

documented, although documentation may only require appropriate 

instrument and/or laboratory logbook entries, as opposed to a formal 

corrective action memo. 

Corrective actions may also include procedural matters related to 

internal custody of samples, sample log-in, sample data processing and 

so forth. These are usually provided via inhouse memo from the Chief, 

ALG. 

As necessary modifications to inhouse procedures, equipment, 

standards, policy and so forth may be needed to rectify recurring 

or otherwise significant laboratory problems. These are usually 

resolved via group meetings where a course of action is decided 

upon and a time for correction is defined. 

When significant changes are made the QA manual will be 

updated to reflect the changes. 

Use of a form to document corrections will be implemented 

October 1989. 

GC/MS TUNING 

GC/MS tuning is performed using Hewlett-Packard recommended 

procedures for the quadrapole systems and is included in the 

instrument manuals (copy attached). 

DATA REDUCTION. 

Data reduction is shown in the following flow chart. It is the 

responsibility of the analyst to conduct initial data reduction. The 

readings from the instruments or analytical system are calculated into 



DFTPP TUNING 

REFERENCES: 
E-16 
D-96 ' regulations detailed 
E-11 spectrum 
D-102 2.6.1.2 - Demonstrates consistant spectra from MS 

to Ns. Spells out requirements for qualitative 
verification that must be met. 

NbTES : 
A) DFTPP must be verified once per shift or every 12 hrs. 

B) Note that all MS give different looking DFTPP spectra, 
which implies a wide range of PFTEA spectra. 

69 - 100 --I 

219 - 55 502 - 1.2 -- I-- 

69 - 100 --I 
219 - 20 I-- 
502 = 0.2 --I 

C) There are many different 

fairly normal 

perfectly ok, often 
seen on benchtops 

ways to.tune DFTPP. The 
methods given below (some specific, some general) 
are ways that many users have found successful. 
In addition, there are many umarkersn that different 
users look for during the tune'that seem to indicate 
that the tune will be successful. Some of the more 
popular of these goals are: 

1) Tune until 219 and 131 are approximately 
equal and range between 20 and 609 of 
69. 

2) After tuning, check spectnnn scan and 
888 ii m/e 50 and m/e 502 are equal. 
The closer to equal, the better the 
chance that the tune will be successful. 

Look for guidelines such aa these on your HS to 
help guide you during tuning. 

D) DO NOT TD'N-Et D'NLESS IT IS NECESSARY! 
only 5 - 

It will cost you 
10 min to attempt to verify your last tune. 

Experience has shown that the more often you tune, the 
more often you have to recalibrate your ID file. This 
is because you are adjusting your maes response ratios 
when you tune. 



PROCEDURE A: 5987/59aa 

MANUAL TUNE - PFTBA OPEN 
REPEAT PROFILE - set plunger to max 219 
Set GC te!np to 225-275 (ie. elution temp of DFTPP) 
so CC flow - flow at DFTPP elution. 

3) 

Ii; 
6) 

7) 

Run ADTOTUNE - eat source to 250 
HANUAL TONE (source @ 250, GC - 250) 
set A/D -1 (0.5 eec/scan or Faster) 
run REPEAT PROFILE about 1 min to ware up and 
stabilize the source and EM. 
PARAUETER RAl4P (make sure plunger is adjusted) 
Begin to max 219, starting with REP 

A) REP 
B) IF 

El 
Do 
ENT LENS 

a) 

9) 
10) 
11) 

12) 

NOTES : 

leave the X-RAY alone at this point. 
in REPEAT PROFILE use the X-RAY to set 69:219:502 
ratio. 502/219 should be ~3% and ~5%. (do not be 
confused Andy set 502/69 ratio). 
use W to achieve final ratios, if needed. 
do~PEAE WIDTH and MASS AXIS CALIBRATION 
check spectrum to make sure calibrations did not 
shift peak ratios. 
store tune as MTDFTP 

A) If 502 has a precursor, you will probably lose m/e 441 
in DFTPP spectra. This is more of a problem on bench- 
tops than big systems. Cleaning the ENT LENS will 
often eliminate this precursor. 
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PROCEDURE 8: 5995 

Set &en to 250 with XFR,oVN1,250 (ie. elution temp of 
DFTPP, so GC flow = flow at DFTPP elution) 
Set Source to 250 With XFR,SORS,250 
Run AUTOTUNE 
MANUAL TUNE - PFTBA OPEN 
Note: If you have previously created a manual tune 
file, use NEW TUNE FILF to load it. 

1) Edit temp zonee 
source 250 
Analyser 180 
Transfer 280 

2) Edit ecan parameters to set A/D -1 (0.5 set/scan 
or faeter) 

3) run REPEAT PROFILE about 1 min to warm up and 
stabalize source and EM. 

4) PARAMETER RAMP - begin to max 219 
A) REP leave alone 
B) IF most useful lens 
(-2 ENT LENS can be useful 

leave the X-RAY alone at this point. 
NOTE: on benchtops, if we set IF = 100,'this is 
often all that is necessary. As a first attempt 
just adjust the IF and leave other lenses alone. 

5) in REPEAT PROFILE, use X-RAY to set 69:219:502 
ratio. 502/219 ratio should be >3% and ~5% 
(do not be confused and set 502/69 ratio). 
Adjust ratio using X-RAY, being careful not to 
adjust too far and deteriorate peak shape. 

;; 
do PEAK WIDTH and MASS AXIS CALIBRATION 
SPECTRUM SCAN - check spectrum to make sure 
calibrations did not shift peak ratios. Remember, 
502/219 should be >32 and ~5%. Also, look at 
131/219 ratio. 
equal. 

They should be approximately 

8) Store tune as MTDFTP 

NOTES: 
A) If 502 has a precursor, you will probably lose m/e 441 

in DFTPP spectra. This is more of a problem on bench- 
tops than big systems. Cleaning the ENT LENS will 
often eliminate this precursor. 



DATA REDUCTION 
ANALYSIS FLOW CHART 

LABORATOPY DATA MANAGEMENT SYSTEM 
(Bench Sheets) 

1 

ANALYSIS OF SAMPLES 

J 

ANALYST’S NOTEBOOK 

RAW DATA TO BENCH SHEETS 

1 

TEAM LEADER 

LABORATORY DATA MANAGEXENT SYSTEM+- QC CHECK 

I 

CHIEF, ANALYTICAL LABORATORY GROUP 

I 
LABORATORY DATA MANAGEMENT SYSTEM 

L 
FINAL REPORT 

(Initialed by C/ALG) 



appropriate concentration units for the results. Rounding occurs only 

after calculations are complete. The calculations are normally 

performed on the raw data sheets. The results are then transcribed on 

to the computer generated data files. 

The next step in data reduction is data review by the team 

leader. Data is checked for validity and completeness. Questionable 

data is brought to the attention of the analyst and corrective action 

is taken if necessary. 

Data is then forwarded to the sample management officer for entry 

into the Laboratory Data Management system.. Data entry is checked by 

the team leader, corrections are made, and the report is then sent to 

the quality assurance officer and the Chief, Analytical Lab Group for 

review. Any corrections are made and final report is generated that 

has been initialed by the Chief, ALG. All raw data is filed. 

DATA OUTLIERS 

Sample data that falls outside acceptable limits are reanalyzed 

if possible. If sample is not available to rerun the sample, data are 

reported with qualifying statements and with external QA data to 

support the results, assuring that the analytical system was in 

control. Method blanks are analyzed with each set of samples and 

reported with the sample data. Organic method blanks are spiked with 

surrogates. 

AGENCY APPROVALS 

As the primary research and development facility for Corps 

environmental research, the ALG has not solicited formal approval from 

other agencies or states, although the ALG has conducted numerous 

research projects for the Environmental Protection Agency, the Navy, 



the Coast Guard, the Air Force, and other.Army branches. The ALG is a 

validated Quality Assurance Laboratory for the Corps Superfund an. 

DERP projects. 

INTERNAL AUDITS 

Several methods of internal audits are used including worksheet 

review, on-site analyst review, intra- and interlaboratory sample 

examination. Presently the ALG participates in the Corps of Engineers 

Interlaboratory Testing Program and subscribes quarterly to the 

Environmental Research Associates Quality Control Sample program 

(beginning October 1989, subscription will be bimonthly). In addition 

the QA officer submits EPA, NRC or NIST quality assurance samples to 

the laboratory for interlial review of the measurement process. System 

audits are conducted semi-annually to evaluate sample handling, sample 

analysis,record control, proficiency testing, personal practices, _ 

training, workload, and manpower needs. 

DOCUMENT FLOW 

The sample management officer is also the in charge of document 

control. She maintains the master logbook, the computer logbook, the 

computer-generated bench sheets, the completed computer generated 

bench sheets and the final computer generated reports. Each analyst 

maintains the raw data files from his/her instruments. The document .- 

flow is outlined in the Data Reduction Analysis Flow Chart. Final 

Data reports are approved by the team leader, the quality assurance 

officer and the Chief, ALG. 

QA REPORTS 
-. 

QA reports are tailored to customer request. QA reports for 



DERP projects where WES ALG serves as the QA lab utilize the 

following outline. 

A. Cover letter 

B. Report Narrative 

1. Summary 

2. QC data discussion 

3. QA/QC data comparison 

4. Other Problems 

5. Corrective Actions 

C. Data comparison tables 

G -22 



Table 2 Analytical Procedures for Metals 

Parameter 
Ref 1 Ref 2 Routine Meth 

Media EPA-1979 SW-846 Other Det . limits 

1. Digest for Water 
tot ret met 

3005 

2. Digest for Water 
tot metals 

3010 

3. Digest for Water 
Metals-GFAA 

3020 

4. 3050 

5. 

Digest for Sed., Soil 
Metals & Sludge 

Simultaneous 
anal by DCP 

Ref 7, 
D4190-82 

5a. Simultaneous 
anal by ICP 

200.7 6010 

6. Aluminum, DCP 
ICP 200.7 6010 

Ibid 30ug/l 
100ug/l 

..- 
7. Antimony, DCP 

ICP 
Ibid. 

8. 

9. 

10. 

11. 

12. 

13. 

