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EXECUTIVESUMMARY 

The Naval Surface Warfare Center, Crane Division (NSWCC), 
Crane, Indiana, 
Indiana. 

is a naval facility located in southwestern 
I,ts mission is to provide material, technical, and 

logistic support to the Navy. One of its primary tasks is that 
of an inland ammunition production, storage, and disposal center. 

In 1989, NSWCC was given a Final RCRA Storage Permit. The 
permit cont(ained Corrective Action Requirements to be done at its 
Solid Waste Manafgement Units (SWMU). The requirements included 
the need for RCRA Facilities Investigations (RFI) to be done at 
its hazardous waste disposal units. 

A RF1 Phase II, soils investigation was performed at Rockeye 
by U.S. Arm]y Corps of Engineers personnel. The field work was 
done in September and October 1990, analytical work in September, 
October, and November 1990, the data reduction and report writing 
from December 19!90, to July 1991, and report revisions from 
February 19!92 to June 1992. 

Rockeye is one of the NSWCC operational units, a production 
facility that was formerly a press-loading operation for 3-inch 
projectiles and later converted to a case-filling operation to 
produce cluster lbombs. A large volume of wastewater is produced 
by the operation and collected in sumps. Prior to 1978, 
explosive-contaminated waters from full sumps were discharged 
directly to a branch of Sulphur Creek on the north side of the 
facility and to Turkey Creek, a tributary to Boggs Creek, on the 
south. Residues from the sumps are now pumped and trucked to the 
ABG, and pollution abatement equipment has been installed at the 
site. The result has been a reduction in the release of 
explosive-contaminated waters. 

A surface and shallow subsurface soils investigation was 
instituted at the site. The objectives of the study were to: 

1) Describe the soil conditions around the site; 
2) Identify and characterize contaminants coming from the 

individual sumps, and 
3) Trace the route of the contamination movement away from 

the sumps. 

Soil samples were collected from soil borings and surface 
scrapes. Samples were taken outside the sump areas. These 
samples were, = used to determine the chemical character of the 
contaminantI at the source. Samples from the borings and 
surface scrapes ILocated away from the sumps were used to verify 

viii 
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the contaminant release. One soil sample, Sample H, was taken in 
an effort to determine why there was a spot of bare earth on an 
otherwise grassedl berm. This spot was situated near an exhaust 
vent. 

The QC level selected for this study is a NEESA QC Level 
"Cl1 . Since the only contaminants mentioned in the historical 
documentation (IAS) were aqueous explosive wastes, these were the 
primary contaminants of concern. Therefore, all soil samples 
were analyzed for the presence of explosive compounds. USATHAMA 
methods, now' incorporated in EPA Method 8330, were used to detect 
these compounds. As a precautionary step, lesser numbers.of the 
soils samples were tested for the presence of a selected list of 
inorganic co)mpounds, including toxic metals and volatile and 
semivolatile organic compounds (EPA Methods 8240 and 8270). All 
other analytical methods used were EPA SW 846 analytical methods. 

The present day land surface resulted from an extensive fill 
and leveling operation. Thirteen auger borings were drilled in 
1990. Soil descriptions from 35 groundwater monitoring wells 
drilled in 1981 and 1983, field observations, and physical soil 
test data were us'ed to develop site soil descriptions. Soils 
were classified according to the Unified Soil Classification 
System. These sobils were generated by processes including 
weathering elf the parent rock and backfilling. Soil thicknesses 
vary from .5 feet to 17 feet, and soil types are predominately 
clays (CH). Organic matter was found in the soils. HNU readings 
that range from 0.5 ppm to 300 ppm were found in some of the soil 
boring holes. Groundwater was encountered in 4 borings. Prior 
studies indicate that groundwater movement at the Rockeye site is 
away from the site toward the intermittent streams that drain the 
site. Groundwater flow is enhanced by rock fractures. The. 
groundwater is contaminated with explosive compounds, based on 
analyses of monitoring wells sampled in 1991. These analyses 
have been performed in the ongoingPhase III Site 
Characterization for Groundwater at Rockeye. 

A clear case for the presence of explosive compound 
contamination in the soils of the Rockeye facility has been made. 
A less firm conclusion about the presence of volatile and 
semivolatile organic contamination in the Rockeye soils can be 
made. The data from the study is indefinite with respect to the 
presence of inorganic contamination. The clear evidence that 
explosives c.ompounds are reaching the surrounding drainage ways 
(Areas B, E, F, and G) indicates that explosive contamination is 

This is I(, moving in the ground and surface water systems. 
supported by visual observation, (pink or red water in the north 
stream - NEE;SA, 1983), groundwater analysis, (Dunbar, 1984 and 
preliminary WES analysis, 1992), and the presence of explosive 
compounds under the sumps and in the discharge channel soils. 

ix 
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Evidence of airborne contamination was found in surface soil 
sample H, taken near an exhaust vent from a bare area on an 
otherwise grassed1 berm. This sample was heavily contaminated 
with explosive compounds (TNT - 295 ppm, RDX- 3350 ppm, and HMX- 
10400 ppm). Indications are that past operations have, and 
present operations may be, contaminating the environment of the 
Naval Surfacle Warfare Center Crane. 

The following recommendations are made: 

1) A RCRA Facilities Investigation, Phase III, Soils Study 
is recommended. Specifically, 
is suggested: 

the following sampling 

a) 

b) 

cl 

d-1 

Additional surface soil sampling along with air 
moinitoring/testing near production building 
exhaust vents to primarily determine the extent of 
explosives contamination near those facilities; 

Soil borings for the background areas (Background 
North and Area C) to gain a better subsurface 
control model for inorganic analytes; 

Soil borings near the facility perimeter where 
metals and explosives concentrations in the 
surface soils were highest, so as to determine the 
vertical extent of contaminants there; and 

Surface water and sediment samples from 
drainageways and receiving streams, to better 
determine the extent of contamination. 

2) Removal of the sumps should be considered. 

X 
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1 .O INTRO:DUCTION 
1.1.0 BACKGIROUND. Naval Surface Warfare Center Crane 

(NSWCC) is a naval facility located in southwestern Indiana. It 
is located 40 miles southwest of Bloomington, Indiana and 74 
miles south of Indianapolis, Indiana. NSWCC's location is shown 
on Figure 1.1. The facility covers approximately 62,463 acres in 
Davies, Greene, and Martin Counties. It is located in a rural, 
sparsely populated area. The acreage surrounding the base is 
primarily wooded or farmed land. The majority of NSWCC is 
covered by forest. Its surface topography is defined by rugged 
terrain cut by well-defined stream valleys. The surf ace 
elevations range from 470' m.s.1. in the valleys to 800' m.s.1. 
on the ridges. 

12.0 FACU:YHISTORY. The facility, originally called 
Naval Ammunition Depot (NAD), Burns City, was opened in 1941 to 
serve as an inland ammunition production and storage center. The 
Depot's name 'was changed to NAD Crane in 1943, The name was 
changed again in 1975 to Naval Weapons Support Center, Crane. 
Today, the center is known as the Naval Surface Warfare Center 
Crane, and its mission is to provide material, technical, and 
logistic supp'ort to the Navy for ships and crafts equipment, 
shipboard wea:pons systems, and assigned expendable and 
nonexpendable ordnance items; and to perform additional functions 
as directed by the Commander, Naval Sea Systems Command. In 
1977, all of the DOD's ammunition procurement responsibility was 
transferred tlo the Army. The Army has assumed ordnance 
production, storage, and related responsibilities under the 
single servicle manager directive. 

The Army conducted an Initial Installation Assessment (IIA) 
for its activities at Crane in 1978, which was updated in 1986, 
to assess past and current use of toxic and hazardous materials, 
as well as the potential for these substances to migrate off the 
installation. As landlord of the facility, it was determined 
that all environmental activities, including permitting 
activities, wlould remain the responsibility of the Navy. 
(USATBAMA, June 1988.) 

Subsequent to the initiation of the EPA's RCRA hazardous 
waste program, NSWCC filed notification and application to 
operate as a treatment, storage, or disposal (TSD) facility in 
October 1980. Interim status was granted subject to operating 
requirements (and a:pplicable technical standards found in Title 40 
Code of Federal Relgulations, Part 265 (40 CFR, Part 265). 
(Donohue &I Aslsoc., 1992.) 
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In April 1981, the Navy implemented the Assessment and 
Control of Installation Pollutants (NACIP) Program, subsequently 
known as the Installation Restoration Program (IRP), (Donohue & 
Assoc., 1992). Under the authority of this program, an initial 
Assessment Study (IAS), or Phase I Study, was conducted in April 
and May 1981, by a team from the Naval Energy and Environmental 
Support Activity (NEESA), the Ordnance Environmental Support 
Office, and ,the U.S. Army Corps of Engineers. 
published by NEESA in 1983. 

This study was 
The purpose of the IAS was to 

collect and 'evaluate evidence indicating existence of pollutants 
which may have contaminated the site and which may post a health 
hazard to pelople 'on or off the installation. The result of this 
study, based on historical records, aerial photography, field 
inspections, and personal interviews, was identification of 17 
potentially contaminated sites. It was concluded that while none 
posed immed&ate threat to human health or environment, 14 
warranted further investigation under the NACIP Program to assess 
potential long-term impacts. A Phase II, or Confirmation Study, 
involving actual isampling and monitoring of the 14 sites, was 
recommended to confirm or deny existence of suspected 
contamination and to quantify the extent of any problems which 
may exist. IRockeye was one of these 14 sites. (NEESA, 1983). 

Confirmation actions at Rockeye included the installation 
and monitoring of two groundwater monitoring wells in 1981 to 
determine if the groundwater was contaminated with explosives. A 
total of 80 monitoring wells were installed at 6 of the 14 sites 
at Crane by the elnd of 1981. In addition to groundwater samples, 
surface streams exiting Crane were being monitored on a monthly 
frequency for cyanide, explosive compounds, and heavy metals. At 
the time of the NEESA report, monitoring had not indicated-any 
problems. Even tlhough there were specific pollutants suspected 
at some of the various sites due to their operations, (primary 
"wastes of concern" at Rockeye were the explosives TNT and RDX), 
it was recommended that at least a minimum screening procedure be 
used to include groundwater contamination indicators listed in 
40CFR265. (NEESA 1983). 

Completed groundwater studies at Rockeye include the Dunbar 
Reports of 1!382, 1983, and 1984. From the 1984 report, latest 
available chemical data from five monitoring wells indicated 
contamination. Tlhese contaminants were the explosives RDX, TNT, 
and HMX, resulting from surface discharge of contaminated 
production water (Dunbar, 1984). The composition of these 
explosives is discussed in Section 3.0. 

Corrective actions programs established as part of the RCRA 
HSWA (Hazardous and Solid Waste Amendments) required NSWCC to 
address past releases of hazardous waste or hazardous 
constituents at Solid Waste Management Units (SWMUs). 

2 
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Accordingly, NSWCC submitted a Hazardous Waste Management Report 
to the EPA in January 1985. The report listed the IAS-identified 
hazardous vaste sites as SWMUs. Following the Hazardous Waste 
Management Report, A RCRA Facility Assessment (A.T. Kearney, 
Inc., 1987) was conducted to characterize the potential for 
releases of hazardous waste or constituents from 100 SWMUs. 
(Donohue & Assoc., 1992.) 

An additional environmental study included the Army's 
Installatioin Ass'essment Relook Program, which sought aerial 
analysis support from the U.S. EPA's Environmental Photographic 
Interpretation Clenter (EPIC). The Relook program was initiated 
under the Army's IRP in which installations, assessed prior to 
EPA/Army interagency agreement and availability of EPIC's 
historical reports, were reassessed for possible CERCLA problems. 
For Rockeye, the 1985 EPIC study reviewed aerial photography 
dated 1948, 1953, 1958, 1966, and 1974. Ground scarring and 
staining were evident in the 1953 photo, as the site appeared 
recently constructed. The drainage channel, cutting from the 
central portion of the site toward the northeast corner, which 
had reportedly received red-water discharge, was visible in this 
photo. In the 1958 photo, many areas, especially near drainage 
paths, had begun to revegetate and ground stains were no longer 
visible. By 1974, the discharge point of the drainage channel 
was obscured by vegetation, and smoke or steam was being vented 
from one of the onsite buildings. (EPIC, 1985). 

The 1988 USATHAMA report concluded that many areas of 
concern in the 1978 IIA report had been addressed under the 
Navy's NACIP program, with the completion of the 1983 Navy IAS 
and initiation of confirmation studies at many potential areas of 
contamination. It was recommended that the Crane Army Ammunition 
Activity (CAAA) work with NWSCC to minimize environmental impact 
from Army operations. 

Under the authority of RCRA as amended by HSWA, a hazardous 
waste treatment, storage,and disposal facility must be permitted 
by the EPA. On December 23, 1989 NWSCC was granted a Final 
RCRA/HSWA Storage Permit. The permit's corrective action 
requirements were negotiated between the Navy and the U.S. EPA 
Region V. This permit established the HSWA Corrective Action 
Requirements and Compliance Schedules obligating the U.S. Navy to 
perform RFIs at 30 SWMUs, to conduct Corrective Measures Studies 
(CMSs) and implement corrective measures if needed. (Donohue & 
Associates, 1992). 

Surface and shallow subsurface soil investigations are parts 
of the RF1 process. A RCRA RF1 Phase II, Soils Study was 
conducted at an area known as the Rockeye Munition Facility, 
referred to in the permit as Rockeye SWMU 10/15. The U.S. Army 

3 
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Corps of Engineers conducted the study. The field work was done 
in September and October 1990, laboratory analytical work in 
September, October, and November 1990, the data reduction and 
report writing from December 1990 to July 1991, and report 
revisions from February 1992 to June 1992. 

The U.S. Army Corps of Engineers Waterways Experiment 
Station is conducting an RF1 Phase III, Site Characterization for 
Groundwater at the Rockeye Site. Data from 107 monitoring wells 
and borings are being evaluated to describe the hydrogeology, 
determine groundwater flow patterns, determine the extent.of 
contaminant r'eleases to groundwater, determine the horizontal and 
vertical distribution of contaminants, and predict the long-term 
disposition of contaminants at Rockeye. Subsurface geology (soil 
and rock types and characteristics, stratigraphy, geologic 
structure and location and description of aquifers and 
aquicludes) is being evaluated from descriptions of rock cores 
obtained from the borings. Three of four scheduled rounds of 
groundwater sampling of the wells have been completed for most 
Appendix IX compounds and explosives. The first two rounds have 
been analyzed and preliminarily evaluated. The third round is 
currently (March 1992) being analyzed. 

1.3.0 SITESE’TTING. Rockeye is a 10 acre site on a 
flattened ridge crest that separates Sulphur Creek and Boggs 
Creek in the north central portion of the base, approximately 2 
miles south of North Gate 191. Rockeye lies in the SE l/4 of 
Section 5, T.5 N, R.3 W. on SR 45 (see Figure 1.1). Drainage to 
the north and1 east goes to Sulphur Creek. Drainage to the south 
goes into (and is the origin of) Turkey Creek which .flows into 
Boggs Creek. Drainage to the west goes into Greenwood Lake. 
(See Figure l..lA). 

Rockeye is a production facility and not a storage, 
treatment, or disposal site. It began operation in the mid- 
1950's as a press--loading operation for 3-inch projectiles using 
Composition A-3 explosive (RDX and wax). In 1967-68, the 
facility was converted to a case-filling operation in order to 
produce the ME20 series anti-tank Rockeye cluster bomb. The 
Rockeye bomb is a 500 pound unit that contains 247 steel-cased 
bomblets, each holding a 0.4 pound blend of Octal Type II and 
Composition I3 high explosives. Octal Type II contains 70 percent 
HMX and 30 percent TNT. (EMX is octahydro-1,3,5,7-tetranitro 
1,2,5,7-tetrazocine, which is cyclotetramethylene tetranitramine, 
and TNT is 2,4,6-trinitrotoluene.) Composition B is 60 percent 
RDX (hexahydro-1,:3,5-trinitro-1,3,!%triazine, which is cyclo- 
trimethylene-trinitramine or V1cycloniteO1), 39 percent TNT, and 1 
percent wax, used as a desensitizer. 
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As part of the loading operation, the system generates a 
large volume of wastewater. The wastewater is collected in four 
sumps. These sumps are located near boreholes 1, 3 and 4, 5 and 
6A, and 8, 9, and1 10, which are shown on Figure 3.1. The sumps 
are periodically pumped and the residue is trucked to the 
Ammunition Eburning Ground for disposal. Prior to 1978, 
explosive-contaminated waters for full sumps were discharged into 
the local streams (NEESA, 1983). On the north side of the 
facility, the waters were released to a branch of Sulphur Creek, 
and on the south side the waters were released to Turkey Creek. 
Discharges with TNT concentrations as high as 50 ppm have,been 
detected at the discharge points. Figures 1.2, 1.3, and 1.4 
include past pictures of catch basins and discharge locations for 
explosive-contaminated waters. Drainageways (streams and 
ditches) are shokm on Figure 3.1 and on Plate 1, which is 
enclosed in the pouch attached to the report. In the spring of 
1978, an activated carbon water treatment facility (Bldg. 3044, 
shown on Fig. 3.1) was brought into operation to purify the 
wastewater for recycled usage. In addition to a water treatment 
system, a scrubber system to remove contaminated particulates in 
the steam-fed traly wash area was designed and installed. In the 
tray wash area, explosive-contaminated trays are steam cleaned. 
Before the scrubber was installed, emissions were discharged 
directly to the atmosphere. With the installation of the 
pollution abatement equipment, the release of explosive- 
contaminated waters has declined. 

Groundwater conditions have been monitored at Rockeye since 
1981. Groundwater contamination was detected during the 1981 
groundwater sampling program (Dunbar, 1982 & IiMTC, 1985). 
Explosives were found in some of the groundwater samples. 
Additional monitoring wells were installed in 1983, 1988-1989, 
and 1990. From the ongoing RF1 Phase III Site Characterization 
for Groundwater at Rockeye, three of four scheduled rounds of 
groundwater sampling of the wells have been completed. The first 
two rounds have been analyzed and preliminarily evaluated. In 
the first round of sampling, (March 1991), the following groups 
of parameters were analyzed for: metals, cyanide/sulfides, 
explosives, volatile organics, BNA organics, herbicides, 
pesticides, and PCBs. All of the above parameters were also 
analyzed for in the second round, (June-July 1991), except for 
cyanide/sulfides. Detected levels of compounds were compared 
with USEPA existing and proposed drinking water standards. 
Drinking water standards are listed as two Maximum Contaminant 
Levels or MCLs: primary levels which are enforceable, health- 
based standards; and secondary levels which are nonenforceable 
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Figure 1.1 Location map for NSUC Crane. The insert is a facility map. The 
position of Rockeye is shown. 
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taste, odor, or appearance guidelines. In the first round of 
sampling, compounds detected above primary MCL levels were the 
metals beryllium, cadmium, mercury, nickel, and antimony. 
Compounds detected above secondary MCL levels were aluminum, 
iron, manganese, and mercury. Several other metals and a sulfide 
were detected in concentrations below MCL. In the second round, 
compounds detected above primary MCL levels in several wells were 
the same metals as round one, except for mercury. Mercury and 
several other metals were detected in concentrations below MCL. 
Mercury was detected in 6 wells, with the highest detected 
quantity being 0.0017 mg/l in well lOC39P2. 
0.002 mg/l.:) 

(MCL for mercury is 

Samples from several Rockeye wells contained explosives. 
(See Plates 1 and 2 for well locations). A summary of the type 
of explosives found and in which wells, in concentrations above 
rBat and "J" levels, is shown in Table 3.0. (A @lJ@V value 
indicates that the organic compound was detected in amounts below 
the Instrument Detection Limit. 
compound was 

A @IBrl indicates that the organic 
also detected in the associated laboratory blank. 

l'BI( associated with an inorganic compound (metals, cyanides and 
sulfides) indicates detection in quantities greater than 
Instrument Detection Limit but less than the Quantitation Limit). 
All of these wellls are located in or near the prominent surface 
drainage channel,, running from the vicinity of the loading and 
washing buildings 2734 and 2731 to the northeast corner of the 
Rockeye site, and downslope to the north and east. (See Plates 1 
and 2). From Round 1 sampling, the highest concentrations of HMX 
detected was 0.53L8 mg/l, of RDX was 0.806 mg/l), and of TNT was 
0.379 mg/l, all in well 10-17. In Round 2 sampling, the highest 
concentration of BMX detected was 0.412 mg/I (in well lOC55P2), 
of RDX was 0.632 mg/l, and of TNT was 0.329 mg/l, both in well 
10-17. TNB was detected at 0.029 mg/l in well 10-17. Well lo-17 
also had the highest detected amounts of explosives in Round 1. 

Other compounds detected above @IBa or lwJ" levels, but below 
MCL or for which no MCLs exist were as follows: Round 1 - bis 
(2-ethylhexyl) phthalate (three wells), 1, 1, 1-trichloroethane 
(one well), di-N-octylphthalate (one well), and PCB-1254 (one 
well); Round 2 - touluene and t-xylene in well lOC39P2; and 
dieldrin, a pesticide, was detected in well lOC47 at 0.00003 
mg/l, where the detection limit for dieldrin was 0.00002 mg/l. 
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TABLE 3.0 

WELLS CONTAMINATED WITH EXPLOSIVES - 
PHASE III GROUNDWATER STUDY' 

CONTAMINATED WELLS2 

EXPLOSIVE -- ROUND1 ROUND Z3 

10-02, 07, 08, 17, 10-07, 08, 17, 18, C55, 
18, C55, C55P2, C60 C55P2 

RDX 

TNT 

10-07, 08, 17, 18 10-07, 08, 17,C55, C55P2 
21, C55, C55P2, C60 

10-17, c33, c55 
C55P2 

10-17, C55P2 

TNB4 10-17 10-17 

'Preliminary evaluation 

2Levels above @IB@* and glJg' levels 

%Ell lo-02 not sampled this round 

'Trinitrobenzene 
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1.4.0 PROJECT OBJECTIVE. RFI Phase II studies are 
release assessment studies. Their purpose is to determine if a 
chemical release has occurred and to characterize the host 
medium. The goals of this study were to determine if any lasting 
effects of the rleleases could be detected, and to investigate the 
physical properties exhibited by the surface earth materials. To 
accomplish these goals, soil samples were taken at sites along 
the contamination routes, which were primarily drainageways due 
to pre-1978 operations described in 9 1.3.0* The soil borings 
were placed beside the sump structures and in the surface 
drainage ditches. Surface soil samples were collected within the 
stream beds of the discharge streams. The physical 
characterization of the soils was accomplished using standard 
U.S. Army Corps of Engineers' procedures, (Unified Soil 
Classification System, USCS). The chemical characterization was 
accomplished using EPA SW 846 methods and U.S. Army developed 
method of explosive waste detection. 
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2.0 PREVIOUS STUDIES 
The environmental condition at Rockeye has been described in 

several reports. (A summary of results of many of these was 
presented in Section 1.2.0 of this report). These reports, in 
chronological order, include a Pollution Control Program report 
prepared by Crane in 1971; a Pollution Control Research 
Memorandum (chemist report), February, 1975; the initial Army 
installation assessment, 1978; the Dunbar rqorts of 1982 and 
1983; the Navy initial site assessment, 1983; the Dunbar report 
of 1984; the Hazardous Material Technical Center confirmation 
study for Sites 2, 4, 6, and 10, June, 1985; the EPIC report of 
August 1985,, published as a working document for USATHAMA; and 
the USATHAMA initial assessment update (final report) of June, 
1988. 
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3.0 PROCEJXJRES: 
3.1.0 SAMF’LING PROCEDURES. Detection of explosive 

waste contaminants in the soil is the primary concern of this 
study because Rockeye is a bomb production facility. Also, 
historical discussions of operations refer only to explosive 
pollutants at the site. A secondary concern is other 
contamination with inorganic and organic materials because some 
of these substances may be used in the manufacturing process. 
Samples were taken from vertical soil borings (near the sumps and 
in the base of the surface drainage ditches) and from surface 
scrapings (in the drainageways). Samples from boring locations 
shown on Figure 3.1. were used to identify sources of 
contamination and to determine any vertical migration of 
contaminants found. No control (background) boring samples were 
taken because an area not likely to receive discharges, 
Background North (BN), 
to the site), 

(removed from the operation but adjacent 
was selected to be used as a location for 

background samples. (BN 1 through 3 were taken at a depth of 3 
to 6 inches below ground surface, 
inches. 

discarding vegetation down to 3 
This was accomplished using individual pre-cleaned 

strips of Plexiglas, as hand scoops, for each sample). 
Background subsurface soil information from the Ammunition 
Burning Ground and Old Rifle Range were used for comparative 
purposes. 

The only identified waste disposal operation at this site 
was the sum:p system, which includes the sumps, open ditches 
leading from the sumps to the discharge point, and streams which 
received these discharges. Therefore, emphasis was placed on 
sampling near th'e sumps, ditches, and stream beds. The ditch and 
stream beds were examined to detect residual contamination. 
Surface scr'apes 'were taken to define the horizonal migration of 
contaminants via the drainageways. Due to the possibility of 
ditch overflow during high discharges, the location of individual 
sampling points 'was determined using a sampling grid. (See 
Figures 5.3 thro,ugh 5.5). Grid spacing was small enough to 
detect cont'amination within a 6-foot diameter. Areas where 
contaminant migr'ation was probable were selected as sampling 
locations. Sincie residues from past operational releases would 
have been rlemoveld from the stream bed sediments due to natural 
flushing action, the areas of primary sampling were located on 
the stream :banks and in overflow areas. Sample identification 
numbers for the isurface scrapes consist of grid area identified 
by an alpha char'acter and location within the grid identified by 
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two numeric chara'cters. For example, 
taken in grid Area A at location 0,l. 

sample number A-O-l was 

Vertical1 borings were drilled and discrete soil samples were 
taken to identify sources of contamination, to track the vertical 
migration of contamination through the soils, and to characterize 
the physical properties of the soil. 
properties of the soils, 

For testing of the physical 

boring was collected. 
at least one disturbed soil sample per 

When more than one soil horizon was 
detected, each soil horizon was sampled. Physical analysis was 
not performeid on any of the surface scrape samples. Thirteen 
borings were drilled, using a truck-mounted drilling rig. The 
boring locations are shown on Figure 3.1. In the drainage 
ditches, soil borings were placed in the base of the ditch 
channels, since the ditch channels are not eroding. In the ditch 
borings (where soli. thickness allowed) soil samples for chemical 
analyte detection were taken at the following depth intervals, 3" 
to 6", 12" to 18" and 6" above the water table or top-of-rock. 
Figure 3.2 is a schematic showing vertical sample locations 
within the borings. The deepest sample was ,tested for the 
presence of organic wastes. Those soils are the closest to the 
underlying groundwater zones and the most removed from the ground 
surface where evaporative forces and oxidation would have reduced 
the organic compound concentrations. From around the sumps, soil 
samples were taken from vertical auger holes. Modes of release 
from the sumps would be spillage and leakage. To detect 
spillage, a shallow soil sample was collected. To detect 
leakage, a soil sample was taken from just below the sump base. 
Each vertical soil boring and sample was assigned a unique 
identification number. 
boring number, 

It consists of the SWMU number, the 
the year the sample was taken, and for the - 

individual soil samples, the sampling order. 
locations were determined by field personnel. 

The boring 
Distances from 

existing wells whose coordinates were previously established were 
measured. T:he lo'cation coordinates were converted from latitude 
and longitudle to Indiana State Grid coordinates (Table 3.1). 

During the drilling operation, an area devoid of grass on an 
otherwise grassy :berm behind Building 2734 and situated near an 
exhaust vent was observed. (See Figure 5.1). The observation 
was reported and it was decided that a sample of that soil should 
be taken. Tlhe sumple was taken using scrape sample procedures 
and was analyzed :for volatile and semivolatile organics, metals, 
and explosives. 
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3.2.0 FIELD METHODS. Soil borings were placed using a 
Failing 1500 'drilling rig equipped with a hollow stem auger. 
Samples were taken at specified depths. All sample depths were 
above the groundwater table and top-of-rock. A Shelby tube 
sampler was ajdvanced through a hollow stem auger, pressed to its 
full length, and then extracted. At the surface, the soil was 
extracted from the sampler, peeled, and bottled in the shortest 
time possible. Peeling is the process that removes that portion 
of the sample which is in direct contact with the sampler. Ends 
of the sample were not used. Soil samples were placed into clear 
sterilized (ICHBW) sample jars, bottles, and vials. Samples for 
volatile analysis (were taken, bottled, and capped within 15 
seconds from ,the time the sampler was opened. All other samples 
were extruded into wide-mouth glass jars or other containers with 
minimal disturbance of the sample. 

Following sample collection, the hole was backfilled using 
a Bentonite clement grout. The cuttings from the hole, not 
removed for s'ampling, were contained in drums. The drums were 
marked and left on the site. The markings included information 
describing the contents of the drum and the boring from which the 
cuttings were taken. NSWCC has custody of the drums and is 
responsible for the disposal of their contents. One 16-ounce 
soil sample wlas collected for inorganic, explosive, and 
semivolatile organic compound testing. Two 40 ml samples were 
taken for volatile organic compound analysis. The sample jars or 
bottles were :sealeid and placed in secured ice chests (coolers) 
for storage at a temperature of 4 degrees Celsius. The coolers 
containing the sam:ples with their accompanying Chain of Custody 
forms were tr(ansported to the Corps of Engineers WES Analytical 
Lab Group for analysis. Transport was by an overnight air 
freight carriler service. A seal was placed on each cooler to 
ensure that the samples had not been disturbed during transport 
to the laboratory. Chemical preservatives were not used. Table 
3.lA lists the sam,ple container used for each type of chemical 
analysis. Ap:pendix E: includes all of the Chain of Custody forms 
for the samplIes. 

3.3 .O PARAMETERS AND ANALYTICAL METHODS. 
Analytical pa:rameters and methods are shown on Table 3.2.1. All 
analytical methods, except for explosive compounds, were 
according to Test ; I 
Phvs=allCherg $cal :Bethods, SW-846, November 1986 Third Edition, 
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TABLE 3.1 

BORE HOLE LOCATIONS 
(C!oordinates in Indiana State Grid Coordinates) 

B1ori.ns Number Northinq Eastinq 

10/15-l-90 507200 591328 
10/15-2-90 507242 591397 
10/15-3-90 507278 591110 
10/l%4-90 507272 591102 
10/15-5-90 507125 591460 
10/l+6A-.90 507133 591485 
10/15-7-90 507195 591520 
10/15-8-90 507148 591260 
10/15-9-90 507133 591293 
10/15-10-90 507098 591262 
10/15-11-90 507248 591830 
10/15-12-90 507372 592110 
10/15-13-90 507388 591178 

TABLE 3.1A 
CHEMICAL ANALYSIS 

SUMMARIZATION OF SAMPLE CONTAINERS 

MATRIXXZ 
Soil 

PARAMETERS 

Volatiles 

CONT-S 

2X40 Ml glass 
Septa vial 

Soil Semivolatiles 
Explosives 
Inorganics 

1 X 16 oz. glass 
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with December 1988 revisions, published by the U.S. 
Environmental Protection Agency. Explosive compounds were 
analyzed by USATRAMA Methods, now incorporated in EPA Method 8330 
of SW 846. 

To ensure lthe samples and their resultant chemical data are 
representative of the site conditions, a quality control program 
was started. As part of this quality control program, a sample 
tracking procedure was used. This process starts in the field 
with chain of custody procedures and sample isolation and 
preservation. The tracking procedures are continued in the 
laboratory, A comjplete laboratory quality assurance/quality 
control plan was followed. Document management was started upon 
the receipt of the samples. Log books, bench sheets, and reports 
were kept. All data are checked by the analyst, the inorganic 
team leader or the organic team leader, and the laboratory Chief 
before the data was released. The data was checked for 
completeness. The completeness check was to ensure that: (1) 
all samples and analyses have been processed; (2) complete 
records including Chain of Custody for each analysis and 
associated QC samples were used, (3) procedures specified in 
project planning were followed, and (4) all calibrations were 
performed. 
The following items were checked: 

1. Colmpleteness, 
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, and 
7. Reasonableness and trends. 

If data fell outside of acceptable limits as described in 
the analytical meth,ods, the sample was rerun if the required 
amount of sample was available. If the rerun results continued 
to fall outside acceptable limits and the QA check sample data 
was good, then d'ata was reported with qualifying explanations. 
Acceptable (data Iwas usually defined by the specific procedural 
method (i.e., SW,-846). 
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TABLE 3.2.1 
SUMMARY OF METHODS FOR 

DETERMINATION OF CHEMICAL COMPOUND ANALYSES 

SOILS METHODS from SW-846 

TECHNIQUE* EXTRACTION ANALYSIS 

ORGANIC ANALYm 

Volatiles 

Semivolatiles 

Explosives 
HMX, RDX, TNB, Tetryl, 
24DNT, 26DNT, TNT 

Aluminum ICP 3050 6010 
Antimony ICP 3050 6010 
Arsenic GF 3050 7060 
Barium ICP 3050 6010 
Beryllium ICP 3050 6010 
Cadium ICP 3050 6010 
Chromium ICP 3050 6010 
Cobalt ICP 3050 6010 
Copper ICP 3050 6010 
Iron ICP 3050 6010 
Lead ICP 3050 6010 
Magnesium ICP 3050 6010 
Nickel ICP 3050 6010 
Tin ICP 3050 6010 
Zinc ICP 3050 6010 

GC/MS 

GC/MS 

HPLC 

INC. # 8240 

3540/3550 8270 

USATHAMA USATHAMA 
(now 8330) (now 8330) 

* Abbreviations: GE' = Graphite Furnace, and ICP = Inductively 
Coupled Plasma, INC. # = extraction procedure included in method 
procedure. 
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Final data reports went through several review and approval 
levels. The! generated data was finally checked for validity. 
The data was evaluated with respect to: 

1. Detection limits, 
2. Control limits for duplicates, spikes, blanks, and 

surrogates, 
3. Data control within control limits and corrective 

actions, and 
4. Flagging consistently out of control data. 

A validation report was prepared by WES-ALG as a final step 
in the data preparation process, and is contained in Appendix D. 

3.4.0 PH‘YSICAL, PARAMETER ANALYSIS. Soil samples were 
characterized using standard U.S. 
geotechnical method:;. 

Army Corps of Engineers 
These methods are described in Corps of 

Engineers manual EM 1110-2-1906, Laboratorv Soils Testinq 1970. 
The soil samples were described and classified in the field by 
the field crew and in the laboratory by the analyst. The lab 
classification consisted of a visual classification, a sieve and 
hydrometer analysis<, determination of natural water content, 
Unified Soil Classification System classification, and organic 
content. The sieve analysis determines the gradation of grain 
sizes ranging from the number 4 sieve (4.76 mm) to the number 200 
sieve (0.074 mm). To determine the percentage of silt and clay 
in the fine fraction of the sample, hydrometer analytical methods 
were used. 
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4.0 SITE CHARACTERIZATION 
4.1.0 GEOLOGIC SETTING. Rockeye is located on a flattened 

ridge crest, which separates the Sulphur Creek and the 
Turkey/Boggs Creek drainage basins. Rockeye is underlain by 
Pennsylvanian age! sedimentary rocks of the Mansfield Formation, 
Raccoon Cree!k Group.. 
shales. 

The dominant rock types are sandstones and 

The geology of the Rockeye site was characterized by 
information from borings emplaced for 35 groundwater monitoring 
wells (Dunbar 198,4),, 
thirteen auger borings 

As a part of the Phase II Soils Study, 
were drilled by WES. Soil samples were 

taken and analyzed for contamination and physical character. The 
locations of the well borings are presented in geologic sections 
A-A', B-B', and C:-C" of Figure 4.1, 
(modified from DunbaLr 1984). 

4.2, and 4.3, respectively 
A description of the sections was 

presented in the Dunbar (1984) report. Geologic section D-D', 
(Figure 4.4), presents the 1981 core barrel/rock bit boring data. 
The detailed individual field boring logs from the 1990 sampling 
are found in Appendix B. The geological description of 
subsurface units at Rockeye has been modified extensively with 
information from the 107 1988-1990 well borings, many of which 
were cored. The modified geological description will be 
presented in the Phase III RF1 Groundwater Release 
Characterization Report to be released later. 

There are! currently 107 monitoring wells in place at Rockeye. 
Plate 1, which is contained in the pouch attached to this report, 
and Plate 2 show monitoring well locations. An RF1 Phase III 
Site Characterization for Groundwater is being conducted by WES. 
A summary of some of the preliminary findings of this study have 
been includeId in Sections 1.2.0 and 1.3.0 of this report. 

4.2.0 SOILCONDUIONS. The soil thickness at the Rockeye 
site ranges from 0 .5 feet to almost 17.0 feet. The area1 
variability Iof soil thickness is shown on Figure 4.5. To level 
out the Rockleye site!, fill was placed in the eroded stream 
valleys. Thlerefore, the sites of thicker soil today coincide 
with the filled &ream valleys. Surface drainage is to the 
north, southlwest, and northeast, and flows into Furst Creek, 
Turkey Creek and ,Sulphur Creek, respectively. (See Figure l.lA). 
The thicker (greater, than 5 feet) sections of soil are alluvial 
and fill material. The fill at the Rockeye site contains CL and 
CH (clays) miaterial. Prior to fluvial incision, a residual soil 
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formed from the weathering of parent rock material. Remnants of 
the residual soil make up a portion of the soil stratigraphic 
sequence. 

Soil samples from the auger borings of the Phase II Soils 
Study were classified in the field according to the Unified Soil 
Classification System (USCS). Selected soil samples were 
analyzed later in the laboratory. The soil types which compose 
the Rockeye site are predominately clays (CL) with lesser amounts 
of sand (SM)i and silt (ML). The fill material contains clay and 
gravel. The sub--surface clays and silts contain sassafras root 
and natural organic debris. The clay (CH) represents the 
residual soil, a weathering product of the shale and sandstone as 
observed in all borings except 10/l+01-90. Residual soil is 
also found as silt (ML) with scattered sandstone fragments and 
roots in borings 10/15-01-90, 10/15-08-90, 10/15-09-90, 10/15-10- 
90 and 10/M-12-90. See Appendix B for boring logs and Appendix 
C for soil data. 

4.3.0 HYDROGEOLOGY. Thirteen soil borings were drilled 
at the Rockeye site. Water was encountered in borings 10/15-01- 
90, 10/15-06-90, 10/15-12-90, and 10/15-13-90 during drilling. 
All the other soil auger borings were dry holes. Previous 
investigations (Dunbar 1982) also found the soil to be 
unsaturated with the exception of the borings located on the 
flattened ridge orest. Groundwater was found in the fractures of 
the underlying Pennsylvanian age sedimentary rock. The average 
depth to this groundwater surface was approximately 17 feet 
(Elevation 7'95 feet m.s.1.) below ground surface. The soil is, 
practically speaking, impermeable with most rainfall exiting the 
site as surface runoff. This is because the soil is mostly 
compacted day which is impermeable. During periods of 
infiltration, the soil acts as a very slow conduit for 
groundwater and its contaminants. The surface of the groundwater 
table roughly parallels the topographic surface. The groundwater 
flows to the east from the ridge summit. The topographic figures 
are depicted on Plate 2. Dunbar's (1982) study shows that the 
Rockeye site! is coincident with a groundwater divide which trends 
southwest-northeatst. Groundwater moves away from this divide. 
The direction of groundwater flow depends on whether the point of 
concern is e!ast or west of the divide. Based on the available 
evidence, groundwater moves very slowly through the soil by 
downward vertical. infiltration, then laterally along the 
soil/rock interfalce until it reaches fractured rock and enters 
the rock aguifer system. Characterization of groundwater flow at 
the Rockeye site will be presented in the Phase III RF1 
Groundwater Relealse Characterization Report to be released later. 
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5.0 CHEMICAlL ANALYTICAL RESULTS 
5.1 INTRODUCTION. s ur ace and subsurface soil samples f 

were taken at Rodkeye, NSWC, Solid Waste Management Unit (SWMJ) 
X10/15 betwelen Se:ptember 5 and October 14, 1990. Figure 5.1 
shows the location of the soil borings and surface sample 
collection areas 'and the Rockeye layout. Parameters analyzed for 
in this Phasle II soils study were selected metals, volatiles, 
semivolatiles, and explosives. 

Design of the soils sampling program was based on the Initial 
Assessment Study (IAS), prepared by the Naval Energy and 
Environmental Support Activity (NEESA) in 1983. The IAS 
indicated that wash water from the munitions production line, 
which contained explosive compound contaminants (TNT, BMX, and 
RJw I was discharged into sumps where suspended material 
settled. Effluent from the sumps was occasionally allowed to 
flow via open ditches and drainage courses into nearby creeks. 
Since 1978, the effluent has been treated by an activated carbon 
treatment facility. 

For this soils investigation, soil samples were taken at 
sites where wash water from the munition production lines was 
released and would likely have made contact with soils, that is, 
in the sumps,, the open ditches leading from the sumps, and in the 
drainage courses at the facility perimeter which receive runoff 
water from the munitions facility. Contaminants were released 
from Rockeye through the discharge of wash water effluent. 

The objective of this soils sampling program was to determine 
if contaminants were retained in the soils of Rockeye. The 
sampling of the pathways of release, i.e., the sumps, ditches, 
and drainage courses should provide some indication of that 
occurrence. A release is defined as any spilling, leaking, 
pumping, pouring, emitting, emptying, discharging, injecting, 
escaping, dumping or disposing into the environment (definition 
set forth in 40 Cl?? 302.3). 

Figure 5.1 and Plate 1 show the subsurface and surface soil 
sample locations. Soil borings 1 through 13 (inclusive) were 
made to sample soils adjacent to Rockeye effluent sumps and 
ditches leading from the sumps. Borings 1, 3, 4, 5, 6A, 8, 9, 
and 10 sampled the sumps while borings 2, 7, 11, 12, and 13 were 
associated with ditches. (Boring 6A replaced boring 6 because ,. the original bore hole could not be sampled. The sample location 
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was moved and labeled 6A.) Subsurface soil samples were taken 
using 3-inch Shelby tubes at a depth equal to the bottom depth of 
the sump or at specified intervals. The depth from which each 
soil sample was taken is indicated in Figure 5.2. Also provided 
on Figure 5.2 are the dates the borings were made and samples 
collected. 

No background subsurface samples were taken. Subsurface 
samples from the Ammunition Burning Ground (ABG) and the Old 
Rifle Range (ORR), other NSWCC locations, were used as background 
for comparative purposes, as soils from these areas are similar 
to Rockeye. Surface soil samples selected to be background 
samples, indlicated as BN (Background North) 1 through 3, were 
taken at locations adjacent to and north of Rockeye. Not all 
@@BN" samples were analyzed for all inorganic and organic 
parameters. Topography indicates that these sites likely did not 
receive surface water discharges from the Rockeye sumps and 
ditches. Soils from sample sites BNl-3 were sampled to identify 
characteristics of soils in the vicinity of Rockeye as if no 
waste disposal activities had occurred at those facilities, but 
all other influences on soil characteristics had taken place. 

In order to provide an even more representative background, 
surface samples from Area C, located on the northeast edge of 
Rockeye, have also been included as background. These samples 
were included after chemical analyses indicated that this area 
was at least as Mcleann of contaminants as Background North. 

Surface soil samples were taken from drainage courses which 
lead from Rockeye. Surface samples were taken from areas A 
through E (inclusive) in grid patterns with sample locations 5 
feet apart. Samples were not taken from the drainage courses in 
grid areas A,, B, and C, due either to significant erosion or 
depth of water. While all grid samples were analyzed for 
explosive compounds, only selected samples were analyzed for 
inorganic, semivolatile organic, and volatile organic compounds. 
Surface samples were also taken at locations F, G, and H. The F 
and G samples were not grid samples, but were taken within and 
adjacent to a drainage course (ditch). Figures 5.3 through 5.5 
are illustrations of the surface soil grid sampling areas. At 
the request of NSWCC, a surface soil sample (sample H) was taken 
in the area of an air vent discharge from one of the Rockeye 
buildings. All surface soil samples were taken at a depth of 3 
to 6 inches below? the ground surface using a pre-cleaned 
Plexiglas hand scoop. Soil and vegetation to 3 inches below 
ground surface were discarded. As discussed previously, three 
surface soil samples, BN 1 through 3, and samples from Area C, 
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were selected to be background samples. 

To assist in data interpretation and determine sources of 
error, the results of the analyses of method blanks and equipment 
rinses are given. Method blanks are determined by following the 
analytical procedure step by step including all of the reagents 
and solvents, in the quantity required by the analytical method. 
Method blanlcs are a measure of cumulative interferences from the 
laboratory or the analytical method. Equipment rinses are 
samples obtained by running analyte-free water over/through 
sample equipment after it has been cleaned. Analyses of 
equipment rinses are used to evaluate equipment cleaning 
procedures and determine if sampling equipment contributed to 
cross contamination of field samples. 

To ensure validity of the chemical data obtained, a chemical 
data quality control program was followed during the Rockeye soil 
sampling and subsequent laboratory analyses. Quality Control 

,,, ,.I .) Level IrCe@ as explained in the Naval Energy Environmental 
Activity iNEESA) guidance 20.2-047b "Sampling and Chemical 

Support 

Analysis Quality Assurance Requirements for the Navy Installation 
Restoration Program@', was followed. In summary, the NEESA 
Quality Control Level C plan requires the use of U.S. 
Environmental Protection Agency approved methods when available, 
a duplication of at least 10% of the samples, the collection and 
analysis of equipment rinse blanks (samples of final equipment 
rinses) on a daily basis, the collection and analysis of field 
blanks (samples of organic-free water exposed to the sample 
environment) and the use of trip blanks with all samples 
specified for vo:Latile organic analyses. The intent of the plan 
is to ensure that sources of extraneous contamination can be 
determined and that decisions made using the data are meaningful 
and supported. An exception to Quality Control Level C for the 
Rockeye soils investigations was that no field blanks were 
collected. This exception to the quality control plan was 
apparently a fieILd crew oversight. Additionally, no field 
duplicates were taken. However, it is believed that the data as 
obtained has value and is meaningful for determining the presence 
or absence of the tested-for contaminants in this study phase. 
Increased efforts to better implement appropriate field quality 
control will be made in the next phase of investigations at this 
site. The Chemical Analytical Data, Validation Report, which 
summarizes the chemical data quality control program results, is 
included in Appendix D. 

Because inorg'anic analytes are naturally occurring elements 
in the earth's crust, the identification of soil contaminants, 
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which are also naturally occurring soil constituents, is better 
accomplished using statistical comparisons between background or 
Wncontaminated" soil concentrations and those of the test soil. 
Due to the small number of subsurface soil samples, (primarily 
one sample at a giiven elevation per boring), meaningful 
statistical analysis would not be possible. Therefore, 
comparison between Rockeye subsurface soils and those from the 
ABG and Old Rifle Range backgrounds were done using graphical 
representations. Due to the greater number of surface samples 
which were taken at Rockeye, statistical comparisons have been 
made between those test soils and surface soil background 
samples. In all cases, surface samples were taken at a depth of 
from 3-6 inches, to eliminate vegetative material from the 
sample. The specific information obtained from each sample is 
presented and qualitative observations are made from that data. 

Mean concentrations of inorganic constituents from test 
surface areas were compared to those of the background samples 
using a t-test with p = 0.05 (95 percent level of confidence). 
Means were computed from all samples from a specific area; 
however, badkground means were computed using all samples taken 
from surface sample Area C and background north, BN2. 
Assumptions 'were made that both means were obtained from random 
samples and that both means were obtained from normal 
populations. The first hypothesis, tested with a 95 percent 
confidence level :F test, was that the variance of the two means 
being compared were equal or alternately not equal. Based on the 
results of the first tests of hypotheses, a common population 
variance was or was not computed and appropriate degrees of 
freedom computed. Subsequently, a second hypothesis was tested 
with a t test. Tlhis hypothesis tested if the sample area and the 
background mean constituent concentrations were equal or 
alternately if the test mean was greater than the background 
mean. An example of the calculations used for arsenic follows. 

For arsenic (As) test background (Area C +BN#2 vs Area A) 

Background 
Mean = 3.55 

Variance = 0.7569 
n 5 = 

Area A 
Mean = 7.28 

Variance = 4.9284 
n=4 

Test to see if variances are significantly different at 95% level 
of confidence Q ~~~05 

., Null Hypothesis Ho : g12 = a2* F= s,*/%* =4.9284/0.7569 = 6.511 
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Alt Hypothesis Ha : aI2 # a2* 
Use F test -- Critical value F = 
freedom 

5.19 with 3 and 4 degrees of 

6.511 > 5.19 therefore we reject Ho and accept Ha 

Now test sample mean to see if means are significantly different 

Ho : u, - u, = 0 Use t as test statistic 

Ha : U, - u, > 0 t= (mean 1 - mean 2) /sd = -3.17 

sd = sqrt(variance X / n + variance 2 / n) 

sd = 1.176 

Critical values of t = + 2.132 and + 2.353 with 4 and 3 degrees 
of freedom. 

Therefore reject Ho and accept Ha; Arsenic present. 

5.2 DISCUSSION OF ANALYTICAL RESULTS. 

5.2.1 Metals. The results of selected metals analyses of 
Rockeye soils are given in tabular form in Tables 5.1 - 5.8 of 
Appendix A. 
Table 5.1. 

The results of soils sampled by boring are given in 
Analyte concentrations in the soils are given as 

mg/kg (ppm) on a dry weight basis. The detection limit is 
provided (following the < symbol) where specific metals in-the 
soils were not detected. Table 5.2 provides the results of 
metals analyses of soils sampled as surface scrapes. Table 5.3 
indicates the maximum concentrations of selected inorganic 
analytes determined for the Rockeye soils sampled. Statistical 
analyses of ,the sample data are provided in Tables 5.4 and 5.5, 
respectively. 

The results for specific inorganic constituents are also 
given graphically in Figures 5.6 through 5.9 from data contained 
in Appendix A. Tlhese bar charts provide constituent 
concentrations for each sample taken from a boring. The bars are 
oriented froim shallowest sample in the boring, on the left, to 
deepest sample in the boring, on the right. Graphs are not 
provided for tin ias all soil boring analyses results were ~7.60 
mg/Jw 
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Figure 5.1. Rockeye (Munitions Facility) - NSWC Crane, Indiana, SWMIJ #10/15. 
Locations of soil borings and surface sample areas. Soil borings are indicated 
by numbers ‘1 through 13 and surface soil scrapes are indicated by letters A 
through H. Locations marked BNl through 3 were “background north” surface soil 
samples. See Figure 5.2 for specific boring information and Figures 5.3 - 5.5 
for surface soil scrape sample information. This figure is based on photography 
taken October 11, 1953. Approximate figure scale is 1:5000. 
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Figure 5.2. Rockeye - NSW Crane, Indiana, SUMU# 10/15. Depth of soil 
samples and dates of collection. sample numbers are indicated in shaded 
area@. .Smple depth For boring 6A uas not identified on bwfng logs. 
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As mentioned in Section 5.1, no subsurface control samples 
were taken at Roc:keye. Instead, background subsurface samples 
from ABG (SWMU 03/10) and ORR (SWMU 07/09) have been used for 
comparative purposes. Three-dimensional histograms shown in 
Figures 5.9A through 5.9V depict the relationship between the 
metals concentrations of soils from the Rockeye borings and these 
background samples. 

Comparison of the maximum metals concentrations of Rockeye 
subsurface to background subsurface soils, (as also seen in Table 
5.6 in Appendix A), does not appear to yield conclusive evidence 
as to whether or not a release of metals has occurred at Rockeye. 
For instance!, the analyses indicate that maximum metals 
concentrations of antimony, cadmium, and cobalt at Rockeye are 
generally twice or greater than the background sites. However, 
maximum concentrations of arsenic, beryllium, and iron are 
generally twice ar more at the control sites than at Rockeye. In 
addition, solme Rockeye maximum concentrations are less than 
specific NSWCC means. 