Antimony, GFAA 

Arsenic,GFAA 

Arsenic,hydride 

Barium,AA 

Barium,GFAA 

200.7 

204.2 

206.2 

206.3 

208.1 

208.2 

6010 

7041 

7060 

7061 

7080 

Barium, DCP 
ICP 200.7 6010 

14. Beryllium, DCP 
ICP 200.7 6010 

5ug/l -~ 

5ug/l 

-3/l 

100ug/l 

-3/l 

Ref 7, 10ug/l '. 
D4190-82 5uWl 

Ibid -=3/L 
-w/L 

15. Boron, DCP 
ICP 200.7 6010 

Ibid 10ug/l -- 

16. Cadmium, DCP 
ICP 200.7 6010 

Ibid 20ug/L : _, 
20ug/l 

17. Cadmium, GFAA 213.2 7131 O.lug/l 
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18. Calcium, DCP 
ICP 

19 Calcium, AA 

20. Chromium, DCP 
ICP 

21. Chromium, GFAA 

22. Chromium VI 

23. Cobalt, DCP 
ICP 

24. Cobalt, GFAA 

25. Copper, DCP ' 
ICP 

26. Copper, GFAA 

27. Iron, DCP 
ICP 

28. Iron,AA 

29. Iron,GFAA 

30. Lead, DCP 
ICP 

31. Lead, GFAA 

32. Magnesium, DCP 
ICP 

33. Magnesium, ?+A 

34. Manganese, DCP 
ICP 

35. Manganese, AA 

36. Manganese, GFAA 

200.7 6010 

215.1 7140 

200.7 6010 

218.2 7191 

218.4 7197 

200.7 6010 

219.2 7201 

200.7 

220.2 

6010 

200.7 6010 

236.1 7380 

236.2 7381 

200.7 6010 

239.2 7421 

200.7 6010 

242.1 7450 

200.7 

243.1 

243.2 

6010 

7460 

37. Mercury, Cold Water 245.1 
Vapor Sed. 245.5 

38. Molydenum, DCP 
ICP 200.7 

39. Molydenum, GFAA 246.2 

D-5 

7470 
7471 

6010 

7481 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

100ug/l 
200ug/l 

20ug/l 
20ug/l 

lug/l 

10ug/l 

30ug/l 
50ug/l 

lug/ 1 

30ug/l 
20ug/l 

lug/l 

30ug/l 
30ug/l 

30ug/l 

lug/l 

200ug/l 
100ug/l 

lug/l 

30ug/l 
30ug/l 

3oug/1 
10ug/l 

lug/l 

0.2ug/l 
0 * 2w/g 

50ug/l : 
30ug/l 

lug/ 1 



40. Nickel, DCP 
ICP 

41. Nickel,GFAA 

42. Potassium, DCP 
ICP 

43., Potassium, AA 

44. Selenium, GFAA 

45. Selenium,Hydride 

46. Silver, DCP 
ICP 

47. Silver, GFA?+ 

48. Sodium, DCP 
ICP 

49. Sodium, AA 

50. Thallium, DCP 
ICP 

51. Thallium, GFAA 

52. Tin, DCP 

53. Tin, GFAA 

54. Titanium, GFAA 

55. Vanadium, DCP 
ICP 

56. Vanadium,GFAA 

57. Zinc, DCP 
ICP 

58. Zinc, GFAA 

59. Silicon, DCP 

200.7 6010 

249.2 

200.7 

258.1 

270.2 

270.3 

200.7 

272.1 

200.7 6010 

273.1 7770 

200.7 6010 

279.2 7841 

282.2 

283.2 

200.7 

286.2 

200.7 6010 

289.2 

6010 

7610 

7740 

7741 

6010 

7761 

6010 

7911 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

30ug/l '~ 
20ug/l 

lug/l 

100ug/1 

10ug/l 

5w/l 

5ug/l 

30ug/l 
20ug/l 

lug/l 

100ug/1 
100ug/1 

5ug/l 

30ug/l 
30ug/l 

lug/l 

50ug/l 

5wvl 

10ug/l 

20ug/l 
20ug/l -' 

5uWl 

30ug/l 
10ug/l 

-3/l 

100ug/1 
-_ 



Table 3. organic Procedures 

Parameter 
Reference 

Media Ref 4 Ref 2 Ref 6 
Fed Reg 1984 SW-846 Std M&h 

1. Soxhlet Ex- Soil L 
traction Sed. 

2. Sep funnel Water 
Liq-Liq extr Soluble 

3. Purge & trap 
Prep-GC 

4. Sonication Soil, Tissue 
Extraction L Sed. 

5. Florisil Pest, PCB, 
Cleanup & ClHC 

6. Silica Gel PAH 
Cleanup 

7. Sulfur 
Cleanup 

Sed. 

8. Volatile Water 624 
Organics Water L 

Solid Ext. 

9. Semivol. Water 625 
Organics(BNA) Water L 

Solid Ext. 

10. Cl-Pest & PCBs Water 608 

3540 

3510 

5030 

3550 

3620 

3630 

3660 

8260 

8270 

11. Polynuclear 
Aromatic HC 

Water 610 
Water & 9100 
Solid Ext 

12. Organophos Water L 
Pesticides Solid ext. 

8140 509A 

13. Chlorinated 
Herbicides 

Water L 
Solid Ext. 

8150 509B 

Other Methods as Requested Such as Hydrazine, Nitrosoamines, L TNT 

Detection limits 
the methods. 

: for organic analysis are typically those given for 
They are, however, subject to matrix interferences and 

may be higher depending on the nature of the interference. 

Water L 
Solid Ext. 

8080 



. - 

TABLE 2. 
PRACTICAL QUATITATION LIMITS (PQL) FOR VOLATILE ORGANICSa 

Practical 
Quantitation 

Limitsb 

Volatiles 

Acetone 

Ground water 

f&l/L 

100 
Acetonitrile 
Ally1 chloride 
Benzene 
Benzyl chloride 
Bromodichloromethane 
Bromoform 
Bromomethane 
2-Butanone 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chlorodibromomethane 
Chloroethane 
L-Chloroethyl vinyl ether 
Chloroform 
Chloromethane 
Chloroprene 
1.2~Dibromo-3-chloropropane 
1.2~Dibromoethane 
Dibromomethane 
1,4-Dichloro-2-butene 
Dichlorodifluoromethane 
I,l-Dichloroethane , 
1,2~-Dichloroethane 
I,1 Dichloroethene 
trans-1,2-Dichloroethene 
I,2-Dichloropropane 
cis-1,3-Dichloropropene 
trans-1,3-Dichloropropene 
Ethylbenzene 
Ethyl methacrylate 
2-Hexanone 
Isobutyl alcohol 
Methacrylonitrile 
Methylene chloride 
Methyl iodide 
Methyl methacrylate - 
4-Methyl-2-pentanone 
Pentachloroethane 

Low Soil/Sediment 

Wkg 

100 

: 
100 

: 

1:: 
100 

: 
5 

:i 

1: 

10: 
5 

5 
1:: 
100 

: 
5 

:: 

1: 
,.. 

10: 
5 

.D-18 
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TABLE 2. 
(Continued) 

Practical 
Quantitation 

Limitsb 

Volatiles 

Ground water Low Soil/Sediment 

WL ug/kg 

Propionitrile 100 100 
Styrene 5 
1,1.1,2-Tetrachloroethane ; ._ 2 
1,1,2,2-Tetrachloroethane 5 
Tetrachloroethene 
Toluene : 2 
l,l,l-Trichloroethane : 5 
1,1,2-Trichloroethane 
Trichloroethene 5 : 
1,2,3-Trichloropropane 
Vinyl acetate 5: 5: 
Vinyl chloride 10 10 
Xylene (Total) 5 5 

aSample PQLs~are highly matrix-dependent. The PQLs listed herein are provided 
for guidance and may not always be achieveable. See the following information 
for further guidance on matrix-dependent PQLs. 

bPgLs listed for soil/sediment are based on wet weight. Normally data is 
reported on a dry-weight basis; therefore, PQLs will be higher, based on the 
percent moisture in each sample. 

,.~ 

( 

Other Matrices: Factor1 

Water miscible liquid waste 50 
High-level soil & sludges 125 
Non-water miscible waste 500 

1PQL = [PQL for ground water (Table 2)] X [Factor]. For non-aqueous 
samples, the factor is on a wet-weight basis. 

8240 - 32 Revision 1 
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TABLE 2. 
PRACTICAL QUANTITATION LIMITS (PQL) FOR SEMIVOLATILE ORGANICSA 

Semivolatiles 

Practical Ouantitation Limitsb 
Ground Water Low Soil/SedimentI 

w/L y/kg 

Acenapthene 
Acenaphthylene 
Acetophenone 
2-Acetylaminofluorene 
1-Acetyl-2-thiourea 
2-Aminoanthraquinone 
Aminoazobenzene 
4-Aminobiphenyl 
Anilazine 
o-Anisidine 
Anthracene 
Aramite 
Azinphos-methyl 
Barban 
Benz(a)anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzoic acid 
Benzo(g,h,i).perylene 
Benzo(a)pyrene 
p-Benzoquinone 
Benzyl alcohol 
Bis(Z-chloroethoxy) methane 
Bis(Z-chloroethyl) ether 
Bis(2-chloroisopropyl) ether 
4-bromophenyl phenyl ether ,~ 
Bromoxynil 
Butyl benzyl phthalate 
Captafol 
Captan 
Carbaryl 
Carbofuran 
Carbophenothion 
Chlorfenvinphos 
4-Chloroaniline 
Chlorobenzilate 
5-Chloro-2-methylaniline 
4-Chloro-3-methylphenol 
3-(Chloromethyl) pyridine hydro- ._ 

660 
660 
ND 

E 

li 
ND 

E 
660 

1: 
ND 
660 
660 
660 

3300 
660 
660 

lE0, 
660 
660 
660 
6601 
ND 1 
660; 
NO 
ND i 

iii 
ND 

EO 
ND 

lE0 _- 

cnloriae 
2-Chloroanaphthalene 
2-Chlorophenol 
4-Chlorophenyl phenyl ether 

ND 
660 
660 
660 

Revision 1 
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TABLE 2. 
(Continued) 

Semivolatiles 

practical Ouantitation Limitsb 
Ground Water Low Soil/Sediment1 

47/L Wkg 

Chrysene 
Coumaphos 
p-Cresidine 
Crotoxyphos 
2-Cyclohexyl-4,&dinitrophenol 
Demeton-0 
Demeton-s 
Diallate (cis or trans) 
Diallate (trans or cis) 
2,4Diaminotoluene 
Dibenz(a.j)acridine 
Dibenz(a,h)anthracene 
Dibenzofuran 
Dibenzo(a,e)pyrene 
Di-n-butylphthalate 
Dichlone 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
3,3'-Dichlorobenzidine 
2,4-Dichlorophenol 
2.6Dichlorophenol 
Dichlorovos __ 
Dicrotophos - 
Diethylphthalate 
Diethylstilbesterol 
Diethyl sulfate 
Dimethoate 
3,3'-Dimethoxybenzidine 
Dimethylaminoazobenzene 
7,12-Dimethylbenz(a)anthracene 
3,3'-Dimethylbenzidine 
a,a-Dimethylphenethylamine 
2,4-Dimethylphenol 
Dimethyl phthalate 
I,2-Dinitrobenzene 
1,3-Dinitrobenzene 
1,4-Dinitrobenzene 
4,6-Dinitro-2-methylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,6Dinitrotoluene 
Dinocap 

660 

1: 

1: 
ND 
ND 

/"D 

El 
660 
660 
ND 

10" 
660 
660 
660 

1300 
660 : 

I 

EO 

ii00 

2 

2 
ND 

ii0 
660 

N": 

3::o 
3300 

660 
660 
ND 
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TABLE 2. 
(Continued) 

Semivolatiles 

Practical Ouantitatlon L:mitso 
Ground Water Low Soil/Sediment1 

WL Wkg 

Dinoseb 
5,5Diphenylhydantoin 
Oi-n-octyl phthalate 
Disulfoton 
EPN 
Ethion 
Ethyl carbamate 
Bis(2-ethylhexyl)phthalate 
Ethyl methanesulfonate 
Famphur 
Fensulfothion 
Fenthion 
Fluchloralin 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 