As stated previously, surface soil samples from an area to 
the north of the Rockeye perimeter fence were selected to be 
background surfac:e samples. Topography indicates that these @@BNn 
sites did not receive surface water discharges from the Rockeye 
sumps and ditches. Only one sample, BN-2, from the background 
area was collected and analyzed for metal analytes. As indicated 
in Table 5.5 (see Appendix A), the mean analyte concentrations 
for surface soil sample Area C were always less than the 
corresponding concentration determined from the BN sample. 
Therefore, for further data analyses, Area C and Background North 
(BN-2) were combined and considered background stations .for 
inorganic analyses. The assumption was made that area C and 
Background North soils are characteristics of soils in the 
vicinity of Rockeye as if no waste disposal activities had 
occurred as those facilities, but all other influences on soil 
characteristics had taken place. The 4 samples taken from Area C 
combined with the one BN sample permitted computation of a 
background mean and standard deviation and the statistical 
comparisons indicated in Tables 5.4 and 5.5 (see Appendix A). 

Comparison of metals analyses of Rockeye surface test soils 
with background samples may be more definitive than that of the 
subsurface s'amples. Such comparison indicates that test soil 
maximum conclentrations were higher than the background, except 
for antimony and nickel. In addition, the test soil maximum 
concentrations of arsenic, beryllium, lead, and cobalt were 
higher than Risk-Based Concentrations (RBCs), as listed in an RBC 
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table prepared by Region III of EPA, dated February 1992. 
However, theze metals in the background generally also had 
concentrations above the RBCs, although not nearly as high as 
those in the test soils. RBCs for the analyzed metals are 
included in Tables 5.3 and 5.6 of Appendix A. (In reference to 
the RBC table, Region III toxicologists use this information as a 
risk-based s'creen for Superfund sites and as a desk reference to 
help with emergencies and requests for immediate information. It 
has also been used in evaluating preliminary site investigation 
data and contractor-prepared preliminary remediation goals). 

Comparison of the metals analyses from the Rockeye subsurface 
and surface soils indicate that, with the exception of aluminum 
and antimony, the maximum metals concentrations were found in the 
surface soil samples (Table 5.3 in Appendix A). Additionally, 
with the exceptions of antimony and aluminum in surface sample H 
and magnesium, tin, and copper in surface sample areas E, B, and 
D, respectively, the maximum metals concentrations were found in 
surface sample Areas F and G. Except for sample H, the surface 
soil samples were taken on the facility perimeter, within and 
adjacent to drainage features leading from Rockeye, while 
subsurface soil samples were taken at the Rockeye sumps and the 
ditches leading from them. As discussed previously, the Rockeye 
sumps represent possible sources of metal contaminants as a 
result of the discharge of wash water effluent. No patterns were 
evident between the Rockeye sumps and ditches with respect to the 
metallic analyte concentrations in the subsurface soils sampled. 
However, metals concentrations from soil samples associated with 
the contaminant sources (sumps and ditches) were generally less 
than those in soil samples from the facility perimeter. 
Therefore, a general metallic analyte low to high concentration 
gradient from the Rockeye sumps to the drainage features at the 
Rockeye perimeter was observed. The reason for this metallic 
constituent (gradient cannot be adequately determined with 
available information. However, this situation may be explained 
in that, after 1978, the sumps were periodically pumped to remove 
accumulated Iresidue from process washwater. This residue was 
taken to the ABG for disposal. (Prior to 1978, full sumps were 
allowed to discharge into local drainageways.) The pumping would 
likely have Iremoved the highest concentration of contaminants 
from the sumps. 'The effluent from the sumps would have been 
washed into the drainageways and streams and deposited in the 
surface soil alon'g the facility perimeter. 

The sample means for arsenic, zinc, and cobalt at sample Area 
F and barium and 'cobalt at Area G were the greatest or near the 
greatest obslerved for the surface samples, and yet those 
concentrations were not significantly different from area C and 
BN-2. 

42 



-- 
pm

 
--ia 

-- 

-- 
Rockeye (Munitions Facility) 

Antimony (Sb) in Solis 

8b (mglllg) 
5r-~~~---------------------------------, 

4~------------------------···------4~~----·------·-1 

2~----~----~-a----'-R--__ ~ 

o 
1234507 a8 1011121314 

Boring Number 

Arsenic (As) in Solis 

7~M~(m~gIkg)~~ ________________________________ -, 

e~~.--------·-----------------------a~--~-----I 

II f---··---liJ-··-·-_·---·-··-··-····-····-····-····· 

4~·-1~--·--·--··--·---~~~ __ ~R--

3 

2 

o 
234 5 e 7 a 8 10 11 12 13 

Boring Number 

Beryllium (Be) in Solis 

Be (mglkg) 
2.5r-.:........::~---------------------------------, 

0.5 

2 3 4 5 e 7 e 8 
Boring Number 

10 11 12 13 

Cadmium (Cd) In Soils 

Cd (mg/kg) 
3~':""""::':""""::----------------------------------. 

2.51---· .. -.... ··-...... · .. ·_· .. -.. --.... --·-· 

I . 

1.5 lEI ..... · .. ··· .... ·· ........ · .. ·· .. g··-...... liiI-4il·--·-IiI·--· .. ·--· .. --·---·-·---- -·-------fl---.. ·I 

0.5111--·--·-fi .. --1iil---III .. --II-·------·-----_._---

o 
2 3 4 5 e 7 e 8 10 11 12 ~ 

Boring Number 

Sample # 

I!iII #1 _ #2 I:,,))::j #3 .. #4 

Figure 5.6. Rockeye - NSWC Crane, Indiana, SWMU lOilS. Antimony, beryllium, arsenic, and cadmium 
concentrations in individual soil samples. All samples are shown in depth sequence for each boring. 
C;pp Finllrp~ 5.1 and 5.2 for slImnlp lorat;on linn ~lImnlp npnth 



I ! ! ! I I / I / I i 

- 

F: 

- 

-.- 

-- 

L s! 
F e 

I 
I 

I 

-- 
da “I 
II 

Rockeye (Munitions Facility) 
Chromium (Cr) in Soils Lead (Pb) In Solis 

Or (mglkg) 
40.-~~----------------------------------~ 

31~-------'--------'------~----------------~ 

30~--------------"-'-----------~------------'-------1 

21~---··-----·--------·----__ -----__ -·fl~---er.-----·~---1 

20mr-------·----------__ ----~~~ 

10 

• 
o 

1 234 5 e 7 8 9 
Boring Number 

10 11 12 13 

Copper (Cu) in Solis 

o _u~(m~g~/kg~)~ ______________________________ --. 
12.-

10~---a-·----------·---·-n--------------------·----+1-·1 

a 

• 
4 

2 

o 
2 345 e 7 8 9 

Boring Number 
10 11 12 13 

Pb (mg/kg) 
10.-~~--------------------------________ ~ 

40 ............ ---.. ....... -.... --.. -.......... __ .. -.--_ .. _-.---.. -.. -._---.--ai---------l 

301·_··-·_·····-_·········· 

20~---·-·-·----------B----u-~~~----~ 

10 

o 
2 3 4 5 e 7 8 9 10 11 12 13 

Boring Number 

Nickel (Ni) in Solis 

NI (mg/kg) 
20.-~~----------------------------------~ 

11' . 

10 ...... 

• 

o 

Sample # 

2 3 4 5 e 789 
Boring Number 

10 11 12 13 

- #1 _ #2 f:::::;~:;:;d #3 III #4 

figure 5.7. Rockeye - NSWC Crane, Indiana, SWMU 10/15. Chromium, lead, copper, and nickel concentrations 
in individual soil samples. All samples are shown in depth sequence for each boring. See figures 5.1 
and 5.2 for sample location and sample depth. 
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in individual soil samples. All samples are shown in depth sequence for each boring. See Figures 5.1 
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The test surface sample situations where the mean 
concentrations for metal constituents were significantly greater 
(p ~0.05) thlan in the background (Table 5.5 in Appendix A), are 
summarized ats follows: 

or 
A arsenic, aluminum, magnesium, iron 
B arsenic, zinc, magnesium 
D arsenic, lead, aluminum, iron, 

magnesium 
E arsenic, cadmium, lead, nickel, zinc, 

barium, iron, magnesium 
F beryllium, cadmium, chromium, copper, 

lead, nickel, barium, iron, magnesium 
G arsenic, lead, magnesium 

In summary, comparisons of metal constituent concentrations 
in background subsurface soils from other NSWC sites and sampled 
subsurface soils (test borings) from Rockeye did not necessarily 
indicate that releases of metals may have occurred. On the other 
hand, surface soils samples from Rockeye drainage features did 
have evidences of possible metal constituent contaminants, when 
compared to backgrround soils. Possible surface soil sample 
contaminants included arsenic, beryllium, cadmium, chromium, 
copper, lead, nickel, zinc, aluminum, barium, iron, and 
magnesium. A graater number of metal constituents were possible 
contaminants (significantly greater concentration of metal 
constituents (P <0.5) in test than background samples) in the 
surface soil samplle areas than in the subsurface samples from the 
Rockeye (source) sumps and ditches. The maximum metals- - 
concentrations from the borings (source samples) were less 
(except for antimlony and aluminum) than those sampled from soils 
sampled from drainage features. There is insufficient 
information to adequately determine the source of the 
contaminants observed at the surface sample drainage locations or 
the reasons for the observed concentrations. 

All the tested metal analytes occur naturally in soils. 
Another possible explanation of the differences in inorganic 
chemical characteristics between background and test soils could 
be due to natural variability in the soils and not a function of 
anthropogenic activities. Additional data is required to 
determine the validity of the background site data and assess the 
natural variability of the Rockeye soils. 

Method Blanks. !The results of analysis of method blanks used 
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in association with the metals analyses of Rockeye soils are 
provided in T(able 5.7 (see Appendix A). The concentration of 
constituents in the method blanks was always less than l/40 of 
the concentrations determined for the soil samples. These method 
blank analyses do not change the interpretation of inorganic 
constituent data previously presented. 

Equipment Rinm,s. Metal analytes were found in all equipment 
rinses analyzed (Table 5.8, see Appendix A). However, the 
concentrations of inorganic constituents in the rinses were not 
great enough to change the interpretation of data as previously 
discussed. 

5.2.2 Explosives in Rockeye Munitions Facility Soils. The results 
of analyses elf Rockeye Munitions Facility soils for selected 
explosive compounds are given in Tables 5.9 and 5.10 (see 
Appendix A). No exp:Losive compounds were found in soil samples 
from the background samples, surface soil samples BNl, BN2, and 
BN3 (although J values of two explosives were found in one sample 
from Area C). In addition, subsurface soil samples from Borings 
1, 3, 4, 5, S', and X3 and from surface sample areas A and D did 
not have detectable amounts of explosive compounds. Explosive 
compounds were found in subsurface soil samples from borings 2, 
'5A, 7, 8, 10, 11, and 12 and from surface soils from sample areas 
B, E, F, G, and H,. Thus, explosive compounds were found in 
subsurface soil samples taken from borings around the Rockeye 
wash water sumps /(borings 2, 6A, 8, and 10) and in the surface 
drainage ditches (borings 7, 11, and 12). Explosive compounds 
were found in surlEace soil samples taken from drainage courses 
which lead from Rockeye (sample areas B, E, F, and G). Also, 
explosive compounds were found in high concentrations beneath a 
Rockeye building ventilator (sample H). 

Table 5.11 (see Appendix A) summarizes the analyses of the 
surface and subsurface soil samples for explosive compounds. 
Tetryl was not found in any soil samples taken. The explosives 
2,4-DNT and TNB wlere found only in one surface sample from grid 
area C, whiclh was used for background, and in two subsurface 
samples from boring 12, respectively. TNB and 2,4-DNT were found 
only in conclentrations below guantitation limits (the 
concentration reported was an estimated J value). TNT was found 
in surface samples from Areas E (maximum concentration was a J 
value), F (maximum soncentration 0.75 mg/kg), and H (maximum 
concentration 295.00 mg/kg), and subsurface samples from boring 
12 (maximum concentration 1.40 mg/kg). DNB was found only as 3 
value concentrations in surface samples from grid areas B and C. 
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RDX was found in concentrations below guantitation limits (J 
values) in surface soils from Areas E and G and subsurface soils 
from borings 2, 6A, 7, and 11. An RDX concentration of 3350 
mg/kg was found in soils at surface Sample H. HMX was found in 
more soil samples than any other explosive compound and at 
greater concentrations than any other explosive compound 
analyzed. :However, for surface soil Areas A-F, only Samples B-3- 
2 and E-3-4 had (detectable concentrations above the guantitation 
limits. HMX was found in surface soil samples from areas G, and 
H, and from subsurface soil samples from Borings 2, 6A, 7, 8, 10, 
11, and 12. Of these samples from Areas G and H and borings 12 
and 7 contained con,centrations of HMX above quantitation limits. 
HMX concentrations of 1960.0 and 10400 mg/kg were found in 
surface soil samples from areas G and H, respectively. These 
were the highest explosive compound concentrations found in the 
Rockeye soils salmpled. The maximum HMX concentration in a 
Rockeye facility subsurface soil sample was 42.7 mg/kg from 
boring 12. 

Surface soil sample Area E had 10 soil samples with 
detectable concentrations of explosive compounds, more in number 
than any other surface sample area. As stated previously, Boring 
12 produced soil samples with the greatest concentrations of 
explosive compounds among the Rockeye subsurface soils tested. 
The ditch sampled by Boring 12 drains into the E sample area. 

The surface soils beneath the exhaust of a Rockeye building 
ventilator (samp:Le H), contained noteworthy concentrations of 
TNT, RDX, and HMX at 295, 3350, and 10400 mg/kg, respectively. 
These concentrations were maximums for these compounds in the 
Rockeye soi:Ls sampled. 

Risk based concentrations (RBCs) for screening purposes have 
been developed (EPA Region III, February 1992) for TNT and RDX, 
which are 16/200 and 15/26, respectively, where the 
concentrations shown are in parts per million and represent 
residential soil/occupational soil applications. The surface 
soil sample taken behind the building ventilator (sample H) had 
concentrations above these risk-based concentrations for these 
two explosives, with RDX being over 100 times the RBC. An RBC 
was not listed for HMX, but a concentration of 10400 ppm 
represents over one percent of the sample matrix. 

Integrating the explosive compound analyses results (Table 
5.10 in Appendix A) with the sample maps of the surface sample 
areas (Figures 5,.3 through 5.5) indicates that explosive compound 
contamination within the grid and other surface sampling areas 
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(areas A-G) was generally related to the drainage courses or 
areas where ponding of runoff water occurred. 

In summary, evidences of a release of explosive compounds 
were observed in tbe soils tested. Explosive compound 
contamination within the surface sampling and grid sampling areas 
(Areas A-G) appeared to be related to the drainage courses or 
areas where ponding of runoff water occurred, since the surface 
soil samples with explosive compound contaminants were usually 
within or closely adjacent to these areas. The explosive 
contaminant concentrations decreased with distance from the 
drainage pipes leading from Rockeye. It is not known for 
certain, however,, if the soils contaminants observed were the 
result of wash water releases which were discontinued in 1978 or 
the result of other pathways. Indications of an airborne release 
of explosive compounds from a Rockeye building ventilator 
(Building 2734) were seen by the area void of vegetation beneath 
the vent, and surface soil sample H was taken from this area. 
The highest concentrations of TNT, RDX, and HMX observed in the 
Rockeye soils came from this sample. 

Method Blanks. No explosive compounds tested were detected 
in the method blanks analyzed in association with the Rockeye 
soils analyses (Table 5.12). These method blank analyses do not 
change the interpretation of explosive compound data previously 
presented. 

Equipment. Rinses. No explosive compounds tested were 
detected in equipment rinses (Table 5.12, see Appendix A). 
Therefore, contamination of field samples by the sample equipment 
is not evident. 

5.2.3 Vohtile ClQanics (EPA Method 8240). The results of 
analyses of Rockeye soils for volatile organic compounds (EPA 

on, November 1986 
with December 1988 revisions) a;e given in Tables 5.13 and 5.14 
(see Appendix A). Methylene chloride and acetone were found in 
all but two soil samples taken. These constituents were also 
found in the associated method blanks (Table 5.16). These 
results indicate likely sample contamination from the laboratory 
environment rather than processes associated with the field 
conditions. Volatiles which may not be solely associated with 
laboratory environment contaminants were also detected. The 
following volatile organic compounds were detected: 
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Volati&g Oraisni,C Samol # 
2-butanone A-4-l; 9#1 
Trans-1,3,dichloropropene D-O-O 
T-Xylene B-4-l 
l,l,l-Trichloroethane 1#2 
1,1,2-Trichloroethane 5#1 

The reported concentrations of 2-butanone, trans-1,3, 
dichloropropene, t-xylene, and 1,1,2-trichloroethane were llJ@' 
values, detected1 by the analytical instrumentation but not in 
sufficient amounts to accurately quantify. 
concentrations are estimated. 

Therefore, those 
The compound 2-butanone is a 

common labaratory contaminant reported for volatile organic 
analyses. Therefore, that volatile organic compound may not be a 
soil contaminant at Rockeye. 2-butanone was not reported from 
associated methald blanks but was reported, along with 1,1,2,- 
trichloroethane, in equipment rinses (see 
below). The concentration of l,l,l-trichloroethane reported for 
the boring 1 sample was 0.011 mg/kg dry weight basis, the only 
incidence of a determined concentration of organic volatiles 
above a glJal value. 

A charac:teriatic suite of volatile organic compounds was not 
identified in Rockeye soils tested. Only 2-butanone was found 
from more than one sample (it was reported in two samples), but 
is a common laboratory contaminant, (although not found in 
associated method blanks). These findings indicate that a 
release of trans-1,3,dichloropropene, t-xylene, l,l,l- 
trichloroethane, 
Rockeye, 

and 1,1,2-trichloroethane may have occurred at 
although the concentrations are very small, (generally 

near or below quantitation limits), and are not considered 
significant. 

Volatile orgaknic compounds that were tentatively identified 
during the volatile organic soils analysi s 
5.15 (see Appendix A). 

are provided in Table 
A release of several tentatively 

identified volatile organic compounds may have occurred at 
Rockeye. 

It should be noted that the assigned identity and estimates 
of concentrations of tentatively identified compounds (TICS) are 
in most cases highly uncertain. The concentration estimates 
could be orders 'of magnitude higher or lower than the actual 
concentration. In view of these uncertainties, information on 
TICS is sup:plied primarily to complete the presentation of data. 
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Method Blanks. Acetone and methylene chloride were reported 
in the method blanks for the volatile organic analyses (Table 
5.16, Appendix A) and indicate a laboratory contamination source 
for these constituents. These method blank analysis results were 
considered in the interpretation of the volatile organic soils 
analyses. 

Equipment Rinses. Samples were taken from the final boring 
equipment decontamination rinses associated with borings 3, 7, 
and 10. The surfac'e scrape samples were taken with disposable 
scoops. Therefore, this sampling equipment was not washed and no 
rinse samples taken. Acetone and methylene chloride were 
reported in most of the sampling equipment rinses (Table 5.17, 
Appendix A). As acetone and methylene chloride were detected in 
the method blank associated with the analyses of these rinses, 
these constituents #are believed to be laboratory contaminants. 
The following volatile organics were also detected in equipment 
rinses: chloroform; bromodichloromethane; 1,1,2-trichloroethane; 

., 2-butanone; toluene; and 2-hexanone. Chloroform and 2-butanone 
were found in alll tlhree rinses analyzed. Of the volatiles found 
in the equipment rinses analyzed, 2-butanone was detected in soil 
boring sample 9#ll and 1,1,2-trichloroethane in soil boring sample 
5#1. No other volatile organics were detected in the soil boring 
samples (other than those which were also determined in 
associated method blanks). 

With the exception of the chloroform in the rinse associated 
with Boring 3 and volatiles which were also in method blanks, 
volatile organics found in the Rockeye equipment rinses were 
present at c:oncentrations which were below quantitation limits 
(*lJ@' values), and are not considered significant. 

The volatile organic compounds found in the rinses may have 
been derived from the initial washings with potable water and 
subsequent washings with methanol and hexane. These equipment 
rinse results were considered in the interpretation of volatile 
organic soils anallyses. 

5.2.4 Sernivolatile Organics (EPA Method 8270). The results of 
analyses of Rockeye soils for semivolatile organic compounds (EPA 
Method 8270 in Test Method * . for Evalualxna Solid Waste, 
PhvE;ical/Chemical Methods :W846. , Third Edition, November 1986 
with December 1988 revisions) are given in Tables 5.18 and 5.19 
and summarized in Table 5.20 (Appendix A). Dimethyl phthalate, 
diethylphthalate, dibutyphthalate, bis(2-ethylhexyl)phthalate, 
and di-N-octyl phthalate were frequently found in soil boring 
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samples and surface scrape soil samples. These phthalates were 
also frequently found in the associated method blanks (Table 
5.22). Thus, dimethyl phthalate, diethyl phthalate, 
dibutyphthalate, bis(2-ethylhexyl) phthalate, and di-N- 
octylphthalate are likely sampling equipment and analytical 
contaminants rather than soil constituents associated with 
munitions manufacturing activities at Rockeye. 

In additi.on to the above described phthalates which were 
frequently found in associated method blanks, soils from surface 
sample Areas A, D, E:, G, and H, and subsurface soil samples from 
Borings 13 and 10 contained semivolatile organic compounds as 
summarized in Table 5.20 (see Appendix A). Surface soil sample H 
contained greater numbers of semivolatile organic compounds than 
any other surface sample location. Soils from Sample H also 
contained the hig:hest concentrations of semivolatile organic 
compounds found in any of the Rockeye soils sampled. 
Phenanthrene, fluloranthene, and pyrene were found in Sample H 
soil at conclentrations of 5.5, 3.9, and 3.9 mg/kg, respectively. .I ,, Risk-based numberis for these contaminants in residential 
soil/occupational solil applications are 2300/30000, 3100/41000, 
and 3.6/6.1:mg/kg, respectively (EPA Region III, February 1992). 
All other semivolatiles organics found in Sample H as well as all 
other Rockeys samples were in concentrations that were detected 
by the analytical in,strumentation but not in sufficient amounts 
to accuratel:y quantify (J values). Therefore, those 
concentrations are estimated. 

The most freguent type of semivolatile organic compound 
present in tlhe surface soil sample areas was polycyclic aromatic 
hydrocarbons (PAHs). The PAH, phenanthrene, was detected in 
soils from Areas A, D, and E. Area E soils also contained the 
PAHs, fluoranthene and pyrene. Sample H contained the PAHs; 
phenanthrene, fluoranthene, pyrene (previously discussed) as well 
as acenapthene, fluorene, anthracene, chrysene, 
benzo(a)anthracene, benzo(b)fluoranthene, and 
benzo(k)fluoranthene. In addition to the PABs found in the 
Rockeye surface soil samples, aniline was found in an area G 
sample. N-nitrosomethanamine , 2,6=dinitrotoluene, 2,4- 
dinitrotoluene, and dibenzofuran were found in Sample H. All 
concentrations, except for phenanthrene, fluoranthene, and pyrene 
in Sample H, were J values. 

PAHs were not found in subsurface soil samples analyzed. 
Subsurface soil siamples from the borings 13 and 10 contained N- .., nitrosodimetlhylam.ine and butyl benzyl phthalate, respectively, 
but were J values. 
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In SuXlmiary , semivolatile organic compounds were found in the 
sampled surface and subsurface Rockeye soils. For soil samples 
other than sample H, all semivolatile compounds determined in the 
surface and subsurface soil samples were in concentrations that 
were detected by the analytical instrumentation but not in 
sufficient amounts to quantify (J values). Surface soil Sample H 
contained greater numbers and highest concentrations of 
semivolatile organic compounds than any other Rockeye soil 
sampled. Four compounds, phenanthrene, fluoranthene, pyrene, and 
N-nitrodisomethylamine found in sample H were found in at least 
one of the other surface or subsurface soil samples taken. 
Considering all sampled soils other than Sample Ii, only 
phenanthrene was found in more than one soil sample location, and 
that at J values. Thus, available data did not indicate a 
significant concentration of semivolatile organic contaminants at 
any sampled location, other than at Sample H, which was near a 
building ventilator. At this location, only concentrations 
pyrene were near the RBC. The source of this contamination may 
have been Building 2734, a part of the manufacturing facilities 
at Rockeye. 

Table 5.21 (see Appendix A) provides a list of tentatively 
identified semivolatile organic compounds detected in Rockeye 
soil samples. A release of tentatively identified semivolatile 
organic compounds may have occurred at Rockeye. As mentioned 
previously, assigned identity and concentrations of TICS are 
generally highly uncertain. The list of TICS is provided to 
complete the pre,sentation of data. 

Method Uanks'. As discussed previously, method blanks 
analyzed for semivolatile organic compounds contained several 
phthalates including dimethyl phthalate, diethyl phthalate, 
dibutyphthalate, bis(2-ethylhexyl)phthalate, and di-N- 
octylphthalate at estimated concentrations below the instrument 
detection limits ("Jl# Values) (Table 5.22, Appendix A). Diethyl 
phthalate and bis(2-ethylhexyl) phthalate were found in two 
method blanks in concentrations sufficient to accurately 
quantify. !f.hese method blank analysis results were considered in 
the interpretation of the semivolatile organic soils analyses. 

Equipment Rinses. Equipment rinses were collected following 
the taking of soil samples at borings 10 and 7 and were analyzed 
for semivolatile organic analytes. A rinse associated with 
boring 3 was also taken; however, the sample was lost during the 
extraction procez3s. The rinses analyzed contained three 
phthalates including diethyl phthalate, dibutylphthalate, and 
bis(2-ethylhexyl) phthalate (Table 5.23, Appendix A). Because 
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these phthalates were also found in the method blanks analyzed 
with the rinses, those phthalates are likely the result of 
laboratory contamination and not the result of actual occurrence 
of those materials in the equipment rinses. 

The results of analyses of equipment rinses for semivolatile 
organic compounds indicate that cross contamination of samples or 
equipment contamination did not occur and was not a factor in the 
results obtained from the analyses of Rockeye soils for 
semivolatile organic! compounds. 
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The Rockeye site is located on a dissected ridge, and during 
construction of the facility large amounts of fill were placed in 
the gullies to level the construction site. Soils data from 
thirteen auger borings and thirty-five groundwater monitoring 
wells were used to develop the site soil descriptions. The 
results showed that: the bedrock surface is irregular; the soil 
types are predominately clay (CL) and lesser amounts of sand (SM) 
and silt (ML); much of the soil materials are fill materials; and 
the soils contained natural organic debris. Ground water was 
encountered in four of the thirteen soil borings drilled at the 
site. 

Results o:f prilor ground water studies (Dunbar 1982, and 1984) 
indicated that the water movement is enhanced by rock fracturing; 
the site straddles a east/west trending drainage divide; the 
configuration of the water table surface mirrors the land surface 
configuration; and that the soil with permeabilities in the range 
of 2.3 x lo-' and 3i.20 x 10J cm/set are nearly impermeable. These 
soils can at best act as a very slow conduit for groundwater and 
its contaminants. 
would exit the 

The majority of the rain falling on the site 
site by the surface runoff routes. The direction 

of the groundwater flow is affected by a drainage divide. The 
ground water moves to the creeks. 

To determine what effects the activities at Rockeye may have 
had on the environment, 115 soil samples were taken for chemical 
analysis. Thet analyte parameter list included inorganic, 
explosive, and orqfanic compounds. The methods used were either 
RCRA recognized methods or EPA accepted methods. Due to the 
nature of the Rockeye facility, the analytes of major concern at 
the activity are erxplosive compounds. Other organic and 
inorganic compoundls were considered less likely contaminants. The 
study was structured to test for the presence of explosive 
compounds. Only 19% of the surface scrape samples were tested for 
the presence of volatile organic, semivolatile organic, and 
inorganic compoundls. All of the soil samples from the borings 
were analyzed for inorganic parameters. Only the deepest of the 
soil boring sampleis were tested for the presence of volatile and 
semivolatile organic contamination. NEESA Level C procedures for 
QA/QC were fakllowerd, with some exceptions. 
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No explosive compounds were detected in the soil samples from 
the background area (BN) and only in J values in one sample at 
background Axea C!. Detectable amounts of explosive contaminants 
were not found in soil samples in Borings 1, 3, 4, 5, 9, and 13 
and Areas A and D. Explosive compounds were found in soil 
samples from the borings around the sumps (2, 6A, 8, and 10) and 
in the surface drainage ways (7,11, and 12) and in the surface 
areas B, E, F, and G. Of the test explosive analytes, DNB, DNT, 
RDX, and BMX were detected. RMX was found in more soil samples 
and in greater concentrations than any other explosive compound 
for which analysis was done. 2,4 DNT, a "Jn level concentration, 
was detected in olne sample taken from AREA C. "Jn levels of DNB 
were found in soil samples from areas B and C. "Jn values are 
detected analyte concentrations which are found by the analytical 
instrumentation blut in amounts which are below accurately 
quantifiable detection levels. "J@@ levels of TNT were found in 
samples for Areas E and F and Boring 12. Levels of BMX were 
found in soil samples from AREAS B, E, F, and G and from borings 
2, 6A, 8, 10, 11, and 12. A maximum concentration of 1960 mg/kg 
was detected in one soil sample from Area G (the south stream). 
HMX concentration of 42.7 mg/kg was detected in the soil from 
Boring 12. Ten surface soil samples (the most of any area) from 
Area E were contaminated with explosive compound residues. 

Noteworthly concentrations of TNT, RDX, and BMX at 295, 3350, 
and 10400 mg/kg, respectively were found in soil Sample H. This 
sample was taken from a spot of bare earth on the grassed berm 
behind Building 2734. This spot of bare earth is located where 
particulates, exhausted from a nearby exhaust vent, might fall. 
Risk-based concentrations of TNT and RDX, developed by EPA Region 
III, are 16/200 milligrams per kilogram (ppm) and 15/26.ppm, 
respectively. These concentrations represent residential 
soil/occupational soil applications. 

In addition to soil, preliminary results from the ongoing RF1 
Phase III Site Characterization for Groundwater at Rockeye also 
indicate explosive contamination above lrBn and "J@@ levels in 
several Rockeye monitoring wells. The contaminated wells are 
located in or near the prominent surface drainage channel, 
running from the vicinity of the loading and washing buildings 
2734 and 2731 to the northeast corner of the Rockeye site, and 
continuing d'ownslope to the north and east. 

Evidence of explosive compound releases were observed in 
soils tested. Since no explosives were detected in any of the QA 
blanks or rinses, it appears that the results are valid and that 
they support the :proposal that a release has occurred. The 

79 



ROCKEYE IN5 170 023 498 
DRAFT REPORT JULY 1992 

explosives contalmination detected was associated with areas of 
drainage and disposal sumps. Indications from the chemical data 
are that there likely has been a release of explosive compounds 
to the soils at the Rockeye facility. 

Because inorganic compounds are naturally occurring 
compounds, the inorganic analytical data must be compared to 
established background samples. For surface soil comparisons, 
mean concentrations from Area C and BN-2 from Background North 
were used as a background population. 
size, 5 soil samples, 

The Area C and BN-2 sample 
was of sufficient size to be used as a 

comparative standard. Its mean inorganic analyte concentrations 
were generally less than concentrations found at other Rockeye 
sites. No background subsurface soils (boring) samples were 
taken at Rockeye,. Instead, background boring data from two other 
NSWCC sites (ABC and ORR) were used for comparative purposes with 
Rockeye test boring data. 

Comparisons of the data from the analysis of soil from 
Rockeye borings and surface scrapes indicate that, with the 
exception of antimony and aluminum, the maximum inorganic 
concentration levels were detected in the surface soil samples. 
Additionally, the maximum concentrations of all inorganic 
parameters, except copper and tin, were detected in the analysis 
of soils from the surface samples from the northeast stream (E) 
and the south stream (F and G). Inorganic analyte concentrations 
from soil salmples associated with the waste sources (the sumps 
and ditches) were generally less than corresponding stream soil 
samples. 

Preliminary results from the ongoing Phase III groundwater 
study indicate that concentrations of several metals, namely 
beryllium, c!admium, nickel, and antimony, were detected above 
primary MCLs in two rounds of sampling from monitoring wells in 
the vicinity of Rockeye. Four metals were also detected in 
concentrations above the secondary MCL, and several metals plus a 
sulfide were detected below MCL. 

The factors contributing to the pattern or lack of pattern in 
the inorganic concentrations in the soils from Rockeye cannot be 
determined with certainty from the available data. There is 
insufficient information to link the inorganic concentrations 
detected in the soil samples from the surface drainage to 
identified possible contaminant sources (i.e., the sumps). It is 
possible that metal contaminants could have been carried by 
surface drainage away from the sumps and deposited along the 
Rockeye perimeter, hence yielding higher concentrations in the 
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surface soilts than the subsurface soils near the sumps. However, 
the elemental concentrations found in the Rockeye soil samples 
could be totally natural in their occurrence and not caused by 
man's activities., Soil analytical data from the sumps and 
ditches do not rule out or support the conclusion that a release 
of inorganic: contaminants has occurred. 

Concentrations of volatile organic compounds (methylene 
chloride, acetone, 2 butanone, 
dichlorpropene, t-xylene, 

1.1,2-trichloroethane, trans-1,3, 

detected in the soil 
and l,l,l-trichloroethane) were 

samples collected at the Rockeye site. 
Methylene chlloridle and acetone found in all but two soil samples 
and many of the alssociated blanks, are considered analytical 
process associated contaminants and not contaminants related to 
the Rockeye operation. Analysis of the equipment rinse samples 
indicate that the soil samples may have been contaminated with 2- 
butanone andl 1,1,2-trichloroethane during field collection. Two 
butanone is a common laboratory contaminant and may not be a soil 
contaminant at the Rockeye facility. A concentration of l,l,l- 
trichloroethane of 0.11 mg/kg (approximately 110 ppb, or about 
twice the detection limit) was detected in the basal soil sample 
for boring 1.. Other compounds, trans.1,3 dichlorpropene, and t- 
xylene, were detected at "Jn value levels. 
dichlorpropene, t-xylene, 

Only 1,3 trans- 
and l,l,l-trichloroethane were detected 

in the soils and were not detected in the QA control samples. In 
summary, evidence was found that supports the premise that 
release of volatile organic compounds (trans.1,3 dichlorpropene, 
1,1,2-trichloroethane, t-xylene, 
have occurred at Rockeye, 

and l,l,l-trichloroethane) may 
although, concentration are small 

(mostly J values) and are not considered significant. No 
consistent and characteristic suite of volatile organic compounds 
could be identified, 

Concentraltions of a number of semivolatile compounds were 
detected in the soil samples collected at the Rockeye sites. 
Many of the detected semivolatile compounds can be classed as 
phatalates. Frequently, phthalate concentrations were found in 
the associated method blanks. It is considered that the detected 
phthalate concentrations resulted from sampling and analytical 
procedures and are not associated with the munitions 
manufacturing activities at Rockeye. The other semivolatile 
organic compounds (except those identified in sample No. H), 

identified in the Rockeye soil samples were found in 
concentration at the "J" value level, which would not be 
considered significant. 
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The most :freguently detected type of semivolatile organic 
compound were polycyclic aromatic hydrocarbons (PAHs). In 
particular, the PABs phenanthrene, fluoranthene, and pyrene were 
detected in the Rockeye soils. Only phenanthrene was found in 
more than one soil sample and at more than one location. These 
PAHs can be naturally derived from the erosion of coals, and 
there are coal seams in the rock underlying the Rockeye facility. 
These PAHs are also common petroleum-derived contaminants. 
Concentrations of phenanthrene, fluoranthene, and pyrene were 
detected at levels above detection levels in scrape sample H. 
This soil sample was taken from an area of bare earth on a 
grassed berm behind building 2734. The sample was taken near an 
exhaust air vent where particulates exhausted with the air would 
drop. This evidence indicates that the detected PAHs could be 
contaminants resulting from the Rockeye operations. 

Other 8270 semivolatiles detected were nitrosodimethylamine 
and butyl benzyl phthalate. Several tentatively identified 
semivolatile compounds were detected. The majority of these 
compounds were found both in the samples and in the method 
blanks. These compounds are considered compounds associated with 
the analytical methods used and not contaminants. 

In summary, a clear case for the presence of explosive 
compound contamination in the soils of the Rockeye facility has 
been made. C!oncentrations above EPA risk-based concentrations 
were detected1 in the surface soil near a building ventilator. A 
less firm conclusion about the presence of volatile and 
semivolatile organic contamination in the Rockeye soils can be 
made. The data from the study is indefinite to the presence of 
inorganic contamination. The clear evidence that explosive 
compounds have reached the surrounding drainage ways (Areas B, E, 
F, and G) indicaters that explosive contamination has moved in the 
ground and surface! water systems. This is supported by visual 
observation (NEESA,, 1983) and groundwater analysis (Dunbar, 1984 
and WES 1992). Explosive compounds in the soils at the sumps and 
in the discharge channel soils appear to be acting as a source 
for the explolsive compound contamination detected in the site's 
groundwater. The northeast (Area E) and the south (Areas F and 
G) streams are the! most effective migration routes for 
contamination1 from the site. Any leakage or spillage from the 
sumps drain into these streams. In the past explosive 
contaminated waste water discharged to the streams and the 
ditches leading tal those streams. Because of the probable 
influence these streams have on the local groundwater gradient, 
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upper contaminated groundwaters are drawn toward these streams. 
The past operation of Rockeye may have contributed contaminants 
to the environment of the Naval Surface Warfare Center, Crane. 
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7.0 CONC:LUSIONS 
7.1. The presence of explosive compound contamination in the 

soils of the Rock:eye Facility and the surface soils in the 
surrounding drainage areas is verified. 

7.2. The sumps are acting as a source for explosive 
contamination. 

A pattern to the presence of other contaminants 
(or$& and inorganic) could not be clearly verified using the 
existing data. 
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8.0 RECOMMENDATIONS 
The following recommendations concerning this report are 

offered: 

8.1. A R'CRA F'acilities Investigation, Phase III, Soils Study 
is recommended. Specifically, the following sampling is 
suggested: 

a.) Additional surface soil sampling along with air 
monitoring/testing near production building exhaust vents to 
primarily determine the extent of explosives contamination near 
those facilities; 

b.) Soil borings for the background areas (Background North 
and Area C) to gain a better subsurface background model for 
inorganic analytes; 

c.) Soil borings near the facility perimeter where metals and 
explosives concentrations in the surface soils were highest, so 
as to determine the vertical extent of contaminants there; and 

d.) Surfac:e water and sediment samples from drainage ways and 
receiving streams to better determine the extent of 
contamination. 

8.2. Removal of the sumps should be considered. 
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APPENDIX A 
COMPOUNDNAMES 

Table A-l - Volatile Compound Names 
Table A-2 - Semivolatile Names 
Table A-3 - Explosive Names 
Table A-4 - Section 5 Tables 



Table ~-1. EPA method 8240. Volatile compounds, (Test Methods for Evaluating Organic and Inorganic Wastes. Physical/Chemical 
Methods. 5W846. Third Edition, November 1986. witt) Uecember 1988 revisions). Abbreviations used in report tables along with full 
analyte names. 

C1METH - Chloromethane 
BrMETH - Bromomethane 
VnlCl - Vinyl Chloride 
C1ETHA - Chloroethane 
MeCl - Methylene Chloride 
IlDC1ETE - l.l-Dichloroethene 
11DC1ETA - 1.1-Dichloroethane 
t-DC1ETE - Trans-l.2-Dichloroethen~ 

c-DC1ETE - cis-I,2-Dichloroethene 
CHC13 - Chloroform 
12DC1ETA - 1.2-Dichloroethane 
IIITC~ - l.l.l-Trichloroethane 
CC14 - Carbon Tetrachloride 
BrDC1Me - Bromodichloromethane 
12DC1PR - 1.2-Dichloropropane 
tl3C1PRE - Trans-l.3-Dichloropropene 
TC[ - Trichloroethene 
DBrC1M~ - Dibromochloromethane 
c13C1PRE - Cis-l.3-Dichloropropene 
112TCA - 1.1.2-Trichloroethane 
BENZENE - Benzene 
CHBR3 - Bromoform 
1122TC1A - 1.1.2.2.-Tetrachloroethane 
TEC1ETE - Tetrachloroethene 
TOLUENE - Toluene 

C1BEN - Chlorobenzene 
ETBEN - Ethyibenzene 
ACETONE - Acetone 
BUTANO - 2-Butanone 
C52 - Carbondisulfide 
2HEXANO - 2-Hexanon~ 

4Me2PE - 4-Methyl-2-Pentanon~ 

STYRFNE - Styrenf 
VnACETA - Vinyl Acetate 
T-XYLENE - T-Xylene 



Table A-L. EPA method 8270 semivolatile compounds, (Test Methods for Evaluating Organic and Inorganic Wastes, Physical/Chemical 
Methods, SW846, Third Edition, November 1986. with December 1988 revisions). Abbreviations used in report tables along with full 
analyte names. 

PHENOL - Phenol 
2C1PHEN . t-Chlnrophpnnl 
2NIPH£ - 2-Nitrophenol 
24DMePHE - 2.4-Dimethylphenol 
24DC1PH£ - 2.4-Dichlorophenol 
4C13MePH - 4-Chloro-3-Methylphenol 
246TC1PH - 2.4,6-Trichlorophenol 
240NPH - 2.4-Dinitroohenol 
4NPHE - 4-Nitrophenol 
2M46DNPH - 2-Methyl-4.6-0inotrophenol 
PC1PHE - Pentachlorophenol 
BENZOAC - Benzoic Acid 
2MEPH£ - 2-Methylphenol 
4MEPH[ - 4-Methylphenol 
245TC1PH - 2.4.5-TriChlorophenol 
BZLAl - Benzyl Alcohol 
NNDM£A~ - N-Nitrosodimethylamine 
BC1IPr[ - Bis(2-Ch1oroisopropyl)Ether 
NNDNPA~ - N-Nitroso-Oi-N-Propylamine 
NITROBEN - Nitrobenzene 
ISOPHOR - Isophorone 
BC1EtoME - Bis(2-Chloroethoxy)Methane 
26DNTOL - 2.6-Dinitrotoluene 
240NTOl - 2.4-Dinitrotoluene 
12DPHYO - 1.2-Diphenylhydrazine 
BENZIO] - Benzidine 

33DC1BEZ - 3.3'Dichlorobenzidine 
BelEtE - Bis{?-Chloroethyl)Ethpr 
13DC1B - 1.3-Dichlorobenzene 
14DCLB - 1,4-0ich1orobenzene 
120C1B - 1.2-Dichlorobenzene 
HC1ETA - Hexachloroethane 
124TC1B - 1.2.4-Trichlorobenzene 
NAPHTH - Naphthalene 
HC1BU - Hexachlorobutadiene 
HC1CYPD - Hexachlorocyclopentadiene 
2C1NAPH - 2-Chloronaphthalene 
ACENAY - Acenaphthylene 
DMePHTH - Dimethyl Phthalate 
ACENAP - Acenaphthene 
FLUORE - Fluorene 
OEtPHTH - Diethyl Phthalate 
4C1PHPH[ - 4-Chlorophenyl Phenyl Ether 
NNDPHAM - N-Nitrosodiphenyl Amine 
4BrPHET - 4-Bromophenyl Ether 
HC1BEN - Hexachlorobenzene 
PHENAN - Phenanthren~ 

ANTRAC - Anthracene 
DBuPHTH - Dibuty1phthalate 
FLANTHf - F1uoranthene 
PYRENf - pyrene 
BuBePHTH - Buty1benzylphthalate 

CHRYSt - Chrysene 
BAANTHR - Benzo(a)Anthracenp 
B2EHPH - Bis(2-Ethy1hexyl)Phthalat~ 

DNOcPHT - Di-N-Octylphthalate 
BBFLANT - Benzo(b)Fluoranthene 
BKFLANT - Benzo(k)F1uoranthene 
BAPYRE - Benzo(a)Pyrene 
!123PVR - !ndeno(1.2.3·C,D}Pyrcnc 
B-GHI-PY - Benzo(G.H,I)Pery1ene 
ANILIN[ - Aniline 
4C1ANIL - 4-Chloroaniline 
OBENZOFU - Dibenzofuran 
2MeNAPH - 2-Methylnaphthalene 
2NANIL - 2-N1troaniline 
3NANIL - 3-Nitroani11ne 
4NANIl - 4-Nitroaniline 



Table A-3. EPA method 8330. Nltroaromatlcs and Nitramines by High Perfonmance Liquid Chromatography (HPLC). (Test methods for Evaluating Organic and 
Inorganic Wastes. Physical/Chemical Methods, SW846 , Third Edition, November 1986, with December 1988 revisions). Abbreviations used in report tables 
along with full analyte names. 

Abbrev 

HMX 
RDX 
TNB 
ONB 
Tetryl 
He 
TNT 

260NT 
2NT 
3NT 
4NT 

Compound 

Octahydro-1,3,S,7-tetranltro-l,3,S,7-tetrazoclne 
Hexahydro-l.3.S-trlnltro-l.3.S-trlazlne 
l,3,S~Trlnltrobenzene .. 
l,3-0lnltrobenzene 
Methyl-2,4,6-trlnltrophenylnltramlne 
........... kA .......... 
.. 1 .. I ... U~II&.GIfC 

2,4,6,-Trlnitrotoluene 
., "-"'''-j''--~-' .. --­.,"" U,U ... IU"",,'Uc;;.:II"; 

2,6-0inltrotoluene 
o-Nltrotoluene 
m-Nltrotoluene 
p-Nltrotoluene 
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TABlE 5.1 (Page 1 of 2). Rod<eye (M.mitions Facility) - NSlC Crane, Indiana, S\MJ 10/15. Results of inorgfinic analyses of 
subsurface soil samples collected in the vicinity of ~ 10/15. Concentrations are ng/kg (ppm) dry lOeight. 

Saql1e Ttt*/ AmI1f:e SB AS BE (]) at OJ PB NI 
01/Hl (1.5 - 2.0) 1.89BN 2.76 0.2OB 1.6CN 20.4N 7.8 lS.3 7.8 
02/#1 (0.25 - 0.5) <l.SOON 6.09 1.10 <0.4<lJN 13.6ND 9.1 14.6 13.6 
02/#2 (1.5 - 2.0) <l.SOON 3.48 1.10 <0.4<lJN 13.6ND 10.0 13.0 12.0 
03/H1 (5.7 -6.0) 2.44BN 2.01 0.2OB 1.7CND 12.2N 3.3 12.2 4.4 
04/#1 (5,0 - 5,5) <1. ')(lIN 2.28 0.2OB 1.6CND lS.8N 4.1 13.8 S.4 
05/#1 (1.0 - 1.5) 1.89BN 3.37 0.2OB 2.SQ.I 8.2N 8.8 23.4 4.8 
cYJA/#1 (oot ident) 2.llBN 4.56 0.400 2.6CND 28.SN 7.8 19.9 8.6 
07/#1 (0.5 - 1.4) <l.SOON 4.81 1.50 <0.400N 16.8NO 10.0 26.7 11.2 
OS/#l (7.5 - 8.0) 2.67B 3.82 O.40B <0.4<lJN 34.2ND <0.6U 18.9 11.9 
09/#1 (7.5 - S.O) 2.67B 5.19 0.50 <0.400N 25.00 <0.6U 18.2 H.1 
10/#1 (0.25 - 0.5) 1.89B 3.96 O.30B <0.4<lJN 20.SND <0.6U 17.7 9.3 
10/#2 (1.0 - 1.5) 4.22B 5.56 0.4OB <O.400N 25. 2ND <0.6U 20.8 1O.S 
10/#3 (3.0 - 3.5) 2.78B 3.89 0.3OB <0.400N 19.3ND <0.6U 17.2 9.4 
10/#4 (S.O - 8.5) 2.89B 6.27 0.59 0.5CN 26.4ND 1.2B 43.2 16.7 
11/#1 (0.25 - 0.5) 3.11B 5.49 0.69 <0.4CUN 21.1ND 1.SB 22.1 lS.2 
11/1/2 (1.0 - 1.5) 4.44B 4.73 0.70 <0.400N lS.OO <0.6U 21.8 14.0 
11/#3 (3.0 - 3.5) 3.33B 5.27 0.70 <0.4CUN 18.3ND <0.6U 24.3 15.7 
11/#4 (6.4 - 6.9) <1.500 1.62 0.79 <0.4<lJN 20. eND <0.6U 24.9 16.2 
12/#1 (0.25 - 0.5) 1.56B 2.30 O.30B <0.4CUN lS.5ND <0.6U 20.2 9.0 
12/HZ (1.0 - 1.5) 2.56B 2.44 O.30B 0.79N 12.1ND <0.6U 17.1 8.4 
12/#3 (3.0 - 3.5) 2.44B 5.82 0.39B 0.7~ 24.00 1.3B 20.5 11.9 
12/#4 (4.5 - 5.0) 1.89B S.67 O.SOB 2.3CN 22.5ND 1.6B 24.5 13.3 
13/#1 (0.25 - 0.5 1.89BN 3.76 1.20 <0.4001'1 17.8ND 4.8 16.4 8.5 
13/1/2 (1.0 - 1.5) <l.S00N 4.53 1.80 <0.400N 17.2ND 8.3 20.9 16.8 
13/#3 (3.0 - 3.5) <1.SOON 4.91 2.10 <0.4CUN 17.2ND 11.4 15.6 16.S 

Note: 
-*- San\'le ID is as follONS - Boring tunber/SalIl>le timlber (sample depth in feet be1CM the surface). See Figures S.l and S.2. 

U Analyte W3S analyzed for rut not detected 
B Reported value is less than the Contract Required Detection limit b.Jt greater than the Instrurrent Detection Limit 
W Post-digestion spike for furnace M analysis is rut of control limits (8S-11S%), while sample absorbance is less 

than sm of spike ahsorbmce 
N Spiked saq>le recovery not within control limits 
D ~licate analysis not within mntro1 limits 
(not ident) - The sample depth for this sample W'lS not identified on the drilling logs 



, 

TABLE 5.1 (Page 2 of 2). Rockeye (M.mitions Facility) - talC Crane, Indiana, SIHJ 10/15. Results of inorganic analyses of soil 
su1:surface samples collected in the vicinity of 3M] 10/15. Concentrations are rqs/kg (ppm) dry ~ight. 

~le Id*/ Analyte ZN AI.. BA. ro FE M:; SH 
01/#1 (1=5 - 2,0) 19.5 13900 41.2 <3.(JJ 14(0) 1190 (J .60) 
02/#1 (0.25 - 0.5) 32.5 7740 41.4 6.5 18800 1380 <:l .6<U 
02/#2 (1.5 - 2.0) 61.9 8230 45.6 6.8 15700 2910 <:l .600 
03/11 (5.7 - 6.0) 10.7 8890 19.5B 3.3B 10600 363 <7.600 
04/11 (5.0 - 5.5) 12.5 14D) 28.1 3.3B 12900 846 <:l.6<U 
05/11 (1.0 - 1.5) 29.2 3470 9.7B 0.00 20100 386B <:l .600 
06A/#1 (oot ident) 17.7 19500 51.3 0.00 20D) 1590 <:l.6<U 
07/#1 (0.5 - 1.4) 40.3 14400 65.9 7.1 22600 2060 <7.6<U 
08/#1 (7.5 - 8.0) 65.2 15700 70.4 8.2 17100 2540 <:l.6<U 
09/11 (7.5 - 8.0) 27.0 18600 50.2 5.8 23800 1460 <7.6<U 
10/Hl (0.25 - 0.5) 15.0 1500) 41.3 3.6B 16300 1420 <:l .6<lJ 
10/#2 (1.0 - 1.5) 24.9 14700 54.8 5.6 21100 1900 <7.600 
10/#3 (3.0 - 3.5) 23.2 14500 42.2 4.9B 17800 1640 <:l.6<lJ 
10/#4 (8.0 - 8.5) 43.3 18700 68.5 29.8 42900 1720 <7.6<lJ 
II/II (0.25 - 0.5) 45.8 15500 110.0 15.0 17000 1870 <7.6<U 
11/#2 (1.0 - 1.5) 38.7 13700 1(~.0 16.6 13200 1720 <7.600 
11/#3 (3.0 - 3.5) 56.4 15100 102.0 10.3 16300 2010 <7.6<U 
11/14 (6.4 - 6.9) 64.3 11900 47.7 5.9 25400 16SO <:7 .600 
12/H1 (0.25 - 0.5) 38.5 10200 66.1 4.2B 12200 2090 <:l .600 
12/#2 (1.0 - 1.5) 34.7 9940 63.7 4.0B 11800 1690 <:7 .600 
12/#3 (3.0 - 3.5) 109.0 16300 68.4 5.7 20500 2300 <:l .6<U 
12/14 (4.5 - 5.0) 52.2 16700 79.9 7.0 20500 2540 <:l.6<U 
13/#1 (0.25 - 0.5) 15.0 9530 SO.8 29.1 15800 767 <:7.600 
13/#2 (1.0 - 1.5) 28.1 14600 51.7 70.2 24100 1470 <:l .600 
13/H3 (3.0 - 3.5) 60.9 10100 59.2 24.8 31700 1430 <:l.6<U 

Note: 

* Sample ID is as fol1~ - Boring NtJnber/Sample Number (sample depth in feet bel<M the surface). Sec Figures 5.1 and 5.2. 
U Analyte loeS analyzed for 1::ut not detected 
B Reported value is less than the Cootract Required Detectioo Limit bJt greater than the InstI'lJlrent Detectioo Limit 
W Post-digestion spike for furnace M analysis is rut of control limits (85-115%), while sample a1:sorb:mce is less 

than sot of spike a1:sorbance 
N Spiked sample recovery not within control limits 
D Duplicate analysis not within control limits 
(not ident) - The sample depth for this sample loeS not identified on the drilling logs 



TABlE 5.2. Rockeye (M.mitions Facility) - t&1C Crane, Indiana, S\o.MJ 10/15. Results of inorganic analyses of surface soil samples. 
Concentrations are ng/kg (ppm) dry \<leight. 
Saaple* Analyte 
ID Sb its Be Cd Cr Cl1 Pb Ni Zn Al Be Co Fe ~ Sn 
A4-1 <1.500 6.01 0.2OB 2.<Xl> 1B.1 10.5 25.7 10.1 33.7 14400 63.1 7.3 16200 1630 <7.6(lJ 
A-1-2 <1.500 6.38 o.m 2.500 19.4 11.2 32.7 12.8 48.0 14300 94.0 9.B 15500 1940 <7.59U 
A-2-3 <1.50.1 10.60 0.400 2.\00 22.1 11.0 43.2 11.9 63.9 12100 98.0 10.R 19200 1720 a.'l9lJ 
A-4-o <1.500 6.14 O.30B 1.700 15.5 10.0 29.2 10.0 95.1 11BOO B3.2 B.7 13900 1850 <7.6(lJ 
B-O-l <1.500 6.69 0.4OB 2.500 .., 1 I. 16.6 .,., ., 

17.9 '11. 1 13400 89.3 10.1 23900 2840 O.6llJ ,l. .... J'_L. ,~. L 

B-I-2 <1.500 11.18 0.80 3.200 31.8 16.6 40.1 26.6 84.2 14100 79.2 1l.9 41500 2580 B.49 
8-2-3 <1.500 7.44 0.50 2.300 24.2 13.9 31.1 IB.8 57.8 14400 93.B 12.4 20500 3400 <7.600 
B-4-o <1.500 4.65 0.400 1.5(1) 15.6 8.9 1B.7 12.8 66.1 8660 66.9 6.6 14000 1060 <7.6(lJ 
C4-1 <1.500 3.01 0.50 0.800 13.2 6.6 1B.8 to.3 33.9 7800 53.9 19.7 9930 852 <7.6<lJ 
C-1-2 <1.500 3.01 0.50 1.900 12.5 6.0 19.1 9.4 37.0 7000 5B.9 16.9 9760 B96 <7.600 
C-2-3 <1.500 2.74 0.50 1.600 16.4 7.2 20.1 13.8 40.3 11100 81.3 19.8 11000 1140 <7.6<lJ 
C-3-2 <1.500 4.30 0.60 1.600 19.1 11.2 2B.9 13.9 56.2 11300 76.8 13.0 17600 1260 <7.6(lJ 
I>-<H) <1.500 5.04 0.40 1.<Xl> 33.2 21.4 46.2 20.5 55.7 13400 86.3 11.2 18600 1820 <7.62U 
0-1-0 <1.500 5.10 0.20 1.300 18.6 12.8 34.7 14.0 39.3 13300 t03.0 11.3 17900 1880 <7.62U 
0-2-0 <1.500 4.33 0.20 1.500 17.0 11.0 35.7 10.1 32.4 11700 78.2 9.0 14900 1690 <7.62U 
0-3-0 <1.500 5.22 0.30 1.900 19.9 10.3 28.1 10.4 33.7 13400 66.0 8.9 19500 1710 <7.62U 
0-4-0 <1.500 5.00 0.30 1.500 15.9 9.0 28.7 10.0 36.9 10600 73.1 9.5 16000 1430 <7.62U 
O-S-D <1.500 5.11 0.30 1.200 20.0 1O.B 29.6 11.3 33.8 13600 84.0 10.1 IB500 1720 <7.62U 
E-O-O 1.67B 9.63 0.70 2.7eN 35.7 14.0 53.4 IB.2 67.3 14400 134.0 20.7 42900 22 to <7.62U 
E-I-o 1.56B 11.20 0.60 4.S(N 36.7 14.3 5B.3 IB.4 88.2 11900 131.0 20.7 37600 3320 <7.62U 
E-2-o <1.500 3.04 <0.200 2.seN 15.1 9.3 2B.6 to.2 77.7 10000 77.1 9.0 12600 2030 <7.62U 
E-3-0 <1.500 4.81 0.60 1.7eN 15.7 14.2 29.4 to.8 52.4 4980 46.0 to.3 29400 1150 <7.62U 
E-4-o <1.500 5.72 0.50 2.S(N 19.4 12.2 34.4 15.8 Bl.8 10300 152.0 21.2 17900 5850 <7.62U 
E-S-D <1.500 4.04 o.m 2.3<N 17.5 15.0 34.0 13.5 119.0 8430 125.0 15.B 13700 4070 <7.62U 
F-l <1.5<lJN 35.60 1.50 5.8(N) 74.2N 15.6 141.0 25.4 125.2 10800 210.0 48.1 122000 3770 <7.600 
F-2 <1.S<lJN 82.20 1.50 7.100 99.9N 10.6 158.0 27.2 146.0 9480 141.0 37.7 132000 2630 <7.600 
F-3 <1.5<lJN 17.00 0.90 3.8(N) 36.6N 11.7 7B.2 25.7 61.5 11600 119.0 24.3 59200 2630 <7.6UJ 
G-l <1. SOON 10.10 11.50 <0.4<llN 1O.6ND 7.6 86.3 <I.lU 44.0 5aX) 498.0 82.0 285000 2130 <7.6(lJ 
G-2 <1.5<lJN 4.40 1.50 <0.400N 16.4ND 10.4 21.2 10.4 35.8 12400 129.0 10.3 23900 1980 <7.600 
G-3 <1.5<lJN 16.4 3.10 3. leN 2B.IND 15.8 58.9 15.0 97.7 13780 116.0 40.6 53600 1750 <7.6(lJ 
G-4 <I.SOON 15.0 2.90 1.seN 23.4ND 12.B 48.5 13.1 92.2 11500 155.0 22.9 47900 1710 <7.600 
BNf12 <1.5<l.lN 4.67 0.70 2.600 59.5 14.2 36.3 39.3 48.5 15700 129.0 19.3 13900 1530 8.00 
H 3.00BN 6.36 0.60 1.9<lID 24.4 9.7 26.B 12.3 43.6 17500 85.2 8.9 19400 1840 <7.6<lJ 
Note: 
-*- ~le ID - A4-1 - Grid ~le Area Aj Location 0,1 within the grid sample pattem. See Figures 5.1 and 5.1 thrrugh 5.5. 

U Analyte \leS analyzed for b.lt not detected 
B Reported value is less than the Contract Required Detectioo Limit b.lt greater than the InstruIlEnt Detection Limit 
W Post-digestion spike for furnace AA analysis is out of control limits (85-115%), Io.hl.le sample absorbance is less than 50% of 

spike absorbance 
N Spiked sample recovery not within control limits 
1"\ n. .. _1.:,....,f-~ ~""""',.e1~ nf"\~ 1'.nt-h-fn t'v'\nt-rnl limit~ 
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Table 5.3. (Page 1 of 2) Rockeye (M..mitions Facility) - NS\K; Crane, Indiana. El-lMIJ 10/15. Comparison of maximum and mean concentrations of selected 
retal analytes determined for surface and suoourface soil ~les. 

Max. Concentration Detcnnined rrg/kg dry weight 
Surface Sanple or Grid Surface Sanple All Sur. All Sub. Risk-Based 1 

Analyte A B C D E F G 14 BNlI2 Sanples Sanples Caicentmtim < 

Sb <1.50 <1.50 <1.50 <1.50 1.67 <1.50 <I.50 3.00 <1.50 3.00 4.44 47000/6 Hmo 
As 10.60 11.18 4.30 5.22 11.20 82.20 16.40 6.36 4.70 82.20 6.27 0.97/1.6 
Be 0.40 0.80 0.60 0.40 0.70 1.50 l1.50 0.60 0.70 ii.50 2.10 0.4/0.67 
Cd 2.50 3.20 1.90 1.90 4.50 7.10 3.10 1.90 2.60 7.10 2.60 39/510 ') 

Cr 22.3 31.8 19.1 33.2 36.7 99.9 28.1 24.4 59.5 99.9 34.2 390//5100" 
Cu 11.2 16.6 11.2 21.4 15.0 15.6 15.8 9.7 14.2 21.4 11.4 2900/38000 
Pb 43.2 40.1 28.9 46.2 58.3 158.0 86.3 26.8 36.3 158.0 43.2 0.0078/0.1 
i 12.8 26.6 13.9 20.5 18.4 27.2 15.0 12.3 39.3 39.3 16.8 1600/20,000 

Zn 95.1 84.2 56.2 55.7 119.0 146.0 97.7 43.6 48.5 146.0 109.0 16(0)/200000 
Al 14400.0 14400.0 11300.0 13600.0 14400.0 11600.0 13780.0 17500.0 15700.0 17500.0 19500.0 230000/3000000 
Ba 98.0 93.8 81.3 103.0 152.0 210.0 498.0 85.2 129.0 498.0 110.0 5500/72000 
Co 10.8 12.4 19.8 11.3 21.2 48.1 82.0 8.9 19.3 82.0 70.2 0.78/10 
Fe 19200.0 41500.0 17600.0 19500.0 42900.0 132000.0 285000.0 19400.0 13900.0 28SOOJ.O 42900.0 
~ 1940.0 3400.0 1260.0 1880.0 5850.0 3770.0 2130.0 1840.0 1530.0 5850.0 2910.0 
Sn <7.60 8.49 <7.60 <7.62 <7.62 <7.60 <7.60 <7.60 8.00 8.49 <7.60 47000/6HXXXl 

M:Ix. Concentration Detennired ng/kg dry weight 
Subsurface Saq>le /Borlng tbldJer 

Analyte 1 2 3 4 5 6A 7 8 9 10 11 12 13 
Sb 1.89 <1.50 2.44 <I.SO 1.89 2.11 <1.50 2.67 2.67 4.22 4.44 2.56 1.89 
As 2.76 6.09 2.01 2.28 3.37 4.56 4.81 3.82 5.19 6.27 5.49 5.82 4.91 
Be 0.20 1.10 0.20 0.20 0.20 0.40 1.50 0.40 O.SO 0.59 0.79 O.SO 2.10 
Cd 1.60 <0.40 1.70 1.60 2.SO 2.60 <0.40 <0.40 <0.40 O.SO <0.40 2.30 <0.4 
Cr 20.4 13.6 12.2 15.8 8.2 28.5 16.8 34.2 25.8 26.4 21.1 24.8 17 .8 
Cu 7.8 10.0 3.3 4.1 8.8 7.8 10.0 <0.6 <0.6 1.2 1.5 1.6 11.4 
Pb 15.3 14.6 12.2 13.8 23.4 19.9 26.7 18.9 18.2 43.2 24.9 24.5 20.9 
Ni 7.8 13.6 4.4 5.4 4.8 8.6 11.2 11.9 11.1 16.7 16.2 13.3 16.8 
Zn 19.5 61.9 10.7 12.5 29.2 17 .7 40.3 65.2 27.0 43.3 64.3 109.0 60.9 
Al 13900.0 8230.0 8890.0 14300.0 3470.0 19500.0 14400.0 15700.0 18600.0 18700.0 15500.0 16700.0 14600.0 
Ba 41.2 45.6 19.5 28.1 9.7 51.3 65.9 70.4 50.2 68.5 110.0 79.9 59.2 
Co <3.0 6.8 3.3 3.3 0.0 0.0 7.1 8.2 5.8 29.8 16.6 7.0 70.2 
Fe 14000.0 18800.0 10600.0 12900.0 20100.0 20300.0 22600.0 17100.0 23800.0 42900.0 25400.0 20500.0 31700.0 
~ 1390.0 2910.0 363.0 846.0 386.0 1590.0 2060.0 2540.0 1460.0 1900.0 2010.0 2540.0 1470.0 
Sn <7.60 <7.60 <7.60 <7.60 <7.60 <7.60 <7.60 <7.60 <7.60 <7.60 <7.60 <7.60 <7.60 

~ReSidentia1 SoU/Ocrupational Soil (Fran EPA Region Ill, February 1992) 
ChromilDD VI and ~ds 
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Table 5.3. (Page 2 of 2) Rockeye (l'imitioos Facility) - NSWC Crane, Indiana. S\-MI.J lullS. Comparison of IIBxinum and ~an concentrations of selected 
netal analytes determined for surface and subsurface soil samples. 

Maxirrum aM ~n Concentrations Detennined rrg/kg dry weight 

Rockeye Facility Rockeye Facility Perineter 
~ I Ditches (A-{;) I C +BN2 

Analyte IIBlI. mean IIBlI. mean IIBlI. ill2lfl IIBlI. mean 
Sb 4.22 2.45 4.44 2.16 1.67 1.51 <1.50 <1.50 
As 6.27 3.97 6.09 4.35 82.20 11.41 4.67 3.55 
Be 0.59 0.34 2.10 0.94 11.50 1.14 0.70 0.56 
Cd 2.60 1.14 2.30 0.59 7.10 2.41 2.60 1.70 
Cr 34.2 21.5 24.8 17 .6 99.9 26.7 59.5 24.1 
C1.t 8.8 3.3 11.4 4.4 21.4 12.5 14.2 9.0 
Pb 43.2 20.1 26.7 20.2 158.0 47.6 36.3 24.6 
Ni 16.7 9.1 16.8 13.0 27.2 14.9 39.3 17.3 
Zn 65.2 26.2 109.0 48.5 146.0 68.3 56.2 43.2 
Al 19500.0 14296.0 16700.0 12424.0 14400.0 11649.0 15700.0 10740.0 
Ba 70.4 43.3 110.0 68.6 498.0 118.2 81.3 80.0 
Co 29.8 6.7 70.2 15.2 82.0 18.6 19.8 17.7 
Fe 42900.0 19718.0 31700.0 18971.0 285000.0 42511.0 17600.0 12438.0 
~ 2540.0 1386.0 2910.0 1849.0 5850.0 2314.0 1260.0 1136.0 
Sn <7.60 <7.60 <7.60 <7.60 8.49 7.64 <7.60 <7.60 

Note: 
St.mp; - subsurface samples, borings 1, 3, 4, 5, 6A, 8, 9, and 10 
Ditches - subsurface samples, borings 2, 7, 11, 12, aM 13 
A-G - surface samples frem grid areas A-{;, with the exception of area C 
C+BN2 - surface samples from grid area C and background north sample 00. These areas ~re used as surface backgrrund for data cOflllClrisons. 



TABlE 5.4 (Page 1 of 2). Rockeye (M.mitions Facility) - NSWC Crane, Indiana, SiHJ 10/15. Statistical analysis of results of inor!¥nic 
analyses of sul:surface soil samples. Statistics ~re caqJUted using all s3ll\">les from each boring location. Statistical analyses Io.t're 
oade by c.axrarlng surface sample (area C + 00) DEans with DEans from borings 10, 11, 12, and 13. Results from borings 1-9, inclusive, 
~re not statistically cooplred to area C 5al!t>les because the fl.I11iJer of samples (n==l) for those borings did not allew the cOIIpJtation of 
a variance. No control sul:surface soil samples (borings) were taken. See Table 5.4 page 2 for conplete table notes. 

Analyte Concentration nWkg dry weight (PfIIl) 
Bo~ 
ID Sb As Be Cd Cr Ql Ph Nt Zn A1 Be. Co Fe ~ Sn 
1 IFI 1.89 2.76 0.20 1.60 20.4 7.8 15.3 7.8 19.5 13900 41.2 0.0 14000 1390 <7.60 
3 IFI 2.44 2.01 0.20 1.70 12.2 3.3 12.2 4.4 10.7 8890 19.5 3.3 10600 363 <7.60 
4 IFl <1.50 2.28 0.20 1.60 15.8 4.1 13.8 5.4 12.5 14m 28.1 3.3 12900 846 <7.60 
5 IFI 1.89 3.37 0.20 2.50 8.2 8.8 23.4 4.8 29.2 3470 9.7 0.0 20100 386 <7.60 
6A. IFI 2.11 4.56 0.40 2.60 28.5 7.8 19.9 8.6 17.7 19500 51.3 0.0 20m 1590 <7.60 
7 n=1 <1.50 4.81 1.50 <0.40 16.8 10.0 26.7 11.2 40.3 14400 65.9 7.1 22600 2060 <7.60 
8 IFI 2.67 3.82 0.40 <0.40 34.2 <0.6 18.9 11.9 65.2 15700 70.4 8.2 17100 2540 <7.60 
9 IFl 2.67 5.19 0.50 <0.40 25.8 <0.6 18.2 11.1 27.0 18600 50.2 5.8 23800 1460 <7.60 
2 IF2 
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TABlE 5.4 (Page 2 of 2). Rockeye (M.Jnitions Facility) - t&TC Crane, Indiana, S\MJ 10/15. Statistical analysis of results of inorganic 
analyses of subsurface soil saq>les. Statistics were c~ted using all saq>les frOOI each boring locatioo. Statistical analyses Vlere 
mde by CClllJaring surface sanple (area C+ BN2) IIE8IlS with IIE8IlS frOOI borings 10, 11, 12, and 13. Results frOOI borings 1-9, inclusive, 
were not statistically cClllJared to area C + BN2 samples because the number of saq>les (n=l) for those borings did not alleM the 
COIIp1tation of a variance. No control sulEurface soil samples (oorings) were taken. 

/t~ , yte Concentraticn Dg/lr..g ~ry ~ight (ppn) 
Subsurface 8aq)le/~ 10 
10 Sb As Be Cd Cr Cu Pb Ni Zn Al Ba Co Fe ~ Sn 
10 n=4 
nean 2.95 4.92* 0.40 0.43 22.9* 0.8 24.7 11.6 26.6 15725* 51.7 11.0 24525 1670* <7.60 
s.d. 0.96 1.19 0.14 0.05 1.4 0.1 12.4 3.5 11.9 1994 12.8 12.6 12413 199 
IlBX 4.22 6.27 0.59 0.50 26.4 1.2 43.2 16.7 43.3 18700 68.5 29.8 42900 1900 
min 1.89 3.89 0.30 (0.40 19.3 (0.6 17.2 9.3 15.0 14500 41.3 3.6 16300 1420 
11 n=4 
rooan 3.10 4.28 0.72* 0.40 18.8 0.8 23.3 15.3* 51.3 l1t05O* 91.9 12.0 17975 1813* <7.60 
s.d. 1.21 1.BO 0.05 0.00 2.3 0.5 TI 0.9 11.3 1628 30.0 4.8 5218 160 
IlBX 4.44 5.49 0.79 (0.40 21.1 1.5 24.9 16.2 64.3 15500 110.0 16.6 25400 2010 
min (l.SO 1.62 0.69 (0.40 15.8 <0.6 21.8 14.0 38.7 11900 47.7 5.9 13200 1650 
12 n=4 
nean 2.11 4.06 0.37 1.07 18.7 1.0 20.6 to.7 58.6 13285 69.5 5.2 16250 2155* <7.60 
s.d. 0.47 1.95 0.10 0.84 5.9 0.5 3.0 2.3 34.4 3717 7.2 1.4 4910 360 
IlBX 2.56 5.82 0.50 2.30 24.8 1.6 24.5 13.3 109.0 16700 79.9 7.0 20500 2540 
min 1.56 2.30 0.30 <0. ItO 12.1 <0.6 17.1 8.4 34.7 9940 63.7 4.0 11800 1690 
13 n=3 
nean 1.63 4.ltO* 1.70* 0.40 17.4 8.2 17.6 13.9 34.7 11410 53.9 41.4 2381J7 1222 (7.60 
s.d. 0.23 0.59 0.46 0.00 0.4 3.3 2.9 4.7 23.6 2777 4.6 25.0 7953 395 
IlBX 1.89 4.91 2.10 <0.40 17.8 11.4 20.9 16.8 60.9 14600 59.2 70.2 31700 1470 
min <l.SO 3.76 1.20 (0.40 17.2 4.8 15.6 8.5 15.0 9530 SO.8 24.8 15800 767 
0tiN2 n=5 (area C + J!Nf!2 was used as ''backgroond'' for statisical cOIlplrisons) 
nean (l.SO 3.55 0.56 1.70 24.1 9.0 24.6 17.3 43.2 10740 BO.O 17.7 12438 1135.6 
s.d. .87 0.09 0.65 19.9 3.5 7.7 12.4 9.1 3253 29.8 2.9 3328 278 
IlBX 4.7 0.7 2.6 59.5 14.2 36.3 39.3 56.2 15700 129.0 19.8 17600 1530 
min 2.74 0.50 0.80 12.5 6.0 18.8 9.4 33.9 7800 53.9 13.0 9760 852 
'lable Notes: 
nean - The following 2 situations my exist: 

(a) all data ~s reported as < detectioo limits and detection limit is given after the ( symbol 
(b) DEans are c~ted using all samples frOOl boring inclOOing using the detection limit for those samples with results 
reported as < detection limits. 

mean - tre reported DEan ~s greater than the corresponding llEan for area C + BN2 which was used as a backgroond area. 
mean* - the reported DEan ~s significantly different (greater) (p <.05) than the corresponding ~n for area C +BN2. 
n number of samples. 
Sb (antinnny) and Sn (tin) - no statistical comparisons rrade ~cause Sb and Sn were below detection limits for area C soil samples. 
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IABLE 5.5 (Page 1 of 2). Rockeye (Munitions Facility) - NSWC Crane, Indiana, SWMU 10/15. Statistical analysis of results of inorganic analyses 
of soil samples. Statistics were cooputed using all samples from each grid location. Statistical analyses were made by comparing area C + BN2 
DEaIlS with UEaIlS from areas A, B, D, E, F and G. See Table 5.5 page 2 for complete table notes. 

Analyte Concentraticn ug/kg dry weight (ppm) 

Grid Area 
m Sb As Be Cd Cr fu Ph Nt In AI Ba Co Fe ~ Sn 
A n=4 
UEan <1.SO 7.28* 0.30 2.<13 18.8 10.7 32.7 11.2 60.2 13150'< 84.6 9.2 16200* 1785* <:7 .60 
s.d. 2.22 0.08 0.33 2.8 0.5 7.6 1.4 26.3 1391 15.6 1.5 2219 137 
I1BX 10.60 0.40 2.SO 22.3 11.2 43.2 12.8 9:>.1 14400 ':18.0 10.1:1 19200 1940 
min 6.01 0.20 1.70 15.5 10.0 25.7 10.0 33.7 11800 63.1 7.3 13900 1630 

- ---
B n=4 
umn <l.SO 7.49* 0.52 2.38 23.3 14.0 30.5 19.0 70.6* 12640 82.3 10.3 24975 2470* 7.82 
s.d. 2.73 0.19 0.70 6.7 3.6 8.8 5.7 11.3 2686 11.9 2.6 11757 HXXJ 
11BX. 11.18 0.80 3.20 31.8 16.6 40.1 26.6 84.2 14400 93.8 12.4 41500 3400 8.49 
min 4.65 0.40 1.SO 15.6 8.9 18.7 12.8 57.8 8660 66.9 6.6 14<XXJ 1060 <:7.60 
D n=6 
UEan <1.SO 4.97* 0.28 1.40 20.8 12.6 33.8* 12.7 38.6 12667* 81.7 10.0 17567* 17<13* <:7 .62 
s.d. .32 0.08 .31 6.3 4.5 6.8 4.1 8.7 1229 12.8 1.1 1752 155 
I1BX 5.22 0.40 1.90 33.2 21.4 46.2 20.5 55.7 13600 103.0 11.3 19500 1880 
min 4.33 0.20 1.00 15.9 9.0 28.1 10.0 32.4 10600 66.0 8.9 14900 1430 
E n=6 
UEan 1.53 6.41* 0.48 2.75* 23.4 13.2 39.7* 14.5 81.1* 10002 110.9* 16.3 25683* 3105* <7.62 
s.d. 3.27 0.19 0.94 10.1 T.T 12.8 3.6 22.4 3185 40.5 5.5 12865 1691 
I1BX 1.67 11.2 0.70 4.SO 36.7 15.0 58.3 18.4 119.0 14400 152.0 21.2 42900 58SO 
min <1.SO 3.04 <0.20 1.70 15.1 9.3 29.4 10.2 52.4 4980 46.0 9.0 12600 11 SO 
F IF3 
umn <l.SO 44.9 1.30* 5.57* 70.2* 12.6* 125.7* 26.1* 110.9 10627 156.7* 36.7 104400'< 3010* G.60 
s.d. 33.6 0.35 1.66 31.8 2.6 42.0 1.0 44.0 1071 47.5 11.9 39462 658 
I1BX 82.2 1.SO 7.10 99.9 15.6 158.0 27.2 146.0 11600 210.0 48.1 132000 3770 
min 17.0 0.90 3.80 36.6 10.6 78.2 25.4 61.5 9480 119.0 24.3 59200 2630 
G n=4 
UEan <l.SO 11.5* 4.75 1.43 19.6 11.7 53.7* 9.9 67.4 1<1370 224.5 39.0 102600 1893* <:7 .60 
s.d. 5.4 4.56 1.30 7.7 3.5 26.9 6.2 32.0 3508 183.1 31.3 122279 198 
I1BX 16.4 11.SO 3.10 28.1 15.8 86.3 15.0 97.7 13780 498.0 82.0 285000 2130 
min 4.4 1. SO <0.40 10.6 7.6 21.2 <1.1 35.8 5800 116.0 10.3 23900 1710 
H IF1 

3.00 6.4 0.60 1.90 24.4 9.7 26.8 12.3 43.6 17500 85.2 8.9 19400 1840 <7.60 
0fiINI2 IF5 (area C + ItlfJ2 r"as used as "background" for statisical cOlllBrisons) 
umn <1.SO 3.55 0.56 1.70 24.1 9.0 24.6 17.3 43.2 10740 80.0 17.7 12438 1135.6 
s.d. .87 0.09 0.65 19.9 3.5 7.7 12.4 9.1 3253 29.8 2.9 3328 278 
I1BX 4.7 0.7 2.6 59.5 14.2 36.3 39.3 56.2 15700 129.0 19.8 17600 1530 
min 2.74 O.SO 0.80 12.5 6.0 18.8 9.4 33.9 7800 53.9 13.0 9760 852 



TABI..E 5.5 (Page 2 of 2). Rockeye (M.mitions Facility) - NSOC Crane, Indiana, SWMU 10/15. Statistical analysis of results of inor~nic 
analyses of soil samples. Statistics were CO!1p.lted using all sa~les fran each grid location. Statistical analyses were IIBde by 
CCJIIll!iring area C + BN2 nEaI1S with Jreans fran areas A, B, D, E, F and G. 

Table Notes: 
Jrean - The following 2 situations my exist: 

(a) all data m.s reported as < detection limits and detection limit is given after the < symbol 
(b) nama are ~ted using all samples fran boring including using the detection limit for those s~les with results 
reported as < detection limits. 

1II!8Il - the reported Jrean was greater than the corresponding !lEan for area C + BN2 which were used as a backgrrund or area. 
uem* - the reported !lEan vas significantly different (greater) (p <.05) than the corresponding ~an for area C + 002. 
n number of samples. 
Sb (antinxll'o/) and Sn (tin) - no statistical c<JqJarisons I1Bde because Sb and Sn were bela.; detection limits for area C soil samples. 



Table 5.6. Rockeye (turltions Facility) - t&lC Crane, Indiana. 9MU lOllS. Comparison of ~ and mean concentrations of selected metal analytes 
determined for surface (sur) and subsurface (sub) soil samples from two other Naval Weapons Support Center locations. 

Maxim..m and ~n Concentration ~termined ng/kg dry weight 
R.ock.eye M.mitions Facility Old Rifle Range Armlmition fuming Gra.md 

Analyte Ikgmd Area C+BN2 All Sur. Sq>1s All Sub. Srrpls Bkgrnd Sub. 5anq)les 
IIBX IIE8Il uean IIBX uean IIBX IIBX uean 

Sb <1.50 <1.50 <1.50 3.00 2.29 4.44 0.4 0.3 
As 4.67 3.55 20.1 82.20 4.18 6.27 18.0 9.5 
Be 0.70 0.56 1.04 11.50 0.67 2.10 6.1 2.9 
Cd 2.60 1.70 2.29 7.10 0.83 2.60 0.5 0.5 
Cr 59.5 42.1 26.3 99.9 19.3 34.2 68.8 34.2 
Cu 14.2 9.0 11.9 21.4 3.9 11.4 24.3 13.9 
Ph 36.3 24.6 43.5 158.0 20.1 43.2 60.7 27.1 
Ni 39.3 17 .3 15.2 39.3 11.3 16.8 60.8 19.8 
Zn 56.2 43.2 64.0 146.0 38.7 109.0 190.0 59.4 
Al 11300.0 10740.0 11604.0 17500.0 13248.0 19500.0 38100.0 18480.0 
Ba 81.3 80.7 41.4 498.0 57.5 110.0 460.0 149.9 
Co 19.8 17.7 18.1 82.0 11.6 70.2 18.0 11.7 
Fe 17600.0 12438.0 37254.0 285000.0 19300.0 42900.0 95700.0 35007.0 

~ 12ro.0 1136.0 2122.0 5850.0 1645.7 2910.0 4740.0 2070.0 
Sn <7.60 <7.60 <7.60 8.49 <7.60 <7.60 9.00 7.70 

Table Notes: 
Rockeye (Munitions Facility) SWMU 10/15 - Area C + BN2, n=5; 

All Sub. (subsurface) samples (borings), n=26; 
All Sur. (surface) samples (scrapes), n=33. 

Old Rifle ~ - SWMU 07/09 - Control Subsurface (Borings) 12, 11, and lA, n=15. 
Anmmitioo 11lming Gran:! - SWMU 03/10 - Control Sul:5urface (Borings) 1, 2, and 3, n=9. 

Bkgrnd 
lIBX 

<1.50 
35.4 
9.1 
0.7 

45.7 
18.5 
52.1 
37.1 

115.0 
12200.0 

135.0 
29.0 

113000.0 
1080.0 

<7.60 

~n - if reported c.oncentratioo traS less than detection limit, the detectioo limit was used to conpute mean 
~idential SOil/occupational soil (EPA Region III, 2/92) 
Chroui.lIIIl VI and conpounds 

rata Sources: 

Sub. SaIq)les 
rooan 
<1.50 
18.7 
4.7 
O.S 

32.8 
12.7 
31.8 
23.5 
80.3 

10673.0 
81.2 
18.4 

65655.0 
869.0 

<7.60 

Risk-Based 
1 

Concentrations 

47000/6ICXXlO 
0.97/1.6 
0.4/0.67 
39/510 2 
390/5100 
2900/38OOJ 
0.0078/0.1 
16OO/2O<XXJ 
16<XXl/200000 
23OO))/300<XXJ0 
5500/72000 
0.78/10 

47000/610000 

U.S. Ar:nrj Corps of Engineers, Waterways ExpeI'i.r!ent Station, 1991. RFI Phase II, Old Rifle Range Report for: g·HJ 07/09, Naval Weapons Support Center, 
Crane Indiana. Prepared for Northern Divisioo, Naval Facilities Engineering COlImmd, U.S. Naval Base, Bldg. 77 LaN, Philadelphia, Pennsylvania. Final 
Draft. 

U.S. Ar:nrj Corps of Engineers, Waterways Experltllmt Station, 1991. RFI Phase Ill, Part I, Soils, Almunition Burning Ground: SYM.J 03/10, Naval Weapons 
Support Center, Crane Indiana. Prepared for Nortrern Division, Naval Facilities Engineering Cormnnd, U.S. Naval Base, Bldg. 77 Lew, Philadelphia, 
Pennsylvania. Internal Draft. 

U.S. Enviromental Protection Agency, Region III, Risk-Based Concentration Table, First Quarter 1992, Roy 1. Smith, PhD, February 1992. 
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TABlE 5.7. Rockeye (Mmitions Facility) - NSWC Crane, Indial1'l, SMJ 10/15. Results of inorganic analyses of IIEthod blanks associated with 
analyses of soil samples. Concentrations are ng/kg (ppm) dry ~ight. Detectable concentrations are sh~ in bold. 
Metboa~ Analyte 
Bl.ark Sb As Be Cd Cr 01 Ph Ni Zn AI Be Co Fe ~ 
MB-l (0.003U (0.002U (0.002U (0.004UN 0.03:H> (O.roiU (0.114U (O.Ol1U (O.OOOU (0.038U (O.OllU (0.0300 0.192 (0.7400 
MB-2 O.02-44B <O.OO2U <O.OO2U <O.OO4l1N O.017t() <0.0001 <0.11411 <O.OJllI <n.OO8U O.075B <O.OJlJJ <O,OD] O.l~ <0,748rJ 
MB-3 0.021211{ (O.OO2U (0.002U O.OO7N 0.023N 0.CQ5B <0. il4U <0.1()(lj 0.CQ5B (0.038U (O.OllU (0.0300 0.0708 (0.7400 
MB-4 O.Ol8Slti <O.OO2U <O.OO2U 0.006m D.02IN 0.014B <O.114U /f\ 11ft <O.CXl3U <O.038U <O.OllU <0.0300 0.063B <0.74&i ,V.J.J.U 

MB-5 <0.0011 (O.OOW (O.ooW (0.00lIUD 0.17 <O.OO6U <0.1l4U <O.llU 0.027 0.220 <O.OllU <0.0300 0.2iB <0.748U 
MB-6 (0.003U <0.002U (0.002U <0.00lIUD 0.026 <O.roiU <0.1l4U <O.l1U <O.OOOU <0.038U <O.OllU <0.0300 O.066B (0.74&.1 
MB-7 <0.003U <0.002U O.OO4B (0.004UD 0.026 <0.006U <0.1l4U <O.llU 0.020 0.0768 <O.OllU <0.0»1 <0.0100 <0.7400 
MB-8 <0.0011 <O.OOW <O.OOW O.OO7N <O.Ol1U <0.006U <0.1l4U <O.llU <O.OOOU 0.0918 <O.OllU <0.03<lJ <0.0100 <0.748U 
MB-9 <0.0()1J <0. DOW <O'OOW <0.004UND <O.OllU <O.OO6U <0. I 1I1U <O.llU <O.OO8U <0.038U <O.OllU <O.ODJ O.OO7B <0.7400 

Note: 
* Method Blank ID; MB-l (Method Blank associated with the follo.ring analyses. S(~e Figures 5.1 through 5.5 for sample l()Gll iom;. 

MB-1 (bori~ 13, 7, and 2) (surface scrapes G-l through G-4) 
MB-2 (bori~s 12, 11, 10, 9, and 8) 
MB-3 (bori~ 5 and I) 
MB-4 (borings 6A, 4, and 3 and surface scrape 14) 
MB-5 (surface scrapes A-{)-l, A-1-2, A-2-3, A-4-0, B-{)-l, B-1-2, B-2-3, B-4-0) 
MB-6 (surface scrapes C-{)-1, C-1-2, C-2-3, C-3-2, Bacl<groond North (12) 
MB-7 (surface scrapes D-O-O, D-1-0, D-2-0, D-3-0, D-4-0, 0-5-0) 
MB-8 (surface scrapes E-O-O, E-l-0, E-2-0, E-3-0, E-4-{), E-5-0) 
MB-9 (surface scrapes F-l, F-2, F-3). 

U Analyte was analyzed for rut not detected 
B Reported value is less than the Contract Required Detectioo. Limit rut greater than the InstIUl1Ent Detection Limit 
W Post-digestion spike for furnace M analysis is out of control limi.ts (85-115%), Iohile sample absortance is less than 50% of 

spike absortance 
N Spiked saq>le recovery not within control limits 
D fuplicate analysis not within control limits 

Sn 
(0.076U 
<O,07f:JJ 
(0.076U 
<O.076U 
<0.076U 
<0.076U 
<0.076U 
<0.076U 
<0.076U 



Table 5.8. Rockeye (Munitions Facility) - NSWC Crane, Indiana, SWMU 10/15. 
Results of inorganic analysis of water collected from final equipment rinses. 
Results are in mg/l (ppm). Results in bold are concentrations greater than 
detection Limits. Detection limits are given after the < symbol. 

Samole ID RINSE RINSE RINSE 
Anai.yte/Bo~ring 07 10 3 
Sb <o.o03u <0.003u <o.o03u 
As 
Be 
Cd 
Cr 
cu 
Pb 
Ni 
Zn 
Al 
Ba 
co 
Fe 
MET 
Sn 

<o.o02u <o.o02u <o.o02u 
<o.o02u <o.o02u <o.o02u 
<o.o04u <o.o04u <o.o04u 
<O.OllU <O.OllU <O.OllU 
<O.O06U <O.O06u <O.O06U 
<o.o03u <o.o03u <o.o03u 
<O.OllU <O.OllU <O.OllU 
0.041 0.039 <O.O08U 
0.145B 0.149B 0.315 

<O.OllUN <O.OllUN <O.OllU 
<o.o3ou <o.o3ou <o.o3ou 
<O.OlOU 0.017B <O.OlOU 
<0.748U (0.74813 1.45 
<O.O76U <O.O76U <O.O76u 

Note : 
II - Analyte was analyzed for but not detected 
II - Reported value is less than the Contract Required Detection Limit 

(CRDL) but greater than the Instrument Detection Limit 



Tablse 5.9. Rockeye (Munitions Facility) - NSWC Crane, Indiana, SWMU 10/15. 
Results of analyses of subsurface soil samples for explosive compounds. 
Concentrations are mg/kg (ppm) dry weight. Samples with detectable 
concentrations of organic analyte are shown in bold. 

Boring Sample Explosive Analyte 
ID 2,4-DNT" TNT TETRL DNB TNB RDX Ht4x 
=iK-- <0.25U <0.25U <0.65U <0.25U <0.25u <l.OOU <2.2u 
-2#l 

2112 
-3%1 
-41t1 
-5111 
-6AiIl 
-7#1 
-St1 
-9Wl 
-10111 

10112 
101/3 
10114 

-11111 
11#2 
1163 
11114 

-1211 
1282 
12%3 
12#4 

-13t1 
13#2 
13#3 

<0.25U 
<O.:25U 
<0.25U 
<O.:ZSU 
<0.25U 
<O..25U 
CO.25u 
<o.:25u 
CO.25U 
<O..25U 
<0.25U 
<O..25U 
<0.25u 
<0.25U 
(0.25u 
CO.25u 
<0.25u 
<0.25U 
<0.25U 
CO.25U 
<0.25u 
<0.25u 
<0.25U 
<0.25U 

<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25u 
<0.25u 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25u 
<0.25U 
<0.2511 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25u 
0.96 
1.40 

<0.25u 
<0.25u 
<0.2511 

<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65u 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65u 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 

Note : 
Sample ID is as follows: l//l, boring l/sample 

<0.25u 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25u 
<0.25U 
<0.25u 
<0.25U 
<0.25u 
<0.25U 
<0.25u 
<0.25U 
<0.25U 
<0.25U 

CO.25U 
<0.25U 
<0.25U 
<:0.25U 
CO.25U 
<0.25u 
<0.25U 
CO.25U 
CO.25U 
CO.25U 
<0.25U 
CO.25U 
CO.25U 
CO.25U 
<0.25U 
CO.25U 
CO.25U 
CO.25u 
<0.25U 
0.165 
0.205 

<0.25U 
<0.25U 
<0.25U 

0.6455 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
0.4555 
0.3685 

<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
0.058J 

<l.OOU 
<l.OOU 
<1 .oou 
<l.OOU 
<l.OOU 
<1 .oou 
<l.OOU 
<l.OOU 

0.315 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
0.485 

11.40 
0.155 

<2.2u 
0.865 
0.375 

<2.2u 
<2.2u 
0.365 
0.305 
0.625 

<2.2u 
1.075 
1.135 

17.3 
42.7 
<2.2u 
<2.2u 
<2.2u 

1. See Figures 5.1 and 5.2. 
J- Estimated value below the statistical quantitation limits 
1J - Compound was analyzed for but not detected. Detectfon limits are given 

after the < symbol. 
* - Lab reports indicate that 2,4-DNT could not be separated from 2,6-DNT. 



Table 5.10. (Page 1 of 3). Rockeye (Munitions Facility) - NSWC Crane, 
Indiana, SWMU 10/15. Results of analyses of surface scrape soil samples for 
exp.losive compounds. Concentrations are mg/kg (ppm) dry weight. Samples with 
detlectable concentrations of explosive compound analyte are shown in bold. 
See Figures 5..1 and 5.3 through 5.5 for sample locations. 

Sur.Eace Sample Explosive Analyte 
ID 2,4-DNT" TNT TETRL DNB TNB RDX HNX 
ipgj--- <0.25u <0.25U <0.65U <0.25U <0.25U <l.OOU <2.2u 
A-O-l 
A-0,-2 
A-O-3 
A-L-O 
A-l-l 
A-l-2 
A-l-3 
A-2-O 
A-2-l 
A-2-2 
A-2-3 
A-3-0 
A-3-l 
A-3-2 
A-3-3 
A-4-O 
A-4-l 
A-4-2 

<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25u 
<0.25U 
<0.25u 
<0.25U 
<0.25u 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 

<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25u 
<0.25U 
<0.25U 
<0.25U 
<0.25u 
<0.25U 
<0.25U 
<0.25u 
<0.25u 
<0.2.5U 
<0.25U 

<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<O.hSU 
<0.65U 
<0.65u 
<0.65U 
<0.65u 
<0.65U 
<0.65U 
<0.65U 

<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25u 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 

<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25u 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25u 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 

<l.OOU 
<l.OOU 
<l.OOU 
<1 .oou 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<1 .oou 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 

<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 

A-4-3 <0.25U <0.25U <0.65U <0.25U <0.25U <l.OOU C2.21; -~--- 
B-O-O <0.25U <0.25U <0.65U <0.25U <0.25U <l.OOU <2.2u 

<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
5.37 

<2.2u 
<2.2u 
<2.2u 
<2.2u 

B-0-1 
B-0-2 
B-0-3 
B-l-O 
B-l-l 
B-l-2 
B-l-3 
B-2-O 
B-2-l 
B-2-2 
B-2-3 
B-3-O 
B-3-l 
B-3-2 
B-3-3 
B-4-0 
B-4-l 
B-4-2 

<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 

<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 

<0.65U 
<0.65U 
<0.65U 
<0.65U 
CO.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65u 
<0.65U 
<0.65u 
<0.65U 

<0.25U 
<0.25U 
<0.25LI 
<0.25U 
<o. 2 511: 
<0.25U 
<0.251X 
<0.25U 
<0.2511 
<0.25ZX 
<0.25U 
<0.251X 
<0.251.1 
<0.25U 
<0.25U 
0.195J 

<0.251.1 
(0.251.1 

<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25u 
<0.25U 
<0.25ll 
<0.25U 
<0.25U 
<0.25u 
<0.25U 
<0.25u 
<0.25U 
<0.25u 
<0.25U 
<0.25U 
<0.25U 

<l.OOU 
<l.OOU 
<l.OOU 
<1 .oou 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<1 .oou 

B-4-3 <0.25U <0.25U <0.65U <0.251,1 <0.25U <l.OOU <2.2u ---- 

Table Notes: See Page 3 of 3 



Table 5.10. (Page 2 of 3). Rockeye (Munitions Facility) - NSWC Crane, 
Indiana, SWMU 10/15. Results of analyses of surface scrape soil samples for 
explosive compounds. Concentrations are mg/kg (ppm) dry weight. Samples with 
detectable concentrations of explosive compound analyte are shown in bold. 
See Figures 5.1 and 5.3 through 5.5 for sample locations. 

Surface Sample Explosive Analyte 
ID 2 &DNT* --- TNT TETRL DNB TNB RDX mix 
c-o-o <0.25U <0.25U <0.65U <0.25U <0.25U <l.OOU <2.2u 
c-o-1 
c-o-2 
c-o-,3 
c-1-0 
C-l-l 
c-1-2 
c-1-3 
c-2-o 
c-2-1 
c-2-2 
C-2-3 
c-3-0 
c-3-1 
C-3-,2 
c-3-,3 
c-4-,0 
c-4-1 

<:0.25U 
<0.25U 
0.099J -- 

<:0.25U 
<:0.25U 
<:0.25U 
<:0.25u 
<0.25U 
<:0.25U 
(:0.25U 
(0.25u 
<:0.25U 
(0.25U 
1:0.25U 
<0.25U 
<:0.25U 
<:0.25u 

<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25u 
<0.25U 
<0.25U 
<0.25U 

<0.65U 
<0.65U 
<0.65u 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65u 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65u 
<0.65U 
<0.65u 

<0.25U 
<0.25U 
0.1045 

<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 

<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 

<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<1 .oou 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 

<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 

C-4-2 <0.25U <0.25U <0.65U <0.25U <0.25U <l.OOU <2.2u ---____ 
D-O-O <:0.25U <0.25U <0.65U <0.25u <0.25U <l.OOU <2.2u 
D-O-1 
D-O-2 
D-0-3 
D-0-4 
D-l-0 
D-l-l 
D-1-2 
D-l-3 
D-1-4 
D-2-0 
D-2-1 
D-2-2 
D-2-3 
D-2-4 
D-3-0 
D-3-1 
D-3-2 
D-3-3 
D-3-4 
D-4-0 
D-4-1 
D-4-2 
D-4-3 
D-4-4 
D-5-0 
D-5-1 
D-5-2 
D-5-3 

<:0.25U 
(:0.25U 
(0.25U 
<:0.25U 
<0.25U 
(0.25U 
<:0.25U 
CO.25U 
(0.25U 
CO.25U 
<0.25U 
<:0.25U 
<0.25U 
CO.25U 
CO.25U 
<0.25U 
CO.25u 
CO.25U 
CO.25U 
CO.25U 
<0.25U 
CO.25U 
<:0.25u 
<0.25U 
CO.25U 
<0.25U 
<0.25U 
CO.25U 

<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25u 
<0.25U 
<0.25U 
<0.25U 
<0.25u 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 

<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65u 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65u 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65u 
<0.65U 
<0.65u 
<0.65U 
<0.65u 
<0.65U 
<0.65U 
<0.65U 

<0.25U 
<0.25U 
<0.25u 
<0.25U 
<0.25U 
<0.25U 
<0.25u 
<0.25U 
<0.25U 
<0.25U 
<0.25u 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25u 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 

<0.25U 
<0.25U 
<0.25U 
<0.2511 
<0.25u 
<0.25U 
<0.25U 
<0.25U 
<0.25u 
<0.25U 
<0.25U 
<0.25u 
<0.25u 
<0.25U 
<0.25U 
<0.25U 
<0.25u 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 

<1 .oou 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
(1 .oou 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<1 .oou 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<1 .oou 
<l.OOU 
<l.OOU 
<l.OOU 

<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 

D-5-4 <0.25u <0.25u <0.65u <0.25U, <0.25u <l.OOU <2.2u 
Tabl.eNotelj See Page 3 of 3 



Table 5.10. (Page 3 of 3). Rockeye (Munitions Facility) - NSWC Crane, 
Indiana, SWMU 10/15. Results of analyses of surface scrape soil samples for 
explosive compounds. Concentrations are rag/kg (ppm) dry weight. Samples with 
detectable concentrations of explosive compound analyte are shown in bold. 
See Figures 5.1 and 5.3 through 5.5 for sample locations. 

Surface Sample Explosive Analyte 
ID 2 4-DNT* --- TNT** TETRL DNB TNB RDx** Hxx 
E-O-O <O..25U <0.25U <0.65U <0.25U <0.25U <l.OOU <2.2u 
E-0-1 
E-0-2 
E-O-3 
E-O-4 
E-1-0 
E-l-l 
E-l-2 
E-l-3 
E-l-4 
E-2-0 
E-2-l 
E-2-2 
E-2-3 
E-2-4 
E-3-O 
E-3-l 
E-3-2 
E-3-3 
E-3-4 
E-4-O 
E-4-l 
E-4-2 
E-4-3 
E-4-4 
E-5-O 
E-5-l 
E-5-2 
E-5-3 
E-5-4 

<0.25U 
<0.25U 
<0.25u 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
CO.25U 
<0.25U 
<0.25U 
<0.25u 
<0.25U 
CO.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<.0.25u 
<0.25U 
<0.25U 
<0.25U 
<0.25u 
<0.25U 

<0.25U 
<0.25U 
0.075 

<0.25U 
<0.25U 
<0.25U 
<0.25U 
0.125 
0.155 

<0.25U 
<0.25U 
<0.25U 
<0.25U 
O.llJ 

<0.25U 
<0.25U 
<0.25u 
<0.2511 
<0.25U 
<0.2511 
<0.25u 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 

<0.65U 
<0.65C 
<0.65U 
<0.65U 
<0.65U 
<0.65u 
<0.65U 
<0.65U 
<0.65u 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65u 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65IJ 
<0.65U 
<0.65u 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65U 

<0.25U 
<0.25u 
<0.25U 
<0.25u 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25u 
<0.25U 
<0.25u 
<0.25U 
<0.25u 
<0.25U 
<0.25U 
<0.25u 
<0.25u 
<0.25U 
<0.25u 
<0.25U 
<0.25U 
<0.25U 
<0.25u 
<0.25U 
<0.25U 

CO.25U 
<0.25U 
(0.25U 
<0.25U 
<0.25U 
CO.25U 
(0.25ll 
<0.25U 
CO.25U 
CO.25U 
<0.25U 
<0.25U 
<0.25u 
CO.25U 
CO.25U 
CO.25U 
CO.25U 
(:0.25U 
~:0.25U 
<0.25U 
CO.25U 
<:0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 
<0.25U 

<l.OOU 
<1 .oou 
<l.OOU 
<l.OOU 
<1 .oou 
<l.OOU 
<1 .oou 
<l.OOU 
<1 .oou 
<1 .oou 
<l.OOU 
0.265 
0.205 

<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
0.51J 

<l.OOU 
<l.OOU 
<I .oou 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 
<l.OOU 

<2.2u 
<2.2u 
0.685 

<2.2u 
<2.2u 
<2.2u 
0.25J 
0.265 
0.5OJ 

<2.2u 
0.315 
0.285 
0.415 
0.465 

<2.2u 
<2.2u 
<2.2u 

1.725 
2.36 

<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 
<2.2u 

<0.25U <0.25U <0.65U <0.25U <0.25U <1 .oou <2.2u 
iq--- <0.25U <0.25U <0.65U <0.25U <0.25U <l.OOU 0.455 
F-2 <:0.25u <0.25U <0.65U <0.25U <0.25U <l.OOU u 0.16J 
F-3 <0.25U <0.25U <0.65U <0.25U <0.25U (1 .oou <2.2u ---- 
G-l <0.25U <0.25U <0.65U <0.25U <0.25U <1 .oou <2.2u 
G-2 <.0.25U <0.25U <0.65U <0.25U <0.25U <l.OOU <2.2u 
G-3 <0.25U 0.75 <0.65U <0.25U <0.25U 0.145 1960.0 -- 
G-4 CO.25U 0.19J <0.65U <0.25U <0.25U <1 .oou 540.0 
BNll-- <0.25U <0.25U <0.65U <0.25U CO.25U <I .oou <2.2u 
BN#2 <0.25U <0.25U <0.65U <0.25U <0.25U <l.OOU <2.2u 

<0.25U BN#3 <0.25U <0.65U <0.25U <0.25U <l.OOU <2.2u 
H <0.25U 295.00 <0.65U <0.25U <0.25U 3350.00 10400.0 --- 

Note : 
Sample ID is as follows: A-O-O - Grid Area A, column 0, row 0. See Figure 

5.x. 
J- Estimated value below the statistical quantitation limits 
U- Compound was analyzed for but not detected. Detection limits are given 

after the < symbol. 
* - Lab reports indicate that 2,4-DNT could not be separated from 2,6-DNT. 