* Hexachlorophene 
Hexachloropropene 
Hexamethyl phosphoramide 
Hydroquinone 
Indeno(l,2,3-cd)pyrene 
Isodrin 
Isophorone- 
Isosafrole 
Kepone 
Leptophos 
Malathion 
Maleic anhydride 
Mestranol 
Methapyrilene 
Methoxychlor 
3-Methylcholanthrene 
4,4'-Methylenebis(2-chloroaniline) 
Methylmethanesulfonate 
2-Methylnaphthalene 
Methyl parathion 
2-Methylphenol 
3-Methylphenol 
4-Methylphenol 
Mevinphos 

8270 - 31 Revision 1 
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TABLE 2. 
(Continued) 

Semivolatiles 

P t I Ouantitation Llmltsb rat ica 
Ground Water Low Soil/Sediment1 

WL Wkg 

Mexacarbate 
Mirex 
Monocrotophos 
Naled 
Naphthalene 
1,4-Naphthoquinone 
1-Naphthylamine 
2-Naphthylamine 
Nicotine 
5-Nitroacenaphthene 
2-Nitroaniline 
3-Nitroaniline 
4-Nitroaniline 
5-Nitro-o-anisidine 
Nitrobenzene 
4-Nitrobiphenyl 
Nitrofen 
2-Nitrophenol 
4-Nitrophenol 
5-Nitro-o-toluidine 

.4-Nitroquinoline-l-oxide 
N-Nitrosodibutylamine 
N-Nitrosodiethylamine 
N-Nitrosodiphenylamine 
N-Nitroso-di-n-propylamine 
N-Nitrosopiperidine 
N-Nitrosopyrrolidine 
Octamethyl pyrophosphoramide 
4,4'-Oxydianiline 
Parathion 
Pentachlorobenzene 
Pentachloronitrobenzene 
Pentachlorophenol 
Phenacetin 
Phenanthrene 
Phenobarbital 
Phenol 
1,4-Phenylenediamine 
Phorate 
Phosalone 
Phosmet 
Phosphamidon 
Phthalic anhydride 
2-Picoline 
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TABLE 2. 
(Continued) 

Semivolatiles 

kictical Ouantitation Limltsb 
Grnund Water LOW Soil/Sediment1 

Q/L Wkg 

c 

Piperonyl sulfoxide 
Pronamide 
Propylthiouracil 
Pyrene 
Pyridine 
Resorcinol 
Safrole 
Strychnine 
Sulfallate 
Terbufos 
1,2,4,5-Tetrachlorobenzene 
2,3,4,6-Tetrachlorophenol 
Tetrachlorvinphos 
Tetraethyl pyrophosphate 
Thionazine 
Thiophenol (Benzenethiol) 
Toluene diisocyanate 
o-Toluidine 
1,2,4-Trichlorobenzene 
2,4,5Trichlorophenol 
2,4,6-Trichlorophenol 
Trifluralin 
2,4,5Trimethylaniline 
Trimethyl phosphate 
1,3,5-Trinitrobenzene 
Tris(2,3-dibromopropyl) phosphate 
Tri-p-toTyl phosphate(h) 
O,O,O-Triethylphosphorothioate 

a PQLs listed for soil/sediment are based on wet 
reported on a dry weight basis, therefore, 

ht N II d 
PALS wi;T'gbe high",',"abas%d cat:: 

% moisture in each sample. This is based on a 30-g sample and gel permeation 
chromatography cleanup. 

b Sample PQLs are highly matrix-dependent. The PQLs listed herein are provided 
for guidance and may not always be achievable. 

ND = Not determined. 
NA = Not applicable. 
NT = Not tested. 

Other Matrices Factor] 

Medium-level soil and sludges by sonicator 
Non-water miscible waste 

7.5 
75 

TPQL = (P9L for Low Soil/Sediment (Table 2)] X [Factor]. 
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FHST LISi REPORT FOR A OAlE RANGE 
SlTE : 06 OEti AREA/OLD RIFLE RANGE 
DATE RANG: FROii: 11/16/81 TO: 06,‘15,‘86 

---_----_-- 

06-13 
06-13 
06-l: 
ua- 1: 
ilt-14 

oo- 14 

OS-14 

0t-ii 

IX-ii 
06-14 

06-14 
oa- 14 
06-14 
06-14 
06-14 
ob-14 
06-14 
06-14 
06-14 
C&-i4 
06-14 
h-14 
cle-14 
Cc-,+ 
ije- >* 

it- i4 
Ijt-<.: 
oa- ?J 

cc-~14 
:,t :.; 

Ob-14 
Cb- 14 

PARAMETER NAM 
__----_----_---__--_---------- 

ORtiANIC CHLORINE 
ORGANIC BROMINE 
ORGANIC IOOIrlE 
ORGANIC CARBON. TOIAL: 

DH, Field 

SPECIFIC CONOUCTANCE 

SPECIFIC CONDUCTANCE 

TOTAL ORGANIC HHLZrl;ENS 

TOTAL 11RGArlIC HALWENS 

SULFATE 
C:-ILORIOE 
ROX 
HhX 
FLUORIOE 
NOZfN03 AS N 
ENORIN 

LINOANE 
METHOXYCHLOR 
TOXAPHENE 
2.4-O 
P.AOIUti-226 
GROSS ALPHA 
GROSS ALPHA 
GRiiSS ALPHA 
_ .̂__ 
:>H”>> ilE7A 
GROSS E;ETA 
GP.OSS BETA 
S!LVEX 
ORGANIC CARWN. rbrt?!. 

Z,a,b-Trii 
2.4--0INIiRlji~~l.Vt’lE 10rcTj 
i.6-OINITRUTOLUENE ! srl! I 
TETRYL 

UNITS OATtS9hPCt AfwNr OE:tl-:‘? 
_--_----_ ---------_ -___--_-----_.- 

umhoicm 

umhojcm 

mgii 

w/L 

xKl/L 

m/L 
w/L 
mqiL 
m/L 
w/L 
W/L 
w/L 
m/L 
m/L 

w/L 
DCUi L 
OCU/L 
OCUIL 
CCU/L 
PCU.‘L 
DCU! L 
CC”! I. 

mq!L 
W/L 

m/L 
W/L 
mq/L 
mg/L 

02/07/84 
02/07/54 
Oil 07 je4 
02/07/84 
UB/O?iY5 

09/20/82 

08/02/83 

09i:o;a2 

08/02/83 

09/20/B: 
09/20/w 
os/oz/a3 
08/02/83 
09120182 
09/20/82 
09/20/82 
09/2OiSZ 
0?/20/8L 
09/20/b? 
oslzoiei 
cat2eje: 
1l:ltlSi 
03jol;e: 
06/2a/ei 
11/16/Si 
03/01.‘22 

Obi28,lBZ 
or~zola2 
Od/02/S3 

CY/O5/83 
03/02/%3 
08/02/ti3 
06/02/8: 

NO 
NO 
NO 
NO 

NO 
NO 

NO 
NO 
NO 
140 

0.04OOO 
0.0080~ 
0.038~>0 

12.0000~ 
0 ?OOOr. 
6.1000” 
6.20000 
6.20000 

535.00000 
530.00000 

535.00000 
530.00000 
450.00000 
440.00000 
44o.ooooc 
440.00000 

0.02100 

0.05400 
0.05OCG 
0.05100 
O.OlOGC 
0.01000 
o.o1occ! 
0.01000 

64.00000 

7.00000 
0.10000 
0.10c00 
0.10000 
0.41ooc 
0. COOb 
0. t)OOijS 

0.001t0 
0.00160 
0.003;:0 

0 26OLL’ 
1.3OOfiI 
5. b3010 
,.3UUUQ 
l_ ;u,Jvo 

2. sjeCuj!;t 
2.49wu 

0.0005c 
z2.oociu 

22.0000~ 
23.oocol) 
22.00000 

0.1000c~ 
0.10Cl0c 
0.10000 
c. lOOCL1 



Ffahl LIST REPORT FOR fi DATE RANGE 

SITE . 06 OEtl AREA/OLD RIFLE RANGE 
~JHTE RANGE &xi: 11/16/EI TO: 06/15/l% 

WtLLi~UrlGtR 
_---_-----_ 

06.140 
06-148 
ot-14A 

ot- LSA 
06-14A 
06-144 
06-14A 
OL-14A 
OL-14fi 

Ot?14& 
Ob- 14A 
oa-14FI 
06-14A 
OC-14A 
06-14a 
Ob-14A 
06-14R 
06-14A 
06-146 
irb-ldA 
06-14A 
Go-14A 

06-14A 
Go-14i; 
ot-142 
Ob-1qA 
06-14ti 
06-146 
06-14A 
O6-1‘lA 
oh-14A 

Ob-14A 
ot-14H 
GIL-14A 
oh-14A 

,ot-14Fi 
ot-14H 
06-14A 

06-i5 
06-15 
06-15 
06-15 
06-15 
06-15 
06-15 
tit-15 
06-15 
06-15 
06-15 
CJWlb 

PtiPWE TtR MAtIE 
___--_-------------- ------- 

PH. Field 
SPECIFIC CONDUCTANCE 
IRON, TOTAL 
WNGANESE 
SOOLUtl 
SULFATE 
CHLURIC!E 
PHEtiOLC 
TNT 
TNT 
rtiT 
ROX 
ROX 
RDX (B’V HPLC) 
HMX 
HMX !EY HPLC, 
HtlX ff?Y HPLC) 
ARSENIC 
ARSEt!:i, TOTHL 
BM7IUtl 
BARIUII. TOTAL 
CADkIUtl 

CACnIun. TOTAL 
CHftiinIUh 
CHROtilUh. TOiAL 
LEAD 
LEW, TljiAL 
IIERCURY 
rlERCURY 
SELENIW 
SELENIUM, TOTAL 

SILVER 
SILVER. TOTAL 
FLUCJRIOE. TOlAL 
ORGiiNIC‘ CHLORINE 
ORGANIC BROtlINE 
ORGANIC IODINE 
ORGANIC C&REON, TOTdL 

TNT 
ROX 
HtlX 
ARSENIC 
BARIUH 
CAOriIUk 
iHl?Olilbh 
LEO0 
iiERCURY 
SELENIUr: 
SILVER 
pH. Field 

UN I r 5 
-------_ 

S.U. 
umho/cm 

w/L 
mq/L 
W/L 

mg/L 

w/L 
mg:L 

mqi L 

m&L 
m/L 
w/L 
w/L 
mgf’L 

w/L 
WL 
ML 
w/L 
w/L 
w/L 
m9/L 
mql L 
mq/ L 

ML 
ML. 
w/L 
mg/L 

x/L 
w/L 
mg/L 
mgl L 

w L 
ma/L 

w/L 

w/L 
mg/L 

w L 
mg/L 

w/L 
ma/‘;- 
ma/L 
mgli 
mgiL 

w/L 
w L 
m/L 
mg/L 
w/L 
mq/L 
S.U. 