** - Risk-based concentrations for TNT = 161200 and RDX = 15/26, where 
concentrations shown are for residential soil/ocupational soil. (From 
EPA Region III Risk-based Concentrations, Roy L. Smith, PhD., Feb. 1992.) 
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Table 5.11, Rockeye (Munitions Facility) - NSWC Crane, Indiana, SWMU 10/15. 
Summary of analyses of surface and subsurface soil samples for explosive 
compounds. See Figures 5.1 and 5.3 through 5.5 for sample locations. 

Surface Samples 

Area 
An=20 
B n=20 
C n=19 
D n=30 
E n=30 
F n=3 
G n=4 
BN n=3 
14 n=l 

- ,Q-DNT* TNT** 
ND ND 
ND ND 

O.lOJ/l ND 
ND ND 
ND 0.155/4 
ND ND 
ND 0.75/2 
ND ND 
ND 295.00/l 

Explosive Analyte 
TJYIXYL DNB TNB RDx** HMX 

ND ND ND ND ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

0.20511 ND ND 5.3711 
O.lOJ/l ND ND ND 

ND ND ND 
ND ND 0.:1;15,3 2.36110 
ND ND ND 0.455/2 
ND ND 0.145/l 1960.0/2 
ND ND ND ND 
ND ND 3350.00/l 10400.00/1 

Subsurface Samples -- 

Boring Explosive Analyte 
Numbler 2 4-DNT* --- TNT** TETBYL DNB TNB RDx** w4x 
1 n=l ND ND ND ND ND ND a ND 
2 n=2 
3 n=l 
4 n=l 
5 n=l 
6An=l 
7 n=l 
8 n=l 
9 n=l 
10 t-t=4 
11 n=4 
12 n=4 
13 n-3 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

1.4012 ND 
ND ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

0.20512 
ND 

0.65511 
ND 
ND 
ND 

0.46511 
0.37511 

ND 
ND 
ND 

0.065/l 
ND 
ND 

0.31311 
ND 
IJD 
ND 

0.48511 
11.4011 
0.15J 
ND 

0.86512 
0.62513 

42.7/4 
ND 

Notes: -- 
ND - Not Detected. Explosive analyte was not detected during analysis. 
J- Analyte detected at concentrations below statistical quantitation limits. 

5.3711 - First number (5.37) is the maximum concentration (in mgfkg dry 
weight) of the specific explosive determined for the indicated grid area 
or boring. The second number following the / (1) is the total number of 
samples with a detectable concentration of analyte reported. 

n - Number of soil samples taken. 
* - Lab reports indicate that 2,4-DNT could not be separated from 2,6-DNT. 
** - Risk-based concentrations for TNT = 16/200 and RDX = 15126, where 

concentrations shown are for residential soillocupational soil. (From 
EPA Region III Risk-based Concentrations, Roy L. Smith, PhD., Feb. 1992.) 



Table 5.12. Rockeye (Munitions Facility) - NSWC Crane, Indiana, SWMU 10/15. 
Results of analyses of method blanks and equipment rinses associated with 
analyses of s.oil samples (both surface and subsurface samples) for explosive 
compounds. Detection limits given after the < symbol and are in mg/kg (ppm) 
dry weight units. 

Method Blank/Rinse Explosive Analyte 
ID 2.1~DNT" TNT TETRL DNB TNB RDX mx 
MB-1 <0.25U <0.25u <0.65U <0.25U <0.25U <l.OOU <2.2u 
MB-2 
MB-3 
MB-4 
MB-5 
MB-6 
MB-7 
MB-8 
MB-9 

<0.25U <0.25U 
<O.25tI <0.25U 
<0.25U <0.25U 
<0.250 <0.25u 
<0.25U <0.25U 
<0.25U <0.25U 
<0.25U <0.25U 
<0.25U <0.25U 

<0.65U 
<0.65U 
<0.65U 
<0.65U 
<0.65u 
<0.65U 
<0.65U 
<0.65U 

<0.25U <0.25u <l.OOU <2.2u 
<0.25u <0.25U <l.OOU <2.2u 
<0.25U <0.25U <l.OOU <2.2u 
<0.25U <0.25U <l.OOU <2.2u 
<0.25U <0.25U <l.OOU <2.2u 
<0.25U <0.25U <l.OOU <2.2u 
<0.25U <0.25U <l.OOU <2.2u 
<0.25U <0.25U <l.OOU <2.2u 

R-l <o.o2ou <o.o2ou <o.o5ou <0.020 <o.o2ou <o.o2ou <o.o2ou 
R-2 <o.o2ou <o.o2ou <o.o5ou <0.020 <o.o2ou <o.o2ou <o.o2ou 
MB-10 <o.o2ou <o.o2ou <o.o5ou <0.020 <o.o2ou <o.o2ou <o.o2ou 

Note: 
* Method Bl.ank/Rinse Identification; MB-1 (Method Blank associated with the 

following analyses. See Figures 5.1 and 5.2 for sample locations. 
MB-l (borings 13, 7, 7 duplicate, and 2) (surface scrapes G-l through G-4) 
MB-2 (borings 12, 11, 10, 9, and 8) 
MB-3 (borings' 5 and 1) 
MB-4 (borings 6A, 4, and 3 and surface scrape 14) 
MB-S (surface scrapes, grid areas A and B) 
MB-6 (surface scrapes grid area C and Background North (BN) 1, 2, and 3) 
MB-7 (surface scrapes grid area D) 
MB-8 (surfac:e scrapes grid area E) 
MB-9 (surface scrapes F-l, F-2, F-3). 
MB-10 (equipment rinses R-l and R-2. 
R-l (boring 10 equipment rinse) 
R-2 (boring 7 equipment rinse) 



Table 5.13. (Page 1 of 2). Rockeye (MJnitions Facility) - N~ Crane, Indiana, S\Hl 10/15. Results of EPA Method 8240 * (volatile 
organics) sulsurface soil sample analyses. Concentrations are ng/kg (ppm) dry l<ieight. Sanl>les with detectable concentrations of 
organic analyte are shown in bold. Analytes are given as abbreviations; see Appendix A for full c~d narn=s. 

Analyte/Saa\?le 10 112 212 313 413 5#1 GAIl 711 
CUMETH <0.011U <0.0130 <0.012U <0.012U (0.011U (0.012U <0.0120 
BDMETH <0.011U <0.0130 <0.0120 <0.0120 <0.011U <0.0120 <0.0120 
VNLCL <0.011U <0.0130 <0.012U <0.0120 <0.011U <0.0120 <0.0120 
ClEIHA <O.OllU <0.013U <0.0120 <0.012U <O.OllU <0.0120 <0.0120 
}£(L 0.0098B O.02IB O.llB 0.0077B 0.21B 0.00938 0.0668 
llIXlEm <0.0056U <O.OO6lKJ <O.OO6U <O.0059U <0.0057U <0.0058U <0.0059U 
llIXlEIA <0.0056U <0.006lKJ <0.006U <0.0059U <0.0057U <0.0058U <0.0059U 
t-IXlEm <0.0056U <0.006lKJ <0.006U <0.0059U <0.0057U <0.0058U <0.0059U 
c-OCIElE <0.00S6U <0.006lKJ <O.OO6U <0.0059U <0.0057U <0.0058U <0.0059U 
COCL3 <0.0056U <0.006lKJ <0.006U <0.0059U <0.0057U <0.0058U <0.0059U 
121XlEI'A <0.0056U <0.006lKJ <0.006U <0.0059U <0.0057U <O.oosaJ <0.0059U 
l11tCA 0.011 <0.006lKJ <0.006U <0.0059U <0.0057U <0.0058U <0.0059U 
ca.4 <0.0056U <0.006lKJ <0.006U <0.0059U <0.0057U <0.005aJ <0.0059U 
BrOClME <O.OOS6U <0.006lKJ <0.006U <0.0059U <0.0057U <0.0058U <0.0059U 
l20ClPR <0.0056U <O.OO6lKJ <0.006U <0.OO59U <0.0057U <0.005aJ <0.0059U 
tl3ClmE <0.0056U <O.OO6lKJ <0.006U <0.0059U <0.0057U <0.0058U <0.0059U 
TCE <0.0056U <0.006lKJ <0.006U <0.0059U <0.0057U <O.OO5aJ <0.0059U 
IErClME <0.0056U <0.0064U <0.006U <0.0059U <0.0057U <0.0058U <0.0059U 
cl3ClPRE <0.0056U <0.006lKJ <0.006U <0.0059U <0.0057U <0.0058U <0.0059U 
112'1rA <0.0056U <0.0064U <0.006U <0.0059U O.oolJ <0.0058U <0.0059U 
~ <0.0056U <0.006lKJ <0.006U <0.0059U <0.0057U <0.OO58U <0.0059U 
aIBr3 <0.0056U <O.OO6lKJ <0.006U <0.0059U <0.0057U <0.0058U <0.0059U 
1122'IUA <O.OOS6U <0.006lKJ <0.006U <0.0059U <0.0057U <O.0058U <0.0059U 
1EClElE <0.0056U <0.0064U <0.006U <0.0059U <0.0057U <0.0058U <0.0059U 
'IDUJENE <0.0056U <0.006lKJ <0.006U <0.0059U <0.0057U <0.005aJ <0.0059U 
ClBm <0.0056U <0.0064U <0.006U <0.0059U <0.0057U <0.0058U <0.0059U 
ETBEN <O.OOS6U <0.0064U <0.006U <0.0059U <0.0057U <0.005aJ <0.0059U 
AI:ElOOE 0.007BJ 0.205 O.044BJ O.OllBJ 0.328 0.0009BJ O.lOJ 
BlTfAl{) <O.llU <0.13(1 <0.120 <0.120 <O.llU <0.120 <0.120 
CS2 <0.0056U <0.0064U <0.006U <0.0059U <0.0057U <O.OO5aJ <0.0059U 
2 HEXAI'{) <0.056U <O.o;lKJ <0.0;00 <0.059U <0.057U <0.058U <0.059U 
4 Me2PE <0.056U <0.0640 <0.0600 <0.059U <0.057U <O.OSBU <0.059U 
S'l.'YRFm <0.0056U <0.0064U <0.006U <0.0059U <0.0057U <O.OOSBU <0.0059U 
~ <O.OS6U <0.0640 <0.0600 <0.059U <0.057U <0.058U <0.059U 
I-Xylene <O.OO56U <0.0064U <0.006U <0.00590 <0.0057U <0.005aJ <0.0059U 
Note: Sample ID is as follCMS: 1111 - Soil Boring 1, ~le /fl. See Figun'!s 5.1 am 5.2. 

J - Indicates an estillBted value bel<M the statistiCll quantification limits 
U - Indicates ~nd was analyzed for rut not detected. Detection limits are given after the < symbol. 
B - Indicates analyte is found in the associated blank as l<iell as in the sample. 
* - EPA ~..et.~ 8240 -in Test Methods for Evaluating Solid Waste, Physical/Chemic.'!l Methods, SW846, TI>.ird FLii tion, November 

1986, with December 1988 revisions. 



Table 5.13. (Page 2 of 2). Rockeye (Mmitions Facility) - tGlC Crane, Indiana, SWt-lJ 10/lS. Results of EPA MetOOd 8240 * (volatile 
organics) soil analyses (soil boring samples). Concentrations are ~/kg (ppm) dry W'!ight. Samples with detectable concentrations 
of organic analyte are shown in bold. Analytes are given as abbreviations; see Appendix A for full c~d I18J1ES. 

Analyte/Sauple m 8#1 9#1 10#4 1114 1214 13#3 
CLME'lll <0.0500 <0.0l2U <0.012U <O.OllU <0.028U <0.3ltU 
BmETH <O.OSoo- <O.OiZU <0. Oi 2U <O.OiW <0.028"0 <O.34U 
VNLCL (0.0500 (0.012U <0.012U <O.OUU <0.028U <0.3ltU 
ClE'IHA <O.OSoo <0. 01 2U <0.012U <O.OllU <0.0200 <0.34U 
,,£0' . O.ls! O.~ 0.04S! 0.0378 o.am O.041B 
1l0ClElE (0.025U <0.006U <O.OOS9U <O.OOS7U <0.014U <O.01ltU 
llOCLE"'..A <O.025U <o.()(l)U <O.OOS9u <O.OO57'J /n n1/.1l /n n.'''7" 

'V.VJ.-t'U 'V.VJ./U 

t-OCIEIE <0.025U <0.006U (O.OOS9U (O.OOS7U <0.014U (O.OllU 
c-IXl.E'1E <0.025U <0.006U (O.OOS9U <O.OOS7U <0.014U <O.OllU 
aIlJ <0.025U <0.006U <O.OOS9U <O.OOS7U <0.014U <O.OllU 
l2DCIErA <0.025U <O.t.n>U <O.OOS9U <O.OOS7U <0.014U <O.Ol7U 
llltCA <0.025U <0.006U <O.OOS9U <O.OOS7U <0.0l4U <O.OllU 
ca.A <O.025U (0.006U <0.OO59U (O.OOSlU <O.0l4U <O.Ol7U 
BrOClME <0.025U <0.0060 <O.OOS9U <O.OOSlU <0.014U <0.011U 
I20ClPR <0.025U (0.006U (0.OO59U <O.OOS7U (0.014U <O.OllU 
tl3ClPRE <0.025U <0.006U <0.OO59U <0.OO57U <0.0l4U <0.0l7U 
1tE <0.025U <0.006U <0.OO59U <0.OO57U <0.0l4U <O.OllU 
DBrClME <0.025U <0.006U <O.OO59U <0.OO51U <0.0l4U <0.0l7U 
cl3ClPRE <0.025U <0.006U <O.OOS9U <O.OOS7U <0.014u <0.0l7U 
1121t'.A <0.025U <0.0060 <0.OO59U <O.OOSlU <O.OIltU (0.017U 
BENlFl£ <0.025U <0.006U <0.OO59U <O.OOS7U <0.0l4U <0.OI1U 
Clmr3 <0.025U <0.0060 <0.OO59U <0.OO51U <0.014U <0.0l7U 
1122TClA <0.025U <0.006U <0.0059U <0.OO57U <0.0l4U <0.OI1U 
1EClEl'E <0.025U <0.006U <O.OO59U <0.OO57U <0.014U <0.0l7U 
'lOll.lFm <0.025U <0.006U <O.OOS9U <O.OOS7U <0.014U <0.0l7U 
ClBEN <0.025U <0.006U <0.OO59U <0.OO51U <0.014U <0.0l7U 
E'lBEN <0.025U <0.006U <0.OO59U <0.OO57U <0.014U <0.017U 
A£EnH: 0.428 0.023B <0.12U <0.1lU 0.31B 0.35B 
JmAN) <0.500 0.02QJ <0.12U <O.llU <0.200 <0.3ltU 
a32 <0.025U <0.0060 <0.OO59U <O.OOS7U <0. 01 4U <O.OllU 
2 HEXAN:) <0.25U <0.001 <0.059U <0.057U <0.14U <O.llU 
4 He2PE <0.25U <0.06U <0.059U <0.057U (0.14U <0.17U 
S'lYRmE <O.025U (0.006U (0.OO59U <0.OO57U (0.0l4U <0.0l7U 
VNACEd'A <0.25U (0.06U (0.059U <0.057U <0.14U <0.11U 
T-Xllere <0.025U <0.006U <0.0059U <0.OO57U <0.014U <0.017U 
Note: Sample TID is as follows: 8#1 - Soil Boring 8, sample If 1. See Figures 5.1 and S.2. 

J - Indicates an estiDBted value belCM the statistical quantification limits 
U - Indicates CCJIItlOOIld 'NBS analyzed for rut not detected. Detection limits are given after the < symbol. 
B - Indicates analyte is frund in the associated blank as well as in the sample. 
* - EPA MetOOd 8240 -in Test HetOOds for Evaluating Solid Waste, Ph:z:sical/Chanical Methods l ~846, Third Edition, November 

1986, with December 1988 revisions. 



!able 5.14. (Page 1 of 2). Rockeye (Mmitioos Facility) - ~ Crane, Indiana, &iolMlJ lO/lS. Results of EPA Method 8240 * (volatile 
organics) surface soil sample analyses. Concentrations are ng/kg (ppm) dry ~ight. Samples with detectable concentrations of 
organic analyte are shown in bold. Analytes are given as abbreviations; see Appendix A for full coop:Jlnd ~s. 

AnalyW8aq)le m A-O-O A:-3-3 A-4-1 lHH) :&-3-3 :&-4-1 C-{)-() C-4-1 D-O-{) 0-1-3 
ClME'D:l <O.01SU <O.OllKJ <0.014U <0.0150 <0.012U <0.012U <0.013U <0.012U <0.0120 <0.017U 
BtME'lH <0.0150 <O.OllKJ <O.01lKJ <0.0l.5U <0.012U <0.0120 <o.onJ <0.012U <0.0120 <0.017U 
VNl.CL <0.0150 <0.014U <0.014U <0.0150 <0.0l2U <0.012U <O,013U <O.012TJ (O.012U /(l (lIlT' 

'V.VLI v 

ClE'IHA <O.OlSU <O.OllKJ <O.01lKJ <O.OlSU <0.0120 <0.0120 <O.Olll <0.0120 <0.0120 <0.017U 
tom.. 0.030 0.037 0.034 0.030B 0.021B 0.48OB 0.095B O.17OB 0.0059&1 0.0l2B 
lllXlEIE <0.0067U <0.00700 <0.00690 <0.00750 <0.OOS9O <O.OO6lU <0.0067U <0.0062U <O.OO6lU <0.00J7U 
llIXlEfA <0.00760 <o.oom) <0.0069U <0.007SU <O.OOS9U <0. 006 lU <0.0067U <0.0062U <O.OO6lU <0.00870 
t-OClEl'E <0.00760 <0.00700 <0.00690 <0.007SU <O.OOS9U <O.OO6I1J <O.OO67U <0 , 0062TJ <O.OO6lU <O.0087U 
c-iXlE1E <0.00760 <0.00700 <0.CXl>9U <O.oo7.SU <O.ooS9U <O.OO6lU <0.0067U <0.00620 <O.OO6lU <0.0087U 
0CL3 <0.00760 <0.00700 <0.00690 <0.00750 <0.OOS9O <O.OO6lU <0.0067U <0.00620 <O.OO6lU <O.OO87U 
121XlErA <0.00760 <0.00700 <0.CXl>9O <o.oonJ <O.OOS9U <O.OO6lU <0.0067U <0.00620 <0. 006 1U <O.OOO7U 
l11tCA <0.0076U <0.00700 <0.00690 <0.00750 <0.ooS9U <O.OO6lU <0.0067U <0.0062U <O.OO6lU <0.0087U 
CCL4 <0.0076U <0.00700 <0.00690 <0.OO7SU <0.OOS9O <O.OO6lU <0.0067U <0.0062U <0. 006 lU <0.0087U 
BrOClME <0.0076U <0.00700 <0.CXl>9O <0.0075U <O.OOS9U <0.0061U <0.0067U <0.0062U <O.OO6lU <0.0087U 
I20ClPR <0.0076U <0.00700 <0.00690 <0.OO75U <0.OOS9O <0.0061U <0.0067U <0.0062U <O.OO6lU <0.00J7U 
tl3CIPRE <0.OO76U <0.00700 <0.00690 <0.OO7SU <0.00590 <0. 006 lU <0.0067U <0.00620 O.OOllJ <0.0087U 
rrn <0.00760 <0.00700 <0.00690 <0.OO75U <O.OOS9U <O.OO6lU <0.0067U <0.0062U <O.OO6lU <0.0087U 
oorClME <0.00760 <0.00700 <0.00690 <0.007SU <O.OOS9U <0. 006 1U <0.0067U <0.0062U <O.CXl>lU <0.0087U 
cl3ClPRE <0.OO76U <0.00700 <0.CXl>9U <0.0075U <O.OOS9U <O.OO6lU <0.0067U <0.0062U <O.O(l)lU <0.00J7U 
112TCA <0.0076U <0.00700 <0.CXl>9O <0.00750 <0.OOS9O <O.OO6lU <0.0067U <0.0062U <0.0061U <0.0087U 
BENlENE <0.0076U <0.00700 <0.0069U <0.0075U <O.OOS9U <0. 006 lU <0.0067U <0.00620 <O.OO6lU <0.00J7U 
aIBr3 <0.00760 <0.00700 <0.0069U <0.OO75U <0.0059U <O.OO6lU <0.0067U <0.0062U <O.OO6lU <0.00J7U 
1122n;1A <0.0076U <0.00700 <0.CXl>9U <0.007SU <O.OOS9U <O.OO6lU <0.0067U <0.00620 <O.CXl>lU <0.0087U 
TEC1E.IE <0.00760 <0.00700 <0.CXl>9U <0.0075U <0.0059U <O.CXl>lU <0.0067U <0.CXl>2O <O.CXl>lU <0.0087U 
10UIENE <0.00760 <0.00700 <0.CXl>9U <0.OO7SU <O.OOS9U <O.OO6lU <0.0067U <0.00620 <O.OO6lU <0.0087U 
ClBEN <0.00760 <0.00700 <0.00690 <0.0075U <O.OOS9U <O.OO6lU <0.0067U <0.00620 <O.OO6lU <0.0087U 
E'mEN <0.00760 <0.00700 <0.0069U <0.0075U <O.OOS9U <O.OO6lU <0.0067U <0.0062U <O.OO6lU <0.0087U 
ACE'llH: O.llJ 0.029J O.<ml O.036BJ O.026BJ 0.022BJ 0.099BJ 0.l4B 0.029BJ 0.24BJ 
BlJfAt{) <O.lSU <0.14U O.02lJ <O.lSU <0.12U <0.12U <0.13U <0.120 <0.120 <0.17U 
CS2 <0.0076U <0.00700 <0.0069U <0.OO7SU <0.00590 <0. 006 lU <0.0067U <0.CXl>2O <O.OO6lU <0.0087U 
2 HEXAN:> <0.076U <0.0700 <0.069U <0.07SU <O.OS9U <0. 06 lU <0.067U <0.0620 <O.06lU <O.OS7U 
4 Me2PE <0.076U <0.0700 <0.0690 <0.07SU <O.OS9U <O.06lU <0.067U <0.062U <O.06lU <0.087U 
S'lYREt£ <0.00760 <0.00700 <0.CXl>9U <0.0075U <O.OOS9U <0. 006 lU <0.0067U <0.00620 <O.OO6lU <0.0087U 
VNACETA <0.076U <0.0700 <0.069U <0.0750 <0.0590 <O.06lU <0.067U <0.062U <O.06lU <0.OS7U 
T-X~lene <0.0076U <0.00700 <0.0069U <0.0075U <O.OOS9U O.00l7J <0.0067U <0.00620 <O.OO6lU <0.0087U 
Note: Sample ID is as follows: A-O-O - Surface scrape sample from Grid A, location 0,0. See Figures 5.1 and S.2. 

J - Indicates an estirmted value below the statistical quantification limlts 
U - Indicates ~ was analyzed for rut not detected. Detection limits are given after the < symbol. 
B - Indicates analyte is frund in the associated blank ;]5 well as in th~ sample. 
* - EPA Method 8240 -in Test Methods for Evaluating Solid Waste, Ph~sical/Chemical l1ethods, SW846, TIlird Edition, Novem~r 

1986, with December 1988 revisions. 



]able 5.14. (Page 2 of 2). Rockeye (M.mitions Facility) - N~C Crane, Indiana, SWMJ 10/15. Results of EPA Mettxxi 8240 * (volatile 
organics) surface sample soil analyses. Concentrations are rrg/kg (ppm) dry ~ight. Samples with detectable concentrations of 
or~nic analyte are srown in bold. Analytes are given as abbreviations; see Appendix A for full c~d naIlES. 

Analyte/SaIq)le ID Ir3-1 D-4-4 E-()-() E-1-3 E-3-1 E~~ F-2 F-3 H 
CU£IH <0.014U <0.014U <O.013U <O.011U <O.OH11 <0.0100 <O.013U <0.01211 <0.01211 
BIME'lH <0.014U <0.014U <0.0130 <O.OllU <0.0100 <O.OlaJ <0.0130 <O.OlZU <0. 01 ZU 
VNlCL <0.014U <0.014U <O.013U <O.Ol1U <0.0100 <0.01<11 <O.013U <0.012U <0.012U 
ClElHA <0.014U <0.014U <0.0130 <O.01lU <0.0100 <O.OHlJ <0.0130 <0.012U <0.012U 
t£Q.. 0.0108 0.0091B 0.014B 0.23B 0.074B 0.064B 0.15B 0.(8JB 0.028B 
110ClEIE <0.0069U <0.00700 <0.00630 <0.0056U <0.00500 <0.00500 <0.0064U <O.ooru <O.ooru 
110ClEI'A <O.OO6~ <0.00700 <0.00630 <0.0056U <0.0052U <0.0052U <0.0064U <O.OO6U <0.006U 
t-OClEIE <0.0069U <0.00700 <0.0063U <0.0056U <0.0052U <0.0052U <0.0064U <0.006U <O.ooru 
c-ICLE'lE <0.006~ <0.00700 <0.00630 <0.0056U <0.0052U <0.005ZU <0.0064U <O.OO6U <0.006U 
0lCL3 <0.0069U <0.00700 <0.0063U <0.0056U <0.0052U <0.0052U <0.0064U <0.006U <O.ooru 
l20CIEfA <0.0069U <0.00700 <0.0063U U <0.0052U <0.0052U <0.0064U <O.OO6U <O.OO6U 
11ltCA <0.0069U <0.00700 <0.0063U <O.oo56U <0.0052U <0.0052U <0.0064U <0.0061.1 <0.00611 
caA <0.0069U <0.00700 <0.0063U <0.0056U <0.005ZU <0.0052U <0.0064U <0.006U <0.006U 
BrOClME <0.0069U <0.00700 <0.0063U <O.OO56U <0.0052U <0.0052U <0.0064U <0.0061.1 <0.006U 
l20ClPR <0.006~ <0.00700 <0.0063U <0.0056U <0.005ZU <0.0052U <0.0064U <0.006U <0.006U 
tl3ClPRE <0.00690 <0.00700 <0.00630 <O.OO56U <0.0052U <0.0052U <0.0064U <0.0061.1 <0.006U 
T(E <0.0069U <0.00700 <0.00630 <0.0056U <0.005ZU <0.0052U <0.0064U <0.006U <0.006U 
DBrClME <0.0069U <0.00700 <0.00630 <0.0056U <0.005ZU <0.0052U <0.0064U <0.006U <0.006U 
cl3ClPRE <0.0069U <0.00700 <0.0063U <0.0056U <0.005ZU <0.0052U <0.0064U <0.006U <0.006U 
1121t'A <0.0069U <0.00700 <0.00630 <0.0056U <0.0052U <0.0052U <0.0064U <0.006U <0.006U 
BENlENE <0.006~ <0.00700 <0.0063U <0.OO56U <0.005ZU <0.0052U <0.0064U <0.006U <0.006U 
aIBr3 <0.0069U <0.00700 <0.00630 <0.0056U <0.0052U <0.0052U <0.0064U <0.0061.1 <0.006U 
1122'IClA <0.006~ <0.00700 <0.00630 <0.0056U <0.005ZU <0.005ZU <0.0064U <0.006U <0.006U 
TEa.EIE <0.0069U <0.00700 <0.0063U <O.oo56U <0.005ZU <0.005ZU <0.0064U <0.006U <0.006U 
10UJmE <0.006~ <0.00700 <0.0063U <0.0056U <0.005ZU <0.005ZU <0.00640 <0.006U <0.006U 
ClBEN <0.0069U <0.00700 <0.0063U <0.0056U <0.0052U <0.0052U <0.0064U <0.006U <0.006U 
ETBEN <0.0069U <0.00700 <0.0063U <0.0056U <0.0052U <0.005ZU <0.0064U <0.006U <0.006U 
ACElONE O.02SBJ 0.059BJ O.064BJ 0.036.1 0.039J 0.070.1 0.15B 0.Cl39B 0.015BJ 
BUI'AOO <0.140 <0.140 <0.130 <0.1lU <0.100 <0.100 <0.13U <0.12U <O.lZU 
CS2 <0.0069U <0.00700 <0.00630 <0.0056U <0.0052U <0.0052U <0.00640 <0.006U <0.006U 
2 HEXAl{) <0.069U <0.0700 <0.0630 <0.056U <0.05ZU <0.052U <0.064U <0.0600 <0.0600 
4 Me2PE <0.069U <0.0700 <0.063U <O.056U <0.052U <0.052U <0.0640 <0.0600 <0.0600 
SlYRENE <0.0069U <0.00700 <0.0063U <0.0056U <0.0052U <0.0052U <0.0064U <0.0061.1 <0.006U 
VNACETA <0.06~ <0.0700 <0.063U <0.056U <0.05ZU <0.052U <0.064U <0.06CU <0.0600 
T-X;y:lene <0.0069U <0.00700 <0.0063U <0.0056U <0.0052U <0.0052U <0.0064U <0.006U <0.006U 
Note: Saq>le ID is as follows: A-{)-() - Surface scrape sample fran Grid A, location 0,0. See Figures 5.1 and 5.2. 

J - Indicates an estinBted value below the statistical quantification limits 
U - Indicates COII{lOUIld was all3.lyzed for rut not detected. Detection limits are given after the < symbol. 
B - Indicates analyte is frund in the associated blark as ~11 as in the saq>le. 
"* = EPA fo'.ettvd 8240 -in Test ~JE:thods for E""81uati~ Solid \:.laste! Phl~ical/Cherrd.cal Methods, Si846, TI"'li.rd Edition, Novem~r 

1986, with D=cember 1988 revisions. 



Table 5.15. Rockeye (Munitions Facility) - NSWC Crane, Indiana, SWMU 
10/15. Volatile organic compounds * tentatively identified from soil 
samples. Estimated concentrations are mg/kg (ppm) dry weight. 

Sample I Compound 
--- 582 hexane 

RT CAS No. 
5.36 110543 

811 
B-l-4 

B-4-1D 
D-l-3 
D-l-3D 
D-3-l 
E-0-OD 
E-l-3 
E-3-l 
E-4-4 
F-2 
F-3 

3-methylpentane 5.70 96140 
dichlorodifluoromethane 4.36 87 
3,4-limethyl-1-hexene 5.47 16745941 
4,5-dimelhyl-1-hexene 5.45 16106595 
2,4-liimethylpentane 5.43 108087 
1-butene 5.44 106989 
ethyleth'er 2.76 60297 
hydrccaroon 5.53 none 
unknown 4.37 none 
unknomwn 4.29 none 
unkncwn 19.98 none 
unknown 5.39 none 
2-methyl,?entane 5.35 107835 

Est. Cont. 
(mg/kg) RBC** 
39.00 4700-61000 

(n-hexane) 
58.00 
22.00 16000/200000 
12.00 
32.00 
34.00 
19.00 

7.60 16000/200000 
23.00 
10.00 

5.40 
9.20 

38.00 
7.30 

Note: RT - Retention Time; GAS No. - Chemical Abstract Service Registry 
numbers Sam,ole Number - 1284 Boring 12/sample 4. See Figures 5.1 and 
5.2. * - El?A Method 8240 -in Test Methods for Evaluating Soil Waste, 
Physical/Chemical Methods, SW846, Third Edition, November 1986, with 
Eecember%38 revisions. 

*'*RBC - Risk-Based Concentrations from EPA Region III, Roy L. Smith, 
PHD, February 1992. 

Table 5.15. R~ckeye (Munitions Facility) - NSWC Crane, Indiana, SWMU 
10/15. Volatile organic compounds* tentatively identified hom soil 
samples. Estimated concentrations are mg/kg (ppm) dry weight. 

Est. Cone. 
RT CAS No. (mg/kg) 

5.36 110543 39.00 
Sample # C=om~p~o=u~n~d~ __________ ~~ ______ ~~~~ _________ ~~~~ ____ ~~R~B~C~*~*~~ 
5#2 hexane 4700-61000 

81/1 
B-1-4 

B-4-1D 
D-1-3 
D-1-3D 
D-3-1 
E-O-OD 
E-1-3 
E-3-1 
E-4-4 
F-2 
F-3 

3-met hy Ipentane 
dichlorodifluoromethane 
3,4-dimethyl-l-hexene 
4,5-dime:hyl-l-hexene 
2,4-dimethylpentane 
I-butene 
et hyl eth,:r 
hydrccar :lOn 
unknown 
unknown 
unknown 
unknown 
2-methyl::>entane 

5.70 
4.36 
5.47 
5.45 
5.43 
5.44 
2.76 
5.53 
4.37 
4.29 
19.98 
5.39 
5.35 

(n-hexane) 
96140 58.00 
87 22.00 16000/200000 
16745941 12.00 
16106595 32.00 
108087 34.00 
106989 19.00 
60297 7.60 16000/200000 
none 23.00 
none 10.00 
none 5.40 
none 9.20 
none 38.00 
107835 7.30 

Note: RT - Retention Time; CAS No. - Chemical Abstract Service Registry 
numbers Sam.ple Number - 12/14 Boring 12/sample 4. See Figures 5.1 and 
5.2. * - EPA Method 8240 -in Test Methods for Evaluating Soil Waste, 
PhYSical/Chemical Methods, SW846, Third Edition, November 1986, with 
December 1938 revisions. 

**RBC - Risk-Based Concentrations from EPA Region III, Roy L. Smith, 
PHD, Fecruary 1992. 
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Table 5.16. (Page 1 of 2). Rockeye (~tions Facility) - NS-lC Crane, Indi>lna, S\oHlIl lO/lS. Results of volatile organics* analyses 
of method blari<s associated with soils analyses. Concentrations are ~/kg (ppm) dry w:!i.ght. Samples with detectable concentrations 
of organic analyte are shown in bold. Analytes are given as abbreviations; see Appendix A for full OOJt>OlUld 1'laIIEs. 

MetOOd 
Analyte/Bladt# MB-l MB-2 HB-3 HB-4 MB-5 H8-6 MB-7 MB-8 MB-9 MB-lO MB-ll ,.....,.,.., /n nl£\l. /n nl£\l. /n nlA. /n nlA. /n nlA. /n nlA. ,/(\ 1"\1 rtT /n n1rw1 /n f\lrw, /n ",nt /{\ "tn, 
\ .. ~Lnl:..ul ,v.v .... vv ,VeV.LVU ,v.v .... vu 'V.V.l.VU 'V.\~.1.VV ,VeV.1.VV ,V.V.lVV ,V.Vl.V\J ,V.VJ,'-."I\.J 'V.VJ.VU 'V.U1UU 

BrME'lH (O.OHll (O.OHll (O.OHll (O.OHll (0.0100 <0.0100 <0.0100 (O.OlUJ <O.OHlJ <0.0101 <0.0100 
VNl.CL (0.0100 <0.0100 <0.0100 <0.0100 <0.0100 <O.OlOU <0.0100 (0.0100 (0.0101 <0.0100 (0.0100 
ClE1HA (0.0100 (O.OHlJ <0.0100 (0.0100 <O.OHl.! <O.OHlJ <0.0101 <O.01UJ <0.0101 <0.0100 <0.OH11 
MID.. (0.005U 0.012 0.011 0.011 0.011 <0.005U 0.0039J 0.011 0.0039J 0.014 0.CX116 
lllXl.ElE /n M<:n 

",V.VV.,AJ <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU (O.OOSU 
llIXl..ETA (O.OOSU <O.OOSU <O.OOSU <0.005U <0.005U <O.OOSU <O.OOSU <O.OOSU <0.005U <0.005U <0.005U 
t-1XlEIE <0.00.5U (0.00.5U <0.00.5U <0.005U <0.00.5U <0.005U <0.005U <0.00.5U <0.005U <0.00.5U <0.00.5U 
c-iXl.ElE <O.OOSU <O.OOSU <0.005U <0.005U <0.005U <0.005U <0.005U <0.00.5U <0.005U <O.OOSU <O.OOSU 
an3 <0.00.5U <0.00.5U <0.00.5U <O.OOSU <O.OOSU <0.005U <0.005U <0.00.5U <0.005U <O.OOSU <0.00.5U 
l20CIErA <O.OO5U (O.OOSU (O.OOSU (0.005U (O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU 
11ltCA (0.00.5U (O.OOSU <0.00.5U <o.OOSU <O.OOSU <o.oosu <O.OOSU <O.OOSU <O.ooSU <O.OOSU <o.oosu 
ca.A (0.005U <O.OOSU <O.OOSU <O.OOSU <o.oosu <O.ooSU <0.005U <O.OOSU <O.OOSU <O.OO5U <O.ooSU 
BrOClME <O.OOSU (o.oosu (O.OOSU (O.OOSU <O.OJSU <0.00'jJ <o.oosu (o.oosu <0.00'jJ <O.OOSU (0.005U 
l20ClPR (O.OOSU (O.OOSU (O.OOSU (O.ooSU (O.OOSU (O.OOSU <O.OOSU <O.OOSU <o.oosu <O.OOSU <0.005U 
tl3ClPRE <0.00.5U (0.00.5U (0.00.5U (0.00.5U (0.00.5U <0.005U (O.OOSU <O.OOSU <O.OOSU (O.OOSU (0.005U 
TCE (O.OOSU (0.00.5U (O.OOSU (O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU (O.OOSU <O.OOSU <O.OOSU 
IErClME (O.OOSU (0.00.5U (0.00.5U <0.00.5U <O.OOSU (O.OOSU (o.oosu <O.OOSU (O.OOSU <0.00.5U (O.OOSU 
c1l::lPRE (O.OOSU (O.OOSU (O.OOSU (O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU 
llZl'CA <0.00.5U <0.00.5U (0.00.5U <0.00.5U (O.OOSU <0.00.5U <0.00.5U (0.00.5U <0.00.5U <0.00.5U <0.00.5U 
BFNlENE (O.OOSU <0.00.5U (O.OOSU (O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU (O.OOSU <O.OOSU <O.OOSU 
CHBr3 (0.00.5U (0.00.5U <O.OOSU <0.00.5U <O.OOSU <0.00.5U <0.00.5U <0.00.5U <0.00'jJ <O.OOSU <O.OOSU 
1122TClA (O.OOSU <O.OOSU <0.00.5U <0.00.5U <O.OOSU <0.005U <O.OOSU <O.OOSU <O.OOSU <O.OOSU <0.00.5U 
1E<IEIE <0.00.5U <0.00.5U <0.00.5U <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <0.00.5U <0.00.5U 
'IOI1JI*: <O.OOSU <0.00.5U (O.OOSU (O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <0.005U <O.OOSU <0.005U 
ClBEN <0.00.5U (0.00.5U <0.0050 <0.00.5U <0.005U <0.005U <0.005U <O.OOSU <0.005U <O.OOSU <0.005U 
E'1BEN (O.OOSU <O.OOSU <O.OO.5U <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <0.00.5U <0.00.5U <0.00.5U 
A£ElOOE <0.100 0.01s] 0.0096J O.OO6lJ 0.006J <0. IOU 0.004J 0.0096J 0.0044J 0.0046J 0.006J 
1lJfAN) (0.100 (0.100 <O.Hll (O.Hll <0.1UJ <0.101 (0.100 <O.1(lJ <0.100 <0.100 <O.lUJ 
CS2 <O.OOSU <O.OOSU <O.OOSU (O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU (0.005U <O.OOSU <0.005U 
2 lEXAN) (0.0500 <0.0500 (0.0500 (0.0500 <O.OSOO <O.OSOO <O.OSUJ <O.OSOO <0.05(lJ <0.05(lJ <O.OSOO 
4 Me2PE (0.0500 <0.0500 <0.0500 (0.0500 <0.0500 <0.0500 <0.0500 <0.0500 <0.0500 <0.0500 <0.050] 
STIRENE (0.005U <0.005U (0.00.5U <0.005U <0.005U <0. ()) 'jJ <0.00'jJ <O.OOSU <0.005U <O.OOSU <0.005U 
VNA£ETA (0.0500 <0.0500 <0.0500 <0.0500 <0.0500 <0.0500 <0.0500 <0.0500 <0.050] <0.050] <0.050] 
I-Xylene (0.005U <0.005U <0.005U <O.OOSU <0.005U <0.005U <0.005U <0.005U <0.005U <0.005U <O.OOSU 

Note: See Page 2 for Table Notes. 



Table 5.16. (Page 2 of 2). Rockeye (Munitions Facility) - t~ Crane, Indiana, ~I! 10/15. Results of volatile organics* 
analyses of netOOd blanks associated with soils analyses. Concentrations are ~/kg (ppm) dry ~ight. Samples with detectable 
concentrations of organic analyte are stn.m in b:>ld. Analytes are given as abbreviations; see Appendix A for full c~d ~s. 

Notes for Table 5.16. 

J - Indicates an estinsted value belw the statistical quantitication limits 
U - lIrlicates cc.crpoun:i \oBS analyzed for rut not detected. Detection limits are given after the < syniJol. 
* - EPA Method 8240 -in Test Meth:xls for Evaluati~ Solid Waste, Physical/Chemical Methods, SW846, Third Edition, No~mber 1986, 

w...tth ~cember 1988 r~;d.sions. 

Method Blank Identification; MIS-I (Method Blank associated with the follo..riDg analyses. See Figures ).1 and ).L tor sample 
locations. 

MB-l (surface scrapes A-{}-l, A-3-3, A-4-1, B-O-O, B-3-3, B-4-1) 
MB-Z (surface scrapes A-{}-l, A-3-3, A-4-1, B-O-O, B-3-3, B-4-l) 
MB-3 (surface scrapes C~, C-4-l) 
MB-4 (surface scrapes 0-0-0, Irl-3, Ir3-l, D-4-4) 
MB-5 (surface scrapes E-Q-Q, E-1-3, E-3-l, E-4-4) 
MIH) (surface scrapes E~, E-1-3, E-3-l, E-4-4) 
MB-7 (Ix>ri~ 1) 
~ (boring 5) 
MB-9 (borings 6A, 4, and 3 - surface scrape 11). 
MB-1O (borings 6A, 4, and 3 - surface scrape H). 
MB-ll (surface scrapes F-2 and F-3) 



Table S.17. (Page I of 2). Rockeye (fimitions Facility) - NS-1C Cmne, Indiana, SWI'iJ 10/15. Results of volatile organics* analyses 
of nethod blarks, rinses,and equipnent rinses assocl;.J.ted vrith soils analyses. Concentrations are rig/kg (ppm) dry weight. Samples 
with detectable concentrations of organic analyte are sOOwn in rold. Analytes are given as abbreviations; see Appendix A for full 

ccmpound naDES. 

~le 
Amlyte/m R113 Ma/RJ'3 .. 8'7 ... /hl'\ MB/R-7 110 1I. ... J... , .1"\ TB-l ..... 1- .. 1'B-2 1'B-3 m-4 1"1,...5 Nfl Nr.lV nD/l5..-'I.lV nD/lJr.l 

Q.ME'1H <0.0100 <0.0100 <0.0100 <O.OlOU <0.0100 <0.0100 <0.0100 <0.0100 <0.0100 <0.0100 <0.0100 <0.0100 
BrME'lli <0.0100 <0.0100 <0.0100 <0.0100 <0.0100 <0. 0 Hl! <0.0100 <0.0100 <0.0100 <O.01UJ <O.OHl] <O.OIUJ 
liNter""" <0. 0 Hl.1 <O.OHl! <O.OHlJ <O.OlllJ <0,OH1) <0,01(1) <0,01(1) <0,010) <0.011)) <O.OHl! <0.0100 <O.OIa; 
C1E'IHA <O.OlOO <0.0100 <0.0100 <0.0100 <O.OHl! <O.OHl! <0.0100 <0.0100 <0.0100 <0.0100 (0.0100 <0.0100 
MEa.. 0.031B 0.014 <O.OOSU D.OllB 0.011 0.0034 0.0095B O.<XnJ O.OO38lU O.OO2JU O.OO3BJ <O.OOSU 
110ClEl'E <O.OO~ <O.OO~ <O.OO~ <O.OO~ <O.OOSU <O.OOSU <O.OO~ (O.OOSU (O.OO:tl <O.OO:tl <0.00'lJ (O.OOSU 
llOCIEfA <O.OOSU <O.OOSU <O.OOSU <O.OOSU (O.OOSU <O.OOSU (O.OOSU <O.OOSU <O.OO5U (O.OOSU (O.OOSU <O.OO:tl 
t-OClEIE <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU (O.OOSU <O.OOSU <O.OOSU <O.OO:tl (O.OOSU <O.OOSU <O.OOSU 
c-OCIEIE <O.OO5U <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU (O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU 
ao.3 0.018 <O.OOSU 0.00fIJ 0.0044J (o.ooSU <O.OOSU <O.OOSU <O.OO~ <0.0050 <0.0050 <O.OOSU <O.OOSU 
l2OCLE1'A <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <0.0050 <0.005U <O.OOSU 
11ltCA <O.OOSU <O.OOSU <O.OOSU <O.OOSU <0.005U <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU 
caA <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OO:tl <O.OOSU <O.OO:tl <O.OOSU <O.OOSU <O.OO:tl <O.OOSU (O.OO:tl 
BrOClME 0.0022J <O.OOSU <O.OOSU <O.OOSU (O.OOSU (0.005U (O.OOSU (O.OOSU (O.OOSU (O.OOSU (O.OOSU (0. 00 5U 
120ClPR <O.OOSU (O.OOSU (O.OOSU <O.OOSU <O.OOSU <O.OOSU <0.0050 (O.OOSU (O.OOSU <O.OOSU <O.OOSU <O.OOSU 
tl3CIPRE (O.OOSU <O.OOSU (O.OOSU <O.OOSU (O.OOSU <O.OOSU <O.OOSU (O.OOSU (O.OOSU (O.OOSU <O.OOSU (O.OOSU 
TCE <O.OOSU <O.OOSU <O.OOSU <O.OOSU (O.OOSU <O.OOSU (O.OOSU (O.OOSU (O.OOSU (O.OOSU <0.005U <O.OOSU 
DBrClME <O.OOSU <O.OOSU <O.OO~ <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU (O.OOSU (O.OOSU <O.OO~ (0.005U 
cl3ClPRE <O.OOSU <O.OOSU <O.OOSU <O.OOSU (O.OOSU <O.OOSU <o.ooSU <O.OOSU (O.OOSU <O.OOSU <O.OOSU <O.OOSU 
1121CA <O.OOSU <O.OOSU O.OOllJ <O.OOSU <O.OOSU <O.OOSU <0.0050 <O.OOSU <O.OOSU <O.OOSU <O.OOSU O.<m6J 
l3ENlENE <O.OOSU <O.OOSU <O.OOSU <O.OOSU (O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU 
amr3 <O.OOSU <O.OOSU <O.OOSU <O.OOSU (O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU 
112Zl'ClA <O.OOSU 0.0005J <O.OOSU <0.005U <O.OOSU (O.OOSU <O.OOSU <O.OOSU (O.OOSU <O.OOSU <O.OOSU <O.OOSU 
1ECIETE <O.OOSU <O.OOSU <O.OOSU <O.OOSU (O.OOSU (O.OOSU (O.OOSU <O.OOSU <0.0050 <O.OOSU (O.OOSU <O.OOSU 
1Ol1JEt£ 0.1'XXll.J <O.OOSU <O.OOSU <O.OOSU <O.OOSU (O.OOSU <O.OOSU <O.OOSU (O.OOSU <O.OOSU <O.OOSU (O.OOSU 

ClBEN <o.oosu (O.OOSU (O.OOSU (0. 00 SU <O.OOSU <O.OOSU <O.OOSU (O.OOSU <O.OOSU <O.OOSU <O.OO~ (0.005U 

E'lBm <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU (O.OOSU <O.OOSU <0.0050 <O.OO~ (O.OOSU 

ACE'lOOE 0.072BJ 0.009J 0.108 0.095BJ 0.004J 0.035J 0.0l2BJ 0.019.1 0.047BJ O.064BJ 0.035BJ (0.100 
JUrNI) 0.fXJ7J <a.lOO 0.043J 0.047J <a. 100 (0.100 <0.100 (0.100 (0.100 (0. I 00 (0.100 (0.100 

CS2 (O.OOSU (O.OOSU <O.OOSU (O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU 
2 HEXAID 0.022J <O.OSOO <0.05()J <O.OSOO <0.0500 <0.0500 <O.OSOO <0.0500 (0.0500 <0.0500 <O.OSOO <0.0500 
4 Me2PE <0.0500 <0.0500 <0.0500 <0.0500 <0.0500 <0.0500 <0.0500 <0.0500 <0.0500 <0.0500 (0.05<lJ (0.05<lJ 

STYRENE <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <O.OOSU <0.0050 <O.OOSU <O.OOSU <O.OOSU 
VNACETA <0.0500 <0.05{lJ <0.05{lJ <0.0500 <0.05{lJ <0.0500 <0.05(lJ <0.0500 (0.0500 <0.0500 <0.05{lJ (0.0500 

T-Xylene <O.OOSU <O.OOSU <O.OOSU <O.OOSU <0.OO5U <O.OOSU <O.OOSU <O.OOSU <0.0050 <0.00'lJ <0.00'lJ <0.005U 

Note: See Page 2 for table Notes. 
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Table 5.17. (Page 2 of 2). Rod<eye (~tions Facility) - N~ Crane, Indiana, SHJ 10/15. Results of volatile organics* analyses 
of ~tOOd blarits, rinses,and equipnEIlt rinses associated with soi.ls analyses. Concentrations are ng/kg (ppm) dry w:!ight. Samples 
with detectable concentrations of organic analyte are stnm in bold. Analytes are given as abbreviations; see Appendix A for full 
c~~s. 

Notes for table 5.17. 

J - Indicates an estimated value bel~ the statistical quantification limits 
U - Indicates c~ ms analyzed for hIt not detected. Detection limits are given after the < symbol. 
'" _ r.DA ........ P~ O"".f'l _..f .... 1' .... ,.. ... a...f-'h~ .... ~ ........ l:" ........ 1 ...... t-.frv'9' c ...... 1.:A i.T ............. nh ......... ~,...." Irh............f ........ l U ....... k,....A,.. C'f.JC:/.~ ~';_rl 1:"..-14' ... .: ......... l..l ....... _l-.._ lQQ~ 

i£~ .. -B;::W&.J\..I. v ..... -,.v ,..1..1. .Lt..:~ ... .I.-~L...l.J.~ .... ...; ......... "t..i. .... ~ ... ..&...1§ UV4. ........ ~-,~~'"' ..... , J...ii..:,. ..... ~ .... , Vl.t.~'-'I..i. ..... lK- .... i.&~' unv""'tv, ..r...l ................ l..A..L.J... .... ..a..VL.I., .I.tU"i,.;llll...A~ .. L.lVV, 

with Decermer 1988 revisions. 