DATESAMPLE 
-_-_------ 

02/07/84 
02/07/84 
02/07/84 
02/07/84 
02/07/84 
02/07/84 
02/07/84 
02/07/&4 
02/07/84 
01/28/85 
W/02/86 
01/28/85 
02 jO2/86 
02/07/84 
01/28/85 
02/07/84 
02/02/86 
01/2afB5 
o2/02/86 
01/28/85 
02/02/86 
01/28/85 
02/02/86 
01/28/85 
02/02/s 
cl1/28/85 
02/02/86 
01/28/85 
02/02/86 
oi/2eie5 
02/iI2i86 
il1/28/85 
02/02,86 
O2/02/86 
0:/07js4 
02/07/84 
02/07i84 
02/07/m 
01/28,‘Y5 
01/28/85 
L7i!?8:85 
01/28/B: 
o1/2e/sr: 
Olj28/95 
01/2Y/85 
01/28/S> 
01/28,35 
ol/28/ac 
01/28/8! 
o3/20/82 

W,OUtlr ot 1 EC -=.{I 
_-__-----_-__ 

6.400OCI 
370.00000 

0.0200O 
0. 34mx _ 
7.400ucl 

44 .OUOUC 
‘~.OOOUO 
0.03400 
O.OlOWj 
0.0050cl 
0.005O~J -’ 
0.01000 
o.olocI; 
O.OlOrJ) _ 
13.050Uo 
0.01000 
0.0500~ 
0.004G; 
0.0010c, 
o.171)00 
0 . 55000 --.. 
0.00040 
0.0100~0 
0.0200~1 
0 Oi~~tiii 
0.0050; 
0.03c1Lic. 
0.00040 -~. 
0.00020. 
0.004uc~ 
0 0050’3 

O.OlOU~j - 
0.00500 
0.1000~~ 
it.01oiis -- 
0.0029!-’ J 
tj i)4jJObj 

3.000c’0 - 
tj ~~~IjSOcj 
O.OlOGC 

1).0501>~~ 
O.OO503 -~ 
0.10000 
C.O0134? 
0 I)-‘fjc,:; - 

0.0051)0 
0.00030 
0.00400 __. 
ll.Oliliu 
0.30000 
eM ~go,:v;(, 
2 .‘)LLLJu- ‘~ 

t.!Tu0uo 

-- 

- 



FHLT LIST REPORT FOH A DAIE RANGE 
Z.ITE : 06 ljEH AREA/OLO RIFLE RANGE 
DATE RANGE FRUii: 11/16/81 To: ot/15/86 

WELLNUtieER PARAtlElEH NAtit 
___________ _---__------_---___-__________ 

Ob~-lb pH, Field 

ot- 16 P”, Field 

k-it SPEC I F:C CONOUCTANCE 

SPECIF:C COHOUCTANCE 

SPECIFIC SO~~DUCTHNCE 

TOTAL ‘5?G,ANIC HALQjENS mg,:L 

iOiAL L~~ANIC HALCZENS mc!L 

TOTAL ORGANIC HALEENS w/L 

IRON 
I RON 
HANGAtiE’Si 
tiAKAt!E$E 

soo1un 
so0 I un 
SULFATE 
SULEAiE 
CHLORIDE 
CHLORIDE 
PHENOL.5 
PHENOLS 
ir:i 

ROX 
RSX 
HClX 
HiiX 
HHX 
HflX 

utdI is 

s u 

S.U. 

umno/cm 

umho/cm 

umhcicm 

mg/L 

w/L 

w/L 
lTlS!L 

W/L 
m/L 

w/L 
“1% L 
mg / L 

ing/ L 

w/L 
w/L 
ma/L 
mg/L 
ma/L 

mwL 
4/L 
mgiL 
magii 

,- 
OHI EL;AfV=‘LE 
_---____-- 

03/01/63 

oe/o2/83 

09/20/82 

0:;01/83 

08/02/63 

09!20/02 

03/Ol[83 

oa/oz/a3 

09izOjaz 
o3jolia3 
09/20/82 
03jOl!Yj 

09/20/a:! 
03,/01/83 

or/ioias 
c;3;01;3: 

oujzo/az 
lISjiil,‘h3 
09i2ofaz 
03/01;83 
01,28/35 

‘J3/01/83 
oair32ja3 
Gl/iti,J55 
03irJLI83 
ctifti2/83 
cjI.:?k;y5 

6.7OOOO 
6.80000 
6.80000 
6.80000 
b.8OOOC~ 
6.aoooo 
4.8OOOrJ 
6.eooou 

380 .ooooc, 
3&O. 00000 
380.00000 
3t0.00000 
3E.0.00000 
3lO. oiiiroo 
330.00000 
379.00000 
47o.ooooir 
460.00000 
470.00000 
470. O~ODOD 

‘3.01000 
O.OlOcli, 
0.021oc 
10.05000 
0.04900 
O.G:tiOO 
0.Ol7iosi 
0.040GfO 
0.01400 
0.01OtiC~ 
0.01000 
0.01000 
o.03000 
o.o:ijoo 
O.OlCOC~ 
0.03a3ci 
‘9.00000 

10.0000ii 
22.ocJiIoc~ 

5.CfOGOO 
4 .ouou5 
O.OijOO~ 
D.01000 
O.l)lGOO 
0.00500 
0. LOOOIl 
0.10000 
O.OlOljii 
0. L~IQOO 
0.100lJL~ 
0.05cicii 



FAST LIST REPORT FOR A DATE RANGE 
SITE : 06 OEti AREA/OLD RIFLE RANGE 
OATE RANGE FROM: 11/16/81 TO! 06/15/86 

WELLNUttBEH 
----------- 

01-16 
06-16 
06-16 
06-16 
06-16 
Ob- I6 
06-16 
06-16 
06-16 
Ob-lb 
06-16 
06-16 
06-16 
06-16 
06-16 
06-16 
06-16 
Oa-ib 
06-16 
OL-it 
06-16 
Da-16 
06-16 
06-16 
Ob-lt. 
06-16 
06-lb 
Ob-lb 
06-16 
06-16 
06-16 
06-16 

06-16 
06-16 

ocd-16 

PARAMETER NAM UNIT5 DATESAmPLE 
- _------_-- 

ARSENIC w/L 09/20/82 
ARSENIC w/L 01/28/85 
BARIUt! 4/L 09/20/82 
EARIUtl m/L 01,‘?8/85 
CADIlIUM w/L 09/20/82 
CALM IUti ma/L O1/28/85 
CHROMIUtl mg!L 09i.20/62 
CHROtiIUtl mg/L 01/28/8: 
LEAD w L 09/20/82 
LEA0 w/L d1/2Y/BS 
MERCURY w/L il9/20/82 
HERCURY m/L ill/28/85 
SELENIUb mgiL lJ9/2D/B2 
SELENIUti w/L 01/28/85 
SILVER W/L 09/20/82 
SILVER w/L 01/‘28/85 
FLUORIDE W/L 09/20/82 
NUzfti03 AS N w/L 09/20/92 
ENDRIR mq/L D9/20/82 
LINDANE mgjL 0?/2O/bZ 
METHOXYCHLOR m/L 09,‘20/82 
TOXAPHENE mg/L 09/20/8? 
2.4-D w/L 09/20/82 
GROSS ALPHA PCU/ L II/ lb/81 
GROSS ALPHA PCUi L 03/01/82 
GROSS ALPHA PCU/ L tGti28/&2 
GROSS ALPHA PCUiL 09i20/E2 
GROSS ALPHA PCui L orj;7iri82 
GROSS BETA pcujL 11/16/81 
GROSS BE.TA PCU/L 03/01/82 
GROSS BETA PCU/L 06/28 182 
GROSS BETA pcu/ L 99/.20/a: 
GROSS BETA pcu; L 09/20 /82 
SILVEX mg!L D9/20/82 
ORGANIC CARBON. TOTAL w L 0?/20/8i 

06-16 ORGANIC CARBON, TOTAL mg/l g:/ol:b: 

06-16 QM~~~tcTtaIAK6ON. TOIAL m/L D3/01/83 
U6-lb 2,4-DItiITRClTOLUENE i cr:i , my: L 03/Gl/E3 
06-16 ;.o-DLNITROTC’LJENE !D?!i!, mq; i G3/01jb3 
‘J,-ic, TETPYL mq:*‘L D3/01/83 
tit-16 ORGArliC CARBON TOTAL W/L DB/o2/83 

OC- IL ?,4,t-itlT T,,g,’ L 

AtlOUNl DElEl.Ti,:~’ 

0.01000 
4. OLKJJG 
0.10000 
0.09500 
0.005OD 
0.00D4~ 
0. OlOGiG 
G.02OGG .- 
U.OlODD 
0.005GG 
O.DOOiO - 
O.OtiG3G 
0.005N 
0.00400 _ 
O.Olc!OD 
D.01000 
0.1000D 
0.29000 
O.OODC4 
0.0000B 
O.ODlbO .~. 

0.001t0 
0.00380 
1.3OGOG 
3.630’30 
3. 3OOtili 
3.57!300 
3.57DOO - 

1.23OOD 
1.37GOO 
1.66000 _ 
1.67000 
1.67000 
~G.uuv:il 

14 _ OOc’~C~ --’ 

13. COC’JG 
13.0000: 
i:.OOUOi! -~ 
19. GOC~?)G 
1 y  I>:jc:tilj 

. ..~ 
iG “u”u:! 
1‘; fiGGirl’ 

O.lGUOL 
o.1oouo 
1,. ~~i’~p .“’ 
G ;ljpGCG 

23 .‘JOL’Isu 

22 OO!JO~ _~ 

22.OOL~OO 
23.00000~ 

0 LOU~:~c~ 



PAhAriElEh NAfiE 
_- ----- -- --------. ~--.~--_.- _.__ 

2.4-OINITROTOLUENE (ONI) 
i,b-DINITROTOLUENE iONi 
TElRYL 
ORGANIC CHLORINE 

ORGANIC EROtiINE 
ORGANIC IODINE 
ORGANIC CARBON, TOTAL 

PH. Field 

FAST LIST REPORT FOR A DATE RANGE 
SITE : 06 OEfi AREA/OLD RIFLE RANGE 
1MlE RuNLiE FROli: 11/16/81 TO: Ob/l‘zz/%b 

Wi LLNLlrlBLR 

06-16 
ot-16 
Ob-lb 
ct- Lb 
II*,-lb 
ct- Lc: 
Ob- Lb 
Ob-17 

06- 17 pH, Field 

06-17 pti, Field 

06.. ; -,, SPES I iIC CONOUCTWCE 

06-17 SPECIFIC CONDUCTANCE 

owl7 SPECIFIC CONDUCTANCE 

oa-17 

06-17 

TOiAL ORGANIC HALCGENS 

TOTAL ORGANIC HALOGENS 

I RON 
IRON 
tlANGANESE 
MNGANESE 
SOD I un 
S001Uk 
SULFATE 
SULFATE 

w/L 
w/l. 
w/L 
w/L 
mg;L 
W/L 
%I/ L 
S.U. 

S.U. 