Rinse, Hetrod Blank, and Trip Blark Identification is as foll~: 

Rif3 - Rinse mter collected following final decontamination rinse ~fter sampling boring 3#. 
HB/RI/3 - Method Blari< associated with the analysis of boring #3 equiprlEnt rinse. 
l'B-l - Trip Blank. transported to the lab in a cooler containing samples fran Grid Area E (collected on 9/I.'h/CXJ) 
l'B-2, l'B-3, T8-4, l'B-5 - Trip blanks transported in coolers containing the follMr~ samples: 

Boring 118, 9, 10 (l cooler) 
Boring #11, and 12 (1 cooler) 
Boring #13, Scrape Sample Area G (1 cooler) 
Boring 112 am 7 (1 cooler) 

Metrod Blarits associated with analysis of '!'B-2, TB-3, TB-4, and TB-5 w:!re MB/Rf!7,l0 (2 ~trod blanks as indicated above) 
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Table 5.18. (Page 1 of 6). Rockeye (Mmitions Facility) - ~ Crane, Indiana, SHJ 10/15. Results of EPA Method 8270 * 
(semi.volatile organics) sub;urface soil ~le analyses. Concentrations are ~/kg (ppm) dry ~ight. Samples with detectable 
concentrations of analyte are srown in bold. Analytes are given as abbreviations; see Appendix A for coopoond MIlES. 

1lWZtl!./SIlIJPIE 1#1 2#1 2#2 3111 4#1 5#1 WI 7111 8111 9111 
~ (0.75lJ (0.790 <0.15U <0.100 <O.lSU <O.l5U <O.74U <O.l6U <O.17U <O.8ClJ 
2ClPHEN <0.75U <0.7~ <0.7~ <0.1&1 <0.75U <0.75U <0.14U <0.1fi.] <O.71U <O.8(lJ 
2N1PHE <0.15U <0.1~ <0.7SU <O.lW <O.lSU <0.75U <0.74U <0.76U <0.77U <0.8O.J 
24IJfePHE <0.7SU <0.7~ <0.7SU <0.7W <0.75U <0.75U <0.74U <O.lW <0.17U <0.8<lJ 
24OC1PHE <0.7SU <0.79U <0.75U <0.16U <0.7SU <0.7SU <O.74U <O.7W <0.77U <0.8<lJ 
t..cUteP8F. <l.5()J <1.600 <1.500 <1.500 <1.500 <1.500 <1.500 <1.500 <1.500 <1.600 
246'.n:lPH <0.75U <0.7~ <0.7SU <0.16U <O.lSU <0.7SU <0.74U <0.7&1 <O.71U <O.8(lJ 
24IHH 0.800 <4.001 0.1n1 0.800 0.800 <3.800 0.700 <3.800 <3.800 <4.000 
4NM: <3.800 <4.000 <3.8ClJ 0.800 0.800 0.8ClJ 0.100 <3.800 <3.8ClJ <4.000 
2H46mPH <3.800 <4.001 <3.1n1 <3.800 0.8(lJ <3.800 <3.100 <3.800 <3.800 <4.000 
PClPHE <3.800 <4.000 <3.tnl 0.800 <3.800 <3.800 <3.700 <3.8(lJ <3.800 <4.001 
BEN'l'lW: <3.8<lJ <4.001 <3.tnl 0.800 <3.800 0.800 0.700 <3.800 <3.800 <4.000 
2MF1'HE <0.7SU <0.7~ <0.7~ <0.1fi.] <O.lSU <0.75U <0.14U <0.76U <0.17U <O.8<lJ 
lt4EPHE <0.7SU <0.7~ <0.7SU <0.76U <O.lSU <0.7SU <0.74U <0.7&1 <0.77U <0.800 
245TClPH <O.75U <0.1~ <0.7~ <0.7W <O.lSU <0.75U <0.74U <O.l6U <0.77U <0.800 
BZUJ.. <1.500 <1.600 <1.500 <1.500 <1.500 <1.500 <1.500 <1.500 <1.500 <1.600 
tHMFIM <0.7SU <0.7~ <0.15U <O.lW <O.lSU <0.15U <0.14U <0.16U <0.77U <0.800 
lOIPRE <0.7~ <0.19U <0.7SU <0.7W <O.lSU <O.lSU <0.74U <0.1fi.] <0.77U <0.800 
tHH¥M <0.7SU <0.1~ <O.7SU <0.1&1 <O.lSU <0.1~ <0.74U <0.16U <0.17U <0.800 
NI'J.'RlEfN <0.7~ <0.79U <0.7~ <0.76U <0.7~ <0.1~ <0.14U <O.lfi.] <0.77U <0.800 
TIDlIR <0.7SU <0.7~ <0.15U <0.16U <0.75U <0.7SU <0.74U <0.76U <0.17U <0.800 
BClEtd£ <O.7.'lJ <0.79U <0.7~ <0.76U <0.7SU <0.7~ <0.74U <0.7&1 <0.77U <0.800 
2fmlUL <0.7~ <0.7~ <O.7~ <0.7&1 <0.75U <0.7SU <0.74U <0.76U <0.77U <0.800 
24IImJL <0.75U <0.7~ <0.7~ <0.7&1 <0.75U <0.75U <0.74U <0.7&1 <0.77U <0.800 
12m1m <0.7~ <O.7~ <0.7SU <0.76U <0.7SU <0.75U <0.74U <0.7&1 <0.77U <0.8O.J 
BENlIDI <3.800 <4.001 <3.tnl <3.800 <3.8O.J 0.800 0.700 <3.800 0.8<lJ <4.000 
3~mz <1.500 <1.600 <1.500 <1.500 <1.500 <1.500 <1.500 <1.500 <1.500 <1.600 
BClE'lE <0.7~ <0.7~ <0.7~ <0.7W <0.7~ <0.7SU <0.74U <0.7&1 <0.711J <0.800 
l~lB <0.7~ <O.7~ <0.7SU <0.7&1 <0.7SU <0.7'll <0.74U <0.76U <0.77U <O.8(lJ 
14OC1B <0.7SU <0.79U <0.7SU <0.76U <0.7SU <0.7SU <0.74U <0.7&1 <0.77U <O.8<lJ 
l20ClB <O.7SU <O.7~ <O.7~ <0.7&1 <0.7'll <0.7SU <0.74U <0.7&1 <0.77U <O.8<lJ 
IClETA <O.7SU <0.79U <0.7~ <0.7&1 <O.7SU <O.7SU <0.74U <0.7&1 <O.77U <0.800 
124'lt:lB <0.7SU <O.7~ <0.7SU <0.7&1 <0.7SU <0.7SU <0.74U <0.7W <0.77U <0.800 
NAPHIH <0.7SU <0.7~ <o.7SU <0.7&1 <0.7SU <0.7~ <0.74U <0.7&1 <O.71U <0.800 
1£1a1 <0.75U <0.7~ <0.75U <0.7W <0.7SU <0.75U <0.74U <0.76U <0.77U <0.800 
Note: ~le ID is as follows: 1111 - Soil Boring I, satqJle Ill. See Figures 5.1 and 5.2. 

J - EstillBted value below the statistical quantitation limits 
U - CaIpJund was analyzed for but not detected. Detection limits are given after the < symbol. 
B - Analyte is found in the associated blark as ~1l as in the sample. 
* - EPA Mattoo 8270 ..-IJ.ii Test Methods for Ev-oluati..-,g Solid Waste l Ph}:'8icaliChem1cal Methcd;. ~46, ~J.rd Edition, November 

1986. with Decanber 1988 revisions. 
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Table 5.18. (Page 2 of 6). Rockeye (ltmtions Facility) - l'&lC Cntne, Indiana, S\oMJ 10/15. Results of EPA Method 8270 * 
(semivolatUe organics) sub3urface soil sample analyses. Concentrations are ~/kg (ppm) dry \eight. Samples with detectable 
concentrations of analyte are Brown in bold. Ana.lytes are given as abbreviations; see Awenrlix A for caqJOUlld MIlEs. 

1#1 
<0.75U 
<0.75U 
<0.75U 
<0.75U 

2#1 
<0.7~ 
<0.7~ 

<0.7~ 

<0.7~ 

212 
<0.75U 
<0.75U 
<0.75U 
<0.75U 

3111 
<0.75U 
<0.76U 
<0.76U 
<0.76U 

4#1 
<0.75U 
<0.75U 
(0.75U 
(0.75U 

5111 
(0.75U 
(0.75U 
<0.75U 
<0.75U 

WI 
<0.74U 
(0.74U 
<0.74U 
<0.74U 

~ <O.7SU <O.7~ <O.7~ <O.7W <0.7SU <O.7SU <O.i4U 
ruom (0.75U <0.7~ <0.75U <0.76U (0.75U <0.75U <0.74U 
DEtPHIH <0.750 O.072BJ O.074BJ <0.760 <0.75U 0.05J (0.74U 
4ClPHPtE <0.75U <0.7~ <~ <0.76U <0.75U <0.75U <O.74U 
ltIl8W{ <0.7511 <O.7~ <0.75U <0.76U <0.75U (0.75U (0.74U 
4BIFHET <0.75U (0.79U <0.75U <0.76U <0.7511 <0.75U <0.74U 
IILBI!N <0.7511 <0.79U <0.75U <0.76U <0.75U (0.75U <0.74U 
P'It:NAN <0.75U <0.79U <0.75U <0.76U <0.75U (0.75U <0.74U 
IN!RAC <0.7511 <0.7~ <0.75U <0.76U <0.75U <0.75U (0.74U 
/DJPHlR O.W <0.79U <0.75U <0.76U (0.7511 O.lOBJ <0.74U 
FIJtNlHE <0.7511 <O.7~ <0.75U <0.76U <0.75U <0.75U <0.74U 
PnlFNE <0.75U <0.79U <0.75U <0.76U (0.75U <0.75U <0.74U 
BuBePHIH <0.75U <0. 7~ <0.75U <0.76U <0.75U <0.75U (0.74U 
CHRXSE <0.75U <0.79U <0.75U <0.76U <0.75U <0.75U <0.74U 
BMNllR <0.7511 <0. 7~ <0.75U <0.76U (0.75U <0.75U <0.74U 
B2JHH 0.34J 0.15BJ 0.42BJ 0.24.1 0.16.1 1.308 0.41J 
IH)cPHf <0.75U <0.79U <0.75U <0.76U <0.75U 1.308 <0.7 4U 
BBR.ANr <0.75U <0. 7~ <O.75U <0.76U <0.75U <0.75U <0.74U 
BKFlRlI' (0.75U <0.79U <0.75U <0.76U <a.75U (0.75U <0.74U 
IW'YRE <a.75U <0. 7~ <0.75U <0.76U (0.75U (0.75U <0.74U 
Il23PYR <0.75U <0.79U <0.75U <a.76U <0.75U (0.75U <a.74U 
DBAHANl' <0.75U <a.79U <0.75U <0.76U <0.75U <0.75U <0.74U 
B-GII-i'YR <0.75U <0.79U <0.75U <0.76U <0.75U <0.75U (0.74U 
ANILINE <l.SOU <1.600 <1.SOU <1.SOU (l.SOU <I.SOU (I.SOU 
4ClANIL <1.500 <1.600 <1.500 <1.SOU <1.501 <1.501 <1.501 
r8FNlDRJ <a.75U <a.7~ <a.75U <0.76U <a.75U <0.75U <O.74U 
~ <a.75U <0.79U <a.75U <a.76U <a.75U <a.75U <a.74U 
2NANIL 0.801 <4.001 0.801 0.801 0.801 0.801 0.700 
:tWnL 0.801 <4.001 0.801 0.800 0.801 0.800 0.700 
4lWUL 0.801 <4.001 0.800 0.800 0.801 <3.701 <3.800 
Note: Saq>le ID is as follows: III - Soil Boring 1, saq:>le fll. See Figures S.l and 5.2. 

J - Estimted value below the statistical quantitation limits 

7111 
<O.76U 
<0.76U 
<a.76U 
<0.76U 
<0.760 
<0.76U 
0.079BJ 

<0.76U 
<0.76U 
<a. 76.1 
<0.76U 
<0.76.1 
<0.76U 
<0.76.1 
<0.76U 
<0.76U 
<0.76.1 
<0.76.1 
<0.76U 
0.15&1 

<0.76U 
<0.76U 
<a. 760 
<0.76U 
<0.76U 
<O.76U 
<0.76.1 
<1.SOU 
<1.501 
<0.76U 
<0.76.1 
<3.801 
<3.800 
0.801 

U - ~d was analyzed for rut not detected. Detectim limits are given after the < symbol. 
B - Ana.lyte is foun:i in the associated blark as \ell as in the sample. 

8111 
<0.77U 
<O.77U 
<0.77U 
<0.77U 
<0.77U 
<0.77U 
<0.77U 
<0.77U 
<0.77U 
<0.77U 
<0.77U 
(0.77U 
<0.77U 
0.068 

<0.77U 
<o.nu 
(0.77U 
<0.77U 
<0.77U 
0.061 

<0.77U 
<0.77U 
<a.77U 
(0.77U 
<a.77U 
<0.77U 
<0.77U 
<I.SOU 
<1.500 
<O.77U 
<0.77U 
<3.801 
<3.8m 
(4.001 

9#1 
<0.800 
<0.800 
<0.801 
<0.800 
<0.800 
(0.8m 
<0.801 
<0.800 
<0.801 
<0.800 
<0.800 
<0.800 
<0.800 
0.12&1 

<0.800 
<0.800 
<0.800 
(0.800 
<0.801 
0.37J 

<0.801 
<0.801 
<0.800 
<O.OCU 
(0.8m 
<0.801 
<a. 800 
(1.600 
<1.600 
(0.801 
<0.800 
(4.001 
<4.000 
<4.001 

II - EPA MetOOd 8270 -in Test Methods for Evaluati~ Solid Waste, Physical/Chanical Methods, SW846, Third Edition, November 
1986, with Decanber 1988 revisions. 
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Table 5.18. (Page 3 of 6). Rockeye (Mlnitions Facility) - talC Crane, Indiana, ~ 10/15. Results of EPA MetOOd 8270 * 
(semivolati1e organics) subsurface soil saaple analyses. Concentrations are ng/kg (ppm) dry \!leight. Samples with detectable 
concentrations of analyte are shown in bold. Analytes are given as abbreviations; see Appendix A for compound names. 

1Mll1'l!JSM!f.E 1011 10#2 1013 10#4 11#1 11112 11113 11114 12111 12112 
Pl£NJL <0.76U <0.700 <0.7~ <0.7~ <0.7&1 <0.7~ <0.76U <0.76U <0.8lU <0.83U 
2ClPtlEN <0.7&J <0.7&J <0.791] <0.7SU <0.781] <0.791] <0.7f:JJ <0.7f:JJ <0.8lU <O.83U 
2NIPHE <0.76U <0.76U <0.791.1 <0.7~ <0.7&1 <0.79U <0.7(jJ <0.7(jJ <0.81U <0.83U 
24IIfeFHE <0.76U <0.76U <0.7~ <0.75U <0.7&1 <0.79U <0.76U <0.7(jJ <0.8lU <0.8ll 
24OC1FHE <0.76U <O.76U <O.7~ <0.75U <0.78U <0.79U <0.700 <0.76U <0.81U <0.83U 
4Cl.:tIePHE <1.5<lJ <1.5<lJ <1.600 <1.500 <1.600 <1.600 <1.5<lJ <1.500 <1.600 <1.700 
21t6n:lPH <0.76U <0.76U <0.790 <0.7SU <0.781 <0.7911 <0.76U <O.7(J] <O.8lU <0.831] 
24mPH <.3.8(lJ <.3.8(lJ <4.001 <.3.8(lJ <.3.9(lJ <4.000 <3.800 <3.800 <4.000 <4.200 
ltNmE <3.fll1 <3.8(lJ <4.001 <.3.8(lJ <.3.9(lJ <4.001 <3.8(lJ <3.8(lJ <4.001 <4.200 
2H46IH'H <.3.800 <3.8(lJ <4.001 <.3.8(lJ <3.9(lJ <4.001 <.3.800 <3.800 <4.000 <4.200 
PClPHE <.3.fll1 <3.fll1 <4.001 <.3.8(lJ <3.900 <4.001 <3.800 <3.8(lJ <4.001 <4.200 
IJ!'Rl1lAC <3.8(lJ <3.8(lJ <4.001 <.3.800 <.3.9(lJ <4.001 <3.8(lJ <3.800 <4.001 <4.200 
HPHE <0.76U <O.76U <0.79U <0.7~ <0.78U <0.79U <0.7(jJ <0.76U <0.8lU <0.83U 
lH!PHE <0.76U <O.76U <0.791.1 <0.75U <0.78U <0.79U <0.76U <0.76U <0.8lU <O.8ll 
245'lt:lm <O.76U <O.76U <0.79U <0.7~ <0.7&1 <0.791.1 <0.7(jJ <0.76U <0.8lU <0.83U 
BZIAL <1.5<lJ <1.5<lJ <1.600 <1.5<lJ <1.600 <1.600 <1.500 <1.500 <1.600 <1.700 
lRI£IM <0.76U <0.76U <0.79U (0.75U <0.7&1 <0.79U <0.76U (0.76U <0.81U <0.83U 
JOIPBE <0.76U <0.76U <0.79U <0.75U <0.78U <0.79U <0.76U <0.700 <0.8lU <0.83U 
tMRlM <0.76U <0.700 <0.79U <0.7~ <0.78U <0.79U <0.7(jJ <0.76U <0.8lU (0.83U 
Nl'l'RH'N <0.76U <0.700 <O.79U <0.75U <0.78U <0.7911 <0.700 <0.76U <0.8lU <0.8ll 
mFIm <O.76U <0.76U <0.79U <0.75U <0.7&1 <0.79U <0.76U <0.7(jJ <0.81U <O.83U 
J£lEtdm <0.700 <0.76U <0.791.1 <0.7SU <0.7&1 <0.79U <0.700 <0.700 <0.8lU <0.83U 
26IJlI.OL <0.76U <0.7(jJ <0.79U <0.7SU <0.7&1 (0.79U <0.700 <0.76U (0.8lU <O.83U 
2411m1.. <0.76U <0.7(jJ (0.7911 (0.75U <0.78U <0.79U <0.76U (0.76U <0.81U <0.83U 
12DPHYD <0.76U <0.700 <0.791.1 (0.75U <0.7&1 <0.79U <0.76U <0.76U (0.81U <O.83U 
BF.NZIDI <.3.8(lJ <.3.800 <4.001 <3.800 <3.9(lJ <4.001 <.3.800 <3.800 <4.000 <4.200 
3D:amz <1.5<lJ <1.500 <1.600 <1.500 <1.600 <1.600 <1.500 <1.500 <1.600 <1.700 
BClE'lE <0.76U <0.700 <0.790 <0.75U <0.7&1 <0.79U <0.700 <0.76U <0.81U <O.83U 
13IX:lB <0.76U <0.700 <0.790 <0.75U <0.78U <0.7911 <0.76U <0.76U <0.81U <O.83U 
14OCl.B <0.76U <0.700 <0.790 <0.75U <0.7&1 <0.79U <0.700 <0.700 <0.8lU <0.83U 
l20ClB <0.76U <0.76U <0.791.1 <0.7SU <0.7&1 <0.79U <0.76U <0.76U <O.8lU <O.8ll 
II:lETA <0.76U <O.76U <0.790 <0.75U (0.7&1 <0.79U <0.700 <0.76U <0.81U <O.83U 
124n:1B <0.76U <O.76U <0.791.1 <O.7~ <0.7&1 <0.791.1 <O.76U <0.76U <O.81U <O.83U 
NAPHlH <0.700 <0.700 <0.791.1 <0.7SU <0.7&1 <0.79U (0.700 <0.700 <0.8lU (0.8:lJ 
IOlk1 <O.76U <0.76U <0.791.1 <0.75U <0.7&1 (0.79U <O.7(jJ <0.76U <0.8lU <0.8:lJ 
Note: Sample ID is as follows: 10#1 - Soil Boring 10, saIIl>le #1. See Figures 5.1 and 5.2. 

J - EstiDBted vaille below the statistical quantttation limlts 
U - Coop:Amd loBS analyzed for rut not detected. Detection limlts are given after the < symbol. 
B - Analyte is found in the associated blank as well as in the sample. 
* - EPA MetOOd 8270 -in Test Methods for Evaluati~ Solid Waste! Physical/Chemical M:!tOOds z ~46, Third F1iition, November 

1986, with Decemer 1988 revisions. 
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~bl.e 5.18. (Page 4 of 6). Rockeye (ttmitions Facility) - ~ Crane, Indiana, 5Wt.J 10/15. Results of EPA K:thod 8270 * 
(sem1volatile organics) subsurface soil sample analyses. Concentrations are ~/kg (WIl) dry weight. Samples with detectable 
concentrations of analyte are shown in bold. Analytes are given as abbreviations; see Appendix A for coopound tlaIres. 

AlWnE/SAMPIE lOll 10#2 10#3 10#4 11#1 11112 11#3 
IClCYPD <0.76U <0.700 <0.79U <0.7SU <0.78U <0.79U <0.7fiJ 
2ClNAPH <0.76U <0.76U <0.7911 <0.7SU <0.78U <0.79U <0.700 
ArERAY <0.76U <0.700 <0.79U <0.7SU <0.78U <0.79U <0.76U 
IM!PHlH <0.7aJ <0.7aJ <0.79U <0.7SU <0.78U <0.79U <0.76U 
AfB'IAP <0.700 <0.76U <0. 7~ (0.7:iJ <0.78U <0.79U <0.76U 
mom <0.7aJ <0.700 <0.79U <0.7SU <0.78U <0.79U <0.700 
IEtPHIH <0.700 <0.700 <0.79U <0.7SU <0.78U <0.79U <0.700 
4ClPHPHE <0.7aJ <0.7aJ <0.79U <0.75U <0.78U <0.7911 (0.76U 
~ <O.76U <0.700 <O.79U <0.7SU <0.78U <0.79U <0.7fiJ 
4BrPHET <0.7aJ <0.7aJ <0.7911 <0.75U <0.78U <0.79U <0.700 
ID..Bm <0.7aJ <0.7aJ <0.79U <0.7SU <0.78U <0.79U <0.76U 
PHENAN <0.76U <0.76U <0.790 <0.7SU <0.78U <0.7911 <0.700 
Jtm:BJj; <0.76U <0.76U <0.790 <0.7SU <0.78U <0.79U <0.76U 
IIbPHIH 0.077BJ 0.OS9BJ O.~lBJ 0.082BJ 0.18IU O.l1B 0.l2BJ 
FtANlHE <0. 700 <0.76U <0.790 <0.7SU <0.78U <0. 79U <0. 76U 
PYRF.NE <0.76U <0.76U <O.79U <0.7SU <0.78U <0.79U <0.76U 
BuBefHIH (0.76U <0.700 0.066J 0.049.1 <0.78U <0.7911 <0.76U 
CI£YSE (0.76U <0. 7aJ <~ <0.7SU <0.78U <0.79U <0.76U 
BMNmR <0.7aJ <0.700 <0.790 (0.7SU (0.78U (0.79U (0.76U 
B2EHPH 0.068J 0.077BJ O.09lBJ 0.16BJ 0.14BJ 0.000 0.31BJ 
IH)cPHl' (0.700 o:04iJ (~ 0.056J (0.78U <0.79U (0.76U 
B8F'lmI (0.76U (0.700 <O.79U (0.7SU <0.78U (0.79U <0.76U 
IEFI.ANl' (0.76U <0.700 (0.79U <0.7SU (0.78U <0.79U (0.76U 
BAPYRE (0.76U <0.7aJ <0.7911 <0.7SU <0.78U <0.79U <0.76U 
Il23PYR (0.76U (0.76U (0.7911 (0.7SU (0.78U (0.79U <0.76U 
IIWfANl' <0.700 (0.700 (0.790 <0.7SU <0.78U <0.79U <0.76U 
~-PYR <0.76U (0.700 <0.79U <0.75U <0.78U <0.79U <0.76U 
ANILINE <1.500 <1.500 <1.600 <1.SOO <1.6OU <1.600 <l.SOO 
4ClANIL <1.500 <1.500 (1.600 <1.500 <1.600 <1.600 <1.500 
I&W.OFU <0.700 <0.700 (0.79U (0.7SU (0.78U <0.79U <0.700 
2HeNAPH <0.700 <0.700 <0.79U <0.7SU <0.78U <0.79U <0.76U 
2lWffi. <3.800 <3.800 <4.001 <3.800 <3.9ClJ <4.001 <3.800 
~ <3.800 <3.800 <4.001 <3.800 <3.900 <4.000 <3.800 
4NANIL <3.800 <3.800 <4.001 <3.800 <3.900 <4.001 <3.800 
Note: Saq>le 10 is as follows: 10111 - Soil Bori~ 10, sample #1. See Figures 5.1 and 5.2. 

J - Fstimted value below the statistical quantitation lirni.ts 

11114 
<0.76U 
<0.76U 
<0.76U 
<0.76U 
<0.7611 
<0.700 
<0.700 
<O.7(V 
<0.76U 
<0.76U 
<0.76U 
<0.700 
(0.700 
O.lOBJ 

<0.700 
<0.76U 
<0.700 
<0.700 
<0.700 
<0.76U 
<0.700 
<0.7611 
(0.700 
<0.76U 
<0.700 
<0.76U 
<0.700 
<1.500 
<1.500 
<0.76U 
<0.76U 
<3.800 
<3.800 
<3.800 

U -~ was analyzed for rut not detected. Detection limits are given after the < symbol. 
B - Analyte is found in the associated blank as well as in the sample. 

12111 
<0.8lU 
<0.8lU 
<0.8lU 
<0.81U 
<0.810 
<0.81U 
<0.8lU 
<0.81U 
<0.8lU 
<0.8lU 
<a.81U 
<0.8lU 
(0.81U 
0.091BJ 

<0.81U 
<0.8lU 
<0.81U 
<0.8lU 
<0.81U 
0.17BJ 

<0.8lU 
<0.8lU 
<0.81U 
<0.8lU 
<0.8lU 
<0.8lU 
<0.8lU 
<1.600 
<1.600 
<0.81U 
<0.8lU 
<4.00J 
<4.000 
<4.00J 

12112 
<O.8:lJ 
<O.8:lJ 
<O.83U 
<0.83U 
<O.83U 
<O.8:lJ 
<0.83U 
<0.8:lJ 
<O.8:lJ 
<O.8:lJ 
<O.83U 
<O.8:lJ 
<O.83U 
(O.83U 
(O.83U 
<0.83U 
<O.8:lJ 
<O.83U 
<O.83U 
O.l8IU 

<0.83U 
<0.8:lJ 
<0.83U 
<0.83U 
<O.8:lJ 
<O.83U 
<O.8:lJ 
<1.700 
<1.700 
<0.83U 
(0.8:lJ 
<4.200 
(4.200 
(4.200 

* - EPA Metlni 8270 -in Test Methods for Eva1uati~ Solid Waste, Physical/Chemical Methods, ~46, Third Edition, Novemoor 
1986, with December 1988 reviqitXI.B. 



Table 5.18. (Page 5 of 6). Rockeye (Mmitions Facility) - NSolC CUille, Indiana, SMJ 10/15. Results of EPA Method 8270 * 
(sem:Lvolatile organics) sulEurface soil sample analyses. Concentrations are ng/kg (ppm) dry Ioeight. Samples with detectable 
coocentrations of analyte are shown in bold. Analytes are given as abbreviations; see Appendix A for caq>ound fl8IDaS. 

PHFN)L 

2ClPHEN 
2NIPHE 
24lHePHE 
240ClPHE 
4Cl:B!PHE 
246'1OPH 
24mPH 
4NPHE 
2M46mPH 
FClPHE 
~ 

2J&HE 
ltfEmE 
245'1'Cl.PH 
BZlAL 
tIOIFAt 
BClIPRE 
tHRAM 
NI'JlOJm 
IOOPIDt 
OClEtcttE 
2€i1lIDL 
24IImI. 
12DPHYD 
BENZIDI 
3ttlBEZ 
OClE'lE 
l30ClB 
l40ClB 
12IX:lB 
Jl:1ETA 
124'1ClB 
NAPH1H 
lOal 

12#3 12#4 1.3#1 13112 13113 
<0.81U <0.820 <0.77U <0.7SU <0.77U 
<0.81U <0.820 <0.77U <0.7SU <0.77U 
<0.81U <0.820 <0.77U <0.7SU <0.77U 
<0.81U <0.820 <0.77U <0.7SU <0.77U 
(0.81U (0.820 (0.77U (0.7SU (0.77U 
<1.600 <1.600 <1.5OU <1.5OU <1.SOU 
<0.81U <0.820 <0.77U <0.75U <0.77U 
<4.001 <4. IOU <3.SOU 0.8OU 0.800 
<4.00u <4. IOU <3.SOU <3.8OU 0.800 
<4.001 <4. IOU O.SOU 0.8OU 0.800 
<4.00u <4. IOU O.SOU O.SOU 0.800 
<4.001 <4. IOU O.SOU 0.8OU 0.800 
<0.81U <0.820 <0.770 <0.750 <0.77U 
<0.81U <0.82U <0.770 <0.750 <0.770 
<0.81U <0.820 <0.77U <0.750 <0.770 
<1.600 <1.600 <1.SOU <1.5OU <1.SOU 
<0.810 <0.820 <0.770 0.079J <0.770 
<0.810 <0.82U <0.770 <0.750 <0.77U 
<0.81U <0.820 <0.770 <0.750 <0.77U 
<0.81U <0.82U <0.770 <0.750 <0.77U 
<0.81U <0.82U <0.770 <0.75U <0.77U 
<0.81U <0.82U <0.770 <0.750 <0.770 
<0.81U <0.82U <0.77U <0.750 <0.770 
<0.81U <0.820 <0.770 <0.750 <O.77U 
<0.81U <0.82U <O.77U <0.750 <0.77U 
<4.001 <4. IOU <3.SOU <3.8OU 0.800 
<1.600 <1.600 <1.SOU <I.SOU <1.SOU 
<0.81U <0.820 <0.77U <0.750 <0.77U 
<0.810 <0.820 <0.770 <0.750 <0.77U 
<0.81U <0.820 <0.77U <0.750 <0.77U 
<0.81U <0.820 <0.77U <0.7SU <0.770 
<0.81U <0.820 <0.77U <0.750 <0.770 
<0.81U <0.82U <0.77U <0.750 <0.770 
<0.81U <0.82U <0.770 <0.750 <0.770 
<0.810 <0.820 <0.77U <0.750 <0.770 

Note: Saq>le ID is as foll~: 12113 - Soil Boring 12, saIq>le 113. See Figures 5.1 and 5.2. 
J - EstiDBted value below the statistical quantitation limits 
U - Caqlound ~s analyzed for rut not detected. Detection limits are given after the < symbol. 
B - Analyte is found in the associated blank as Ioell as in the sample. 
* - EPA Metb:x! 8270 -in Test Methods for Evaluat~ Solid Waste, Physical/Chemical Methods, &W846, Third Editioo., Novanber 

1986, with December 1988 revisions. 
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Table 5.18. (Page 6 of 6). Rockeye (Mmitions Facility) - ~ Crane, Indiana, ~ 10/15. Results of EPA ~thod 8270 * 
(semivolatile organics) suhlurface soil S8IIIple analyses. Concentratlons are ng/kg (ppn) dry ~ight. Samples with detectable 
crocentrations of analyte are shown in bold. Analytes are given as abbreviations; see Appendix A for caq>OUnd I'IBIIeS. 

ANAmE/SHU 12#3 12#4 13#1 13#2 13#3 
IOCYPD <0.8lU <0.82U <O.77U <0.7SU <0.77U 
2ClNAPH (0.81U (0.82U (0.77lJ (0.7SU (0.77lJ 
M»1AY <O.81U (0.82U <o.77lJ (0.7SU (0.77U 
IMePHlH (0.81U <0.82U <0.77lJ <O.7SU <O.77U 
AO!lJAP /n ttln 

,V.01.u /n 0"',. ,V.OLU <O.77U /n ,.Cn 
,V.JJV 

/n ,..."., 
'V.IIU 

ruxm: <0.81U <0.82U <0.77lJ <0.7SU <0.77U 
IEtPRlH (O.Slu <0.82U <0.71U <0.75u (0.77U 
4ClPHPHE <0.81U <0.82U <O.77U <0.7SU <O.77U 
lRlPHAM <0.8lU <0.82U <0.77lJ <0.7SU <0.77U 
4BrPIEl' <0.81U <O.S2U <O.77U <O.7SU <0.77U 
HCL8EN <O.SIU <O.82U <0.77U <0.7SU <0.77U 
PIIENAN <0.81U <0.82U <0.77U <0.7SU <O.77U 
.AN'mAC <O.SlU <o.82U <O.77U <0.7SU <O.77U 
IBJPRlR <0.81U 0.0IJ7J <0.77U <0.7SU 0.14BJ 
F1.ANlHE <O.81U <o.82U <0.77lJ <0.7SU (D. 77U 
PYRENE <0.81U <0.82U <0.77U <0.7SU <0.77U 
BuBePRm (0.81U <O.S2U (0.77U (0.7SU <O.77U 
amsE <0. SIU (0.82U <0.77U <0.7.'X.J <O.77U 
BMNlHR <0.81U <0.82U <0.77U <0.7SU <0.77U 
B2mIfH 1.20 0.22.1 0.099J <0.7SU O.CIl5J 
II«lcPHr <O.SIU <O.82U <0. 77U (0.7SU <0.77U 
BBFLANr <0.8lU (O.S2U <0.77U <0.7SU <0.77U 
BKFLANT <O.SlU <O.S2U <0.77U (0.7SU <0.77U 
MPYRE <0.81U <O.S2U <0.77U <0.7SU <0.77U 
1123PYR <O.81U <O.82U <0.77U <0.7SU <0.77U 
IIWfAm' (0.8lU <O.S2U <0.77U <0.7SU <O.77U 
1rGU-PYR (O.SlU <0.82U <0.77U <0.7SU <0.77U 
ANILINE <1.6W <1.6W (1.500 <1.500 <1.500 
4a§ID. <1.6W <1.6W <1.500 <1.500 <1.500 
IJ3FBl.OR.J <O.SlU <O.S2U <0.77U <0.7SU <0.77U 
2HeNAPH <0.8lU <O.S2U <0.77U <0.7SU <0.77U 
2IWm. <4.OW <4.l<lJ 0.800 0.8<lJ 0.8<lJ 
:JWm. (4. OW <4.100 0.800 0.8(lJ 0.8(lJ 
4NANIL <4.000 <4.100 0.8<lJ 0.8(lJ <3.8(lJ 
Note: Saq>1e ID is as follows - 12114, bor~ 12/saq>le 4. See Figures 5.1 and 5.2. 

J - Estimted value belOW' the statistical quantitation liml.ts 
U - CoopxJnd lIBS analyzed for but rot detected. D:!tectim limits are given after tre < symbol. 
B - Analyte is found in the associated blank as ~11 as in tre sample. 
* - EPA Method 8270 -in Test MetOOds for Evaluati~ Solid Waste, Physical/Chemical Methods, SW846, Third Edition, November 

1986. with D:!cember 1988 revisions. 
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'Dlble 5.19. (Page 1 of 6). Rockeye (Mmitions Facility) - tSlC Crane, Indiana, 5W1.JH lOllS. Results of EPA Method 8270 * 
(sem1.volatile organics) surface soil saq>le analyses. Concentrations are og/kg (ppm) dry weight. Samples with detectable 
concentrations of analyte are sOOwn in bold. Analytes are given as abbreviations; see Appendix A for corqx>und I181DeS. 

mEmL <0.820 
2Cl.PHm <a.82U 
2NIPHE <0.82U 
24IMeM: <0.82U 
24OCL~ <O.82U 
4Cl.:JteP8E <1.600 
246roPH 
24mPH 
4NPHE 
2H46INPH 
PClPHE 
BF.N'l.OAC 
:Hl"HE 
4MEPHE 
245'lC1PH 
BZLAL 
~ 
BCllPRE 
tRHAM 
Nl'OOBFN 
I9:JIIIE. 
BClEtcH: 
26mroL 
24mIDL 
12mM> 
BENZIDI 
3.llClBEZ 
BClEIE 
13rx::lB 
140ClB 
l20ClB 
lCJErA 
124'lOB 
NAPImI 
HCl1kl 

<O.82U 
<4.HlJ 
<4.HlJ 
<4.HlJ 
<4. IOU 
<4.HlJ 
<0.82U 
<0.82U 
<0.820 
<1.600 
<0.82U 
<0.82U 
<0.82U 
<0.82U 
<0.820 
<0.82U 
<0.82U 
<0.82U 
<0.82U 
<4.100 
<1.6(lJ 
<0.82U 
<0.82U 
<0.82U 
<0.8211 
<0.82U 
<0.82U 
<0.82U 
<0.82U 

<0.99U 
<O.99U 
<0.99U 
<0.99U 
<0.99U 
<2.000 
<O.~ 

<S.OOO 
<S.OOJ 
<S.ooo 
<S.<Xl1 
<S.OOO 
<0.9~ 
<0.99U 
<0.99U 
<2.000 
<0.9~ 

<0.99U 
<0.6&1 
<0.99U 
<O.~ 
<0.99U 
<0.99U 
<0.99U 
<0.99U 
<S.001 
<2.00J 
<0.99U 
<0.99U 
<0.99U 
<0.99U 
<0.99U 
<0.99U 
<0.99U 
<0.9~ 

A-3-3 
<0.93U 
<O.93U 
<0.93U 
<0.93U 
<0.93.1 
<1.900 
<0.930 
<4.600 
<4.600 
<4.6(lJ 
<4.6(lJ 
<4.600 
<0.93U 
<0.930 
<0.930 
<1.900 
<0.930 
<0.930 
<0.930 
<0.930 
<0.930 
<0.930 
<0.93U 
<0.930 
<0.930 
<4.600 
<1.900 
<0.930 
<0.93U 
<0.930 
<0.930 
<0.93U 
<0.930 
<0.930 
<0.930 

A-4-1 
<0.900 
<O.9W 
<0.900 
<0.900 
<0.90) 
<1.8(lJ 
<0.900 
<4.SOO 
<4.500 
<4.SOO 
<4.SOO 
<4.SOO 
<0.900 
<0.900 
<0.900 
<1.800 
<0.900 
<0.900 
<0.900 
<0.900 
<0.900 
<0.900 
<0.900 
<0.900 
<0.900 
<4.SOO 
<1.001 
<0.900 
<0.900 
<0.900 
<0.900 
<0.900 
<0.900 
<0.900 
<0.900 

B-O-O 
<0.97U 
<O.9iu 
<0.97U 
<0.97U 
<0.971.1 
<1.9(lJ 
<0.97'J 
<4.800 
<4.800 
<4.800 
<4.800 
<4.800 
<0.97U 
<0.97U 
<0.97U 
<1.900 
<0.97U 
<0.97U 
<0.97U 
<0.97U 
<0.97U 
<0.97U 
<0.97U 
<0.97U 
<0.97U 
<4.800 
<1.9(lJ 
<0.97U 
<0.97U 
<0.97U 
<0.97U 
<0.97U 
<0.97U 
<0.97U 
<0.97U 

&-3-3 
<0.76U 
<0.700 
<0.76U 
<0.76U 
<0.7SJ 
<l.Soo 
(0.76U 
<3.800 
<3.800 
<3.800 
<3.800 
<3.800 
<0.76U 
<0.76U 
<0.76U 
<1.500 
<0.76U 
<0.700 
<0.76U 
<0.76U 
<0.76U 
<0.700 
<0.76U 
<0.76U 
<0.76U 
<3.800 
<1.500 
<0.700 
<0.76U 
<0.76U 
<0.76U 
<0.700 
<0.76U 
<0.76U 
<0.76U 

B-4-1 
<0.79U 
<v.l9U 
<0.79U 
<0.79U 
<0.791] 
<1.600 
<O.7~ 
<4.001 
<4.OCU 
<4.000 
<4.000 
<4.000 
<0.7~ 
<0.7~ 
<0.79U 
<1.600 
<0.79U 
<0.79U 
<0.79U 
<0.79U 
<0.79U 
<0.79U 
<0.79U 
<0.79U 
<0.79U 
<4.000 
<1.6(lJ 
<0.79U 
<O.79U 
<0.79U 
<0.79U 
<0.79U 
<0.79U 
<0.79U 
<0.79U 

<0.82U 
<0.82U 
<O.82U 
<0.82U 
<0,82U 
<1.600 
<0.82U 
<4.100 
<4.100 
<4.100 
<4.100 
<4.100 
<0.820 
<0.82U 
<0.82U 
<1.600 
<0.82U 
<0.82U 
<0.82U 
<0.82U 
<0.82U 
<0.820 
<0.82U 
<0.82U 
<0.82U 
<4.100 
<1.6(lJ 
<0.82U 
<0.82U 
<0.82U 
<0.82U 
<0.82U 
<0.82U 
<0.820 
<0.82U 

0-3-3 
<0.7&1 
<0.7OU 
<0.7&1 
<0.7&1 
<0,781J 
<1.600 
<0.780 
<3.900 
<3.900 
<3.900 
<3.900 
<3.900 
<0.7&1 
<0.7&1 
<O.7aJ 
<1.600 
<0.7&1 
<0.7&1 
<0.7&1 
<0.7&1 
<O.7aJ 
<0.7&1 
<0.7&1 
<0.7&1 
<0.7&1 
<3.901 
<1.600 
<0.7&1 
<0.7&1 
<0.7&1 
<0.7&1 
<0.7&1 
<0.78U 
<0.7&1 
<0.7&1 

Note: ~le ID is as foll0;.'9: A-O-O - SUrface scrape sample fran Grid A, location 0,0. See Figures 5.1 and 5.2. 
J - &tilmted value bel<M the statistical quantitation limits 
U - CaqxJund ¥BS analyzed for b.1t not detected. Detection limits are given after the < symbol. 
B - Analyte is found in the associated blark as well as in the sample. 

<0.7&1 
<0.7ou 
<0.7&1 
<0.7&1 
<O,7~J 

<1.600 
<0.780 
<3.900 
<3.900 
<3.900 
<3.900 
<3.900 
<0.7&1 
<0.7&1 
<0.7&1 
<1.600 
<0.78U 
<0.7&1 
<0.7&1 
<0.7&1 
<0.7&1 
<0.7&1 
<0.7&1 
<0.78U 
<0.7&1 
<3.900 
<1.600 
<O.78U 
<0.7&1 
<0.78U 
<0.78U 
<0.78U 
<0.7&1 
<0.78U 
<0.7&1 

* - EPA ~thod 8270 -:in Test ~thods for Evaluating Solid Waste, Physical/Chemical Methods, SW846, Third Edition, November 
1986, with Decanber 1988 revisions. 



Table 5.19. (Page 2 of 6). Rockeye Otmitioos Facility) - ~ Crane, Indiana, S\M.I 10/15. Results of EPA Method 8270 * 
(sem1volatile organics) surface soil saq>le analyses. Concentrations are ~/kg (ppm) dry \oA:!ight. Samples with detectable 
concentrations of analyte are shown in bold. Analytes are given as abbreviations; see Appendix A for compound names. 

I£lCm) <O.82U 

IEtPHlH 
4ClPHPHE 
~ 

4BrfHET 
H<IJDl 
PHF.NAN 
ANmAC 
IJ!uPHIH 
FIANlHE 
mmE 
8JBePHIH 
CImSE 
BMNIm. 
B2IHH 
IHkPHl' 
BBFLANI' 
BKll.ANl' 
MPYRE 
1123PYR 
IIWfANf 
B-GII-PYR 
ANILINE 
4CLANIL 
DBENl.OFU 
2M!NAPH 
2NANIL 
BNlL 
4NANlL 

(0.821) 
<0.820 
<0.820 
<0.820 
<0.82U 
<O.82U 
<0.820 
<0.820 
<0.820 
<0.820 
<0.8211 
<0.820 
<0.8211 
<0.820 
<0.820 
<0.820 
<0.820 
<0.820 
0.838 

<0.820 
<0.8211 
<0.820 
<0.820 
<0.820 
<0.8211 
<0.820 
<1.600 
<1.600 
<0.820 
<0.820 
<4.100 
<4.100 
<4.100 

<O.~ 
(0.991] 
<0.99U 
0.15BJ 
<~ 
<0.99U 
2.208 
<O.~ 
<O.~ 
<O.~ 
<O.~ 

0.03.1 
<O.~ 
0.19BJ 
<O.~ 

<O.~ 
<O.~ 
<O.~ 
<0.9911 
O.aJ 
<O.~ 
<O.~ 

<0.99U 
<O.~ 
<0.99U 
<0.99U 
<0.99U 
<2.001 
<2.001 
<0.99U 
<O.~ 
<5.000 
<5.001 
<5.000 

A-3-3 
<0.93U 
(0.931) 
<0.93U 
<0.93U 
<0.93U 
<0.931 
1.708 

<0.931 
<0.931 
<0.93U 
<0.93U 
<0.931 
<0.931 
0.l2BJ 

<0.931 
<0.931 
<0.931 
<0.931 
(0.93U 
<0.931 
<0.93U 
<0.931 
<0.931 
<0.931 
<0.93U 
<0.931 
<0.93U 
<1.900 
<1.900 
<0.931 
<0.931 
<4.600 
<4.600 
<4.600 

A+1 
<0.900 
(0.9()) 
<0.900 
<0.900 
<0.900 
<0.900 
1.D 

<0.900 
<0.900 
<0.900 
<0.900 
<0.900 
<0.900 
O.llBJ 

<0.900 
<0.900 
<0.900 
<0.900 
<0.900 
<0.900 
<0.900 
<0.900 
<0.900 
<0.900 
<0.900 
<0.900 
<0.900 
<1.800 
<1.800 
<0.900 
<0.900 
<4.500 
<4.500 
<4.500 

B-O-O 
<0.97U 
(0.971) 
<0.97U 
0.05BJ 

<0.97U 
<0.97U 
1.408 

<0.97U 
<0.97U 
<0.97U 
<0.97U 
<0.97U 
<0.97U 
O.llBJ 

<0.97U 
(0.97U 
<0.97U 
(0.97U 
<0.97U 
(0.97U 
(0.97U 
(0.97U 
<0.97U 
<0.97U 
(0.97U 
<0.97U 
<0.97U 
<1.900 
<1.900 
<0.97U 
(0.97U 
<4.800 
<4.800 
(4.8OJ 

B-3-3 
<0.76U 
<0.7fJJ 
<0.76U 
<0.76U 
<0.760 
(0.700 
0.91B 

<0.76U 
<0.76U 
<0.700 
(0.76U 
<0.76U 
<0.76U 
<0.76U 
<0.76U 
(0.76U 
<0.700 
<0.76U 
<0.76U 
<0.760 
<0.76U 
<0.76U 
<0.76U 
<0.76U 
<0.76U 
<0.76U 
<0.700 
<1.500 
<1.500 
<0.76U 
<0.700 
0.800 
0.800 
0.8OJ 

8-4-1 
<0.79U 
(0.791J 
<0.79U 
<0.79U 
<0.79U 
(0.79U 
0.B2B 

<0.79U 
<0.79U 
<0.79U 
<0.79U 
<0.79U 
<0.79U 
<0.79U 
<0.79U 
<0.79U 
<0.79U 
<0.79U 
<0.79U 
<0.79U 
<0.79U 
<0.79U 
<0.79U 
<0.79U 
<0.79U 
<0.79U 
<0.79U 
<1.600 
<1.600 
<0.79U 
<0.79U 
<4.000 
<4.001 
<4.000 

c-o-o 
<0.82U 
<O.821J 
<0.820 
<0.820 
<0.820 
<0.82U 
<0.82U 
<0.82U 
<0.82U 
<0.82U 
<0.82U 
<0.82U 
<0.82U 
<0.82U 
<0.82U 
<0.82U 
<0.8211 
<0.82U 
<0.8211 
0.96B 
o.m 

<0.82U 
<0.82U 
<0.820 
<0.82U 
<0.820 
<0.82U 
<1.6ru 
<1.600 
<0.820 
<0.82U 
<4.100 
<4.100 
<4.100 

C-3-3 
<0.7&1 
<O.781J 
<0.7&1 
<0.78U 
<0.7&1 
<0.7&1 
<0.7811 
<0.7&1 
<0.7&1 
<0.7&1 
<0.7&1 
<0.7&1 
<0.7&1 
O.lOBJ 

<0.7&1 
(0.7&1 
<0.7&1 
<0.7&1 
<0.7&1 
0.998 

<0.7&1 
<0.7&1 
<0.7&1 
<0.7&1 
<0.7&1 
<0.7&1 
<0.7&1 
<1.600 
<1.600 
<0.7&1 
<0.7&1 
0.900 
0.900 
0.900 

Note: Sample ID is as fol1<MS: A-{}-() - Surface scrape sample fran Grid A, location 0,0. See Figures 5.1 and 5.2. 
J - EstinBted value below the statistical quantitation liml.ts 
U - Coop:Jund was analyzed for rut not detected. D:!tection limits are given after the < symbol. 
B - Analyte is found in the associated blark as ~11 as in the sample. 

<0.7&1 
<0.700 
<0.7&1 
<0.78U 
<0.7&1 
<0.78U 
<0.781.1 
<0.78U 
<0.7&1 
<0.7&1 
<0.7&1 
(0.7&1 
<0.78U 
0.38BJ 

<0.78U 
<0.7&1 
<0.78U 
<0.7&1 
<0.78U 
O.05BJ 

<0.78U 
<0.7&1 
<0.7&1 
<0.7&1 
<0.78U 
<0.7&1 
<O.78U 
<1.6<lJ 
<1.600 
<0.7&1 
<0.78U 
0.900 
<3.900 
0.900 

* - EPA Method 8270 -in Test Methods for Evaluating Solid waste, Physical/Chemical Methods, SW846, Third Edition, November 
1986, with D:!cember 1988 revisions. 



Table 5.19. (Page 3 of 6). Rockeye OtJllitions Facility) - t&e Crane, Indiana, SHJ 10/15. Results of EPA ~thod 8270 * 
(semlvo!atile orypnics) surface soil sample analyses. Concentrations are ~/kg (ppm) dry Wi!ight. Samples with detectable 
concentrations of analyte are sham in bold. Analytes are given as abbreviations; see Appendix A for coq>oond IlaIIES. 

£-1-3 £-3-1 E-4-4 F-l P-2 
PIBIJL <1.200 <0.8~ <0.94U <O.84U <0.68U <O.6~ <0.6~ <0.74U <0.7811 

2NIPHE 
24lMePHE 
24DClPBE 
4CaIePHE 
2461O.PH 
24IHH 
4NmE 
2H46IH'H 
PClPHE 
BENlJl6£ 
2K!PHE 
4HEmE 
2451'C1.PH 
BZlAL 
!KMFA{ 

BCl.IPRE 
tHJI»AM 
~ 

I&FIIl.t 
BClEtdtE 
26IJn'OL 
21t11mJL 
12mM> 
lEKlIDI 
3ttlBEZ 
B::lElE 
13OC1B 
140ClB 
l2OC1B 
l£lETA 
124'lOB 
NAPHlH 
l£l.al 

<O.~ <O.94U <0.8411 /n .cOn 'v.uuu <O.6~ <O.7/iJ 
<1.200 <O.~ <0.94U <0.84U <0.68U <0.6~ <0.6~ <0.740 <0.7811 
<1.200 <O.~ <0.940 <0.84U <0.680 <0.690 <0.6~ <0.740 <0.7811 
<1.200 <0.8~ <0.94U <0.84U <0.6811 <0.6~ <0.690 <0.740 <0.78J 
<2.400 <1.8<lJ <1.900 <1.700 <1.400 <1.400 <1.400 <1.500 <1.600 
<1.200 <O.~J <0.940 <0.840 <0.680 <0.6~J <0.690 <O.74U <O.78U 
<6.000 <4.400 <4.700 <4.200 0.400 0.4<lJ 0.400 0.700 0.800 
<6.001 <4.4<lJ <4.700 <4.200 0.400 <3.400 <3.4<lJ 0.700 0.8<lJ 
<6.000 <4.400 <4.700 <4.200 0.400 0.400 0.400 0.700 0.8<lJ 
<6.001 <4.4<lJ <4.700 <4.2<lJ 0.400 0.400 0.400 0.7<lJ 0.800 
<6.000 <4.400 <4.700 <4.200 0.400 <3.400 <3.400 0.700 <3.800 
<1.200 <0.8~ <0.94U <0.84U <0.6&1 <0.6~ <0.6~ <0.740 <0.7811 
<1.200 <0.890 <0.94U <0.84U <0.6&1 <0.69U <0.6~ <0.740 <0.7811 
<1.200 <0.890 <0.94U <0.84U <0.6&1 <0.69U <0.690 <0.740 <0.7811 
<2.400 <1.8<lJ <1.900 <1.700 <1.400 <1.400 <1.4<lJ <1.5<lJ <1.600 
<1.200 <0.8~ <0.9ltU <0.84U <0.6&1 <0.69U <0.69U <0.74U <0.7811 
<1.2OU <0.890 <0.9ltU <0.84U <0.680 <0.690 <0.6~ <0.7ltU <0.7811 
<1.200 <O.8~ <0.94U <0.84U <0.6&1 <0.690 <0.69U <O.74U <0.7811 
<1.200 <0.890 <0.94U <0.840 <0.680 <0.69U <0.6~ <0.7ltU <0.7811 
<1.2OU <0.8~ <0.94U <0.84U <0.680 <0.69U <0.6~ <0.74U <0.7811 
<1.200 <0.890 <0.940 <0.84U <0.6&1 <0.6~ <0.69U <0.740 <0.7811 
<1.200 <O.~ <0.94U <0.84U <0.6&1 <0.6~ <0.6~ <0.74U <0.7811 
<1.200 <0.890 <0.94U <0.84U <0.6&1 <0.6~ <0.6~ <0.7ltU <0.7811 
<1.200 <O.~ <0.9ltU <0.84U <0.6&1 <0.6~ <0.6~ <0.740 <0.7811 
<6.000 <4.400 <4.700 <4.200 0.400 0.4<lJ 0.400 0.700 0.800 
<2.400 <1.8<lJ <1.900 <1.7OU <1.400 <1.400 <1.4OU <1.SOU <1.600 
<1.200 <0.8~ <0.94U <0.840 <0.6&1 <0.6~ <0.6~ <0.740 <0.7811 
<1.200 <O.~ <0.94U <0.84U <0.6&1 <0.6~ <0.69U <0.74U <0.7811 
<1.2OU <O.~ <0.9ltU <0.84U <0.6&1 <0.6~ <0.6~ <0.740 <0.7811 
<1.200 <O.~ <0.94U <0.84U <0.6&1 <0.69U <0.69U <0.740 <0.7811 
<1.200 <0.8~ <0.94U <0.84U <0.6&1 <0.69U <0.6~ <0.740 <0.7811 
<1.200 <0.890 <0.94U <0.84U <0.6&1 <0.6~ <0.6~ <0.74U <0.7811 
<1.200 <0.8~ <0.94U <0.84U <0.680 <0.6~ <0.6~ <0.740 <0.7811 
<1.200 <O.~ <0.94U <0.84U <0.68U <0.69U <0.6~ <0.740 <0.7811 

Note: Sample ID is as follows: Irl-3 - Surface scrape sample from Grid D, location 1,3. See Figures 5.1 and 5.2. 
J - EstiDBted value below the statistical quantitation limlts 
U - Coopound was analyzed for but not detected. Detection limits are given after the < symbol. 
B - Analyte is frund in the associated blank as Wi!ll as in the sample. 

F-3 
<0.93U 
<O.9l.J 
<O.93U 
<O.93U 
<O.93U 
<1.900 
(O.93U 
<4.600 
<4.600 
<4.600 
<4.6<lJ 
<4.600 
<0.93U 
<0.93U 
<0.93U 
<1.9<lJ 
<0.93U 
<O.93U 
<O.93U 
<0.93U 
<0.93U 
<0.93U 
<0.93U 
<0.93U 
<0.93U 
<4.600 
<1.9<lJ 
<0.93U 
<0.93U 
<0.9311 
<0.93U 
<O.93U 
<O.93U 
<0.93U 
<0.93U 

* - EPA Method 8270 -in Test Methods for EvaluatiIE Solid waste, Physical/Chemical Methods, ~6, Third Edition, November 
1986, with December 1988 revisions. 



~: 

'lable 5.19. (Page 4 of 6). R.ockeye (M.mitions Facility) - NS-1C Crane, Indiana, ~ 10/15. Results of EPA ~thod 8270 * 
(sem1volatile organics) surface soil saq>le analyses. Concentrations are ng/kg (ppm) dry weight. Samples with detectable 
concentrations of analyte are shown in bold. Analytes are gIven as abbreviations; see Appendix A for compound names. 

2C]1WJH 

N:EMAY 
I1N'HI'R 
Il».'I!P 
runm 
IEtPHIH 
ltClPHPHE 
tH:lPlW{ 

4BrPHEr 
lIlBEN 
PHmAN 
ANmAC 
IJbPHIH 
RRm£ 
PYRM: 
~ 

CImSE 
BMNlHR 
B2EIFH 
rN>cPHI' 
BBFIANr 
IEFLANl' 
MPmE 
Il23PYR 
DBAIW« 
B-<E-PYR 
ANILINE 
4aANIL 
llIHDflJ 
2.MetW'H 
2NANIL 
:tiANIL 
4NANIL 

D-1-3 
<1.200 
(1.200 
<1.200 
<1.2()] 
<1.200 
<1.200 
<1.200 
<1.200 
<1.200 
(1.200 
(1.200 
<1.200 
<1.200 
0.l2BJ 

<1.200 
<1.200 
<1.200 
<1.200 
(1.200 
0.28&1 

(1.200 
<1.200 
(1.200 
(1.200 
(1.200 
<1.200 
<1.200 
<2.400 
<2.400 
<1.200 
<1.200 
<6.000 
(6.000 
<6.000 

D-3-1 

(0.89U 
<O.89U 
<O.891J 
(0.89U 
<0.89U 
(0.89U 
(0.89U 
(0.89U 
<0.89U 
(0.89U 
(0.890 
<0.89U 
O.OSBJ 

(0.890 
<O.89U 
(0.89U 
(0.89U 
(0.89U 
0.l2BJ 
0.17J 

(0.89U 
(0.89U 
(0.89U 
(0.890 
(0.89U 
(0.89U 
(1.800 
(1.8(lJ 

(0.89U 
(0.89U 
(4.400 
(4.400 
(4.400 

~,.. n.,_" .. 
'V.~ 

(0.94U 
(0.94U 
<0.941] 
(0.94U 
<0.94U 
<0.94U 
<0.94U 
<0.94U 
<0.94U 
<0.94U 
0.02J 

<0.94U 
0.47BJ 

(0.94U 
<0.94U 
<0.94U 
(0.94U 
<0.94U 
0.l2BJ 

<0.94U 
<0.94U 
(0.94U 
<0.94U 
<0.94U 
<O.94U 
<0.94U 
<1.9(lJ 
<1.9(lJ 
<0.94U 
(0.94U 
<4.700 
<4.700 
<4.700 

<O.84U 
<0.84U 
<0.84U 
<0.84U 
<0.84U 
<0.84U 
<0.84U 
<0.840 
<O.84U 
<O.84U 
<O.84U 
0.04J 

<O.84U 
0.11BJ 

<0.84U 
<0.84U 
<0.84U 
<O.84U 
<O.84U 
0.54BJ 

<0.84U 
<0.84U 
<0.84U 
<0.84U 
<0.84U 
<0.84U 
<0.84U 
<1.700 
<1.700 
<0.84U 
<O.84U 
<4.200 
<4.200 
<4.200 

E-1-3 
<0.680 
<0.680 
<0.68U 
<O.6&J 
<0.68U 
<O.68U 
<0.68U 
<0.68U 
<0.600 
<O.68U 
<O.68U 
0.Q.lJ 

<0.600 
0.12R.J 
0.03.1 
0.04J 

<O.68U 
<0.68U 
<O.68U 
0.09BJ 
0.05.1 

<0.68U 
<O.68U 
<0.600 
<0.600 
<0.600 
<0.68U 
<1.400 
(1.400 
(0.600 
<0.68U 
<3.400 
<3.400 
<3.400 

E-3-1 
<0.690 
<0.69U 
<0.69U 
<0.691J 
<O.69U 
<O.69U 
<0.69U 
<0.69U 
<O.69U 
<0.69U 
<0.69U 
0.02J 

<0.69U 
0.21BJ 

<0.69U 
<O.69U 
<O.69U 
<0.69U 
<O.69U 
0.09BJ 
O.reJ 

<0.69U 
<O.69U 
<0.69U 
<O.69U 
<0.69U 
<0.69U 
<1.400 
<1.400 
<0.69U 
<0.69U 
<3.400 
<3.400 
<3.400 

E-4-4 
<O.6~ 
<0.69U 
<0.69U 
<0.69U 
<0.69U 
(0.69U 
<0.69U 
<O.69U 
<0.69U 
<0.69U 
<0.69U 
0.03.1 

<0.69U 
O.UBJ 

<0.69U 
<0.69U 
<0.69U 
<0.69U 
<0.69U 
O.15BJ 

<0.69U 
<0.69U 
<0.69U 
<0.69U 
<0.69U 
<0.69U 
<0.69U 
<1.400 
(1.400 
<0.69U 
<0.69U 
0.400 
0.400 
0.400 

F-1 
<O./4U 
<0.74U 
<0.74U 
<O.7~ 
<0.74U 
<0.740 
<0.74U 
<0.74U 
<0.74U 
<0.74U 
<0.74U 
<O.74U 
<0.740 
<0.74U 
<0.74U 
<0.74U 
<0.74U 
<0.74U 
<0.74U 
<0.74U 
<0.74U 
<0.74U 
<0.74U 
<0.74U 
<0.74U 
<0.74U 
<0.74U 
<1.500 
<1.500 
<0.74U 
<0.74U 
0.700 
<3.7(JJ 
O.7ClJ 

P-2 
<0.7!iJ 
<0.700 
<0.700 
<O.7aJ 
<0.700 
<O.71lJ 
<0.700 
<0.700 
<0.7&1 
<0.700 
<0.700 
<0.700 
<0.700 
<0.700 
<0.700 
<0.700 
<0.700 
<0.700 
<0.700 
<0.700 
<0.700 
<0.700 
<0.700 
<0.700 
<0.700 
<0.700 
<0.700 
<1.600 
<1.600 
<0.700 
<0.7&1 
0.800 
<3.800 
<3.800 

Note: Saq>le ID is as follows: 0...1-3 - Surface scrape sample from Grid D, location 1,3. See Figures 5.1 and 5.2. 
J - FstinBted value below the statistical quantitation lim1ts 
U - CaIpoond was analyzed for rut not detected. Detection limits are given after the < symbol. 
B - Analyte is found in the associated blank as well as in the sample. 

P-3 
<0.93U 
<D.93U 
<0.93U 
<0.93.1 
<0.93U 
<O.93U 
<0.93U 
<D.93U 
<0.93U 
<0.93U 
<0.93U 
<0.93U 
<0.93U 
<0.93U 
<0.93U 
<0.93U 
<0.93U 
<0.93U 
<0.93U 
<0.93U 
<0.93U 
<0.93U 
<0.93U 
<0.93U 
<0.93U 
<0.93U 
<0.93U 
<1.900 
<1.900 
<0.93U 
<0.93U 
<4.6<l.J 
<4.600 
<4.600 

* - EPA Method 8270 -in Test Methods for EvaluatitJ?i Solid Waste, Physical/Chanical liethods, s./846, Third Edition, November 
1986, with ~E!Ilber 1988 revisions. 



'nlbl.e 5.19. (Page 5 of 6). Rockeye (~tions Facility) - NSlC Crane, Indiana, 51flJ 10/15. Results of EPA ~thod 8270 * 
(sem1volatile organics) surface soil sample analyses. Coocentrations are ng/kg (ppm) dry ~ight. samples with detectable 
concentrations of analyte are shawn in bold. Analytes are given as abbreviations; see Appendix A for ~d names. 

PHFK>l, <1.100 
2ClPfIEN 
2NIP8E 
241MeP1£ 
24OC1PHE 
4C13HePHE 
246'OClPH 
24mPH 
4NPHE 
~ 
FClPHE 
BmllJl6.C 
2M".PHE 
~ 
245'It1PH 
BZIAL 
rtIH'Af 
BClIPRE 
tflH»AH 
NI'1IOBm 
m:FIIR 
BClEtd£ 
26INIOL 
24l1n\)L 

12DFHm 
BENZID! 
3l:01!EZ 
~ 

l3OC1B 
140ClB 
121£18 
ICIErA 
124'IC18 
NAPHlH 
1I:1Bu 

<1.HlJ 
<1.HlJ 
<1.HlJ 
<1.100 
<2.200 
<1.100 
<5.500 
<S.5OO 
<S.5ClJ 
<S.5OO 
<5.500 
<1.100 
<1.100 
<1.100 
<2.200 
<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
<S.5ClJ 
<2.2(lJ 
<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
<1.100 

G-2 
<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
2.200 

<1.100 
<S.5ClJ 
<S.5ClJ 
(5.500 
<S.5OO 
(5.5ClJ 
<1.100 
<1.100 
<1.100 
2.200 

<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
<S.SW 
2.200 

<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
<1.100 

G-3 
<0.980 
<O.98U 
<O.9al 
<O.98U 
<O.98U 

2.OCU 
<O.98U 
<4.900 
<4.900 
<4.900 
<4.900 
<4.900 
<O.9al 
<O.98U 
<O.98U 
2.000 

<O.9al 
<O.98U 
<O.98U 
<O.98U 
<O.98U 
<O.98U 
<O.9al 
<O.98U 
(O.9al 
<4.900 
2.000 

<O.98U 
(O.98U 
(O.98U 
(O.98U 
(O.98U 
(O.98U 
<O.98U 
<O.9al 

<0.95U 
<O.9SU 
<O.9SU 
<O.9SU 
<O.9SU 
<L9IJJ 
(O.9SU 
<4.800 
(4.800 
(4.800 
<4.800 
(4.800 
(O.9SU 
(O.9SU 
(O.9SU 
(1.900 
<O.9SU 
<O.9SU 
(O.9SU 
(O.9SU 
<O.9SU 
(O.9SU 
(O.9SU 
<O.9SU 
<O.9SU 
(4.800 
(1.900 
(O.9SU 
(O.9SU 
<O.9SU 
(O.9SU 
<O.9SU 
(O.9SU 
(O.9SU 
(O.9SU 

14 
<3.8U 
<3.811 
<3.8U 
<3.811 
<3.8U 
<'] .&J 
<3.8U 

(19.00 
(19.00 
(19.00 
(19.00 
(19.00 

<3.8U 
<3.8U 
<3.8U 
<7.00 
1.13J 

<3.8U 
<3.8U 
<3.8U 
<3.8U 
<3.8U 
O.68J 
O.6lJ 

<3.8U 
19.00 
(7.00 
<3.8U 
<3.8U 
<3.8U 
<3.8U 
0.8U 
0.8U 
<3.8U 
<3.8U 

Note: Sample ID is as follows: G-l - Surface scrape saqJle fran Grid G, location 1. See Figures 5.1 and 5.2. 
J - FstillBted value belCM the statistical quantitation limits 
U - CmpJund was analyzed for rut not detected. Detection limits are given after the < symbol. 
B - Analyte is found in the associated blank as ~ll as in the sample. 
;, - EPA Method 8270 -in I~t Methods for EvaluatiTE Solid Waste, Physical/C'nemical Methods, SW846, Tnird Edition, November 

1986, with December 1988 revisions. 
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Table 5.19. (Page 6 of 6). Rockeye Otmitions Facility) - NSolC Crane, Indiana, ~ 10/15. Results of EPA M=thod 8270 * 
(sem1.volatile organics) surface soil sample analyses. Concentrations are ng/kg (ppm) dry W:!ight. Samples with detectable 
coocentrations of analyte are slxMn in bold. Analytes are given as abbreviations; see Appendix A for ~d IlaIIES. 

lEtPHIH 
4ClPHPHE 
tH>PHAM 
4BrPHET 
IIl..BF}l' 

PHENAN 
ANl'RAC 
DBuPlDR 
F'LAN'.mE 
PYRENE 
&lBePHIH 
CHRYSE 
BMNlHR 
B2EmI 
lHlc:PRr 
BBFLANl' 
IImANI' 
BAPYRE 
Il23PYR 
OOAHANT 
B-GU~ 

ANILINE 
4CLANIL 
IEENZOFU 
2HeNM'H 
2NANIL 
3NANIL 
4NANIL 

crt 
<1.100 
<i. ill) 
<1.100 
<1.HlJ 
<1.1C1J 
<1.UlJ 
<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
0.14BJ 

<1.100 
<1.100 
<1.100 
<1. H)] 

<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
<1.lIlJ 
<1.100 
<2.200 
<2.200 
<1.HlJ 
<1.100 
<5.5(lJ 
<5.500 
<5.500 

G-2 
<1.100 
<i.loo 
<1. H)] 
<1.100 
<I.lt1J 
<1.HlJ 
O.l2BJ 

<1.HlJ 
<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
0.19J!J 

<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
0.l2BJ 

<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
<1.100 
2.200 
2.200 

<1.100 
<1.100 
<5.5(lJ 
<5.500 
<5.500 

G-3 
<0.9&1 
<O.9&i 
<0.9&1 
<0.9&1 
<O.981J 
<0.9&1 
O.lW 

<0.9&1 
<0.9&1 
<0.9&1 
<0.9&1 
<0.9&1 
<0.9&1 
0.58BJ 

<0.9&1 
<0.9&1 
<0.9&1 
<0.9&1 
<0.9&1 
0.25&1 

<0.98U 
<0.9&1 
<0.98U 
<0.9&1 
<0.9&1 
<0.9&1 
<0.9&1 
O.21J 

<2.001 
<0.9&1 
<0.9&1 
<4.900 
<4.900 
<4.900 

<0.9~ 

<O.9~ 
<0.9~ 
<0.9~ 
<O.95lJ 
<0.950 
O.i2BJ 

<0.950 
<0.950 
<0.950 
<0.950 
<0.950 
<0.950 
0.35BJ 

<0.950 
<0.950 
<0.950 
<0.950 
<0.9~ 
O.(I!6BJ 

<0.950 
<0.9~ 

<0.950 
<0.950 
<0.950 
<0.950 
<0.950 
<1.900 
<1.900 
<0.950 
<0.950 
<4.800 
<4.800 
<4.800 

14 
G.8U 
G.8U 
G.8U 
G.&1 
0.35J 
0.39J 

<.3.8U 
G.&1 
G.8U 
G.8U 
<3.8U 
5.5 
0.65J 

G.8U 
3.9 
3.9 

G.8U 
2.41 
1.41 

G.8U 
G.8U 

1.3.1 
l.lJ 
1.2.1 

G.8U 
<3.8U 
G.8U 
<7.6U 
<7.6U 
0.19.1 

G.8U 
<19.00 
<19.00 
<19.00 

Note: Sample ID is as follows: G-l - Surface scrape saqJle fran Grid G, location 1. See Figures 5.1 and S.2. 
J - Fstioated value belCM the statistical quantitation limits 
U - CaIp:A.IIld WiS analyzed for rut oot detected. Detection limits are given after the < symbol. 
B - Analyte is foond in the associated blark as ~11 as in the sample. 
* - EPA MetOOd 8270 -in Test Methods for EvaluatilJ; Solid Waste, Physical/Chemical Methods, SW846, Third Edition, November 

1986, with December 1988 revisions. 



Table 5.20. Rockeye (Munitions Facility) - NSWC Crane, Xndiana, SWMU lO/lS. 
Summary of semivolatile organic analytes (EPA Method 8270 compounds) found in 
soil analyses. Semivolatile analytes frequently found in method blanks are 
not included. 

Subsurface and Surface Samples with No Detectable Semivolatile Analytes --- 

Boring 12 
Boring 11 
Boring 9 
Borimg 8 
Boring 7 
Boring 6A 
Boring 5 
Boring 4 
Boring 3 
Boring 2 
Boring 1 

Background North 13 
Area B 
Area C 
Area F 

Semivolatile Organic Analytes in Surface Soil Samples --- 

Area A Area D Area E Area G 
phenanthrene (.J)(l) phenanthrene (J)(l) phenanthrene (J)(4) aniline (J)(l) 

fluoranthene (J)(l) 
pyrene (J)(l) 

Sample H 
N-nitrosodimethylamine (J)(l) 
2,6-'dinitrotoluene (J)(l) 
2,4-ldinitrotoluene (J)(l) 
acenaphthene (.J>(l> 
fluorene (J)(l) 
phenanthrene 
anthracene (J)l:l) 
fluoranthene 
pyrene 
chrysene (J)(l) 
benao(a)anthracene (J)(l) 
benz'o(b)fluoranthene (J)(l) 
benzo(k)fluoranthene (J)(l) 
dibenzofuran (.J)(l) 

Semivolatile Organic Analytes in Subsurface Soil Sample6 
Boringzgr- Boring 10 
N-nitrodisomet.hylamine (J)(l) butylbenzylphthalate (J)(l) 

Note: 
(J) - Indicates an estimated value below the quantitation limits 
(1) - Indicates the number of soil samples with detectable concentrations of 

that analyte. 



Table 5.21. (Page 1 of 7) Rockeye (Munitions Facility) - NSWC Crane, Indiana, 
SWMU 10/15. Semivolatile organic compounds* tentatively identified from soil 
samples. Estimated concentrations are mg/kg (ppm) dry weight. 

Est. Cont. 
Sample # -- Compound RT CAS No h/kg) 
1111 unknown 5.28 4.20 

z/11 

2112 
(7686) 

262 
(7806) 

3t2 

5# 1 

6A 

dicyclohexylpropaned nitrite 8.37 
2,3-dimethoxy-2 

-methylbutane 11.77 
2-butyl-l , 3-dioxolane 12.02 
2-(dichloromethyl-1, 

3-dioxolane 12.20 
unknown 4.99 
unknown 6.81 
l-(3-ethyloxiranyl)ethanone 7.40 
I.-(3-butyloxiranyl)ethanone 7.66 
3-hexen-Z-one 7.99 
unknown 4.92 
2,5-dimethyl-1,5-heptadiene 

3,4-dial 6.78 
l-(3-ethyloxiranyl)ethanone 7.40 
2,3,3,4-tetramethylpentane 7.68 
dicyclohexylpropanedinitrite 8.01 
2,3,4,5-tetrahydropyridine 8.58 
unknown 4.88 
unknown 6.75 
l-(3-ethyloxiranyl)ethanone 7.35 
I-(3-butyloxiranyl )ethanone 7.61 
3-hexen-Z-one 7.94 
dicyclohexylpropanedinitrite 8.53 
sulfur, S8 31.12 
unknown 4.86 
2,5-dimethyl-l,S-heptadiene 

3,4-dial 6.79 
P-(3-ethyloxiranyl)ethanone 7.39 
2,3,3,4-tetramethylpentane 7.69 
dicyclohexylpropanedinitrite 8.01 
cyclohexanecarboxylic acid, 

ethenyl 8.58 
unknown 5.12 
unknown 7.07 
1-(3-ethyloxiranyl)ethanone 7.70 
I-(3-butyloxiranyl)ethanone 8.00 
cyclohexanecarboxylic acid, 

ethenyl 8.34 
4-methyl-4H-1,2,4-triazole 8.90 
J-hydroxy-3-methyl- 

2-butanone 4.78 
3-h exen-2-one 7.87 
3-hydroxy-3-methyl- 

2-heptanone 5.11 

7474286 1.50 

74421004 0.93 
4360763 1.40 

2612353 

17257817 
17257806 
763939 

1.50 
21.00 

0.92 
2.00 
2.50 
5.60 

25.00 

22607 165 
17257817 
16747384 
7474286 
505 180 

17257817 
17257806 
763939 
‘7474286 
10544500 

1.70 
3.60 
4.80 
8.90 
0.86 

29.00 
1.80 
3.80 
4.70 

10.00 
0.76 
5.70 

28.00 

22607 165 2.70 
17257817 6.00 
16747384 7.50 
7474286 14.00 

48407608 

17257817 
17257806 

1.40 
21.00 

2.70 
5.30 
7.20 

48407 60 14.00 
10570408 1.60 

115220 20.00 
763939 1.50 

13757910 28.00 
Note: RT - Retention Time; CAS No - Chemical Abstract Service Registry numbers 

Sample Number - 12#4 Boring lZ/sample 4. See Figures 5.1 and 5.2. 
* - EFA Method 8270 -in Test Methods for Evaluating Solid Waste, 

F*ical/Chemical Methods, SW846, Third Edition, November 1986, 
witt December 1988 revisions. 



Table 5.21. (Page 2 of 7) Rockeye (Munitions Facility) - NSWC Crane, Indiana, 
SWMU 10/15. Se*mivolatile.organic compounds* tentatively identified from soil 
samples. Estimated concentrations are mg/kg (ppm) dry weight. 

Est. Cont. 
# Sample Compound RT CAS No -- (mR/kg ) 

6A 

781 
(7807) 

71/l 
(7808) 

8# 1 
(7773) 
8111 
(7721) 
8#2 
P#l 

10111 

10#2 

10#3 

101/4 

ll#l 

llK2 

2,5-dimethyl-1,5-heptadiene 
3,4-dial 7.05 

1-(3-ethyloxiranyl)ethanone 7.71 
1-(3-butyloxiranyl)ethanone 8.00 
dicyclohexylpropanedinitrite 8.35 
cyclohexanecarboxylic acid, 

ethenyl 8.90 
unknown 4.90 
unknown 6.75 
1-(3-ethloxiranyl)ethanone 7.35 
1-(3-butyloxiranyl)ethanone 7.63 
3-hexen-2-one 7.96 
1,3,5-trimitro- 
2-methylbenzene (TNT) 25.04 

unknown 4.93 
2,5-dimethyl-1,5-heptadiene 

3,4-dial 6.76 
I-(3-ethyloxiranyl)ethanone 7.35 
I-(3-butyloxiranyl)ethanone 7.61 
3#-hexen-Z-one 7.94 
unknown 4.96 
dicyclohexylpropanedinitrite 8.03 
unknown 4.83 

unk,nown 4.79 
unknown 4.93 
unknown 6.78 
I-(3-ethyloxiranyl)ethanone 7.36 
2,3,3,4-tetramethylpentane 7.64 
dicyclohexylpropanedinitrite 7.95 
unknown 4.96 
unknown 6.81 
1-(3-ethyloxiranyl)ethanone 7.42 
2,3,3,4-tetramethylpentane 7.70 
dicyclohexylpropanedinitrite 8.01 
unknown 4.88 
unknown 4.97 
3-hexen-2-one 7.96 
unknown 4.92 
dicyclohexylpropanedinitrite 7.96 
unknown 5.03 
dicyclohexylpropanedinitrite 7.93 
unknown 4.97 
2,3,3,4-tetramethylpentane 6.85 
2,3,3,4-tetramethylpentane 7.42 
+ethyl-2,4-dimethylpentane 7.70 
unknown 8.01 
unknown 5.16 

22607165 2.90 
17257817 7.10 
17257806 9.00 
7474286 19.00 

48407608 

17257817 
17257806 
763939 

118967 

22607 165 
17257817 
17257806 
763939 

7474286 

17257817 
16747384 
7474286 

17257817 
16747384 
7474286 

763939 

7474286 

7474286 

1674389 
1674389 
1068877 

2.80 
26.00 

1.50 
2.90 

3.70 
7.50 

0.20 
25.00 

1.30 
2.50 
2.90 
6.20 
6.20 
1.50 

170.00 

61.00 
30.00 

1.20 
2.00 
2.50 
5.40 

23.00 
1.40 
2.60 
3130 
6.70 
7.40 
4.40 
1.50 
8.70 
1.60 

22.00 
1.50 

24.00 
0.97 
1.70 
2.10 
4.50 

11.00 
Note: RT - Retention Time; CAS No - Chemical Abstract Service Registry numbers 

Sample Number - 12#4 Boring 12/sample 4. See Figures 5.1 and 5.2. 
* --El?A Method 8270 -in Test Methods for Evaluating Solid Waste, 

!?&ical/Chemical Methods, SW846, Third Edition, November 1986, 
with December 1988 revisions. 



Table 5.21. (Fage 3 of 7) Rockeye (Munitions Facility) - NSWC Crane, Indiana, 
SWMU 10/15. Semivolatile organic compounds* tentatively identified from soil 
samples. Estimated concentrations are mg/kg (ppm) dry weight. 

Est. Cont. 
Compound RT CAS No (w/kg) 

unknown 4.95 13.00 

11114 

12/11 

12iI2 

12113 

12#4 

131/l 
1362 

13113 

13#5 

14 

A-O-O 

A-O-O 

A-3-3 

A-4-l 

unknown 7.94 
octadecanoic acid 33.06 
unknown 5.05 
unknown 7.98 
unknown 5.05 
dicyclohexylpropanedinitrite 7.96 
unknown 5.03 
bromocyclohexane 7.96 
unknown 5.13 
dicyclohexylpropanedinitrite 7.97 
unknown 4.94 
unkLnown 5.21 
bromocyclohexane 7.95 
unknown 5.04 
unknown 4.98 
unk.nown 5.24 
dicyclohexylpropanedinitrite 7.97 
unknown 5.08 
unknown 5.20 
3-hexen-Z-one 7.91 
unknown 4.76 
unknown 6.95 
l,l-dimethoxy-2-butene 7.58 
hexylisopropylether 7.85 
3-hexen-2-one 8.10 
2,5-dimethoxy-2,5 

-dimethylhexane 11.99 
unknown 5.23 
3-hexen-Z-one 8.20 
2-snethyl-1,3,5-trinitro- 

pengene 25.87 
unknown 4.58 
unknown 6.14 
3-nonazone 6.86 
hydrocarbon 7.44 
1-(3-ethyloxiranyl)ethanone. 7.71 
3-hexen-2-one 7.92 
9:hexadecenoic acid 27.29 
hezadecanoic acid 29.54 
unknown 4.63 
unknown 6.21 
2,5-dimethyl-1,5-heptadiene 

3,4-dial 6.91 
3-methylpyrrolidine 7.49 
2,2-dimethylpentanol 7.75 
unknown 4.65 
unknown 6.34 

57114 

7474286 

108850 

7474286 

108850 

7474286 

763939 

21962243 
18636652 
763939 

53273135 

763939 

118967 

925780 

17257817 
763939 
2091294 
57103 

22607165 
34375898 
14250885 

1.50 
1.50 

17.00 
1.50 

23.00 
1.60 

15.00 
1.70 

23.00 
1.50 
9.40 

22.00 
1.60 

14.00 
8.20 

17.30 
1.50 

29.00 
4.70 
1.50 

18.00 
1.60 
3.80 
4.80 
8.20 

1.40 
100.00 

7.70 

7.70 
26.00 
2.10 
1.80 
3.70 
4.40 
8.90 
1.00 
1.90 

24.00 
3.20 

1.60 
3.00 
6.70 

19.00 
4.90 

Note: RT - Retention Time; CAS No - Chemical Abstract Service Registry numbers 
SampLe Number - 12#4 Boring 12/sample 4. See Figures 5.1 and 5.2. 
* - EPA Method 8270 -in Test Methods for Evaluating Solid Waste, 

=sical/Chemical Methods, SW846, Third Edition, November 1986, 
with December 1988 revisions. 



Table 5.21. (Page 4 of 7) Rockeye (Munitions Facility) - NSWC Crane, Indiana, 
SWMU 10/15. Semivolatile organic compounds* tentatively identified from soil 
samples. Estimated concentrations are mg/kg (ppm) dry weight. 

Compound 
;! .2-dimethylpentanol 

Est. Cont. 
RT CAS No hdkg 1 

6.99 2.30 

B-O-O 

B-3-3 

B-4-l 

c-o-o 

c-3-3 

D-O-O 

D-l-3 

D-3-l 

7.56 
7.83 
8.07 

29.53 
4.61 
6.18 
6.88 
7.47 
7.73 
7.96 
4.67 
6.23 
6.91 
7.50 
7.78 
8.01 
4.64 
6.23 
6.88 
7.50 
7.76 
7.99 

L1(3-ethylbxiranyl)ethanone 
i-(3-ethyloxiranyl)ethanone 
unknown 
hexadecanoic acid 
unknown 
unknown 
:! ,2-dimethylpentanol 
I!-methylpyrrolidine 
.i-(3-butyloxiranyl)ethanone 
dicyclohexylpropanedinitrite 
unknown 
unknown 
:! ,2-dimethylpentanol 
.I-(3-ethyloxiranyl)ethanone 
:! ,2-dimethylpentanol 
it--penten-Z-one 
unknown 
unknown 
I! ,2-dimethylpentanol 
i-(3-ethyloxiranyl)ethanone 
:! ) 2-dimethylpentanol 
lt-methyl-4H-1,2,4-triazole 
3-hydroxy-3-methyl- 

2-butanone 
3-hexen-2-one 
unknown 
i-(3-ethyloxiranyl)ethanone 
hexylisopropylether 
3-hexen-2-one 
unknown 
unknown 
hydrocarbon 
.I-(3-ethyloxiranyl)ethanone 
unknown 
3-hexen-2-one 
unknown 
unknown 
.I-( 3-ethyloxiranyl)ethanone 
2-iodohexane 
hromocyclohexane 
I!-methoxyl,-2-octen-4-one 
unknown 
l-bromohexane 
X,3,3,4-tetramethylpentane 
unknown 
3-hexen-2-one 
hexadecanoic acid 

17257817 
17257817 

57103 

14250885 
34375898 
17257806 
74764286 

14250885 
172578172 
14250885 
13891877 

14250885 
17257817 
14250885 
10570408 

4.90 
6.30 

12.00 
1.30 

34.00 
5.60 
2.00 
3.80 
4.80 
9.90 

23.00 
2.30 
1.70 
3.70 
4.70 
9.30 

28.00 
2.10 
2.00 
4.50 
5.70 

11.00 

4.79 
7.87 
4.71 
7.45 
7.71 
7.92 
4.89 
6.30 
6.95 
7.54 
7.82 
8.05 
4,aa 
6.56 
7.72 
7.99 
a.22 

13.89 
4.81 
7.02 
7.61 
7.88 
a.13 

29.62 

115220 
763939 

17257817 
18636652 
763939 

17257816 

763939 

17257817 
18589270 
108850 
24985486 

3377864 
16747389 

76393904 
57103 

28.00 
1.60 

31 .oo 
1.40 
1.70 
3.50 

29.00 
1.10 
0.87 
1.70 
2.00 
5.40 

25.00 
2.50 
2.00 
5.70 
6.10 
2.30 

28.00 
1.80 
3.80 
4.80 

11.00 
1.20 

Note: RT - Retention Time; CAS No - Chemical Abstract Service Registry numbers 
Sample Number - 12#4 Boring 12/sample 4. See Figures 5.1 and 5.2. 
* - EPA Method 8270 -in Test Methods for Evaluating Solid Waste, 

P’nysical/Chemical Methods, SW846, Third Edition, November 1986, 
wtth December 1988 revisions. 



Table 5.21 q (Page 5 of 7) Rockeye (Munitions Facility) - NSWC Crane, Indiana, 
SWMU 10/15. Semivolatile organic compounds” tentatively identified from soil 
samples. Estimated concentrations are mg/kg (ppm) dry weight. 

Est. Cont. 
wle # Compound RT CAS No -- hg/kg) 
D-4- 4 23.00 

E-O- 0 

21962243 
17257086 
763939 

15268492 

16747389 
17257806 
1088503 
2091294 
57103 
544854 

E-l-3 

unknown 
dimethoxy-2-butene 
l-( 3-butyloxiranyl)ethanone 
3-hexen-2-one 
unknown 
2-methyl-propoxypropane 
unknown 
2,3,3,4-tetramethylpentane 
1-(3-butyloxiranyl)ethanone 
bromocyclohexane 
9-hexadecenoic acid 
hexadecanoic acid 
ditriacontane 
unknown 
unknown 
1-(3-ethyloxiranyl)ethanone 
unknown 
3-hexen-2-one 
unknown 
unknown 
2,3,3,4-tetramethylpentane 
unknown 
3-hexen-2-one 
unknown 
1-(3-ethyloxiranyl)ethanone 
1-(3-butyloxiranyl)ethanone 
3-hexen-2-one 
unknown 
dicyclohexylpropanedinitrite 
unknown 
1-(3-ethyloxiranyl)ethanone 
cyclohexanecarboxylic acid, 

ethenyl 
unknown 
2,5-dimethyl-1,5-heptadiene 

3,4-dial 
l-(3-ethyloxiranyl)ethanone 
1-(3-butyloxiranyl)ethanone 
cyclohexanecarboxylic acid, 

ethenyl 
unknown 
2-methoxy-l , 1-biphenyl 
3-hexen-2-one 
unknown 
2-methyl-1,3-dioxolane-2 

- butanol 
unknown 
l-(3-ethyloxiranyl)ethanone 

4.94 
7.60 
7.60 
8.09 
4.77 
6.42 
7.06 
7.63 
7.88 
8.12 
29.42 
29.67 

45.05 
4.94 
7.01 
7.62 
7.90 
8.14 
4.84 
6.95 
7.57 
7.87 
a.10 
4.89 
7.57 
7.84 
a.07 
5.28 

I 8.44 
5.29 
8.08 

17257817 

763939 
E-3- 1 

E-4-,4 

E-4-4 
F-l 

F-2 

1674389 

763939 

17257817 
17257806 
763939 

7474286 

17257817 

48407608 

1.50 
1.90 
4.80 

16.00 
2.50 
1.30 
2.40 
3.10 
7.70 
1.80 
2.00 
1.70 

25.00 
1.40 
2.80 
3.70 
7.60 

27.00 
1.20 
2.80 
3.50 
7.70 

14.00 
0.94 
1.10 
2.70 
3.50 
1.50 
3.40 
0.80 

F-3 
a.42 
5.39 

1.60 
26.00 

7.14 22607165 26.00 
7.75 17257817 2.60 
8.04 17257806 3.50 

G-l 
a.40 
5.05 
5.61 
7.96 
4.90 

48407608 

86260 
763939 

G-2 

6.59 
6.80 
7.36 

5745755 

17257817 

7.30 
31.00 

1.30 
2.20 

40.00 

4.70 
1.30 
1.90 

Note: RT - Retention Time; CAS No - Chemical Abstract Service Registry numbers 
Sample Number - 1214 Boring 12/sample 4. See Figures 5.1 and 5.2. 
* - EPA Method 8270 -in Test Methods for Evaluating Solid Waste, 

msical/Chemical Methods, SW846, Third Edition, November 1986, 
with December 1988 revisions. 



Table 5.21. (Page 6 of 7) Rockeye (Munitions Facility) - NSWC Crane, Indiana, 
SWMU 10/15. Semivolatile organic compounds* tentatively identified from soil 
sampl’es. Estimated concentrations are mg/kg (ppm) dry weight. 

Est. Cont. 
Compound RT -- 

1-(3-butyloxiranyl)ethanone 7.62 
CAS No (*/kg) 
17257806 2.50 

G-3 

G-4 

3-hexen-2-one 
sulfur, S8 
hexanadioic acid, 

dioctyl ester 
heptacosane 
unknown 
2-methyl-l, 3-dioxolane-2 

- butanol 
bromocyclohexane 
unknown 
2-methoxy-l,l-biphenyl 
2-methyl-1,3-dioxolane-2 

- butanol 
1-c 3-ethyloxiranyl jethanone 
4-butoxy-3-penten-2-one 
hexanadioic acid, 

dioctyl ester 
BNW3 unknown 

unknown 
3-hexen-2-one 

Hetho’d Blanks 
Blk#l unknown 
(74108) (2,3,3,4-tetramethylpentane 
( D-O-10 ) 2,3,3,4-tetramethylpentane 

unknown 
bromocyclohexane 

BLK 3-hydroxy-3-methyl- 
(75458) 2-butanone 
(c-0-10 ) 3-hexen-2-one 
Blk#l unknown 
(74426) 3-nonanone 
(A-O-10) 1-(3-ethyloxiranyl)ethanone 

1-(3-ethyloxiranyl)ethanone 
3-hexen-2-one 
2,3,4,5-tetralydropyridine 

BLK unknown 
(7802~) 2,3,3,4-tetramethylpentane 
(G-2) I-( 3-ethyloxiranyl)ethanone 

I-(3-butyloxiranyl)ethanone 
3-hexen-2-one 

7.93 763939 5.60 
31.02 10544500 1.70 

36.26 
44.94 

5.15 

A23795 
593497 

2.30 
1.30 

28.00 

6.66 
7.95 
4.91 
5.45 

5745755 
108850 

86260 

2.10 
1.90 

30.00 
1.30 

6.58 5745755 4.30 
7.59 17257817 1.20 
7.89 3431876 2.20 

36.25 
4.64 
4.98 
7.91 

4.93 
6.99 
7.60 
7.87 
a.12 

4.81 
7.90 
4.63 
6.87 
7.49 
7.79 
a.03 
8.85 
5.02 
6.88 
7.44 
7.68 
8.01 

123795 

763939 

16747389 
16747389 

108850 

115220 
763939 

925780 
17257817 
17257817 
763939 
505180 

16747389 
17257817 
17257806 
763939 

no data 
9.60 
2.70 
1.70 

26.00 
1.00 
2.30 
2.80 
6.20 

14.20 
1.30 

18.00 
1.90 
4.70 
6.10 
7.70 
1.50 

28.00 
0.92 
1.40 
1.80 
3.30 

Note: RT - R.etention Time; CAS No - Chemical Abstract Service Registry numbers 
Sample Number - 12#4 Boring 12/sample 4. See Figures 5.1 and 5.2. 
* - EF’A Method 8270 -in Test Methods for Evaluating Solid Waste, 

l??d.cal/Chem.ical Methods, SW846, Third Edition, November 1986, 
with December 1988 revisions. 



Table 5.211. (Page 7 of 7) Rockeye (Munitions Facility) - NSWC Crane, Indiana, 
swml 10/1!5. Semivolatile organic compounds* tentatively identified from soil 
samples. Estimated concentrations are mg/kg (ppm) dry weight. 

Est. Cont. 
RT CAS No hdcg> 

4.63 18.00 
(74142B) 3-nonanone 6.87 925780 1.90 
(A-O-0) 1-(3-ethyloxiranyl)ethanone 7.49 17257817 4.70 

1-(3-ethyloxiranyl)ethanone 7.79 17257817 6.10 
3-hexen-2-one a.03 763939 7.70 
2,3,4,5-tetralydropyridine 8.85 505180 1.50 

BLK. unknown 4.85 23.00 
(7776~) 2,5-dimethyl-1,5-heptadiene 
(Boring lO> 3,4-dial 6.75 22607165 1.50 

2,3,3,4-tetramethylpentane 7.37 16747389 3.50 
2,3,3,4-tetramethylpentane 7.64 16747389 4.20 
3-hexen-2-one 7.97 763939 9.30 
cyclohexanecarbonylic acid, 

ethenyl 8.54 4840760 0.73 
BLK. unknown 5.07 17.00 
(SV-BLK) unknown 7.96 1.30 
BLK 3-hydroxy-3-methyl-2 
(76118B) -heptanone 5.28 13757910 18.00 
(Boring 1') 2,5-dimethyl-1,5-heptadiene 

3,4-dial 7.10 22607165 1.40 
1-(3-ethyloxiranyl)ethanone 7.75 17257817 2.90 
l-(3-butyloxiranyl)ethanone 8.06 17257806 3.70 
unknown 8.39 7.60 
4-methyl-4N-1,2,4-triozole a.95 10570408 1.20 

Note: RT -- Retention Time; CAS No - Chemical Abstract Service Registry numbers 
Sample Number - 12#4 Boring 12/sample 4. See Figures 5.1 and 5.2. 
* - EPA Method 8270 -in Test Methods for Evaluating Solid Waste, 

Physical/Chemical Methods, SW846, Third Edition, November 1986, 
with December 1988 revisions. 



Table 5.22. (Page 1 of 5). Rockeye (M.mitions Facility) - t~ Crane, Indiana, S\MJ 10/15. Results of EPA Method 8270 * 
(semivolatile organics) subsurface soil sample analyses. Concentrations are ~/kg (ppn) dry weight. Samples with detectable 
ccncentrations of analyte are shown in bold. Analytes are given as abbreviations; see Appendix A for c~d flaIIeS. 

ICJBl) 

~ MIl MB2 MB3 MB4 MB5 HB6 MB7 MB8 MB9 MBlO** 
PHENJL <0.66U <O.67U <0.66U <0.66U <0.67U <0.67U <0.67U <0.67U <O.67U <0.67U 
')f't1~l /n LLIt /n L7rt /n Lat /n L.elf /n £. 7fT /n L:.~' /n c""", /1'\ ,..,..., (O.6iu <O.67U ',",~'&;iL~ .... v.vuu 'V.VfU 'V.VUU ,-V.VUU 'V.U/U 'V.O/U 'V.O/U W.O/U 

2NIPBE <O.66U <0.67U <O.66U <0.66U <0.67U <0.67U <0.67U <0.67U <0.67U <0.67U 
24lMePHE <0.66U <0.67U <0.66U <0.66U <0.67U <0.67U <0.67U <0.67U <0.67U <O.67U 
240ClPBE <0.66U (0.67U (0.66U (0.66U <o.o7lJ (n.67IJ <0,671) <0,671] <0.671] <O.671J 
4CnfePHE <1.300 <1.300 (1.300 (1.300 <1.300 <1.300 (1.300 (1.300 <1.300 <1.300 
2~ro..JJH <O.66U <O.67U <O.66U <0.660 /n ':'7fT /n t:.."'7rf <O.67U <O.67U <0.670 <O.67U 'VeVIU 'VeVIV 

24IH'H 0.300 0.300 0.300 <3.300 0.300 <3.300 <3.300 <3.300 <3.300 <3.300 
4NPHE 0.300 0.300 0.300 <3.300 <3.300 <3.300 0.300 <3.300 <3.300 0.300 
2M4&H'H 0.300 <3.300 0.300 <3.300 <3.300 0.300 <3.300 <3.300 <3.300 <3.300 
PClPBE 0.300 0.300 <3.300 <3.300 <3.300 <3.300 <3.300 <3.300 <3.300 <3.300 
I&ll.CW: 0.300 0.300 0.300 <3.300 0.300 0.300 0.300 <3.300 <3.300 <3.300 
MPHE <0.66U <0.67U <O.66U <0.66U <0.67U <0.67U <0.67U <0.67U <0.67U <0.670 
lH!mE <0.66U <O.67U <0.66U <0.66U <0.670 <0.67U <0.670 <0.67U <0.670 (0.67U 
245TC1PH <0.66U <O.67U <0.660 <0.66U <0.670 <0.670 (0.67U <0.670 <0.670 <O.67U 
B2lAL <1.300 <1.300 <1.300 <1.300 <1.300 <1.300 <1.300 <1.300 <1.300 (1.300 
lIU£AM <O.66U <0.67U <0.66U <0.66U <0.67U <0.670 <0.670 <0.670 <0.670 <0.670 
BClIPRE <0.66U <0.67U <0.66U <0.66U <0.67U <0.670 <0.67U <0.670 <0.670 <0.670 
tlfHtAM <0.66U <0.67U <0.66U <0.66U <0.670 <0.670 <0.670 <0.670 <0.670 <0.670 
NI'lBJBm <0.66U <0.67U <O.66U <0.66U <0.67U <0.67U <0.67U <0.670 <0.670 <O.67U 
TIDlIll <0.66U <0.67U <0.66U <O.66U <0.670 <0.670 <0.670 (0.670 <0.670 <0.670 
BClEtcME <O.66U <0.67U <0.66U <0.66U <0.670 <0.670 <0.67U <0.67U <0.670 <0.670 
26IJm)L <O.66U <0.67U <0.66U <0.66U <0.670 <0.67U <0.67U <0.670 <0.670 <0.670 
241lmJL <0.66U <0.670 <0.66U (0.66U <0.670 <0.670 <0.67U <0.670 <0.67U <0.670 
12DmYD <0.66U <O.67U <0.66U <0.66U <0.67U <0.670 <0.670 <0.670 <0.670 <0.670 
BENllDI 0.300 0.300 0.300 0.300 <3.300 0.300 0.300 0.300 0.300 0.300 
3ttl.BEZ <1.300 <1.300 <1.300 <1.300 <1.300 <1.300 <1.300 <1.300 <1.300 <1.300 
BClElE <0.66U <0.67U <0.66U <0.66U <0.67U <0.67U <0.67U <0.67U <0.67U <0.670 
IttlB <0.66U <0.670 <O.66U <0.66U <0.67U <0.670 <0.670 <0.670 <0.670 <0.67U 
14OC1B <0.66U <0.67U <0.66U <0.66U <0.67U <0.67U <0.67U <0.67U <0.67U <0.67U 
l20ClB <0.66U <0.67U <0.66U <0.66U <0.67U <0.670 <0.670 <0.67U <0.670 <0.67U 
IOE:rA <0.66U <0.67U <0.66U <0.66U <0.67U <0.67U <O.67U <0.67U <0.670 <O.67U 
124'lClB <0.66U <0.670 <0.66U <O.66U <0.670 <0.670 <0.67U <0.67U <0.670 <0.670 
NAPfnH <0.66U <0.670 <O.66U (0.66U <0.67U <0.670 <0.670 <0.67U <0.670 <0.670 
HC1Il1 <O.66U <O.67U <O.66U <0.66U <0.670 <0.670 <0.67U <0.670 <O.67U <O.67U 
Note: Method Blank ID - see Notes on last page of Table. 

J - FBtiDBted value below the statistical quantitation limits 
U -~ was analyzed for but not detected. Detection limits are given after tl"E < symbol. 

** - Three netlnd blarks were analyzed, aU with these sane results. 
* - EPA Method 8270 -:in Test MetOOds for Evaluati~ Solid Waste~ Phlsical/Chemical Methods , ~46. Third Edition, November 

1986, with Decaober 1988 revisions. 



Table 5.22. (Page 2 of 5). Rockeye (1iJnitions Facility) - N9..TC Crane, Indiara, ~u 10/15. Results of EPA ~thod 8270 * 
(semivolatile organics) subsurface soil ~le analyses. Concentrations are ng/kg (ppm) dty !.eight. Samples with detectable 
concentrations of analyte are shown in bold. Analytes are given as abbreviations; see Appendix A for caq>ound Mlll:!S. 