S.U. 

umho/cm 

umho,‘cm 

umhoicm 

mgiL 

w/L 

mg/L 

w/L 
w/L 
mg/L 

W/L 
w/L 
mq/L 

W/L 
mg!L 

08/02/G 
os/o2/rc: 
O&/02/8: 
02/07/a 
02/07/W 
02iO7184 
02/07/04 
09/20/82 

ir3/01;a: 

08/02/83 

O?/ZCi~5 

03/01/83 

08/02/83 

09/20/z 

03/01:z33 

ND 
ND 
NO 
t40 
NO 

ND 

NO 
NO 
NO 
:10 

ric 

NO 
C 

NO 
ND 
NO 

NO 

0.10000 
c. 10000 
0.10000 
0.0100c 
0.002o’J 
C.OlL?Oi 
2 .0000’~ 
b.4COOb 
6.5OrJOO 
b.5OOOL 
6.7OOtiO 
b.00000 
6.00000 
t.0000~c 
c.00000 

c.10000 
b.lOOOG 
6 1000’2 
6.10000 

4a0.0000~ 
ObC.OOCirO 
460.00000 
4e0.00000 
266.OOOCJO 
265. oooolj 
267 .ooooc 

267 00000 
350.00000 
350.00000 
350.00000 
350.0000~ 

0.01000 
0.01000 
0.01000 
0.01cl0~ 
0.02bOO 
0.02000 
0.01100 
0.02400 
0.0100c~ 
O.@lOO~ 
0.01500 
0.0100~ 
c. O3OW~ 
0. Ijjg>2!> 

O.02OGC 
0.010c0 
3.OOOOO 
3. coooc 

32 0000’3 
29.00000 



FASl LIST REPORT FOR A DATE RANGE 
SITE . 06 OEH AREA/OLD RIFLE RANGE 
DATE RANGE &M: 11/16/81 TO: 06/15/86 

WELLNUnBtR PARAtlE :ER I+AnE 
----------- --------------_--------------- 

06-17 CHLORIDE 
06-17 CHLORIDE 
06-17 PHENOLS 
06-17 PHENOLS 
06-17 TNT 
.06-17 TNT 
06-17 ROX 
06-17 RDX 
06-17 RDX 
06-17 RDX 
06-17 HIIX 
06-17 Hnx 
06-17 Hnx 
06-17 HHX (EY HPIK , 
06-17 ARSENIC 
06-17 FIRSENIC 
06-17 ARSENIC, T0iAi 
0.5-17 BAHlUii 
06-17 EARIUn 
06-17 BARIUH, TOTAL 
06-17 iAonIUn 
06-17 CAonlu;? 
06-17 CAotiIUn, TOTAL 
06-17 CHROnIUii 
06-17 CHROtlIuH 
06-17 ctiRonIun, TOTAL 
06-17 LEAD 
06-17 LEA0 
06-17 LEAD, TOTAL 
06-17 nERCURl 
06-17 HERCURY 
06-17 nERCUHt 
06-17 SELENIUH 
ot-li SELEti1U.M 
06-17 SELENIUti. TOTAL 
06-17 SILVER 
06-17 SILVER 
06-17 SILVER. TOTAL 
06-17 FLUORIDE 
06-l? FLUOR%E. TljirL 
06-17 NO2cNo: a5 ii 
ot-1: ENORIN 
06-17 LINDANE 
00-17 tiETHOXlCHLOR 
oc- l-7 iOXAPHE:rE 
06-i? 2,4-D 
36-17 GROSS ALPHA 
06-17 GROSS ALPHA 
06-17 GROSS ALPHA 
06-17 GROSS ALPHA 
ot-17 rGROSS hIPHA 

-----___ 

w/L 
m/L 

w/L 
mg/L 
w/L 
w/L 
9/L 
w/L 
w/L 
m/L 
w/L 
w/L 
W/L 
w/L 
%/L 
m/L 
w/L 
w/L 
WL 
mg/L 
mg/ L 
w/L 
ma/L 
W/L 
ma/L 
w/L 
w L 
w/L 
m/L 
4/L 
w/L 

w/L 
m/L 
WL 
mg/ L 

w/L 
w L 
W/L 
mgi L 
mgji 

w/L 
mg/L 
mg/L 
w/L 
w/L 
mgjL 
pcu/ L 
PCU/L 

PCU/ L 
PCU/L 
“CM L 

DAlESAnPLE 
-----__-_- 

os/zo/az 
03/01/w 
09/20/82 
03/01/83 
01/28/85 
02/02/86 
03/01/83 
08/02/83 
01/28/65 
Oi/O2/8a 
03/01/83 
08/02/83 
1)1/28/85 
~WjO2/&6 
G9 /20/82 
01/2S/E5 
02/02/86 
09/20/82 
il1/28/85 
02/52/86 
09,iiO/82 
01/28/85 
02/02/h 
1)5/20/62 
01/28/05 
02/02/86 
09i20/82 
01/28/85 
02/02/86 
05/20/82 
01/28/85 
OiiO2/86 
09/20/82 
01/28/85 
02iO2,/36 
09/20/82 
Dl/‘28/85 

iri/O2/86 
OY/20/32 
ljiiO2/8a 
05iifjl8: 

09/20/~2 
09/20:82 
39/20,82 
0 9 .i 2 11 ,t 8 ‘2 

09:2oja2 
11/16i81 
i13/01/82 
Ob/iSlti 
0?/2O/Si 
i)‘i/1lJ,$lL 

ArWJNT OEiEiiEL 
-___-------- 

NO 
ND 

< 
NO 
NO 
NO 

NO 
r!o 

NO 

NO 
:<o 

NO 
NO 

NO 
< 

NO 

NO 
< 

r!o 

ND 
NO 

NC1 
NO 
NO 
NC> 
NO 
NO 
NO 

2.00000 
2.00000 
0.01000 
0.01000 _ 
Li.00500 
0.005OD 
O.lOOciD 
0.1000D 
0.010~0 

0.01000 
0.1000D ., 

0.10000 
cl.cJ5ooo 

0.05000 _~ 
0.01000 
0.00400 
0.00100 
0.1lJ000 -- 
0.20000 
0 _ 32000 
O.OD500 - 
0.00040 
0.010D0 
0.01000 
0.02000.. -- 
0.0500 
O.DlOilii 
0.00500 -~~. 
0.03000 
0.00021j 
0.00030 _~ 
0.00020 
0.01?500 
0.00400 
O.OOlOu -. 

O.OlODi~ 
O.OlOOD 
0.0050c! - 
0.1’3DCV 
C.ZljG~j 

1.00000 
o.oooi’4 - 
0.0013OS 
O.Oi~lbO 
0.0010~ - 
0.003a0 
1.30000 
3.63000 . 
3.18i’i’O 
3.57!llJO 
3.5701?!’ 



FhST LI51 REPORT FOR A DATE RRtV<E 
SITE : 06 OEM AREA/OLD RIFLE RANtiE 

DhTE RANGE FROU: 11/16/81 TO: 06/15/8t 

WELLMJtiEZER PHRMETER NAiiE 
_--__---_ 

06-17 
w-17 
06-17 
06-17 
ilt-17 
ot,-17 
06-li 

GROSS BETA 
GROSS BETA 
GROSS BETA 
GROSS BETA 
IGROSS BETA 
5ILVEX 
ORGANIC CARBON. TOTAL 

06-L‘ 

06-17 
Ob-17 
Obli 

06-l 7 
clt-17 

oe-17 
Oa-17 
00-17 
06-17 
De-16 

ot-18 

oa-18 

06-18 

Ok18 

IIt- 

Ob-18 

ORGFINIC CAREION. TOTAL 

2,4.6-TNT 
:,4-DINITROTOLUENE (ONT) 
i,kDINITROTOLUENE iOF 

IETRYL 
*%!GANIC CARBON. TC!TAL 

5,4,6-TNT 
Z,L-DINITROTOLUENE (DNTJ 
2,~DINITROTOLUENE iGNir 

TETRYL 

PH. Field 

OH, Field 

PH, Field 

SPECIFIC CONDUCTANCE 

SPECIFIC CONDUCIHNCE 

SPECIFIC CONDUCTANLE 

TOTFIL ORGAtilC HALwEdS 

UN1 T: 
_____---_ 

pal/L 
pal L 
PCU/L 
PCU/L 
PCUi t. 

w/L 
w/L 

w/L 

w/L 
w/L 
w/L 
W/L 
w/L 

mg/L 

w L 
wil- 
W/L 
S.U. 

S.U. 

S.U. 

umho/cm 

umhoicm 

umho:cm 

mg; i 

OtiIESAHPLE 
---------. 

llil6/81 
03/01/82 
0ti 28/82 
09i20/82 
09/20/82 
L)9/20/82 
i19/20/82 

lJ3/01/83 

03/01/83 
03/01/83 

03/01/a3 
03,‘01!83 
00/02/a3 

08/U2/83 
s:;oz/a3 
06/02iE3 
or(:02/&3 

0?/2G/82 

03/01/:Y3 

oa/oiis3 

05/2Oi82 

03iO1183 

06/02/63 

cJ”/ LO/iL 

HnQJNI OETELIEO 

2.20000 
2.25000 
2.43000 
2.53clocl 

L.53000 
0.00050 

11.00000 
11.00000 
11.00000 
11.00000 
15.00000 
14.00000 
14.00000 
14 .ooooo 

0.10O00 
0.10000 
0.10000 
~.10000 

13.0ck000 
13.00013 

13.OO~rJii 
14.O~OOO 

0.1000O 
l).iOOOO 
0.1000cJ 
0.10000 
b.70000 
b. 70000 
b .80000 
6.80000 
b.70000 
b.60000 

t.80000 
e.80000 
7.10000 
i. 10000 
7.1OOOO 
7.10000 

4a0.00000 
450.0000il 
450.0000~ 
400.00000 

410.00000 
41o.ooooc 
4~5.OOOU~ 
~15.0000~ 
500.0000~2 
495.ooi’lji: 
49O.OOi~O0 
5oo.oc)oou 

r,.OlOI)O 
U.03SOO 
O.01300 



PMAHETER NAfiE 

FAST LIST REPORT FOR A OAIE RONGE 
SITE . 06 OEtI QREFIIOLO RIFLE RFINtiE 
DATE PANGE &tl: 11/16/81 TO: 06/15/E% 

TOTAL ORGANIC HALCGENS 

06-18 

06-18 I RON 
06- 18 I RON 
06-18 iiANGANESE 
06-18 nANGANESE 
06-18 soo1un 
06-18 so0 I un 
06-18 SULFATE 
CW-18 SULFFITE 
06-18 CHLORIDE 
05-tic ‘;HLORICIE 
06-lE PHENOLS 
tit-1E PHENOLS 
tib-16 TNi 
06-18 TNT 
b-12 ROX 
06-16 ROX 
06-16 RGX 
06-18 ROX 
06-18 HhX 
06-16 Hnx 
06-18 HnX 
06-18 HnX (BY HPLCj 
ot-18 ARSENIC 
06-12 ARSENIC 
06-1E ARSENIC. TOTAL 
06- 18 EARIlJfl 
06-18 BARIUti 
06-13 BARIUn, TOTHL 
06-M CAonIUn 
06-l? cAonIun 
06-1s CAonIun, TOTAL 
06~-lj CHROhI?lr( 
06-lti CHRonIuh 
06-18 CHROhIUH, TOTAL 
Ob-ll LEAD 
ot- LR LEAD 
06-16 LEAD. TOTOL 
06-18 nERCURY 
06-18 IIERCURY 
06-18 nERCURY 
06-18 SELENIUh 
06-18 SE LEN I Uti 
Oh-l% StiLENIUh. Tiri~L 