!ImD) 

~ MBl MB2 MB3 MB4 HB5 MB6 MB7 HB8 MB9 MBlO 
lK:lCYPD <0.66U <0.670 <0.66U <0.66U <0.670 <0.67U <0.67U <0.67U <0.67U <0.67U 
"''''''''''''&TW''I' ~n LL ... , /n L-". ~ ,., .. <0.600 <O.67U <O.67U <O.6iU <O.67U <O.67U <O.o7U L'voUV\rIl ,v.ow 'V.O/U 'v. ow 
AfBWf <0.66U <0.67U <0.66U <0.66U <0.67U <0.67U <0.67U <0.67U <a.67U <0.67U 
IMePHIH O.W <0.670 <0.66U <0.66U <0.67U <0.670 <0.67U <0.67U <0.67U <a.67U 
Aa!N\P <O.661J <0.671) <0.6611 (0,6EiJ <0.671J <O.671J <O.671J /n '-711 /n ~7fT /n L7n 

,vev'", -....V.V/V 'V.V/U 

FUDE <0.66U <0.670 <a.66U <0.66U <0.67U <0.67U <0.67U <0.67U <0.67U <a.67U 
IEtPHlH 1 • .50 <O.67U <O.66U <O.66U /1'\ ,.,.,. ./n ,...,... .. O.045.i <O.67U <O.67U <O.67u 'U.O/U 'U.O/U 

4ClPHPHE <0.66U <0.670 <0.66U <0.66U <0.670 <0.67U <0.670 <0.67U <0.67U <a.67U 
~ <0.66U <0.670 <a.66U <0.66U <0.67U <0.67U <a.67U <0.67U <0.67U <0.67U 
4BIfHET <0.66U <0.670 <0.66U <0.66U <0.67U <0.67U <0.670 <0.67U <0.67U <0.670 
In.BEN <a.66U <0.670 <0.66U <0.66U <0.67U <0.67U <0.67U <0.67U <O.o7U <0.67U 
mENAN <0.66U <0.67U <0.66U <0.6OU <0.67U <O.07U <0.67U <0.67U <0.67U <0.67U 
ANmAC <0.660 <0.670 <0.66U <0.6OU <0.67U <0.67U <a.67U <0.67U <0.67U <0.67U 
IaJPHlH 0.39J 0.100 0.2lJ 0.2lJ <0.67U 0.043J 0.045J <0.67U <0.67U <a.67U 
ftAN'.D£ <0.66U <0.670 <0.66U <0.6OU <0.67U <0.67U <0.67U <0.67U <0.67U <0.67U 
PYRH <0.660 <0.67U <0.66U <0.66U <0.67U <0.67U <0.67U <0.67u <0.67U <0.67U 
BuI!ePHIH <0.66U <0.670 <0.66U <0.6OU <0.67U <0.67U <0.67U <0.67U <0.67U <0.67U 
CfRYSE <0.660 <0.670 <0.66U <0.66U <0.67U <0.67U <0.67U <0.67U <0.67U <0.67U 
BMN'I1m. <0.66U <0.670 <0.66U <0.6OU <0.67U <0.67U <0.67U <0.67U <0.67U <0.67U 
B2EIFH 0.06J 0.5OJ 0.033J 0.033 <0.67U <0.67U 0.<m.1 <0.67U <a.67U <0.67U 
IRlcPHl' <0.661 0.6OJ <0.66U <0.66U <0.67U <0.67U <0.67U <0.67U <0.670 <0.67U 
BBFlNlI' <O.66U <0.670 <O.66U <0.6OU <0.67U <0.67U <0.67U <0.67U <0.67U <a.67U 
IIrnRn' <0.66U <0.670 <0.66U <0.6OU <0.67U <0.67U <0.67U <0.67U <0.67U <0.67U 
BAPYRE <0.66U <0.670 <0.66U <0.66U <0.67U <0.67U <0.67U <0.67U <O.67U <O.67U 
Il23PYR <0.66U <0.670 <0.660 <0.6OU <0.670 <0.67U <0.67U <O.67U <0.67U <O.67U 
IJWIANT <0.66U <0.670 <0.66U <0.66U <0.67U <0.67U <0.67U <0.67U <0.67U <0.67U 
IHE.-PYR <0.66U <0.67U <0.661 <0.66U <0.67U <0.67U <0.67U <0.67U <0.67U <O.67U 
ANILINE <1.300 <1.300 <1.300 <1.300 <1.300 <1.300 <1.300 <1.3UJ <1.3UJ <1.3UJ 
4CLANIL <1.3<lJ <1.300 <1.3<lJ <1.300 <1.300 <1.300 <1.300 <1.300 <1.300 <1.300 
I&Nl.OFU <0.66U <a.670 <0.66U <0.66U <0.67U <0.67U <0.67U <0.67U <O.67U <0.67U 
2MeN!\PH <0.661 <0.670 <O.66U <0.6OU <0.67U <0.67U <0.67U <0.67U <0.67U <a.67U 
2tWm. 0.300 0.300 0.300 0.3{lJ 0.3UJ 0.3{lJ 0.3{lJ 0.3{lJ 0.300 0.3UJ 
:twm. 0.3<lJ 0.300 0.300 0.300 0.3UJ 0.300 0.300 0.300 0.300 0.300 
4NANIL 0.300 0.300 0.300 0.3UJ 0.3UJ 0.300 0.3UJ 0.3UJ 0.300 <3.3UJ 
Note: Method Blark ID - see Notes en last page of Table. 

J - Estimated value below the statistical quantitation lindts 
U -~ ws analyzed for hIt rnt detected. Detection limits are given after the < symbol. 

** - Three IOOtlni blari<s were analyzed, all with these saIOO results. 
* - EPA MetOOd 8270 -in Test MetOOds for Evaluating Solid Waste! l'hlsical/Chemical MetOOds, SW846, Third Edition, November 

1986, with December 1988 revisions. 



Table 5.22. (Page 3 of 5). Rockeye Qimitions Facility) - ~ Crane, Indiana, ~"1O/15. Results of EPA Method 8270 * 
(semivolatile organics) subsurface soil sample analyses. Concentrations are ~/kg (ppm) dry lol'light. Samples with detectable 
concentrations of analyte are sOOwn in bold. Analytes are given as abbreviations; see Appendix A for c~ Il8IIES. 

JEIHJ) 

~ 
PHl!IDL 
2ClPHEN 
2NlPfIE 
24IMeP1£ 
240ClPHE 
4Cl.3tePHE 
2461ClPH 
24lHH 
4NmE 
2M4fiHH 
PClPHE 
BEN'lDAC 
2!£PHE 
lW.mE 
245n:lPH 
BZIAL 
RtH'.AM 
BCl.IPRE 
tRlFAM 
NI'.IBHN 
Is:FlIR 
lOEtd£ 
2fimOL 
24IImI. 
12IImD 
BENZIDI 
3:IX:lBEl 
IOEl'E 
13X:lB 
14OC1B 
120ClB 
IOETA 
124TClB 
NAPHlH 
OClBu 

MB11 
<O.67U 
<0.67U 
<0.67U 
<0.67U 
<0.6711 
<1.300 
<0.67U 
<3.300 
<3.3(lJ 
<3.300 
<3.3(lJ 
0.300 
<0.67U 
<0.67U 
<0.67U 
<1.300 
<0.67U 
<0.67U 
<0.67U 
<0.6711 
<0.6711 
<0.6711 
<0.6711 
<0.67U 
<0.6711 
<3.3(lJ 
<1.3(lJ 
<0.6711 
<0.6711 
<0.6711 
<0.6711 
<0.6711 
<0.6711 
<0.6711 
<0.670 

MB12 
<0.6711 
<0.670 
<0.670 
<0.670 
<0.670 
<1.3(lJ 
<0.6711 
<3.300 
<3.3(lJ 
<3.3(lJ 
<3.300 
<3.300 
<0.670 
<0.670 
<0.6711 
<1.300 
<O.67U 
<0.6711 
<0.6711 
<0.670 
<0.670 
<0.670 
<0.6711 
<0.670 
<0.6711 
<3.300 
<1.300 
<0.6711 
<0.6711 
<0.670 
<0.670 
<0.670 
<0.670 
<0.6711 
<0.670 

Note: Metb:xi Blark ID - see Notes on last page of Table. 
J - EstillBted value bela.J the statistical quantttation limits 
U - CaIplund was analyzed for rut not detected. Detection limits are given after the < symbol. 
* - EPA Method 8270 -in Test Metb:xis for EvaluatiTE Solid \ohste, Physical/Otemical Methods, S<l846, Third Edition, NoveliJer 

1986, .. i.th Decem1:er 1988 re"v-isior.s. 



Table 5.22. (Page 4 of 5). Rockeye (Mmitions Facility) - ~ Crane, Indiana, f}HJ11 lO/lS. Results of EPA t-EtOOd 8270 * 

(semivolatile organics) suOOurface soil sample analyses. Concentrations are ~/kg (PIXD) dry ~ight. Samples with detectable 

concentrations of analyte are shown in bold. Analytes are given as abbreviations; see Appendix A for coopound nanes. 

mmD 
~ 

rmm: 
DEtPHIH 
4ClPHPHE 
ttmWi 
4BrPHEr 
lICl..Bm 
PIEN!\N 
ANI.'RAC 
IB:JPHlH 
FIANmE 
PYRENE 
&1BePmH 
cm.YSE 
BMNnR 
B2EI:IPH 
IN>cPHr 
BBFLI\Nl' 
Bm.ANr 
BAPYRE 
U2.3PYR 
IlWWlr 
B-GU-PYR 
ANIUNE 
Qa.ItNIL 
IJ!F.NZOFU 
2M:!NAFH 
2NANIL 
3NANIL 
4NANIL 

Ifill 
<O.67U 
(O.6/u 
<0.67U 
<0.67U 
<O.67U 
<O.67U 
<O.67U 

Ifill 
<O.67U 

<0.67U 
<0.67U 
<O.67U 
<0.67U 
<O.67'J 

<0.67U <0.67U 
<0.67U <0.67U 
<0.67U <0.67U 
<0.67U <0.67U 
<0.67U <0.67U 
<0.67U <O.67U 
0.083 <0.67U 

<(f.67U <O.67U 
<0.67U <0.67U 
<0.67U <0.67U 
<0.67U <0.67U 
<0.67U <0.67U 
O.SQJ <0.67U 
0.6OJ <0.67U 

(0.67U <0.67U 
<0.67U <O.67U 
<0.67U <0.67U 
<O.67U <0.67U 
<0.67U (0.67U 
<0.67U <0.67U 
<1.300 <1.3OU 
<1.3OU <1.3OU 
<0. 67U<0.67U 
<0.67U <0.67U 
<3.300 <3.300 
<3.300 (3.300 
<3.3OU (3.3OU 

Note: Method Blam ID - see tbtes on last page of Table. 

J - EstillBted value bellY the statistical quantitation limits 

U - Canpound ..as analyzed for rut not detected. Detection limits are given after the < symbol. 

* - EPA t-EtOOd 8270 -in Test M!tOOds for Evaluating Solid Waste, Physical/Chemical t1.!tluds, Sl846, Third Edition, Novanlx!r 

1986, with December 1988 revisions. 



Table 5.22. (Page 5 of 5). Rockeye (Mmitions Facility) - N~ Crane, Indiana, ~fI 10/15. Results of EPA Method 8270 * 
(semivolatile organics) subsurface soil sample analyses. Concentrations are 11l?;/kg (ppm) dry ~ight. Samples with detectable 
concentrations of analyte are sOOwn in bold. Analytes are given as abbreviations; see Appendix A for ~nd narres. 

Note: ~tlvJd Blatit ldentificatioo; MB1 (~thod Blank associated with the analyses indicated as follCMS. See F~s 5.1 and 5.2 
for sample locations. 

MBI (surface scrapes A-O-O, A-3-3, A-4-1, B-o-o, B-3-3, and &-4-1. 
MB2 (surface scrapes C-O-O, C-3-3, am Background North 113) 
MB3 (surface scrapes 0-0-0, I>-1-3, Ir3-1, 0-4-4) 
, ..... 1' _ #' _ _ .... n" _ 'I .... _ ... 11 "-

l"ID'+ \sunace scrapes r.-v-v, r.-l-". t,-.rl) 
MB5 (surface scrapes F-l, F-2, and F-3» 
MBb and MB7 (surface scrapes G-l, G-2, G-3, and G-4, borings 13, 2, and 7. 
MB8 and MB9 (boring 6A, 4, and 3 and surface sample 14» 
MBI0 (bori~ 8,9,10,11, and 12) (three ~thod Blatits analyzed with saae results as presented above) 
MBll (bori~ 5) 
MB12 (bo~ 1) 

J - Est.illBted value bel.cM the statistical quantitation limits 
U -~ toBS analyzed for rut rot detected. Detection limits are given after the < symbol. 
* - EPA Hetrod 8270 -in Test MetOOds for Evaluating Solid Waste, Physical/Chemical ~thods, ~46, Third Fllition, November 

1986, with December 1988 revisions. 



Table 5.23. (Page 1 of 2). Rockeye (Munitions Facility) - NSWC Crane, 
Indiana, SWMU# 10/15. Results of semivolatile organic analyses * of sampling 
equipment rinses and associated method banks. Concentrations are mg/l (ppm). 
Samples with detectable concentrations of organic analyte are shown in bold. 
Anal:ytes are g:lven as abbreviations; see appendix A for full compound names. 

Sample RINSE RINSE RINSE MB 
Anal:gte/ID 3 10 07 
PHENOL - 

R10,7 
<O.OllU O.OllU O.OlOU 

2ClPlHENOL 
2NIPlHE 
24DMlePHE 
2 4DC 1PHE 
4C131YePHE 
246TiClPH 
2 4DN’PH 
4NPH’E 
2M46 DNPH 
PClPBE 
BENZOAC 
2MEPlHE 
4MEP‘HE 
245TClPH 
BZLAL 
NNDMIEAM 
BClIPRE 
NNDNPAM 
NITRlOBEN 
ISOPIHOR 
BClEtoME 
26DNTOL 
2 4DN’TOL 
12DPBYD 
BENZLDI 
33DC 1BEZ 
BClE’TE 
13DClB 
14DClB 
12DClB 
HClE’TA12 
124TfClB 
Note : 

<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<o.o22u 
<O.OllU 
<o.o55u 
<o.o55u 
<o.o55u 
<o.o55u 
<o.o55u 
<O.OllU 
<O.OllU 
<O.OllU 
<o.o22u 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<o.o55u 
<o.o22u 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 

O.OllU 
O.OllU 
O.OllU 
O.OllU 
0.022u 
O.OllU 
0.055u 
0.055u 
0.055u 
0.055u 
0.055u 
O.OllU 
O.OllU 
O.OllU 
0.022u 
O.OllU 
O.OllU 
O.OllU 
O.OllU 
O.OllU 
O.OllU 
O.OllU 
O.OllU 
O.OllU 
0.055u 
0.022u 
O.OllU 
O.OllU 
O.OllU 
O.OllU 
O.OllU 
O.OllU 

O.OlOU 
O.OlOU 
O.OlOU 
O.OlOU 
0.02ou 
O.OlOU 
Q.05OU 
0.05ou 
0.05ou 
0.05ou 
0.05ou 
O.OlOU 
O.OlOU 
0.010u 
0.02ou 
Q.OlOU 
O.OlOU 
O.OlOU 
O.OlOU 
0.010u 
O.OlOU 
O.OlOU 
O.OlOU 
O.OlOU 
0.05ou 
0.02ou 
O.OlOU 
O.OlOU 
O.OlOU 
Q.OlOU 
O.OlOU 
O.OlOU 

Sample ID - Rinse 10 - Rinse performed following sampling at boring 10. 

c-1 
J- 
U- 

*- 

- - 
IMB R10/7 - method blank associated with analysis of rinses for borings 7 
,and 10. 
- No analysis, sample lost during sample extraction 
Estimated value below the statistical quantification limits 
ICompound wss analyzed for but not detected. Detection limits are given 

after the < symbol. 
EPA Method 8240 -in Test Methods for Evaluating Solid Waste, 
Physical/Chemical Methods, SW846, Third Edition, November 1986, with 
December 1988 revisions. 



Table 5.23. (Page 2 of 2). 
Indiana, SWMU# 10115. 

Rockeye (Munitions Facility) - NSWC Crane, 
Results of semivolatile organic analyses * of sampling 

equipment rinses and associated method banks. Concentrations are mg/l (ppm>. 
Samples with detectable concentrations of organic analyte are shown in bold. 
Analytes ase given as abbreviations; see appendix A for full compound names. 

SAMPLE RINSE RINSE RINSE MB 

HClBu 
HClCYPD 
2ClNAPH 
ACENAY 
DMePHTH 
ACENAP 
FLUORE 
DEtPHTH 
4ClPHPHE 
NNDPHAM 
4BrPHET 
HCLBEN 
PHENAN 
ANTRAC 
DBuPHTH 
FLANTHE 
PYRENE 
BuBePHTH 
CHRYmSE 
BAANTHR 
BZEHPH 
DNOcPHT 
BBFLANT 
BKFLANT 
BAPY;RE 
1123PYR 
DBAHANT 
B<GHI<PYR 
ANILZNE 
4CLANIL 
DBENZOFOU 
2MeNAPH 
ZNANIL 
3NAN'LL 
4NANIL 

Analyte/ID 3 10 07 
NAPHTH - 

R10,7 
<O.OllU <O.OllU <o.o1ou 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
O.OOlBJ 

<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 

O.OOlBJ 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 

O.OOlBJ 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<o.o22u 
<o.o22u 
<O.OllU 
<O.OllU 
<o.o55u 
<o.o55u 
<o.o55u 

<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
O.OOlBJ 

<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 

O.OOlBJ 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 

O.OOlBJ 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<O.OllU 
<o.o22u 
<o.o22u 
<O.OllU 
<O.OllU 
<o.o55u 
<o.o55u 
<o.o55u 

<O.OlOU 
<o.o1ou 
<o.o1ou 
<O.OlOU 
<O.OlOU 
<o.o1ou 
<O.OlOU 
0.0015 

<o.o1ou 
<O.OlOU 
<o.o1ou 
<o.o1ou 
<o.o1ou 
<O.OlOU 

0.0015 
<o.o1ou 
<o.o1ou 
<o.o1ou 
<o.o1ou 
<o.o1ou 

0.0025 
<o.o1ou 
<O.OlOU 
<o.o1ou . 

<o.o1ou 
<o.o1ou 
<o.o1ou 
<o.o1ou 
<o.o2ou 
<o.o2ou 
<O.OlOU 
<O.OlOU 
<o.o5ou 
<o.o5ou 
<o.o5ou 

Note: 
Sample ID - Rinse 10 - Rinse performed following sampling at boring 10. 

c-1 
J- 
U- 

B- 
* - 

MB R10/7 - 
- 

and 10. 
method blank associated with analysis-of rinses for borings 7 

.- No analysis, sample lost during sample extraction 
Estimated value below the statistical quantification limits 
Compound was analyzed for but not detected. Detection limits are given 

after the < symbol. 
Analyte is found in the associated blank as well as in the samole. 
EPA Method 8240 -in Test Methods for Evaluating Solid Waste. * 
Physical/Chemical Methods, SW846, Third Edition, November 1986, with 
jDecembe'rI88 revisions. 



APPENDIX B 

BORING LOGS 

10/15-l-90 
1 O/l 5-2-90 
1 O/l 5-3-90 
1 O/l 5-4-90 
1 o- 15-5-90 
1 O/l 5-6-90 
1 O/l 5-6A-90 
1 O/l 5-7-90 
1 O/l 5-8-90 
1 O/l 5/9-90 
1 O/l 5-l O-90 
1 O/l 5- 11-90 
1 O/l 5- 12/90 
1 O/l 5-l 3-90 

B-l 
B-2 
B-3 
B-4 
B-5 
B-6 
B-7 
B-8 
B-9 
B-10 
B-l 1 
B-12 
B-13, B-14 
B-15 



I. LOCATION 

de% 
12. MANUFACTURER’S OESIGNATION OF DRILL 

&%I COE WiFS 
SWWG 4-5ioo 

I. No&L~,m.w~ohornactrrkJ~ 
- IS. TOTAL NO. OF OVLR- 

GUROLN SAYPLLS TAKEN { 

j 
I--y-! 

-- I. NAME OF DRILLER - 16. TOTAL NUYGCR CORE BOXES k’/# i 
EuEm c BmBArr Al IS. ELEVATION GROUND WATER 

i. DlRECTlON OF HOLE! 

~Vlm’ICAL (-JINCLlNKD _- 
16. DATE HOLE 

DLC. PROM VLNT. 

-- 
, p 17. ELEVATION TOP OF HOLE 

‘. THICKNESS OF OVERIBUROEN L 
-. 

1 

‘. DEPTH DRILLED INTO ROCK 
- 16. TOT Al 

TURE OF INSPECTOR 
‘. TOTAL DEPTH OF HOLE 

tLLVATIOl 

ha 

OEPTM LEGEN 

b c 

I” 

2-Z 

~CLASSIFICATION OF MATERIALS 
fDoecr~rkull 

10x OR 
iA$L” 

I’ 



6. 

6. 

6. 

HoloNo. lV/15-02-70 

DRILLING LOG 
PROJECT 

NAME OF ORILLER 

E-1 c-- Beold 
DIRECTION OF HOLE 

~KRTICAL CZ)INCLIINED DEG. FROM VERT. 

19. ‘TOTAL CORE RECOVERY FOR BORING 
DEPTH DRILLED INTO FIOCK 19. SJGM 

TOTAL 

LEVATION 

0 

DEPTH LEGENi 

gb c 

CLASSIFICATION OF MATERIALS 
tDoowipthaI 

d 

. 

‘URE 01 



- _ 

51 
IL 

-- 
~~ESIONATION OF DRILL 

I. DRILLING AOlNCY 

&H cot5 &ftKs 
FftIUhLt- \500 

. 13. TOTAL NO. OF OVER. 

: IO/k-33-90 r 

RURORN SAMPLES TAKLN f 

-! IY - -- 

1. NAME OF DRILLER 14. TOTAL NUMBER CORE ROXES ,V/,+ 

Aks7K ~?kbwcrd 
IS. ELEVATION GROUND WATER 

i. DIRECTION OF HOLE 

R 
O~+~CLIN~~D 

16. DATE HOLE 
vKRTIc*L DKC. FROM VKRT. 

-,- 
‘. THICKNESS OF OVERBUIRDEN 6 -d 
. DEPTH DRILLED INTO ROCK 

-- 
8. TOTAL OEPTH OF HOLE t. 

I -- 
ELEVATIOI N OEPTH LEC~ENI I 

CLkSSlFlCATlON OF MATERIALS 
(Doocrtptprlon) !%PYi E I 

NO. 
0 d f ‘I 

4--- 
I 

--- 
MO ROCK -J&p *rn?i. 2 

41 1 

c 

cl5 

4 



ID”VlSL’o,! _ _ --as s -L- - -- 
1 INSTA LLATlON 

DmLLlwi LCJG OF 1 SHQQTS 

I. PROJQCT A w/13/ 10. SIZE AND TYPQ OF Qlt 

YF\/F a&=#% ‘1. D- 
7w4%- 

-._. . 
1. LOCA*IOH (%aalktttu oc &aaod I MS 

12. YAWUFACTURQN’S OQSIGNATION OF DRILL 1 
I. DRILLING AGENCY 

US& CCSE’ l&s 
, 64/c/AG /5(x) 

-- 

* d fflo nrbd 
H0l.L: NO. (A* ahowl ar dnwby two 

p 13. TOTAL NO. OF OVQR- 

w/5- u-90 
QURDQN SAMPLES TAKEN !--$-*[ ---gZR , 

* MAUL OF DRILLER --- 
-__-- .I,* 

EL &S-l-I c 8$&W A/ 
11. QLQVATION GROUND WATER 

. DIRQCTION OF HOLE- IsrrtQTco, 8 1 CO~P~.rTCQ 

~- . .- 
114. TOTAL NUYQER CORE BOXES N//t I 
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APPENDIX C 

SOIL DATA 

Sieve Analyses and Gradation Curves 

Summary Letter 
1 O/l 5-l-90,, Sample 1 and 2 
1 O/l 5-2-90,, Sample 1 A 
10/l 5-3-90,, Sample 1 and 2 
10/l 5-4-90,, Sample 1 and 2 
10-l 5-5-90,, Sample 1 and 2 
1 O/l 5-6-90,. Sample 1 
1 O/l 5-6A-90, Sample 1 
1 O/l 5-8-90,, Sample 1 A and 2A 
1 O/l 5/9-90,, Sample 1 A and 2A 
1 O/l 5-1 O-90, Sample 1 A 
1 O/l 5-1 l-90, Sample 1 A and 2A 
1 O/l 5-1:2/90, Sample 1 A and 2A 
1 O/l 5-l :3-90, Sample 1 A 

C-l 
c-2 to c-5 
C-6, C-7 
C-8 to C-l 1 
c-12 to c-15 
C-16 to C-19 
c-20, c-21 
C-22, C-23 
C-24 to C-27 
C-28 to C-31 
C-32, C-33 
c-34 to c-37 
C-38 to C-41 
C-42, C-43 



To: U.S. Army ~Zorps of Engineers 
Wilmington District 
Attn. CESAlsJ-EN-GG (Mr. Bob Magee) 
P.O. Box 1890 
Wilmington,NC 28402-1890 

Subject: Performance of Soils Tests on Samples from Crane 

1. Inclosed are 42 test report sheets for 21 samples from site 
Rot keye IMun . Fat., NWSC, Crane, IN. on which particle size 
distribution, and organic content are presented. The assigned 
tests on ‘sample 2, boring 10/15-11-90 was not performed. The jar 
labeled for th,is sample was empty.. 

Jessie Oldham 



SIEVE ANALYSIS . . 

'ROJECT: ROCKEYE MUN. FAC.,NWSC 
CRANE, IN 

BORING: 10/15-l-90 ~SAMPLE:l DF: MD2991 .DAT 
DEPTH: 1.0 - 1.5 DATE: 02 APR 91 

NO-LIMITS-RAN GS: 2.70 elst WC: 5.20 OC: .60 
CLASSIFICATION: 108 

SANDY CLAYEY GRAVEL (GC), BROWN VISUAL 

TOTAL WEIGHT OF SAMPLE: 357.6 gms. 
PARTIAL WEIGHT AFTEIR SPLIT: 54.5 gms. 
INSUFFICIENT SAMPLE FOR ACCURATE GRADATION 

WEIGHTS SIEVE SIZE 
gm* or NUMBER 

.O 1.5 in 
29.9 1 in 

.O 3/4 in 
51.0 l/2 in 
76.3 3/8 in 
36.4 No 3 
21.2 No 4 
11.2 No 6 
11.7 No :Lo 

4.6 
7.0 
9.1 

11.2 
13.1 
15.0 
17.0 
19.9 
22.7 

HYDROMETER: 
RDGS 
17.1 
16.1 
14.1 
10.8 

8.0 
6.1 
5.8 
5.0 
3.3 

No :L6 
No 2 0 
No 3 0 
No 4 0 
No 50 
No 7 0 
No 100 
No 140 
No 200 

TEMI? 
22.0 
22.0 
22.0 
22.0 
22.0 
22.0 
22.5 
23.0 
22.5 

OPENING PERCENT 
FINER 
100.0 

91.6 
91.6 
77.4 
56.0 
45.9 
39.9 
36.8 
33.5 

37Too 
25.000 
19.100 
12.500 

9.500 
6.350 
4.750 
3.350 
2.000 

PERCENT GRAVEL = 60,.5 1 
PERCENT SAND = 2O,m4 
PERCENT FINES = 19.,6 

CUMULATIVE 
PERCENTS 

.o 
8.4 
8.4 

22.6 
44.0 
54.1 
60.1 
63.2 
66.5 

1.180 
.850 
. 600 
.425 
. 300 
.212 
,150 
,106 
.075 

30.7 69.3 
29.2 70.8 
27.9 72.1 
26.6 73.4 
25.5 74.5 
24.3 75.7 
23.1 76.9 
21.3 78.7 
19.6 80.4 

.0487 16.6 83.4 

.0348 15.6 84.4 

.0251 13.7 86.3 

.0133 10.5 89.5 

.0097 7.7 92.3 

.0069 5.9 94.1 

.0049 5.7 94.3 

.0035 5.0 95.0 

.0014 3.2 96.8 
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,, SIEVE ANALYSIS 

2ROJECT: ROCKEYE MUN. FAC.,NWSC 
CRANE, IN 

BORING: 10/15-l-90 SAMPLE: 2 DF: MD2991 .DAT 
DEPTH: 3.0 - 3.5 DATE: 02 APR 91 

NO-LIMITS-RAN GS: 2.70 est WC: 15.50 oc: 1.90 
CLASSIFICATION: 126 

SANDY CLAY (CL), BROWN VISUAL 

TOTAL WEIGHT OF SAMPLE: 378.5 qms. 
PARTIAL WEIGHT. AFTElR SPLIT:: 58.5 gms. 

WEIGHTS 
gm* 

.o 
3.0 
1.7 
1.3 
1.7 
1.0 

.2 

.3 

.3 

.4 

.5 

.6 
2.2 

10.5 
17.9 

HYDROMETER: 
RDGS 
20.2 
18.9 
17.2 
12.9 
10.4 

8.3 
7.2 
6.2 
5.0 

SIEVE SIZE OPENING PERCENT CUMULATIVE 
or NUMBER 

l/2 in 
3/8 in 
No 3 
No 4 
No 6 
No 10 

mm 
12.500 

9.500 
6.350 
4.750 
3.350 
2.000 

FINER PERCENTS 
100.0 .o 

99.2 .8 
98.8 1.2 
98.4 1.6 
98.0 2.0 
97.7 2.3 

No 16 
No 20 
No 30 
No 40 
No 50 
No 70 
No 1'00 
No 1,40 
No 2100 

TEMF 
22.0 
22.0 
22.0 
22.0 
22.0 
22.0 
22.!5 
23.0 
22.!5 

PERCENT GRAVEL = 1.6 
PERCENT SAND = 30.6 
PERCENT FINES = 67.8 

1.180 
.850 
,600 
,425 
.300 
.212 
.150 
. 106 
. 075 

.0472 53.3 46.7 

.0338 49.9 50.1 

.0243 45.4 54.6 

.0131 34.0 66.0 

.0095 27.3 72.7 

.0068 21.8 78.2 

.0049 19.1 80.9 

.0034 16.7 83.3 

.0014 13.3 86.7 

97.4 2.6 
97.2 2.8 
97.2 2.8 
97.0 3.0 
96.9 3.1 
96.7 3.3 
94.0 6.0 
80.2 19.8 
67.8 32.2 

EDE 
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SIEVE ANALYSIS 

3ROJECT: ROCKEYE MUN. FAC.,NWSC 
CRANE, IN 

BORING: 10/l%02:.90 SAMPLE: 1A DF: MD2991 .DAT 
DEPTH: 1.0 - 1.5 DATE: 02 APR 91 

NO-LIMITS-RAN GS: 2.70 est WC: 15.90 oc: 2.80 
CLASSIFICATION: 144 

SANDY CLAY (CL), BROWN VISUAL 

TOTAL WEIGHT. OF SAMPLE: 332.0 gms. 
PARTIAL WEIGHT AFTErR SPLIT: 54.0 gms. 
INSUFFICIENT SAMPLE FOR ACCURATE GRADATION 

WEIGHTS SIEVE SIZE 
gm* or NUMBER 

.O 1 in 
4.3 3/4 in 

21.8 l/2 in 
1.6 3/8 in 
5.9 No 3 
3.5 No 4 
2.1 No 6 
2.6 No 10 

.4 

.6 

.8 
1.1 
1.4 
1.8 
2.8 
5.4 

10.2 
HYDROMETER: 

RDGS 
21.8 
20.4 
18.1 
13.9 
11.9 
10.2 

9.0 
8.1 
6.2 

No 16 
No 20 
No 30 
No ,40 
No .50 
No '7 0 
No 1~00 
No 1240 
No 21D0 

TEMF 
22.0 
22.ID 
22.Q 
22.0 
22.0 
22.0 
22.!5 
23.0 
23.0 

OPENING PERCENT 

PERCENT GRAVEL = 11.2 
PERCENT SAND = 17.9 
PERCENT FINES = 70.9 

mm FINER 
25.000 100.0 
1.9.100 98.7 
l.2.500 92.1 

9.500 91.7 
6.350 89.9 
4.750 88.8 
3.350 88.2 
2.000 87.4 

CUMULATIVE 
PERCENTS 

.o 
1.3 
7.9 
8.3 

10.1 
11.2 
11.8 
12.6 

1.180 
.850 
.600 
.425 
. 300 
.212 
.150 
. 106 
. 075 

86.8 13.2 
86.4 13.6 
86.1 13.9 
85.6 14.4 
85.1 14.9 
84.5 15.5 
82.9 17.1 
78.7 21.3 
70.9 29.1 

.0464 55.8 44.2 

.0333 52.2 47.8 

.0241 46.3 53.7 

.0130 35.5 64.5 

.0093 30.3 69.7 

.0067 26.0 74.0 

.0048 23.1 76.9 

.0034 21.1 78.9 

.0014 16.2 83.8 

EDE 



m
 

nl- 

m
= 

0 c 

-IN 



SIEVE ANALYSIS 

r'ROJECT: ROCKEYE MUN. FAC.,NWSC 
CRANE, IN 

BORING: 10/15-3-90 SAMPLE: 1 DF: MD2991 .DAT 
DEPTH: 1.0 - 1.!5 DATE: 02 APR 91 

NO-LIMITS-RAN GS: 2.70 est WC: 14.60 OC: 4.80 
CLASSIFICATION: 162 

SANDY GRAVELLY CLAY (CL), BROWN VISUAL 

TOTAL WEIGHT OF SAMPLE: 269.6 gms. 
PARTIAL WEIGHT AFTER SPLIT: 51.6 gms. 
INSUFFICIENT SAMPLE FOR ACCURATE GRADATION 

WEIGHTS SIEVE SIZE 
gm* or NUMBER 

.o 1.5 in 
49.6 1 in 
17.5 3/4 in 

.O l/2 in 
1.1 3/8 in 

.3 No 3 
1.8 No 4 
1.9 No 6 
2.6 No 10 

.7 
1.4 
2.1 
3.1 
4.4 
5.8 
7.6 
9.1 

10.6 
HYDROMETER: 

RDGS 
22.1 
20.1 
18.0 
12.3 
10.4 

8.2 
7.3 
6.1 
4.9 

No 16 
No 20 
No ' 3 0 
No 410 
No 50 
No 70 
No 100 
No 14:O 
No 200 

TEMP 
22.0 
22.0 
22.0 
22.6 
22.6 
22.0 
22.5 
23.0 
22.5 

OPENING PERCENT 
mm FINER 

3‘7.500 100.0 
25.000 81.6 
1~9.100 75.1 
1.2.500 75.1 

'3.500 74.7 
6.350 74.6 
s4.750 73.9 
:3.350 73.2 
:2.000 72.3 

CUMULATIVE 
PERCENTS 

.o 
18.4 
24.9 
24.9 
25.3 
25.4 
26.1 
26.8 
27.7 

l.180 71.3 28.7 
.850 70.3 29.7 
.600 69.3 30.7 
.425 67.9 32.1 
.300 66.1 33.9 
.212 64.1 35.9 
.150 61.6 38.4 
.106 59.5 40.5 
.075 57.4 42.6 

.0463 

.0334 

.0242 

.0132 

.0095 

.0068 

.0049 

.0034 

. 0014 

48.9 51.1 
44.5 55.5 
39.8 60.2 
27.1 72.9 
22.9 77.1 
18.0 82.0 
16.2 83.8 
13.8 86.2 
10.9 89.1 

PERCENT GRAVEL = 26.1 
PERCENT SAND = 16.5 
PERCENT FINES = 57.4 

EDE 
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..,..." SIEVE ANALYSIS 

PROJECT: ROCEEYE MUN. FAC.,NWSC 
CRANE, IN 

BORING: 10/15-3-90 SAMPLE: 2 DF: MD2991 .DAT 
DEPTH: 3.0 - 3.5 DATE: 02 APR 91 

NO-LIMITS-RAN GS: 2.70 est WC: 17.60 OC: 1.80 
CLASSIFICATION: 180 

GRAVELLY SANDY CLAY (CL), BROWN VISUAL 

TOTAL WEIGHT OF SAMPLE: 330.9 gms. 
PARTIAL WEIGHT AFTER SPLIT: 58.2 qms. 

WEIGHTS SIEVE SIZE OPENING PERCENT CUMULATIVE 
gm. or NUMBER mm 

.O 3/8 i.n 

.5 No 3 

.2 No 4 
1.2 No 6 
2.6 No 1.0 

.5 No 16 

.9 No 20 
1.2 No 30 
1.4 No 40 
1.6 No 5,O 
2.2 No 70 
3.7 No 10~0 
5.5 No 140 
7.5 No 200 

HYDROMETER: 
RDGS TEMP' 
26.3 22.0 
23.0 22.0 
20.0 22.0 
12.4 22.0 
10.0 22.0 

7.6 22.0 
6.2 22.5 
5.2 23.0 
4.2 22.5 

PERCENT GRAVEL = 

9.500 
6.350 
4.750 
3.350 
2.000 

:L.180 
-850 
.600 
.425 
.300 
.212 

150 
:106 
.075 

.0441 

. 0324 
0237 

:0132 
.0095 
.0069 
.0049 
.0035 
.0014 

.2 

FINER PERCENTS 
100.0 .O 

99.8 .2 
99.8 .2 
99.4 .6 
98.6 1.4 

97.8 2.2 
97.1 2.9 
96.6 3.4 
96.3 3.7 
95.9 4.1 
94.9 5.1 
92.4 7.6 
89.3 10.7 
85.9 14.1 

70.5 29.5 
61.6 38.4 
53.6 46.4 
33.1 66.9 
26.6 73.4 
20.2 79.8 
16.7 83.3 
14.3 85.7 
11.3 88.7 

PERCENT SAND = 13.9 
PERCENT FINES = 85.9 

EDE 
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SIEVE ANALYSIS 

r'ROJEC!T: ROCEEYE MUN. FAC.,NWSC 
CRANE, IN 

BORING: 10/15-4-90 SAMPLE:1 DF: MD2991 .DAT 
DEPTH: 1.0 - 1.5 DATE: 02 APR 91 

NO-LIMITS-RAN GS: 2.70 est WC: 3.70 oc: .80 
CLASSIFICATION: 198 

SANDY GRAVEL (GP), GRAY 

TOTAL WEIGHT OF 'SAMPLE: 
PARTIAL WEIGHT AFTE:R SPLIT: 

408.2 gms. 
33.7 gms. 

INSUFFICIENT SAMPLE FOR ACCURATE GRADATION 

WEIGHTS 
gm* 

.O 
250.6 

60.0 
0 

7:o 
13.7 

8.0 . 13.0 
13.6 

8.6 
11.7 
14.1 
16.3 
18.1 
19.6 
20.9 
22.0 
23.0 

HYDROMETER: 
RDGS 

5.5 
5.0 
4.6 
2.9 
2.8 
2.2 
1.5 
1.1 

.7 

SIEVE iSIZE 
or NUMBER 

1.5 in 
1 in 

3/4 in 
l/2 in 
3/8 in 
No 3 
No 4 
No 6 
No lo 

OPENING PERCENT 
FINER 
100.0 

38.6 
23.9 
23.9 
22.2 
18.8 
16.9 
13.7 
10.4 

37Yoo 
25.000 
19.100 
12.500 

9.500 
6.350 
4.750 
3.350 
2.000 

CUMULATIVE 
PERCENTS 

.o 
61.4 
76.1 
76.1 
77.8 
81.2 
83.1 
86.3 
89.6 

No :L6 1.180 7.7 92.3 
No ;20 .850 6.8 93.2 
No :3 0 .600 6.0 94.0 
No 4 0 .425 5.4 94.6 
No !50 .300 4.8 95.2 
No '70 .212 4.3 95.7 
No 100 .150 3.9 96.1 
No 140 .106 3.6 96.4 
No 200 .075 3.3 96.7 

TEMP 
22.0 
22.0 
22.0 
22.0 
22.0 
22.0 
22.!5 
23.0 
22.!5 

.0540 2.6 97.4 

.0384 2.4 97.6 

.0272 2.2 97.8 

.0142 1.4 98.6 

.OlOl 1.3 98.7 

.0072 1.0 99.0 

.0051 .7 99.3 

.0036 .6 99.4 

.0015 .3 99.7 

PERCENT GRAVEL = 83.1 
PERCENT SAND = 13.6 

.I PERCENT FINES = 3s.3 

D60 = 29.36 
D30 = 21.54 
DlO = 1.89 

CU= 15.55 
cc = 8.38 

c-12 
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SIEVE ANALYSIS 

a?ROJECT: ROCEEYE MUN. FAC.,NWSC 
CRANE, TN 

BORING: 10/15-4-90 SAMPLE: 2 DF: MD2991 .DAT 
DEPTH: 3.0 - 3.5 DATE: 02 APR 91 

NO-LIMITS-RAN GS: 2.70 est WC: 20.30 OC: 1.80 
CLASSIFICATION: 216 

CLAY (CL), BROWN: TFLACE OF SAND VISUAL 

TOTAL WEIGHT OF SAMPLE: 315.6 qms. 
PARTIAL WEIGHT AFTEE! SPLIT: 54.4 gms. 

WEIGHTS SIEVE SIZE OPENING PERCENT CUMULATIVE 
cm- or NUMBER mm FINER PERCENTS 

.o No 4 4.750 100.0 .o 

.2 No 6 3.350 99.9 .l 

.4 No 10 2.000 99.8 .2 

.l 

. 1 

.2 

.2 

.3 

.4 

.8 
1.4 
2.5 

HYDROMETER: 
RDGS 
27.0 
24.9 
21.3 
14.9 
11.5 

9.2 
7.8 
6.9 
5.6 

No 16 IL. 180 99.6 .4 
No 20 .850 99.6 .4 
No 30 .600 99.4 .6 
No 40 .425 99.4 .6 
No 50 .300 99.3 .7 
No 70 .212 99.1 .9 
No 100 .150 98.3 1.7 
No 140 .106 97.2 2.8 
No 200 .075 95.2 4.8 

TEMP 
22.0 
22.0 
22.0 
22.0 
22.0 
22.0 
22.5 
23.0 
22.5 

PERCENT GRAVEL := .O 
PERCENT SAND := 4.8 
PERCENT FINES := 95.2 

.0437 78.4 21.6 

.0317 72.3 27.7 

.0233 61.8 38.2 

.0129 43.1 56.9 

.0094 33.2 66.8 

.0068 26.5 73.5 

.0048 22.7 77.3 

.0034 20.4 79.6 

.0014 16.3 83.7 

EDE 
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,I SIEVE ANALYSIS 

PROJECT: ROCEEYE MUN. FAC.,NWSC 
CRANE, IN 

BORING: 10/15-5-90 SAMPLE: 1 DF: MD2991 .DAT 
DEPTH: 1.0 - 1.5 DATE: 02 APR 91 

NO-LIMITS-RAN GS: 2.70 est WC: 10.30 oc: 1.70 
CLASSIFICATION: 234 

SANDY GRAVELLY CLAY (CL), BROWN VISUAL 

TOTAL WEIGHT OF SAMPLE: 462.3 qms. 
PARTIAL WEIGHT AFTE:R SPLIT:: 53.4 gms. 
INSUFFICIENT SAMPLE FOR ACCURATE GRADATION 

WEIGHTS SIEVE SIZE 
gm* or NUMBER 

.o 1 in 
21.7 3/4 in 
34.7 l/2 in 

4.1 3/8 in 
7.6 No 3 
5.8 No 4 
5.4 No 6 
6.6 No 10 

1.2 
1.6 
1.9 
2.1 
2.3 
2.6 
3.1 
4.9 
7.2 

HYDROMETER: 
RDGS 
24.6 
23.0 
21.6 
15.3 
12.2 
10.2 

8.2 
7.1 
5.4 

No 16 
No 20 
No 30 
No 40 
No 50 
No 70 
No 100 
No 140 
No 200 

TEMP 
22.0 
22.0 
22.0 
22.0 
22.0 
22.0 
22.5 
22.5 
22.5 

OPENING PERCENT 
mm FINER 

2!5.000 100.0 
19.100 95.3 
12.500 87.8 

9.500 86.9 
6.350 85.3 
4.750 84.0 
3.350 82.8 
2.000 81.4 

CUMULATIVE 
PERCENTS 

.o 
4.7 

12.2 
13.1 
14.7 
16.0 
17.2 
18.6 

1.180 
,850 
.600 
.425 
.300 
.212 
. 150 
. 106 
.075 

79.6 20.4 
79.0 21.0 
78.5 21.5 
78.2 21.8 
77.9 22.1 
77.5 22.5 
76.7 23.3 
73.9 26.1 
70.4 29.6 

. 0450 59.3 40.7 

.0324 55.5 44.5 

.0233 52.1 47.9 

.0128 36.8 63.2 

.0093 29.3 70.7 

.0067 24.5 75.5 

.0048 19.9 80.1 

.0034 17.2 82.8 

.0014 13.1 86.9 

PERCENT GRAVEL = 16.0 
PERCENT SAND = 13.6 
PERCENT FINES = 70.4 

EDE 
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, I  . ,  SIEVE ANALYSIS 

PROJECT: ROCEEYE MUN. FAC.,NWSC 
CRANE, IN 

BORING: 10/15-5-90 iSAMPLE: 2 DF: MD2991 .DAT 
DEPTH: 3.0 - 3.5 .DATE: 02 APR 91 

NO-LIMITS-RAN GS: 2.710 est WC: 21.80 OC: 3.60 
CLASSIFICATION: 252 

SANDY GRAVELLY CLAY (CL), BROWN VISUAL 

TOTAL WEIGHT OF SAMPLE: 340.7 gins. 
PARTIAL WEIGHT AFTEIR SPLIT: 52.0 gms. 
INSUFFICIENT SAMPLE FOR ACCURATE GRADATION 

WEIGHTS 
gm* 

.O 
20.3 
13.6 

0 
11:8 

7.3 
4.0 
3.1 
3.1 

.4 

.5 

.7 

.8 

.9 
1.0 
1.5 
4.1 
7.6 

HYDROMETER: 
RDGS 
23.5 
22.7 
20.8 
16.4 
14.3 
13.0 
11.2 
10.2 

8.4 

SIEVE SIZE 
or NUMBER 

1.5 in 
1 in 

3/4 in 
l/2 in 
3/8 in 
No 3 
No 4 
No 6 
No :Lo 

OPENING PERCENT 
mm FINER 

37.500 100.0 
25.000 94.0 
19.100 90.0 
12.500 90.0 

9.500 86.6 
6.350 84.4 
4.750 83.3 
3.350 82.4 
2.000 81.4 

CUMUIATIVE 
PERCENTS 

.O 
6.0 

10.0 
10.0 
13.4 
15.6 
16.7 
17.6 
18.6 

No IL6 1.180 80.8 19.2 
No 2 0 .850 80.7 19.3 
No 3 0 . 600 80.4 19.6 
No 4 0 .425 80.2 19.8 
No 50 .300 80.0 20.0 
No 7 0 ,212 79.9 20.1 
No 100 .150 79.1 20.9 
No 140 .106 75.0 25.0 
No 200 . 075 69.5 30.5 

TEMP 
22.0 
22.0 
22.0 
22.0 
22.0 
22.0 
22.5 
22.5 
22.5 

0456 
:0325 
.0235 
.0127 
.0091 
.0065 
.0047 
.0034 
. 0014 

58.2 41.8 
56.2 43.8 
51.5 48.5 
40.5 59.5 
35.3 64.7 
32.1 67.9 
27.9 72.1 
25.4 74.6 
20.9 79.1 

PERCENT GRAVEL = 16.7 
PERCENT SAND = 13.7 .I " PERCENT FINES = 69.5 

EDE 
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SIEVE ANALYSIS 

PROJECT: ROCKEYE MUN. FAC.,NWSC 
CRANE, IN 

BORING: 10/15-6-90 ,SAMPLE: 1 DF: MD2991 .DAT 
DEPTH: 1.0 - 1.5 DATE: 02 APR 91 

NO-LIMITS-RAN GS: 2.710 est WC: 16.20 OC: .80 
CLASSIFICATION: 270 

GRAVELLY SANDY CLAY (CL), BROWN VISUAL 

TOTAL WEIGHT OF SAMPLE: 468.8 gms. 
PARTIAL WEIGHT AFTER SPLIT: 55.5 gms. 
INSUFFICIENT SAMPLE FOR ACCURATE GRADATION 

WEIGHTS 
gm* 

.o 
44.9 

.o 
3.1 
1.8 
6.6 
3.2 _, ,, 1.9 
5.0 

.7 

.9 
1.2 
1.4 
1.7 
1.9 
2.9 

10.3 
18.8 

HYDROMETER: 
RDGS 
18.5 
17.1 
15.3 
11.0 

8.8 
7.2 
6.0 
5.2 
4.1 

SIEVE SIZE 
or NUMBER 

1.5 in 
1 in 

3/4 in 
l/2 in 
3/8 in 
No 3 
No 4 
No 6 
No lo 

OPENING PERCENT 
FINER 
100.0 

90.4 
90.4 
89.8 
89.4 
88.0 
87.3 
86.9 
85.8 

37?00 
25.000 
19.100 
12.500 

9.500 
6.350 
4.750 
3.350 
2.000 

CUMULATIVE 
PERCENTS 

.o 
9.6 
9.6 

10.2 
10.6 
12.0 
12.7 
13.1 
14.2 

No 16 1.180 84.7 15.3 
No 20 .850 84.4 15.6 
No 30 -600 84.0 16.0 
No 4 0 .425 83.7 16.3 
No 50 .300 83.2 16.8 
No 7 0 .212 82.9 17.1 
No 100 .150 81.3 18.7 
No 140 .106 69.9 30.1 
No 200 .075 56.7 43.3 

TEMP 
22.0 
22.0 
22.0 
22.0 
22.0 
22.0 
22.5 
22.5 
22.5 

.0481 45.2 54.8 

.0345 41.7 58.3 

.0248 37.3 62.7 

.0133 26.8 73.2 

.0096 21.4 78.6 

.0069 17.4 82.6 

.0049 14.7 85.3 

.0035 12.8 87.2 

.0014 10.1 89.9 

PERCENT GRAVEL = 12.7 
PERCENT SAND = 30.5 

,..,. PERCENT FINES = 56.7 
EDE 
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SIEVE ANALYSIS 

r"ROJECT: ROCKEYE MUN. FAC.,NWSC 
CRANE, IN 

BORING: 10/15-6A-90 SAMI'LE: 1 DF: MD2991 .DAT 
DEPTH: 1.0 - 1.5 DATE: 02 APR 91 

NO-LIMITS-RAN GS: 2.70 est WC: 16.60 oc: 2.70 
CLASSIFICATION: 288 

SANDY CLAY (CL), BROWN; WITH GRAVEL VISUAL 

TOTAL WEIGHT OF SAMPLE: 404.3 gms. 
PARTIAL WEIGHT AFTER SPLIT: 59.2 gms. 

WEIGHTS 
cm* 

.o 
15.8 

2.2 
1.7 
2.0 
1.0 

.8 

.l 

. 1 

.2 

.2 

.2 
l 3 

1.4 
9.9 

20.9 
HYDROMETER: 

RDGS 
17.2 
16.1 
15.1 
12.5 
11.5 
10.1 

8.5 
7.8 
6.2 

SIEVE SIZE 0PE:NING PERCENT CUMULATIVE 
or NUMBER 

3/4 in 
l/2 in 
3/8 in 
No 3 
No 4 
No 6 
No 10 

No 16 1.180 94.0 6.0 
No 20 ,850 94.0 6.0 
No 30 ,600 93.9 6.1 
No 410 .425 93.9 6.1 
No 510 .300 93.9 6.1 
No 710 .212 93.7 6.3 
No 1010 .150 92.0 8.0 
No 1410 .106 78.4 21.6 
No 200 .075 60.9 39.1 

TEMP 
23.5 
23.5 
23.5 
23.5 
23.0 
23.0 
23.0 
23.0 
22.5 

PERCENT GRAVEL := 5.4 
PERCENT SAND := 33 .'7 
PERCENT FINES := 60.19 

19~?00 
u.500 

9.500 
6.350 
4.750 
3.350 
2.000 

.0481 44.0 56.0 

.0344 41.2 58.8 

.0245 38.7 61.3 

.0130 32.1 67.9 

.0093 29.3 70.7 

.0066 25.8 74.2 

.0048 21.7 78.3 

.0034 20.0 80.0 

.0014 15.7 84.3 

FINER PERCENTS 
100.0 .o 

96.1 3.9 
95.5 4.5 
95.1 4.9 
94.6 5.4 
94.4 5.6 
94.2 5.8 

EDE 
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, . I  SIEVE ANALYSIS 

/ROJEC!T: ROCKEYE MUN. FAC.,NWSC 
CRANE, IN 

BORING: 10/15-08,-90 SAMPLE: 1A DF: MD2991 .DAT 
DEPTH: 1.0 - 1.15 :DATE: 02 APR 91 

NO-LIMITS-RAN GS: 2.710 est WC: 17.60 OC: 2.20 
CLASSIFICATION: 306 

CLAY (CL), BROWN: WITH SAND VISUAL 

TOTAL WEIGHT OF SAMPLE: 
PARTIAL WEIGHT AFTEIR SPLIT: 

501.2 gms. 
51.1 gms. 