TOTAL ORGANIC HfiLCGENS 

UN1 TS OflTESAnPLE tViOUNT OETEi ii’-! 
-_------- ---------- 

VI/L 

mg/L 

mg/L 

w/L 
w/L 
w/L 

WL 
w/L 

ML 
w/L 
w/L 
w/L 
mg/L 

w/L 
mg/L 
mg:L 

w/L 
ma/L 
mgiL 
mg!L 
w/L 
w/L 
mg/L 
w/L 
w/L 
w/L 
m/L 
ML 
w/L 
mg;L 

w/L 
w/L 
w/L 
wiL 
ma/L 

mg/L 
w/L 
ma/: 
mg/L 
w L 
w/L 
w/L 
mg/L 

w/L 
mg/L 

03/01/83 

08/02/83 

05/20/82 
03/01/83 
09/20/82 
03/01/83 
09/2Oi82 
i13/01/&3 
09/20/t?? 
il3/01/63 
09/20/82 
03/01/83 
09/20/82 
03/01/83 
01/28:85 
OLiO2:86 
03/01/83 
08/02/83 
01/28/85 
02/‘02/86 
03/01/83 
08/02/83 
01/28/85 
02/~02!‘86 
05/20/82 
01/2s/s5 
02/02 j86 
09/?0/82 
ill/B/85 
02/02:86 
09/‘20/82 
01/28:85 
or/oz/aa 
0?/20/82 
01/28/85 

02/02/86 
09/20/8? 
01/28/85 
OZ/Oi/tib 
09/20/52 
01/28/85 
il2/02/8b 
03/20/82 
Ol/ZSjSS 
02/02/8a 

------------ 

NO 

NO 

NO 
NO 

NO 
NO 

< 

NO 
NO 

< 
NO 
NO 

< 
< 

NO 

NO 
< 
< 

I!0 
< 

NO 
< 

NO 
< 

NO 
NO 

< 

0. osi%oo 
0.05100 
0.05000 
0.01700 -,. 
0.02500 
0.02400 
0.02300 
O.i)2700 
0.07000 
(3.0300~ 
0.02~00~3 ..~ 
0.0100~ 

15.00000 
19.00000 -~ 
10.?0000 

5.00000 
~3.60000 
4.00000 - 
O.Ol~OG 
kJ.!jjlOOC 

0.00500 -‘- 
0.02700 
0. 1000~1 

.o. IOOOC __ 
0.0100~~~ 
0.044OL 
0.10000 
0.10000 - 
0.05000 
o.o5ooc! 
0.01000 
0.0040~ 
0.0010~ 
0.10000 
0.08000 - 
0.44000 
0.00500 
0.0004u - 

0.01000 
0.01000 
0.c2000 
0.06000 - 
0.0100.. 
0.005oil 
0.0300~ - 
0.00020 
0.0003” 
1).0002~ - 
0. oosoi’ 
~:itoJoo 

0.00202 

__,-., -._,__,._ --__.--.~,. ~,., 



FASl LIST REPORT FOR A DATE RANGE 
SITE : 06 DEM AREA/OLD RIFLE RANGE 
OAlF RANGE FROt!: 11/16/81 TO: 06/15/86 

WELLI‘IUMEEH PARAtlETER NAflE 

SILVER 
SILVER 
SILVER. TOTAL 
FLUORIDE 
FLUORIDE. TOTAL 
NiIZtNO3 AS N 
ENDRIN 
LINOANE 
?iETWnYCHLOR 
iOXAPHENE 

2.4-O 
GROSS ALPHA 
GROSS ALPHA 
GRCJS> ALPHA 
GRCJSS PLFHA 
IGROSS &LPHA 
tiROSS BEiir 

fGRVSS BETA 
GRdSS BEiA 
GROSS 6E iA 

GROSS EEiA 
S1~vE.x 
ORGAN!i ~CARKJN, TO1 iji 

ORGRNl!I CARBON, IljlAL 

‘,4 .o-TNT 
‘f.4-~io(iiROTOLUENE (Or?:! 
2.kD!N!~ROTClLUENE lOtiT 
TETHY> 
ORGHI(!C iARYr>N. TOiHL 

2.4 .e-TNT 
L,4--UiNiTROTOLUENE (WT! 
L.t-OiN!TRVTOLUENE !DNT i 
TETRYL 
pH. Fieid 

PH, Field 

pH. ileld 

UNITS DATESAWLE 
--------- -----_---- 

w/L 
WI/L 
w/L 
W/L 
w/L 
W/L 
w/L 
w/L 
W/L 
m/L 
WiL 
PCUiL 
PCU/L 
PCU/L 

PCU/L 
PWL 
PCUjL 
DCU/L 
DCU/L 
pa! L 

PCU/ L 
W/L 
w/L 

09/20/82 
01/28/85 
02/02/aa 
09/20/82 
02/02/86 
09izoja2 
09/20/82 
OY/20/82 
09/20/82 
U9/20/82 
09/20/S: 
01/04,‘82 
03/01/5? 
06/28/32 
09/20/82 
09/20/82 
01/04/82 
03/01/82 
06/28/82 
09/‘2Oi82 
09/20/w 
09!2O.i32 
09/20/82 

W/L 03/01/83 

w/L 

MiL 
mg/L 

W/L 
ma/L 

03iolia3 
03io1ia3 
03/01/83 
o3/ol,fa: 
06/02/d3 

mglL 0&/02j83 
W/L C~3/02/8: 

w/L 0e!02/83 
w/L 08/02/83 
S.U. 05/20/82 

S.U. 

S.U. 

03io1/83 

03/02/83 

AtiOUrlT OETEfC iEO 

o.olooG 
o.~jlOw 
0.00500 
O.lOOtiG 
o.looo~ 

11 .?OOU0 
0.00004 
13.00u08 
o.oGltG 
O.OOlbU 
0.003Eti 
3.6iOOO 
3. e3OOrJ 
3.3OOGO 
2. Za000 
?.2C~OO!s 
1.33005 
1.64OOti 
1 LaoGc! 
1.6700~2 

1.4iCO!~ 
O.<]1jC5:j 

1 .OOcJO~~ 
l.CGOGO 
2. OOOGO 
2.OOOGO 

1~.00000 
17.O~iKl~ 
17.0000~ 
17.iioooo 

0.10000 
c!.lOUGi’ 

O.lOOGC 
0. LOOOO 

22.00000 
22.~looco 
21.ooooi) 
21.00000 
0.1000'3 
0 ioacj 
O.lO~lC~ 
0.1000u 
6.SOOOC' 
b.60000 
b.QOOCO 
b. 60000 
t .9ijOO3 
6. $(jO!j?j 
t.8001j0 
0.3LJOi'~ 
i.li)OG:l 
T 2uooo 
7.10000 
‘.lOOOO 



FAST LIST REPORT FOR A DPlTE RFINGE 
SITE : 06 OEfl fiREA/OCO.RIFLE RRNGE 
OflIE RRNGE FROH: 11/16/81 TO: 06/15/8b 

YELLNWIBER PFIRAHETER NAnE 
___________ ____--------------------~----- 

06-19 SPECIFIC CONOUCTANCE 

06-15 SPECIFIC CONDUCTANCE 

06-15 SPECIFIC CONOUCTANCE 

ot-19 TOTAL ORGANIC HALrWENS 

Gt,- 14 TOTAL ORGANIC HFILOGEriS 

Gfi-15 TOiAL ORGANIC HALCKiEr!$ 

: RON 

! RON 
flANGArlESE 
rlANGWESE 
SODIUH 
so0 I UH 
SULFFITE 
SULFATE 
CHLuRIOE 
CHLCJRIDE 
FHEtiCLS 

PHENOLS 
TNT 
TN1 
RDX 
Ron 
RDX 
ROX 
HiiX 
titii 
Hri.? 
HtiX ,BY HPLCI 
ARSENIC 
!+RSEtiIC 
ARSENIC. TOT&L 
BARIUII 
Z,HEIUti 

UNITS 

umhcdcm 03/01/83 

umhc/cm 0&/02/83 

w! L 05/20/82 

w/L 03/01/83 

ML 

rn3,lL 

ma/L 

WL 
ma/i 

m/L 
ma / L 
mgiL 

m9! L 
ma/L 

mgiL 
ma/L 

m9/ L 

w/L 
m9/L 
mq/L 
mqt L 
ma I I 

W/L 
mg/L 

m9/L 
IngiL 

m9!L 
w/L 
m9/L 
mq:L 

m9/L 
rnq!L 

09/2O/Y2 
03/01ias 
09/20/82 
03/Oli83 
09/20/82 
03/01/83 
0?/20/82 
03/01/83 
09/20/82 
03iOli63 
05/20/82 

03/01/83 
01/28/85 
ozlo?/sa 
03/01/83 
08/02!65 
ol,‘:s./aS 
02/02/S6 
03/01/83 
-. ,.. 
Ub/UZ,Y3 
01/.23/&5 
oii02/86 
0?/20/82 
Oli28i8S 
02iOi/86 
o.q,:fiia2 
oi,‘La;‘-5 

DATESAMPLE 
---------- 

09/20/R2 

tiHCJlJNT OEIEl;TE_ii 

63O.OOOOC 
630.00000 
630.00000 
630. OOOOG 
600.00000 
595.ooDG~; 
600. OOOrJG 
too. OOOGG 
630. OOOOb 
690.@000:~ 
700.0001~~ 

650.000iJ0 
0.02900 
ij.D21Jlj _. 
0.01000 
o.o1c!oo 
0.034orJ 

0.04GG2 
0.035x 
0 04OGLl 
0.04iJo5 ..- 

0.054GG 
0.045ciG 
0.0250’2 
O.lLOOC 
O.O:OUL 
2.9oooi’ 
cl. 23000 -.- 

32.0000’1 
14. OOOc’tG 
33. OCIOD!~ 
44 OrJOU~~ 

3.OOOO;’ 
?.000~00 
0.0100~ -~ 
O.OlOG~3 
0.00500 
0.0050~ _~, 
o.lo@o: 
0. lOOz”, 
c, OL(j(j> 

!l.ljLiiirti 
G.lOO!x 
0. IGOGG 
O.G5005 
O.OSOGG 
0.01000 
0.004ci _. 
il.00100 
G.4O’J!;i’ 
0. 33’Jiii~ 

- _-.., 



FAST LIST REPORT FOR R OATE RANGE 
SITE, : C6 OEtl C)REfi/OLO RIFLE RANGE 
DATE RANGE FROM: 11/16/81 TO: O&/15/86 

WELLNUMBER F’ARAnETER NRnE 
--, --- --_---_-------_--..----- 

BARIUM, TOTAL 
C)AOHIUti 
iaon run 
ca0ti1~h. roTAL 
CHROtilUM 
CHROtiIUt 
CHRUt!IUfl, TOTAL 
LEAD 
LEA0 
LEAD. TOTAL 
MERLUP.r 
nERCUF!Y 

iiERCURY 
SELEN!Uti 
SE LEN I Un 
SELENilltl TOTAL 
SILVEk ’ 
SiLVEi( 
SILVER. TOTAL 
FLUGk!OE 
FLUOF!!OE. TiiiilL 
NO2tNCi3 A3 N 

ENOR:rr 

L I NORNE 
HETHOXYCHLOR 
TOXAPHENE 
2.4-o 
GROSS GLPHA 
GROSS ALPHA 
IGR’QSS ALPHA 
GROSS CLPHA 
,>&yt hiPHH 

GROSS ALFHG 
IGRCIS~ BETH 
ljkos5 SETI+ 
GWSS EETA 
GROSS SETA 
SILVEX 
ORGANIC 2ARBCrl. TOT&L 

----.._ 

06-19 
C6-19 
06-l? 
Oh.- L’? 

06-19 
06- 1” 

06-13 
06-19 
06-1.: 

06-19 
UC.-15 
i)t-19 
06-19 
06-19 
06-13 
Ob-A9 
06-l” 
o,- 19 
06-19 

ot-19 
06-l” 
go- L,? 

Uti-13 
06-19 
iit-19 
96-13 
06-15 
III 6 - 13 
iit-19 

06-15 
06,-l’? 
ct- 1’3 
Ub-L’? 
,j 6 - 1 ‘j 

Ot-I” 
Ub-L3 
nt- l’? 
96-15 
06-i" 

2,4.6-iNi 
2,4-DlNiTROTOLUENE lONT 
?.C-CINiTRfJTOLUENE iclrtl 
TETRYc 

I)kGANiC iA?hJh. TOTAL 

UNllS 

w/L 
W! L 
mg/L 

W/L 
K/L 
mg/.L 
W/L 

W/L 
mq i L 

w/L 
mg.iL 
mq!L 
mq;L 

m-c!, L 
mqjL 
w L 
w/L 
w L 
mq/L 

K/L 
mgiL 

w/L 
WIL 
ma/L 
mq.‘L 
mq/L 
mq/L 
PCUiL 
PCU/L 
DC”/L 
PC”;‘i 
DCU, c 
PCU, L 

PCUi L 
PCU, i 
p,su/ i 
PCU/L 

w: L 
w/L 

mq/L 

-- - ___---__ 

02/02/8C 
09/20/ 82 
01/28/85 
02/02/8b 
09/20/82 
01/29/85 
02 jO2/86 
09/20/82 
01/2a/h5 
02/02/ac 
09/20/t2 
01iza/t.5 
oz/oilrh 
09/20ijt 
0112aie5 
02/02/86 

09iio/sr 
01/20/h5 
02/02/86 
09/20/82 
02/02!at 
09/20/82 
09/2Oiir2 
09/20/82 
09/20/a: 
O?~iOjh2 
09/20/82 
01/04/82 
03/01/82 
f0bj2a/a2 
09/20/82 
09/z0~~2 
09/20/82 
01/04/az 
03/01/82 
oajiaiaz 
0912018~2 
09/20/52 
UYjZO’SZ 

03/oija3 

03/01/83 
03/Oi/sC3 
03/Olij3 
cG/irlir33 
08/02,‘93 

NC, 
< 

NO 

NO 



FAST LIST REPORT FOR A DATE RANGE 
ZITE :’ 06 DEH AREA/OLD RIFLE RANGE 
OAIE RANGE FROH: 11/16/81 TO: Ot./l5/8& 

WELLNUMf3EH F’ARAhtTEH NAHE 

2.4.bTNT, 
2,4-OINITROTOLUENE IDE(I) 
2.6-OINITROTOLUENE (WT) 
TETRYL 

PH. Field 

PH. Field 

pi-!. Fisid 

SPECIFIL CONDUCTANCE 

SPECIiIC CONDUCTANCE 

S?Ei!‘Ii CONDUCTANCE 

TOTAL ORGANIC HALXENS 

TOTAL ORGANIC HALCGEN:, 

TOTAL ORGANIC HAL’XENS 

UNil; 
-------_ 

mq/L 
mq/L 

mq/ L 
ML 
S.U. 

S.U. 

S.U. 

umhofcm 

umhrjicm 



. . FAST LIST REPORT FOH A OAiE RANGE 

SIIE : 06 OEM AREA/OLD RIFLE RANGE 
DATE RANGE FROH: 11/16/81 TO: Ot/lS/8c, 

WF !.LNUMBER PARAriETER NAti’ 

GROSS BETH 
IGROSS BETA 
SILVEX 
ORGANIC CARBUN. Tljl AL 

2.4.6-TNT 
:.J-~JINITRO~O~!JE~IE ~ilril) 
2.6-OINITROTC~LUENE i0NT.i 
TETRYL 
ORGANIC CARBtiN, TOTAL 

L.4. a-TNT 
~.~-OINITWTCLJENC tONi i 
2,6-OINITROT~L’JENE I ONr 1 
TEIRYL 
TNT 
RDX 
HtiX 
tiRSENIC 
BARIUh 
CAOtiIUM 
CHROiiIUti 
LEAD 
tiERCUR’, 
SELENIUM 
51 LVER 
TNT 
TNT 
ROX 
RIjX 
HiiX 
tin>, !iY HPLi! 
GR”EN Ii d 
BARIUM 
CADfiIU?i 
iHHOhi l-in 

_ 
il.kU 
tiExuRr 
SELENIUb 
SILVER 
ii:1 
ROX 
ia?., 

Ur: i 1 5 

__----- 

PCU/L 
PClJiL 
mcr : I 
mq:L 

mgiL 

m4/ L 
mg!L 

w/L. 
mq;L 

n,q, L 

WgiL 
rq’ L 
mqi L 
mg.‘L 
ma/L 

W/L 
ma! L 
mgiL 
mqj L 
mq/L 
ma/L 
n;g,;i 

ma/L 
W/L 
mg!L 
mg/‘L 
rnq/L 
mg/ L 

q/L 
mg i’ i 

w/L 
mg/c 
mq!i 
mg:i 
mq,‘i 
mq,L 
rnQ,l. 
K./L 
mq:‘i 
ina ./ L 
ag.: L 



. 
FASI LIST REPORT FOR A OATE RANGE 
SITE : 06 OEII ARE&/OLD RIFLE RAr!GE 
DATE FANGE FROM: ll/lt/El TO: 0t.‘15ii;t 

PARAME TtR NAi?E 
-----------_--------------~~-- 

ARSENIC 
ElARIUti 
caonrun 
CHROMIUM 
LEG0 
MERCURY 
SELENIUil 
SILVER 

UNIIS 
--_---__- 

ma/L 

mg/L 
mqii 
mgiL 
mgiL 
mq!L 
mgii 
mq : 1 

01/26/65 
01/28/65 
01/N/65 
01/28/85 
01/26/65 
ljl/28/85 
ti1/28/'85 
01/28/fA5 

------------_ 

0.~~4OU 
< 0.05ooiJ 

O.OGG4G 
O.O,'OOG 
1>.1)05uo 

< 3.ootIJ:cI 
0.004OO 
ti.Gl~GO 

-. 



FAST LIST REPajRI FI)H :4 DAlE PRNGE 
SITE : 06 OEti AHEA/OLG RIFLE RANGE 
UfilC RAM,t FRUti: ~lll<r/RI I<?: G6/15/bb 

UNIi; 
_-_~..- _----. 

mg/L 
mg.;L 

mg/L 
mg?L 
mg/L 
mgiL 
mg,'L 
mq: I- 
mg!L 
mq, L 
mg/L 
m4iL 
mg!L 
mg.;L 
mg/L 

ma, I. 
mg.;L 
rnWL 
mg:i 
!m; :' L 
mq! L 
mq,: - 
mq!L 
mo:L 
rn,; .' L 
rcc/ L 
mg;L 

mg/i 
*g/i 
*G/f., 
mq!:'i 
n:. c 
rn&' L 
mi: ,/ i 

mg!L 
mg:L 
inC.;L 
I?!~/ L 
'TIT.' L 
mq, L 
m'g.'L 
rnis!L 

ma/L 
pcs.'L 

DCU/L 
PC",' c 
DCi! / i 
tc.U / L 
PCUiL 
ncui 1. 
DCU,L 



NA-. BLD6 2516 7002 
CRANE, INDIANA 47522 DATE 9-1%89 
Al-TN: JO BELCMR 

-. 

SAHPLE DESCRIPTION: 6-14A 7-18-89 

ALL RESULTS ARE IN ffi/L 

TEST RESUTS: 

PH 
6?.cwD,ul/m 
T: 
TOX 
FE 
m. 

% 
nFi 
K 
SULFATE 
CHLDRIDE 
F+lEM)L 
BICARBONATE 
AMHONIA-N 
TNT 
RDX 
MX 
PCB 

6.8 
405 

4 
0.034 

AS 
BA 
CD 
CR 
PB 
HI3 
SE 
A6 
FLUORIDE 
NITRATE-N 

- 

_~. 

. 

CO.05 
0.075 

44 
10 

<O.OS 

(0.02 
(0.02 
(0.02 

<o. OS 
0.071 
CO.01 
co.05 
co.05 

co. 002 
(0.01 
(0.05 

ENDRIN 
LINDAN 
KTHOXYCHLa? 
TOXAFWZIS 
2.4-D 
2,4,5-TP 
RADII-M, pCi /L 
GROSS l ,pCi/L 
GROSS b,pCi/L 
COLIFOWI 

l*l,l-TRICHLORUXHTHAN 
TF?ICHc)RDETHYLENE 
D-N-BUM PHTHALATE 
BISC2fTHYLHEXYL)PHTHALATE 

-. 

-, 

-. 

_. 



~VLIPNSLRPCM, BLDS 2516 
CRANE, INDIANA 47522 
ATTN: JO BELCHH? 

7002 
9- 1 S-89 

- --- -------__ 

!SAWLE DESCRIPTIONI 6-15 

PH 
sP.mND,ml/m 
TOC 
TOX 
FE <o.os 
m <O.Ol 
NA 
CA 
ffi 
K 
SULFATE 32 
CMORIDE 15 

(0.05 
BICAPcBONATE 
AHNONIA-N 
TNT <0.02 
RDX ‘co. 02 
I-HX (0.02 
PCS 

. 

6. 1 
221 

3 
0.020 

z 
CD 
CR 
PB 
NG 
SE 

7-18-89 

ALL RESULTS AlZE IN ffi/L 

co. OS 
0.030 
<O.Ol 
<o.os 
<o.os 

‘co. 002 
<O.Ol 
<o.os 

ENDRIN 
LINDAN 
ta3HOxYaiLm 
TOXAPIENE 
2.4-D 
2,4,5-TP 
RADIlPl,pCi/L 
GROSS r,pCi/L 
6ROS.S b, pCi /L 
a3LIFoR?l 

FLl.U?IDE 
NITRATE-N 

l,l,l-TRICHLORWTHAN 
TRICKOROETHYLEN 
D-N-WTYL PHTHALATE 
BIS(2-ETHYLi-EXYL~PHlHALAlE 



NAWNSIR’PCEN, Bcffi 2516 ANAcmm 7002 
CRAN, INDIANA 47522 DATE 9-15-89 
ATTN: JO BELCHG! 

SAWLE l+SCl?IPTION: 

TEST RESUTS: 

%LoN0,wol 
Tot 
10X 
FE 

Et 
CA 
N0 
K 
SULFATE 
CHORIDE 
PHENOL 
BICARBONATE 
AtWON1A-N 
TNT 
RDX 
HiX 
PCB 

. 

10.4 
2.6 
0.5 

17 
14 

CO.05 

co. 02 
co.02 
co.02 

6-16 7-18-W 

ALL RESULTS ARE IN fiS/L 

6.8 
257 

4 
0.013 

As 
BA 
CD 
CR 
PB 
Ii0 
SE 
A0 
FLUORIDE 
N I TRATE-N 

co.05 
0.00 

co.01 
<o.os 
co.05 

(0.002 
<O.Ol 
<o.os 

ENDRIN 
LINDAMZ 
NElHoxYa-HcN? 
TOXAPHEN 
2.4-D 
2,4,5-TP 
RADIUM, pCi/L 
0ROSS a, pCi /L 
GROSS b, pCi /L 
COLIFOfUl 

1,l) l-TRIMLDROETHAS 
TRICHOFzOETHYLEHE 
D-N-SUTYL PHTHALATE 
BIS(2-EWYLHEXYL)PHTHALAl-E -. 

SlJBtlITTED BY 



SAMPLE ANALYSIS RESULTS 
~IClr+H~u+HH*HH+u 

NA-, BcD6 2516 ANAcoNa 7002 
CRANE, INDIAHI\ 47522 DATE 9- 1 Z-89 
Al-IN: JO 6ELcHER 

---- ----- e-----L-- 

BAWLE DE!SCi?IPTION: 

PH 
SP. aem, uJ/cPl 
TOC 
10X 
FE <0.01 
m 0.294 
NA 
CA 
ffi 
K 
SWFATE 14 
cnoRIDE 10 

<0.05 
BICARBONATE 
AHtlWIA+l 
TN-r co.02 
RDX (0.02 
l+lX (0.02 
PC8 

6-17 7-18-89 

ALL RESULTS ARE IN HG/L 

6.4 
273 

2 
0.070’ 

As <0.05 
BA 0.04 
CD (0.01 
CR <0.05 
PB <0.05 
Hs <0.002 
SE co.01 
As <0.05 
FLUORIDE 
NITRATE-N 

ENDRIN 
LINDAN 
KTHOXYaiLa? 
TOXAPHEHE 
2.4-D 
2,4,S-TP 
RADIUI, pCi /L 
GROSS r,pCi/L 
GROSS b,pCi/L 
U3CIFOFCn 

l,l,l-TRICHLORDETHAN 
TR ICKOROETWLEHE 
D-N-HJTYL PHTHALATE 
BIS<2-ETHYLtEXYL)PHTHALATE 

. 

SUBMITTED BY ______ ’ 



SMlFtE AmLYSIS REsuL1s 
-*-uu-mu 

NAvNPNswPmNv BCDS 2516 7002 
CRANE, INDIAN4 47522 DATE 9- 15-83 
Al-fNc JO BELCHER 

SAMPLE DESCRIPTION: 

TEST RESUTS: 

PH 
sP.coND,~/al 
Tu: 
TOX 
FE <Cl. 05 
m co. 01 
NA 
CA 
lls 
K 
SULFATE 
CHLORIDE 9 
Fl+ENDL co. OS 
BICARBONATE 
AHMlNIA+d 
TNT <OS02 
RDX co. 02 
IUX~ (0.02 
PCB 

6-18 7- 1 S-89 

ALL Ri3lJLTS APZ IN MS/L 

7.2 
315 

3 
c I 

0.016 
AS <0.05 ENDRIN 
EA 0.026 LINDAN 
CD (0.01 WTHOXYCHOR 
CR co. 05 .TOXAPHEEE 
PS CO.05 2.4-D 
i-6 <0.002 2,4,5-TP 
SE <O.Ol RADIM, pCi /L 
A% (0.05 GROSS a, pci /L 
FLUORIDE GROSS b,pCi/L 
NITRATE-N CULIFMZn 

1) 1, I-TRICliLoRoETHAK 
TR ICKOROEMYLEN 
D-N-BUTYL PHTHALATE 
BIS(2-ETHYLNXYL)PHTliALATE 

__ 

- 

_.,~ 

- 



SAMPLE ANALYSIS RESULTS 
dt-a+H-HICHM*HH+* 

HA-, BLDS 2516 7002 
CRAM, INDIANA 47522 DATE 3-15-8'3 
ATTN: JO BELMR 

SAWLE DESCRIPTION: 6-15 7- 18-05 

ALL RESULTS ARE IN MS/L 

EST RESUTS: 

PH 
SP.ClMD,Wl/C?l 
Tu: 
TOX 
FE <o.os 
M 1.19 
NA 
CA 
Is- 
K 
SUmFATE 
a-LoRIDE 18 
PHENOL co. OS 
BICARBONATE 
AMM3NIA-N 
TNT <0.02 
RDX co.02 
HIX co. 02 
PCB 

. 

7.1 
660 

11 
0.026 

As 10.05 ENDRIN 
BA 0.133 LINDAN 
CD co.01 mclHOXYaiLa? 
CR (0.05 TOXAPHEN 
PB <o.os 2.4-D 
Hs co. 002 2,4,5-TP 
SE <O.Ol RADIUM, pCi /L 
As <o.os GROSS a, pCi /L 
FLUORIDE SROSS b,pCi/L 
NITRATE-N COLIFDRM 

1, 1, l-TRICHLOROETHANE 
TRICKOROETHYLEN 
D-N-BUM PHlHALATE 
Bm2-mwLexn)PmHhm 

SUBMITTED BY --- 



SAtU’LE M4LYSIS RESULTS 
++M- -***8+*8-N 

NA-, Bum 2516 7002 
CRANE, INDIANA 47522 DATE 9-15-8’3 
AI-I-N: JO ELCHER 

- ,., 

--- ----- --_-- 

SAWLE DESCRIPTION: 6-20 7-18-83 

ALL RESULTS ARE IN MS/L 

lEST RESLLTSz 

PH 
SP.COND,UVCH 
TOC 
TOX 
FE co.05 
m (0.01 
HA 
CA 
rls 
K 
SULFATE 13 
CKDRIDE 15 
PHENOL CO.05 
BICARBONATE 
AtWON1A-N 
TNT (0.02 
RDX (0.02 
IWX <0.02 
PC8 

. 

7.1 
456 

0.14 
AS <0.05 ENDRIN 
BA <O.Ol LINDAIE 
CD co. 01 tEniOXYaiLu? 
CR <0.05 TOXAPMN 
PB (‘0.05 2,4-D 
Hs <0.002 2,4,5-TP 
SE <O.Ol RADII-M, pCi /L 
As co.05 GROSS r,pCi/L 
FLUORIDE SROSS b, pCi /L 
NITRATE-N COLIFDRM 

1, 1 ( l-TRICHLDROETHAN 
TRICKDROElHYLEN 
D-N-BUTYL PHTHALATE 
BIS(2-ETHYLHEXYL)PHMALATE 

. . 

.- 

SUEtlITTED BY c---T------ 
‘ 



BAFFLE AIWLYSIS RESUTS 
-mIIX*tu 

HAW-. BLDS 2516 
CRANE, INDIANA 47522 
ATTN: JO BELCHER 

7002 
9- 1 S-89 

SANPLE DESCRIPTION: 

TEST RESUTS: 

PH 
SP.MND,W/Ul 
TDC 
TOX 
FE <o.os 
m <o. 615 
NA 
CA 
ffi 

LmE 
CHLORIDE 16 

<o.os 
BICARBONATE 
AHlON1A-N 
THT co. 02 
RDX co.02 
HlX co.02 
PCB 

6-21 7-18-W 

ALL RESULTS ARE IN M/L 

7x1 
1302 

3 
0.010 

As 
BA 
CD 
CR 
PB 
Ho 
BE 
AB 
FLUORYIDE 
NITRATE-N 

CO.05 
<6.01 
(6.01 
<0.05 
<0.05 

co. 002 
<O.Ol 
<o. 05 

ENDRIN 
LINDAN 
mrrHoXYMoR 
TOX- 
2.4-D 
2,4,5-lP 
RADIUl, pCi /L 
GROSS l ,pCi/L 
SROSS b,pCi/L 
MLIFOR?l 

1,1, I-TRICMLORUTHAN 
TRICHOROETHnEIE 
D-N-BUM PHTHALA~ 
BIS<2-ETHYLHEXn~PHlHALATE 

~.L&- SUBMITTED BY 



FM-, BUS 2516 
CRAN, INDIANA 47522 
Al-l-N: JO BELafR 

7002 
9-15-W 

- ----a---- 

!SAtlPLE DESCRIPTIDN: 

TEST RESUTS: 

PH 
sP.alND,Lm/cN 
Tu: 
10X 
FE <o.os 
MN 0.016 
NA 
CA 
HI3 
K 
SlLFATE 8 
CHLaZIDE 12 
Pw3JoL <o.os 
BICARBONATE 
AHtWN1A-N 
TNT co.02 
RDX <0.02 
IMX 
PCB 

co.02 

- 

6-22 7-18-89 

ALL RESULTS ARE IN I’MilL 

7.3 
407 

2 
0.010 

4s <0.05 ENDRIN 
BA 0.023 LINDANZ 
CD <O.Ol HETHOXY CHLOR 
CR <o.os TOXAPHEN 
PB CO.05 2.4-D 
HG co.002 2,4;5-TP 
SE <O.Ol RADIUn,pCi/L 
As <o.os GROSS l ,pCi/L 
FLIJDRIDE GROSS b,pCi/L, 
NITRATE-N COLIFDRn 

1,1,1-TRICHLOROETHAN 
TRICHLOROETHYLEN 
D-N-BUTYL PHTHALATE 
BIS(2-ETHYLNXYL)PHTHALATE 

- 

-. 

-_ 

_- 

_- 

StJBtUTTED BY------- - 



NAB, BLDS 2516 7002 
CRAhE, INDIANA 47522 DATE 9-15-89 
ATTN: JO BELCbER 

. 

SAWLE DESCRIPTION: 6-23 7-18-89 

ALL RESULTS ARE IN MS/L 

TEST RESUTSI 

P.H 
sP.coND,un/c?l 
TOC 
TOX 

E 
0.11 
0.61 

2 
ffi 
K 
SLLFATE 14 
CKORIDE 13 

(0.05 
BICARBONATE 
AllIiONIA~ 
TNT co.02 
RDX (0.02 
MIX (0.02 
PCB 

164 
7 

0.236 
As 
BA 
CD 
CR 
PB 
ffi 
SE 
As 
FLIJOFZIDE 
NITRATE-N 

<o.os 
0.021 
<O.Ol 
<o.os 
co. OS 

co. 002 
co.01 
<o.os 

ENDRIN 
LINDAN 
llETHoxYcaiLm 
TOXAPHENE 
2.4-D 
2,4,S-TP 
RADIUI,pCi/L 
GROSS l ,pCi/L 
SROSS b, pCi /L 
CZU..IFORM 

l,l, 1-TR1cHL0RETHA& 
TRICKOROETHYLEN 
D-N-BUM PHTHALATE 
BIS<2+THYUEXYL)PHTHALATE 

. 

L 
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