WEIGHTS 
gm* 

.o 

.2 

.3 

.8 

.1 

.2 

.2 
.I. .2 

.3 

.4 

.8 
1.6 
2.8 

HYDROMETER: 
RDGS 
24.6 
23.0 
20.4 
14.5 
12.0 
10.2 

8.8 
7.8 
6.2 

SIEVE !jIZE OPENING PERCENT CUMULATIVE 
or NUMBER mm FINER PERCENTS 

No 3 6.350 100.0 .O 
No 4 4.750 100.0 .o 
No 6 3.350 99.9 .l 
No IO 2.000 99.7 .3 

No :L6 1.180 99.5 
No 2 0 .850 99.4 
No 3 0 .600 99.4 
No 4 0 .425 99.4 
NO 50 .300 99.2 
No 70 -212 99.0 
No 100 .150 98.2 
No 140 .106 96.6 
No 200 .075 94.3 

TEMI? 
23.5 
23.5 
23.5 
23.5 
23.0 
23.0 
23.0 
23.0 
22.0 

.0444 76.9 23.1 

.0320 71.9 28.1 

.0233 63.9 36.1 

.0127 45.6 54.4 

.0092 37.5 62.5 

.0066 31.9 68.1 

.0047 27.6 72.4 

.0034 24.5 75.5 

.0014 18.9 81.1 

.5 

.6 

.6 

. 6 

.8 
1.0 
1.8 
3.4 
5.7 

PERCENT GRAVEL = 0 
PERCENT SAND = 5:7 
PERCENT FINES = 94.3 

EDE 
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SIEVE ANALYSIS 

?RwECT: ROCEEYE: MUN. FAC.,NWSC 
CRANE, IN 

BORING: 10/15-08-90 SAMPLE: 2A DF: MD2991 .DAT 
DEPTH: 3.0 - 3.5 DATE: 02 APR 91 

NO-LIMITS-RAN GS: 2.70 est WC: 20.40 OC: 2.50 
CLASSIFICATION: 324 

CLAY (CL), BROWN: TRAC'E OF SAND VISUAL 

TOTAL WEIGHT OF SAMPLE: 496.1 gms. 
PARTIAL WEIGHT AFTER SPLIT: 55.4 g-ms. 

WEIGHTS 
gm* 

.o 
1.2 

.O 

.5 

.5 

.l 

.l 

.2 

.2 

.2 

.3 

.6 
1.2 
2.2 

HYDROMETER: 
RDGS 
27.2 
25.2 
22.6 
15.0 
13.1 
11.3 

9.4 
8.3 
7.2 

SIEVE ,SIZE OPENING PERCENT CUMULATIVE 
or NUMBER 

3/8 in 
No 3 
No 4 
No 6 
No 10 

No 16 
No 120 
No 13 0 
No 140 
No !50 
No '70 
No 100 
No 140 
No 200 

TEMIP 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
22.0 

9500 
6.350 
4.750 
3.350 
2.000 

1.180 
.850 

600 
:425 
.300 
,212 
,150 
.106 
.075 

.0431 77.9 22.1 

.0312 72.2 27.8 

.0227 64.8 35.2 

.0127 43.1 56.9 

.0091 37.7 62.3 

.0066 32.5 67.5 

.0047 27.1 72.9 

.0034 24.0 76.0 

.0014 20.3 79.7 

FINER PERCENTS 
100.0 .O 

99.8 .2 
99.8 .2 
99.7 .3 
99.6 .4 

99.4 .6 
99.4 .6 
99.2 .8 
99.2 .8 
99.2 .8 
99.0 1.0 
98.5 1.5 
97.4 2.6 
95.6 4.4 

PERCENT GRAVEL = <. 2 
PERCENT SAND = 4.2 
PERCENT FINES = 95.6 

EDE 
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_..,. SIEVE ANALYSIS 

e'RCJECT: ROCKEYE MUN. FAC.,NWSC 
CRANE, IN 

BORING: 10/15-09-90 SAMPLE: 1A DF: MD2991 
DEPTH: 0.5 - 1.0 DAT:E: 02 APR 91 

NO-LIMITS-RAN GSc 2.70 est WC: 15.80 OC: 
CLASSIFICATION: 338 

CLAY (CL), BROWN; WITH SAND VISUAL 

TOTAL WEIGHT OF SAMPLE: 546.6 gms. 
PARTIAL WEIGHT AFTER SPLIT: 56.4 gms. 

WEIGHTS 
gm- 

.O 
1.8 

.O 
1 

17 

SIEVE SIZE OPENING PERCENT CUMULATIVE 
or NUMBER mm FINER PERCENTS 

3/8 in !a.500 100.0 .o 
No 3 6.350 99.7 .3 
No 4 4.750 99.7 .3 
No 6 3.350 99.7 .3 
No 1.0 2.000 99.5 .5 

.2 

.3 

.4 

.4 

.5 

.6 
1.1 
2.0 
4.0 

HYDROMETER: 
RDGS 
26.3 
24.5 
22.1 
15.0 
12.8 
10.5 

8.5 
7.3 
6.2 

No 16 :L. 180 99.2 .8 
No 20 .850 99.0 1.0 
No 30 .600 98.8 1.2 
No 40 .425 98.8 1.2 
No 50 .300 98.6 1.4 
No 70 .212 98.5 1.5 
No 100 . 150 97.6 2.4 
No 140 .106 96.0 4.0 
No 200 .075 92.5 7.5 

TEMP 
23.5 
23.5 
23.5 
23.5 
23.0 
23.0 
23.0 
23.0 
22.0 

PERCENT GRAVEL = .3 
PERCENT SAND = 7.2 
PERCENT FINES = 92.5 

.0436 

.0315 

.0229 

.0127 

.0092 

.0066 
0048 

:0034 
.0014 

74.3 25.7 
69.2 30.8 
62.5 37.5 
42.6 57.4 
36.2 63.8 
29.7 70.3 
24.1 75.9 
20.7 79.3 
17.1 82.9 

.DAT 

2.20 

EDE 
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.,,. SIEVE ANALYSIS 

,JROJECT: ROCKEYE: MUN. FAC.,NWSC 
CRANE, IN 

BORING: 10/15-09-90 SAMPLE: 2A DF: MD2991 .DAT 
DEPTH: 3.0 - 3.5 DATE: 02 APR 91 

NO-LIMITS-RAN GS: 2.70 est WC: 21.60 OC: 2.40 
CLASSIFICATION: 356 

CLAY (CL), BROWN; TRACE OF SAND VISUAL 

TOTAL WEIGHT OF SAMPLE: 565.7 gnus. 
PARTIAL WEIGHT AFTER SPLIT: 57.0 gms. 

WEIGHTS SIEVE SIZE OPENING PERCENT CUMULATIVE 
gm* or NUMBER 

.O No 4 

.2 No 6 

.l No 10 

.2 

.3 

. 3 

.4 

.4 

.5 

.9 
1.6 
2.8 

HYDROMETER: 
RDGS 
28.2 
26.3 
23.1 
15.5 
13.7 
11.2 

9.2 
8.2 
6.6 

No 16 1.180 99.6 .4 
No 120 .850 99.4 .6 
No :3 0 .600 99.4 .6 
No 14 0 .425 99.2 .8 
No !50 .300 99.2 .8 
No '70 .212 99.1 .9 
No 100 .150 98.4 1.6 
No 140 .106 97.1 2.9 
No 200 .075 95.0 5.0 

TEMIP 
23.!5 
23.!5 
23.5 
23.5 
23.0 
23.0 
23.0 
23.0 
22.0 

PERCENT GRAVEL= .I 0 
PERCENT SAND = 5 ,, 0 
PERCENT FINES = 95.0 

4750 
3.350 
2.000 

. 0426 

.0308 

.0226 

.0126 

.0091 

.0066 

. 0047 

.0034 

.0014 

FINER PERCENTS 
100.0 .o 
100.0 .o 

99.9 .l 

79.1 20.9 
73.8 26.2 
64.9 35.1 
43.7 56.3 
38.4 61.6 
31.5 68.5 
25.9 74.1 
23.1 76.9 
18.1 81.9 

EDE 
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SIEVE ANALYSIS 

ROJECT: ROCKEYE MUN. FAC.,NWSC 
CRANE, IN 

BORING: 10/15-lo-90 SAMPLE: 1A DF: MD2991 .DAT 
DEPTH: 5.0 - 5.5 IDATE: 02 APR 91 

NO-LIMITS-RAN GS: 2.710 est WC: 19.40 oc: 3.10 
CLASSIFICATION: 374 

CLAY (CL), BROWN: WITH SAND VISUAL 

TOTAL WEIGHT OF SAMPLE: 466.5 gms. 
PARTIAL WEIGHT AFTER SPLIT: 58.3 gms. 

WEIGHTS 
gm- 

.o 
1.1 

.3 

.l 

.5 

.l 

.2 
,,, .3 

.3 

.4 

.6 
1.3 
2.7 
4.8 

HYDROMETER: 
RDGS 
28.0 
25.5 
21.9 
14.4 
11.3 

9.0 
7.1 
6.0 
4.6 

SIEVE SIZE OPENING PERCENT CUMUUPTIVE 
or NUMBER 

3/8 in 
No 3 
No 4 
No 6 
No :Lo 

mm 
9,500 
6.350 
4.750 
3.350 
2.000 

FINER PERCENTS 
100.0 .o 

99.8 .2 
99.7 .3 
99.7 .3 
99.6 .4 

No 16 
No 2 0 
No 3 0 
No 40 
No 50 
No 7 0 
No 100 
No 140 
No 200 

TEMI? 
23.5 
23.5 
23.5 
23.5 
23.0 
23.0 
23.0 
23.0 
22.0 

1.180 
.850 
.600 
.425 
.300 
.212 
.150 
.106 
. 075 

.0427 76.5 23.5 

.0311 69.7 30.3 

.0229 59.9 40.1 

.0128 39.6 60.4 

.0093 30.9 69.1 

.0067 24.7 75.3 

.0048 19.5 80.5 

.0034 16.5 83.5 

.0014 12.2 87.8 

99.4 .6 
99.2 .8 
99.1 .9 
99.1 .9 
98.9 1.1 
98.5 1.5 
97.4 2.6 
95.0 5.0 
91.4 8.6 

PERCENT GRAVEL = 3 
PERCENT SAND = 8:3 
PERCENT FINES = 91.4 

EDE 
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.,. !:IEVE ANALYSIS 

ROJECT: ROCEEYE MUN. lFAC.,NWSC 
CRANE, IN 

BORING: 10/15-11-90 SAMPLE: 1A DF: MD2991 .DAT 
DEPTH: 0.5 - 1.0 DATE: 02 APR 91 

NO-LIMITS-RAN GS: 2.70 est WC: 25.30 OC: 2.80 
CLASSIFICATION: 392 

CLAY (CL), BROWN; TRACE OF SAND VISUAL 

TOTAL WEIGHT OF SAMPLE:: 414.2 gms. 
PARTIAL WEIGHT AFTER SPLIT: 54.7 gms. 

WEIGHTS SIEVE SIZE OPENING PERCENT CUMULATIVE 
gm* 

.O 

.3 

.2 

. 1 

.l 

.l 

. 1 

.2 

.4 

.9 
1.7 
2.3 

HYDROMETER: 
RDGS 
27.5 
26.5 
23.5 
16.9 
13.2 
10.2 

8.0 
6.3 
4.3 

PERCENT 
PERCENT 
PERCENT 

or WUMI3ER 
No 4 4750 

FINER 
100.0 

NO 6 3.350 99.9 
No 10 2.000 99.9 

No 16 1.180 99.7 l 3 
No 20 .850 99.7 .3 
No 3 0 .600 99.7 l 3 
No 40 .425 99.7 .3 
No 50 .300 99.5 .5 
No 70 .212 99.1 .9 
No 100 .150 98.2 1.8 
No 140 -106 96.8 3.2 
No 200 ,075 95.7 4.3 

TEMP 
23.5 
23.5 
23.5 
23.5 
23.0 
23.0 
23.0 
23.0 
22.0 

GRAVEL=: 0 
SAND == 4:3 
FINES =: 95.; 

.0429 

. 0307 

.0225 

.0125 

.0091 

.0066 

.0048 

.0034 

.0014 

80.3 19.7 
77.4 22.6 
68.7 31.3 
49.6 50.4 
38.6 61.4 
29.9 70.1 
23.5 76.5 
18.6 81.4 
12.2 87.8 

PERCENTS 
.o 
.l 
.l 

EDE 
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,I SIEVE ANALYSIS 

.'ROJECT: ROCKEYE MUN. FAC.,NWSC 
CRANE, IN 

BORING: 10/15-11-90 SAMPLE: 2A DF: MD2991 .DAT 
DEPTH: 2.0 - 2.5 DATE: 02 APR 91 

NO-LIMITS-RAN GS: 2.70 est WC: 18.70 OC: 1.80 
CLASSIFICATION: 410 

SANDY CLAY (CL); BROWN VISUAL 

TOTAL WEIGHT OF SAMPLE: 455.4 gms. 
PARTIAL WEIGHT AFTER SPLIT: 53.3 gms. 

WEIGHTS SIEVE ,SIZE OPENING PERCENT CUMULATIVE 
gm* or NUMBER 

.O No 4 

.5 No 6 

.l No 10 

.o 

.l 

.l 
. 

,I :,’ 
.7 

3.7 
8.0 

11.3 
HYDROMETER: 

RDGS 
21.2 
19.2 
17.9 
13.9 
11.9 
10.0 

8.2 
7.3 
6.1 

No 16 
No :20 
No :30 
No 140 
No !50 
No '70 
No 100 
No 1440 
No 2130 

TEMIP 
23.!5 
23.!5 
23.!5 
23.!5 
23.0 
23.0 
23.0 
23.0 
22.0 

4:50 
3.350 
2.000 

1.180 
.850 
.600 
.425 
.300 
.212 
. 150 

106 
:075 

.0462 

. 0333 

.0239 

.0128 

.0092 

.0066 

.0048 

.0034 

.0014 

FINER PERCENTS 
100.0 .o 

99.9 .l 
99.9 .l 

99.9 .l 
99.7 .3 
99.7 .3 
99.7 .3 
99.5 .5 
98.6 1.4 
92.9 7.1 
84.9 15.1 
78.7 21.3 

63.7 36.3 
57.7 42.3 
53.9 46.1 
42.0 58.0 
35.7 64.3 
30.1 69.9 
24.7 75.3 
22.0 78.0 
17.9 82.1 

PERCENT GRAVEL = <* 0 
PERCENT SAND = 21.3 
PERCENT FINES = 78.7 

EDE 
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SIEVE ANALYSIS 

ROJECT: ROCEEYE MUN. FAC.,NWSC 
CRANE, IN 

BORING: 10/15-12-90 SAMPLE: 1A DF: MD2991 .DAT 
DEPTH: 0.5 - 1.0 DATE: 02 APR 90 

NO-LIMITS-RAN GS: 2.70 est WC: 22.60 OC: 2.10 
CLASSIFICATION: 428 

CLAY (CL), BROWN: WITH SAND VISUAL 

TOTAL WEIGHT OF SAMPLE: :368.7 gms. 
PARTIAL WEIGHT AFTER SPLIT: 55.0 gms. 

WEIGHTS 
gm* 

.O 

.6 

.O 

.7 

.6 

.2 

.4 

.5 

.8 
1.0 
1.3 
1.9 
3.4 
6.0 

HYDROMETER: 
RDGS 
24.9 
23.1 
19.6 
11.3 

8.2 
6.2 
5.1 
4.3 

SIEVE SIZE OPENING PERCENT CUMULATIVE 
or NUMBER 

3/8 in 
No 3 
No 4L 
NO 6 
No 10 

NO 16 1.180 99.1 .9 
No 20 ,850 98.8 1.2 
No 30 .600 98.6 1.4 
No 40 .425 98.0 2.0 
No 50 .300 97.7 2.3 
No 70 .212 97.1 2.9 
No 100 .150 96.0 4.0 
No 140 .106 93.3 6.7 
No 200 .075 88.6 11.4 

TEMP 
23.5 
23.5 
23.5 
23.5 
23.0 
23.0 
23.0 
23.0 

PERCENT GRAVEL a= .:! 
PERCENT SAND -= 11.2 
PERCENT FINES -= 88.6 

9?00 
6.350 
4.750 
3.350 
2.000 

.0443 72.1 27.9 

.0320 66.9 33.1 

.0235 56.9 43.1 

.0131 33.0 67.0 

.0095 23.8 76.2 

.0069 18.1 81.9 

.0049 14.9 85.1 

.0035 12.6 87.4 

FINER PERCENTS 
100.0 .o 

99.8 .2 
99.8 .2 
99.6 .4 
99.5 .5 

EDE 

C-38 
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SIEVIE ANALYSIS 

ROJECT: ROCKEYE MUN. FAC.,NMSC 
CRANE, IN 

BORING: 10/15-12-90 !%MPLE: 2A DF: MD2991 .DAT 
DEPTH: 14.0 - 14.6 DATE: 02 APR 91 

NO-LIMITS-RAN GS:: 2.70 est WC: 23.70 OC: 3.00 
CLASSIFICATION: 448 

CLAY (CL), BROWN VISUAL 

TOTAL WEIGHT OF SAMPLE: .o gms. 
PARTIAL WEIGHT AFTER SPLIT: 54.6 gms. 

WEIGHTS SIEVE SIZE OPENING PERCENT CUMULATIVE 
gm* or NUMBER 

.o No 3~0 2~00 
FINER PERCENTS 
100.0 .o 

.o No 3.6 :L.180 

.o No ;!O .850 

.o No 3 0 600 

.l No 410 :425 

. 1 No 50 .300 

.l No 70 .212 

.2 No 100 . 150 

.4 No 14:0 106 

.8 No 200 :075 
HYDROMETER: 

RDGS TEME' 
28.7 23.0 .0423 
27.5 23.0 .0304 
25.1 23.0 .0221 
18.8 23.6 0122 
15.0 23.6 : 0090 
12.4 23.01 . 0065 
11.0 23.01 .0047 

9.8 23.01 .0033 
8.2 22.0 .0014 

100.0 .o 
100.0 .O 
100.0 .O 

99.8 .2 
99.8 .2 
99.8 .2 
99.6 .4 
99.3 .7 
98.5 1.5 

83.8 16.2 
80.3 19.7 
73.3 26.7 
55.0 45.0 
43.9 56.1 
36.4 63.6 
32.3 67.7 
28.8 71.2 
23.6 76.4 

PERCENT GRAVEL = .O 
PERCENT SAND = 1.5 
PERCENT FINES = 98.5 

EDE 
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SIEVE ANALYSIS .I 

'ROJECT: ROCKEYE MUN. FAC.,NWSC 
CRANE, IN 

BORING: 10/15-13-90 SAMPLE: 1A DF: MD2991 .DAT 
DEPTH: 2.5 - 3.0 DATE: 02 APR 91 

NO-LIMITS-RAN GS: 2.70 est WC: 15.80 
CLASSIFICATION: 464 

GRAVELLY SANDY CLAY (C!L), BROWN 

oc: 6.20 

VISUAL 

TOTAL WEIGHT OF SAMPLE: 334.4 gms. 
PARTIAL WEIGHT AFTER SPLIT: 51.2 qms. 
INSUFFICIENT SAMPLE FOR ACCURATE GRADATION 

WEIGHTS SIEVE SIZE 
gm* or NUMBER 

.O 1 i.n 
16.2 3/4 in 

5.9 l/2 in 
4.7 3/8 in 

10.5 No 3 
6.9 No 4 
8.7 No 6 
7.7 No :10 

OFENING PERCENT 
FINER 
100.0 

95.2 
93.4 
92.0 
88.8 
86.8 
84.2 
81.9 

.9 
1.4 
1.7 
2.0 
2.2 
2.5 
3.2 
4.4 
6.7 

HYDROMETER: 
RDGS 
21.6 
19.8 
18.0 
14.8 
13.4 
12.3 
10.8 

9.9 
8.3 

No :L6 
No 2 0 
No :3 0 
No 4 0 
No !50 
No 7 0 
No 100 
No 140 
No 200 

TEMI? 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
22.0 

PERCENT GRAVEL = 13.2 
PERCENT SAND = 15.6 
PERCENT FINES = 71.2 

25:OO 
19.100 
12.500 

9.500 
6.350 
4.750 
3.350 
2.000 

CUMULATIVE 
PERCENTS 

.O 
4.8 
6.6 
8.0 

11.2 
13.2 
15.8 
18.1 

1.180 
,850 
.600 
.425 
.300 
.212 
. 150 
.106 
.075 

80.4 19.6 
79.6 20.4 
79.2 20.8 
78.7 21.3 
78.4 21.6 
77.9 22.1 
76.8 23.2 
74.8 25.2 
71.2 28.8 

.0460 55.1 44.9 

.0331 50.5 49.5 

.0239 46.0 54.0 

.0127 37.8 62.2 

.0091 34.3 65.7 

.0065 31.5 68.5 

.0047 27.7 72.3 

.0033 25.4 74.6 

.0014 20.8 79.2 

C-42 
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APPENDIX D 

VALIDATION REPORT 



REPLY TO 
ATTENTIOM OF 

DEPARTMENT OF THE ARMY 

23 August 1991 

CEWESEE-A 

MEMORANDUM FOR- MR. ROBERT MAGEE, US ARMY ENGINEER DISTRICT, 
WlLMINGTr)N, 69 DARLINGTON AVENUE, WILMINGTON, NC 28403 

SUBJECT: Data validation for Site 3 (Rockeye), Crane samples 
collected 3,'05/90 - 10/15/90 

1. Completeness check 
a. All samples and analyses have been processed. 
b. Di%ta rcpclrfced included copies 

records received from the field. 
of all chain-of-custody 

QC results for blanks, 
spikes, duplicates, and standard reference materials were 
includemd in thr. data report. 

c . Prlocedurea specified in the project planning were followed 
with the e.xception of Tin that was run by plasma emission 
spltiictrometer. An explanation of deviation was given in 
previous reports. 

d. A .review of raw data sheets shows that all calibrations 
were pe:rformed in accordance with SW-846 procedures. 

2. Data were evaluated with respect to detection limits. Al: 
data were reported at or below contract required detection 
limits. 

3. Data were evaluated with respect to control limits for 
duplicates, spikes, blanks, and surrogates. The following 
problems were noted and corrective ac;liurls tdkell where 
appropriate: 

0~1 sever&l samples for Base Neutral/acid extractables, 
(ALG as'ample numbers 7545,7546, 7547, 7721, 7722, 7779, 7780, 

7783) the p-Terphenyl-dlq surwyate W&S high outside the 
acceptable range and for some samples (ALG sample number 
7721, 7618, 7625, 7662, 7784, 7786,7779,7780, 7783, 7803, 7442- 
77477441m '7559, 7545-7547 7410,7412-7417, 7545-7547) there were 
low internal sLandard recoveriee. Samples were reun and yielded 
essentially the same results. Reagent blank samples 
W~L+ within range. The hiyh surrogate values and low internal 
standard L.t~w.wel.:‘.ies were attributed to matrix effects. 

b. Low internal standard areas were obtained for volatiles 
analysis of AI& sample numbers 7411, 7414,and 7417. Samples were 
reun and the problem persisted indicating a maLrix c?lffttcL since 
other sampltes in t:he group were within acceptable limits. Samples 
'1816 and 7817 exceeded the holding times by two days for volatile 
analysis due to instrument problems. 



-- - 
l . 

C. antimony spikes were cmmitted from the ICP digestions 
for sample delivery groups g/10/90, 9/05/90, g/06/90, S/OS/SO, 
g/13/90, and 10/X4/90. Post digestion spikes were run with these 
sanlples. 

d. InterZerence check samples were not run with the ICP metals 
analyses :becau,se the laboratory supply was depleted. A new 
supply had been ordered prior to the beginning of this project, 
but the cclmpany miispla~d the order. 

e. cr, cc, 0.1, Pb, Ni, and Zn were omitted from the spiking 
solution used for ALG samples 7433-7437, 7448-7455 and 7548-7552. 

4. All isamples were analyzed within 
times except als previously noted. 

acceptable holding 

5, Data for QA samples were within acceptable limits. 

ANN 8, STRONG d 
Chief, Analytical 
Laboratory Group 
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COOLER RECEIPT FORM *- J 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

., 8) 

9) 

10) 

11) 

12) 

13) 

14) 

were aatody ¶eds m outside of cmler No 
If YES, how I cl,,L-& - 
Wen! SiQwtu 

Were at&y papers taped to lid inside eoolw? ------------------ 6 
. 

S ND 

Weq wsto@q papers properly ff!led out (ink, stgned, et&)? --------- YES @ 

Did yw sign custa& papers in the appropriate place? ------------- 63 E NO -- 

Old-& &actr shtppw’s packing slip to this form? ---------------@ No’ 

What kind of swing SmateMl was used? 

We sufficient ice u& (if appropriate)? -----,--,--,--~-------- 63 w . 

Were all bottlles sealed in :-ate plastic-bags? ------------------ S . NO a _ 

* Old all bottles arrive in g#6 arndltion (unbroken)? -------------i- @ NO io L-. 

Wereallbattlelabelsawnplete(Na,date,sigled,anal.,pres,~)? ----a NO 

Old allJmtt1e labels end tap qqrm with #rstodt) papers? ------------- @ No 

were m bott1u Iwed for thg tests indicataj? -----------------; @D No 

Wetev~visms~larabsLncstislr b”bbh!?sandnotedif farnd; ----@ No 

Was a sufficient emamt of sample sat fn’e82h bottle? --------------@9 NO . 

Expldn any dtscrepmcies -‘-4 

. 
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COOLER RECEIPT FORPI 

I) 

2) 

3) 

4) 

5) 

6) 

7) 

), 8) 

9) 

. . 10) 

11) 

12) 

13) 

14) 

---------------~------ 

IfYES,howmwryandwhwe? I 
were slgnatura and dBte Cur 

. 
Were custody Ipapers taped to lid inside a&r? ------------------ PC3 S NO 

Warecustady lpapt& pvly filledout (ink, signed, etc)? --------- YES (@ 

Did yuu sign a&or& peepers in tha appropriate plaa? ------------- @ E NO -- 

Old*& attfzh shipper’s pa&l&j sUp to this form? ---------------- @ NO 

What kind of piacking material was used? * + 

Was sufficient, ice ustrj (if appropriate)? --------------------+&.I NO l 

Were all bottles seala! in zparata plastic.bqts? ------------------ 6 S NO 

- Old all bottles arrive In good condition (unbroken)? -------------i- YES @ 

Were all bottl~e labels complete (No., date, signal. anal., pres, etc.)?’ ----@ NO 

Did all bottle labels and tqs agee with custoc)lr papers? ------------ 0 YE NO 

were correct &th used for the tests tndj@s~? ----------------- YE csr No 

WereVQ4vlgbcb2cke!!forabsena2ofair b&blesandnotediffwnd?---@9 ND 

Was a sufficient amount of s&nple sent in ez& bottle? ------------- u YES NO 

(y--J w 

. . . 
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COOLER RECEIPT FORM ‘I 

. 
(signat& 

1) W#% (xI3fody g& #I o&i& of all? --- ----I-----:-------- ES 
IfYES,htnnrmdnq~andwhera? 3 + 

0 w 

were SfCpratur8 snd date correct? 0 ES NO 

-2) Were custody pepers wed to lid inside mler? ----:------------- 
@ 

NO 

3) Were custody papers prcwly filled out (ink, signed, e&)? -------A Yfs G No 

4) Did you sign custody papers in the appropriate place? ------------- 0 Y S NO 

5) D!dl&r attach shipper’s packing slip to 

6) Whet kind of pecking material wes us&? 

7) W8s sufficient ice usx! ( if q~propriate 

.., ,, 8) Were all bottles sealed in separate plast@baps? ------------------ @ NO 

9) Did all bottles arrive in fpil cmdltlon (unbroken)? -------------i- YES (@ . 
10) Were811 bottle hbelsarmplete (No., date, signed, en& pres, e&I?’ ---- @ NO 

11) Old all bottle labels and tegs spree with custody paoers? ------------ @ No 

12) were correct bottles used for the t&s IqMeted? ---------------- 0 ES‘ ND 
. 

13) WsraV~vtsls~f~~oratbubbleradmtcdIffand?--0~ NO 

14) Was 8 sufficient emounl, of semplc sent in eaCn bottle? ----L-------- Q S NO 

Explain any discrepanlciw --4 
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COOLER RECEIPT FORM 4 
. . 

Project ; ,.&$$f& /4h2iQi,Vt . . 
,“’ “, 

,3 I. 

2) 

3) 

4) 

5) 

6) 

7) 

,, 8) 

9) 

wm custodygjf&:,#r **~**-*~*~~~~** ,‘***-~** 

ifYES,how marysndwtwe? L-e 
were signatur8 and l&t8 corract? F3 

. 
ES NO 

Werecusta&paperstapedb lid insidecooler? ------------------ @9 No . 

Were aataty papers prqnrrly filled out (ink, signed, etc)? --------- @ No 

DidyousignaMc~paparsiintte appropriateplaa?------------- E I40 --- lo -.* - 
DM you attach shipper’s packing slip to this farm? ---------------- @ ND . 

Whet kind of packing materM ~15s used? 4L 

r Wassufficimtiee!used(i~appropriate)? -------0-------r------- ES NO . 

Were a¶\bottkssealedinsepmatepl&ic~bags?------------------ f@ NO _ 

DMallbottlesmlve tnQJodcondl~~(unbroken)?-------------;- @ No - 

10) Wemall bottle lalbelscmplete Mo.,date, stm, anal., pres, e&I? ----@$ No 

II) DidaMmttlelabsisdndtspsapraewith~~papan?-------------~ NO 

12) Were correct bottles wed for the tests indicated? ------------------ E Gf No 

1;) WaYdvlslsdeeLcdfPrabsMeedairbubblcradnotediff~----~ NO 

14) Was a sufficient amount of sample sent in each bottle? -------------- 0 ES No 

Explsinanyc#krepmics---> 
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COOLER RECEIPT FORM . 
1 , 
3 

/-5-k 

(signature) 

,,’ 

1) Wm *neala m ,~i&of~l#? -------------- i------ y 

~tYES,,how~sndwhere? 1; ti&. 
. w . 

Were!rtgn8tureenddatGmrect? u 6 - 
S NO 

. 2) Werecustadfpapers taped to lid inside a&r? ------------------ @ NO 

3) Wss~pBpsrsbroper~tilledwt(ink,sipnal,ac.)? -----i--- YES NO 
0 

4) Did you sign CUBA papm in the appropriate place? ------------- 
@ 

S NO -- 

5) Dtd*& attacn :shippw’“s packing slip to 

6) What kindhf paking material wes used? 

7) Wss sufficient ice usedl (if appropriate)? ----------------------- YES C@ . 

8) Were qll bottles staled in separate pla+bags? ----i------------- t63 NO _ _I . 

- 9) Dhl all bottles trrive in g&d mftdltlon (unbroken)? -------------:- @ NO 4..- ) 

101 Wereallbattle labeiscMlpIete(No.,date,signed,aMl.,pres,e~~? --- YE -0 NO 

11) Did all bottle labels and tags agree with custody papers? ------------- YES @ 

12) Were correct bottles uaal for the tesls indicated? ----------------- a ES - NO 

13) Were VOA vials; checked for absem 0; air bubbles and noted if found? --- @ 

i4j Wa a sufficient amount of sample sent tn each bottle? --Bw---------- (#g&g 

Explain my dtscxepsrrcies ---a 
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COOLER RECEIPT FORM 

I) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

*. 101 

Were a&&y ~81s m a&i& of cool@? -----------t---L .LIIII 
ItYES, how marF/uuNhere? 3; @+-$ u d 

J-&&c@ No . - 

Weresi~tun8nddatemrect? @ Y No 

Were custody pepers taped to lid inside cooler? ------------------ @ NO 

Were custody petpers properly tilled out (ink, signed, et&)? --------- @ No 

Did you sign cu&dy parws in the appropriate phxz? ------------- 0 w __- 

D&&J attach slhtppef’s p@cing slip to thts form? ---------------- NO 

What kind of packing material ~8s used? 

Was sufficient ice u #(if appropriate)? ---------------;------- 
@ NO . 

Were all bottlez; sealed <in -ate plasticvbqs? ------------------ @ No - 

Dld all bottles arriire in gxd wndftion (unbroken)? -------------i- 
@ NO 

;. -j 

Were all bottle labels ajmplete (No., date, signed. anal., press, et0 ---- @ NO 

11) Did all bottle lsrbels end tqs qrw with custajy papers? ------------- 0 E t@ 

12) Ware correct krttks wled for the tests ind$&d? ----------------- 6 ‘E -NO 

13) Were V&A vtals checker! for absem ot air b;bbles and noted it tad? ----@ NO 

14) Wus a sufUcient amount of sample sent in eech bottle? -------------- 0 E NO 

Explain any discrepanlcies --,-) 
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COOLER RECEIPT FORM 
t 1 . . 

1) Werecustodqsealsonoutsideofa&r?--- -------- -0: 
If YES, how miarryandwhere? f ~ cr&As%+$ld 

II----- @ No . 

Were sll()natltre and date correct? 0 YE NO 

2) Were custody papers teped to lid inside mler? ------------------ E 
63 a NO 

3) Were custody pape& properly filled out (ink, signed, e&J? --------I yE m 
0 

4) Did you sign atstcdy pqm in the appropriatt plact? --------a---- @ NO -- 

5) D&&J attach shipper’s packing slip to No 

6) What kindbf p&ing material was used 

7) Was sufficient ice useel (if appropriate)? --------------- ~‘. ggggg YES @ . 

8) Were all bottles sealed in seperate plastic.bags? ------------------ @ No 

9) Did all bottles arrtve in gaxl condition (unbroken)? 99-9-9-9-9-9-99 
-@Q NO 

10) Were all bottle labels txmpleta (No., date, signed, anai., pm, etc.)?*----(@ NO 

11) Did all bottle lclbels and tap agree with wsbdy papers? --------A--- @ No 

12) Were erect bott\err USXI for the tests indicatal? ---------------- - E a- ND 

13) Were VQ9 vials check@! for absent, of air bubbles and noted if found? --- 
3.9 No 

14) Was a suffkient mount of sample sent In each bottle? -------------- 
@ NO 

Explain sny discrep8nccies ---) 
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APPENDIX F 

RESPONfSETO NAVY/CRANE COMMENTS 



Naval Facilities Engineering Command Comments 
and Replies to Internal Draft, RF1 Phase II Soils, 

Rockeye Munition Facility Report for 
SWMU 10/15, Naval Surface Warfare Center Crane, Indiana, USAE-WES, 

November 1991 

A. General Comments (Pg.1 and 2 of comments) 

Comment 1 

INTERNAL. should Iprecede DRAFT on the cover page. Headers (top-left and 
top-right) should not be included in the report cover page. The date should 
be listed on thle covem page either below CRANE, INDIANA OR PREPARED FOR... 

A copy of the Army Corps transmittal letter and accompanying distribution 
list must be bound in the report ahead of the cover page. The transmittal 
letter, attached to each report, will be a reproduction of the original letter 
bound in one of the copies sent to the Northern Division. The letter will be 
From: Army... To: Northern Division... 

The proper SWMU name, based on the permit and NORTRDIV, is Rockeye, not 
Rockeye Munitialns Facility. Please revise the cover text accordingly. The 
cover pages to the US;AE-Wilmington reports and work plans should be 
consistent. The OBP Report (SEP '91), which omitted the date on the cover, is 
preferable with the title Installation Restoration Program - 
Corrective Actions on the top of the cover page. 

ResDonse 

The report has been modif ied as suggested. 

Comment 2 

Place the executive summary after the Table of Contents, proceeding the 
"LIST OF ACRONYMS/ABB~RRVIATIONS. NAD on Page 44 should be "Naval Ammunition 
Depot," not "Naval Army Depot." 

ResDonse 

The report has been modified and corrected as suggested. 

Comment 3 

The grammar of the report requires improvement. Grammatical errors and 
poorly constructed sentences were found throughout the report. The report 
must be proofed for grammatical and technical accuracy prior to submission to 
the Navy. 

Response 



The report has been proofed and improved as requested. 

Comment 4 

The statistical analysis of the data is inadequately explained and 
requires significant revision. The statistical analysis of the metal data 
seems to be obscuring rather than assisting data interpretation. This occurs- 
-in part--from poor experimental design; in particular, the treatment of the 
background concentrations of the metal contaminants does not seem correct. 

Resuonse 

Comparison of b(ackground concentrations of metal contaminants has now been 
made using subsurface soils data from the Ammunition Burning Ground (ABG) and 
the Old Rifle Range! (ORR). Also, surface samples from Background North (BN) 
were included with Area C surface samples to give a larger and more 
representative number of samples for comparison purposes. 

B. Snecific Commegti 

1. Pane i 

Comment 5 

The first sentence is awkward in its presentation o the acronym NWSCC. 
NWSCC should proceeld Naval Weapons Support Center Crane (NWSCC). The second 
paragraphs incorrec.tly correlated a hazardous waste disposal unit with a SWMU. 
Please delete the last sentence of the paragraph and revise the 2nd: "...to 
be done at its Solid Waste Management Units (SWMU)." The third paragraph 
called the SWMU the "Rockeye Munitions Facility." That is not the SWMU name 
and if used it should be explained why it is different than the SWNU name in 
the permit. 

ResDonse 

The report has been revised as suggested. Also, the name has been updated 
to reflect the current installation name. 

Comment 6 

The fourth paragraph associated the entire Rockeye operation with a sump 
operation. The reader is not told why the RF1 was centered around a (past 
and/or present?) sump operation. Was the sump the only potential source of 
contamination? If so, specify the source which limited the area of 
contamination to the sumps. Please rewrite and briefly describe the 
significance of this operation. Specify the consequence of such an operation 
and state are the waste water was (and is) discharged. 

Resnonse 

Historical treatments of the site (Navy and Army Initial Assessments) 
indicate that all wastewater from the Rockeye operation (tray wash and 
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““I baghouse) was discharged into the sumps. When the sumps filled, they were 
allowed to discharge to drainage ditches and north and south streams. 
Indications are that the pathways of all surface discharge were to these two 
offsite streams. Surface discharge was considered the pathway of concern. As 
presented in the Work Plan, the RI was designed to examine these routes and 
associated structures. The operation, past and present, is discussed in 
Section 1.3.0.. and, as requested, summarized in the Executive Summary. 

2. Pane 1% 

Comment Z 

(Third sentence, 1st paragraph). The statement " . ..~a8 of lesser concern 
at the Rockeye...n does not fit the context of the paragraph. The paragraph 
attempts to delscribe! the analysis performed. No rationalization is presented 
why every compound eixcept explosives "was a lesser concern.*' 

Resnonse 

The historical documentation focused only on explosive wastes. No 
indication of additional pollution was given. The paragraph has been modified 
to reflect this information. 

Comment 8 

(Last paragraph), Please describe the visual observations pertaining to 
the explosive contamination. State the matrix type for sample 10/15-14-90 
(soil sample, water sample, etc.). Were any air samples collected and 
analyzed for explosives near the vents? 

JtesDonse 

The visual observation referred to from the 1983 NEESA study was pink 
water in the stream north of the facility. The matrix type for Sample 10/15- 
14 was soil, taken as a surface sample. In addition, the sample identifier 
has been chang,ed to the alpha "H" in keeping with other surface samples. The 
paragraph has been revised to reflect this information. There were no air 
samples collected and analyzed for explosives near the vents. 

Comment 9 

The 2nd paragraph is an assortment of vague findings. For instance, 
without a reference, groundwater (in this case one word, 2 words in the 
preceding sentence) is said to be contaminated with explosives. The last 
round of groundwater data for the Rockeye showed very low levels of explosives 
in only the northeastern monitoring wells. 

JIesDonse 

The appropriate spelling of "groundwater" (one word) now is indicated in 
the revised paragraph. Also, reference is made to the current RF1 Phase III 
Groundwater study which indicates that explosives contamination has been 
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detected in concentrations above "B" and "J" levels in several northeastern 
monitoring wells at Rockeye. 

Comment 10 

The 3rd paragralph referenced a " . ..visual observation (NEESA, m)...” 
that contamination exists at the Rockeye. I believe the NEESA document was 
published in 1983, not 1986. The Table of Contents listed the Bibliography as 
Page 40, instead of Page 44. The Bibliography did not list the title of the 
NEESA document correctly. The title is not J&f&la& 
Site Assesame-. The page number for ACRONYMS was also listed &correctly. 

Response 

These items are revised as suggested. 

Comment 11 

(Last sentence), The author should be certain that present operations are 
n . . . affecting the environment...w The test should use more explicit language 
than "affecting the environment." Perhaps "contaminating the environment." 

ResDonse 

The sentence has be.en revised. 

3. Pane 1 

Comment 12 

A comma should not separate Naval Weapons Support Center, Crane nor the 
NAB, Crane in the second paragraph. 

ResDonse 

The grammatical change has been made as requested. 

Comment 13 

Please proroide an explanation of the RF1 Phase III Groundwater at Rockeye. 
The groundwater is a very important aspect of the RF1 at the Rockeye. The 
reader must be made aware that the Navy is concurrently conducting a 
groundwater investigation at the Rockeye SW'MU. 

ReSDOnSe 

An explanation of the RF1 Phase III Groundwater study at Rockeye has been 
provided as additional paragraph in Section 1.2.0. In addition, a summary of 
the preliminary findings of this study, (as of March 1992), is given in 
Section 1.3.0. 



Comment 14 

The last paragraph of Section 1.2.0 should take the reader through the 
regulatory history of the IR Program at the NWSCC (i.e. from the IAS to the 
present). I do not feel Section 2.0 is adequate in such a task. section 2.0 
only lists the documents, which duplicates the Bibliography. Once such a 
summary is prepared, it can be used for each and every work plan and report, 
with only sli,ght mo8difications. 

Resoonse 

The last two paragraphs of Section 1.2.0 have been modified and greatly 
expanded to p,rovide a summary of the IR program at NWSCC from the initial Army 
assessment in 1978 to the present. Also included is a summary of previous 
studies coverfng the Rockeye site and their findings. 

4. Pane 3 

Comment 15 

(2nd paragraph). Specify the percent by weight of the chemical components 
of "Octal Compound IB". In particular, specify the presence of any TCL 
organic8 or TALinorganics in Octal. Explain all abbreviations (e.g., %DX") 
to the reader. 

ResDonse 

The composition, in percent by weight, of the chemical components of Octal 
and Composition B (mislabeled "compound)" ar given in the revised paragraph. 
Octal and Composition EL are actually two separate explosive compounds that are 
apparently blended for the Rockeye load. 

Comment 16 

(2nd paragraph). The text states: "The sump8 are periodically pumped and 
the residue is sent to the Ammunition Burning Grounds." Please describe how 
the residue is sent to the Ammunition Burning Grounds. 

ResDonse 

The paragr,aph hams been revised to indicate that the residue is carried by 
truck to the ABG. 

Comment 17 

(3rd paragraph). Change the sentence: "Concentrations of explosives were 
found..." to *%xp1os;i~e8 were found...." 

Sentence h,as beeln revised as requested. 
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Comment 18 

The site map must be included for the Rockeye. Include the drainage ways 
and sump8 and the map. Bill Hurphy (USA&WES) has several large scale maps 
for the Rockeye he has 'been using for the groundwater RF1 which should also be 
used for this report. The report should also extract and reproduce figures 
from several other available sources to aid the reader through visual 
depictions of past sump operations and discharges at the Rockeye (e.g. 
Pollution-m 197l.I 
Assessment of KWSC. 1978. etc.1. 

ResDonse 

A fold-up site map, at a scale of approximately l-inch equals 100 feet, 
has been ad&d as Plate 1 and enclosed in an envelope pouch with the report. 
The map includles the location of monitoring wells, soil borings, pertinent 
drainage ways, and s'umpa. Monitoring wells down-gradient of the site are 
shown on Plate 2. Figu:res 1.2, 1.3, and 1.4, taken from the Z)ollution Control 
-ram. 1971, have #also been added to the report, as suggested. 

Comment 19 

The last paragraplh should summariee the levels of contaminants found in 
monitoring wells and a figure or map should show the location of the 
monitoring wells at the Rockeye. What concentration were found in what wells? 

Resnonse 

A summary of the preliminary evaluations of monitoring wells in the Phase 
III Groundwater Study has been included, along with maps showing the locations 
of the monitoring wells. (See response to Comment 18). 

Comment 20 

The R has been omitted from RF1 proceeding the title of Section 1.4.0. 

$tesDonse 

Comment noted and correction has been made. 

Comment 21 

(3rd sentensce). Explain, or reference the appropriate paragraph, What the 
contamination routes are and Why they are contamination routes. 

ResDonse 

The term "c~ontamination routes" refers to the drainageways, or ditches and 
streams, where explosive!-contaminated waters were discharged, primarily in the 
pre-1978 operations described in paragraph 3 .O. The sentence (actually the 
fourth sentence) has been revised as suggested. 
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5. Pane 4 

The previous stuldies are not complete. Omitted were the Army's Assessment 
of 1978, and the Installation Assessment Relook Program (EPIC, 1985). Please 
include the information presented in the EPIC (1985) study for the Rockeye, 
which was called Site 3. 

JXesDonse 

A chronological summary of previous studies covering the Rockeye site, and 
their findings: has been included in Section 1.2.0 along with a regulatory 
history of NSWC (see Comment 14 and response.) 

Comment 23 

(Section 3.1.0). Describe how surface scrape samples were taken (e.g., 
sampling equipment). Provide some supporting evidence or source to the 
statement "Inorganic and organic compounds are of secondary concern." 

Resnonse 

The surface "scrape" samples were actually taken at a depth of 3 to 6 
inches below the ground surface, discarding vegetation up to 3 inches, using 
an individual strip of sheet Plexiglas as a "scoop" for each sample. Since 
Rockeye is a facility for the production or assembly of explosive products, 
and historical discussions of operations do not discuss pollutants other than 
explosives, these compounds were the primary contaminants of concern. Organic 
solvents could have 'been mistakenly discharged into the waste stream, and 
metals are commonly found with munitions wastes. Therefore, some of the soil 
samples were also tested for other organic and inorganic compounds. The 
section in the report has been revised to reflect this information. 

Comment 24 

(Section 3.1.0). Why were no control (background) borings taken? The 
second paragra:ph stated that the stream beds were examined, but no map or 
figure is provided t1o show the proximity of the stream beds. 

Resnonse 

It was thought th,at the chemical composition of the background surface 
samples would lbe representative of the area. Data from background borings at 
ARG and ORR have been included for comparison with Rockeye subsurface soil 
information. The location of stream beds and pertinent ditches where sampling 
was done is shown on Figures 3.1 and 5.3 through 5.5. The report has been 
modified to reflect this information. 

7 



Comment 25 

(Section 13.1.0, 2nd para.) The text stated that a grid was placed at the 
site to detect spills. The text has been rewritten to indicate that the sumps 
were the primary source of contamination. What potential "spills" does the 
text imply? 

Pesnonse 

The sumps were the primary source of contamination, and the ditches and 
drains leading from them were the most likely receptors of that contamination. 
However, a grid system was established as a precautionary measure to determine 
the extent of possible contamination from overflowing of these ditches or 
drains. The paragraph has been modified to reflect this information. 

6. Page 5 

Comment 26 

(Section 3.1.0). Please correct the grammar of the sentence: "In the 
ditch borings where... '" Change to the following: "In the ditch borings (where 
soil thickness allowed) soil samples . ..were taken at the following depth 
intervals: 3" to 6"...". 

ResDonse 

Sentence hLas been changed as suggested. 

Comment 27 

(Section 3.1.0). The use of the word "who's"..the contraction for "who 
is". . is incorrect. 

ResDonse 

The appropriate word, "whose," has been used in place of the contraction. 

7. Pane 8 

Comment 28 

Add an appendix to the report and include all of the chain of custody 
forms. 

ResDonse 

Appendix E, containing the chain of custody forms, has been added as 
suggested. 
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Comment 29 

(Section :3.2.0), Refer the reader to a table which lists the sample 
container used for each type of chemical analysis. 

Remonse 

Table 3.ll has been added which lists the sample containers used for 
chemical analysis. 

Comment 30 

Specify in the last: paragraph of Section 3.2.0 the name of the laboratory 
which received the air freighted samples. 

ResDonse 

A statement has been added specifying the WES ANALYTICAL LAB GROUP as the 
laboratory which received the samples for analysis. 

8. 9 Pape 

Comment 31 

(Table 3.2!.). Indicate the analytical methods used to analyze the 
explosives and inorganics (e.g., method numbers, date of late revision, and 
instrumentation). Indicate the method of sample preparation and analysis for 
SW-846 methods. 

ResDonse 

Table 3.2 has been replaced with Table 3.2.1, which contains the requested 
information. 

Comment 32 

(Section 3.3.0). Change the sentence: "To ensure the samples and their 
resultant chemical data is representative...." to "To ensure the samples and 
their resultant chemical data are representative....'*. 

J%esDonse 

The sentence has been corrected as suggested. 

Comment 33 

(Section 3.3.0). What “QA check samples" were reviewed (e.g., containing 
calibration checks)? 



Jlesrronse 

Information is provided in Appendix B (excerpts of QA/QC) of the Phase II 
Soils Workplan for Rockeye, under the heading "Calibration Procedures." Any 
discrepancies are noted in the validation report contained in Appendix D of 
this report. 

9. Pane 10 

Comment 34 

(Section 3.3.0). PILease explain the relevance of Figure 4.5 to QA. 

ResDonse 

Figure 4.5 refers to aerial variability of soil thickness and not to QA. 

Comment 35 

(Section 3.3.0). Section 3.3.0 (titled "Parameters and Analytical 
Methods") describes chemical methodology and the soils of the Rockeye site. 
Since these topics are rather dissimilar, the soil results should be addressed 
in a separate section of the report. 

ResDonse 

Section 3.30 only refers to chemical methodology. Section 3.4.0 refers to 
physical analysis of the soils. 

Comment 36 

(Section 3.3.0). State who validated the data. The criteria used to 
validate the data is not described in sufficient detail. For example, What 
criteria were used to investigate precision and accuracy for the volatile 
analyses --that listed in Table 7 of method 82407 NEESA Level C requires the 
use of control charts for assessing recoveries. How were the control chart 
results d the recovery criteria listed in Table 7 used to assess data 
quality3 How 'was blank contamination assessed? Were EPA Functional 
Guidelines for the validation of CLP organic and inorganic analysis used? 
INCLUDE TEE VALIDATION REPORT IN THE NEXT VERSION OF TEIIS REPORT. 

ResDonse 

Discussion of control charts is contained in Appendix B (excerpts of 
QA/QC) of the Phase II Soils Work Plan. The Validation Report, prepared by 
the Analytical Labor'atory Group (AU;) at WES, is enclosed as Appendix D to 
this report. #Section 3.3.0 has been revised to indicate that ALG validated 
the data. 
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.  1 

Comment 37 

Please provide the lNavy a copy of the Corps of Engineer manual EM 1110-2- 
1906, Mboratorv So:Ll.s Tea-, 1970. We had requested a copy of this manual 
with our ABG Phase III Soils comments (#23) dated 24 June 1991. We have not 
received a written response to those comments but have received a Draft issue 
of that report. 

ResDonse 

A copy of the re'quested manual or information will be provided. 

Comment 38 

Section 4.1.0, second paragraphs stated that " . ..35 groundwater monitoring 
wells..." have characterized Rockeye. Please acknowledge in the text that 
there are currently over 100 monitoring wells existing at the Rockeye. I 
understand thst there is not yet a published report to reference but an 
explanation should be provided for the RF1 Phase III Groundwater under 
progress. USAE-WES Bill Murphy can provide information and possibly some 
recent cross-section. 

ResDonse 

A third paragraph has been added to update the number of monitoring wells 
at Rockeye (107) andl to reference the RF1 Phase III Groundwater Study 
currently underway. 

10. Fiaures 

Comment 39 

The source for each Figure (4.1. to 4.4) must be included on the figure. 
It is not acceptable to mention the source only in the text. 

ResDonse 

The source for each figure has been included on the figure as suggested. 

Comment 40 

A legend should be included for the small reference block provided in the 
upper left hand corner of Figures 4.1-4.4 to distinguish wells from soil 
borings. The ,monitoring well numbers presented on Figure 3.1 do not appear to 
be complete, when compared those on Figure 4.1. 
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ReSDOnSe 

The legend for monitoring wells has been added as suggested. The revised 
Figure 3.1 includes additional wells existing within the coverage area of that 
figure. 

11. Bane 11 

Comment 41 

A figure or map should be included with highlighted surface drainage 
features. 

ResDonse 

Plate 2 has been added, which shows topographic features in the immediate 
vie inity of Rockeye. Major surface drainage features at Crane are also 
depicted on Pigure 1.11. These illustrations are now referred to in Sections 
4.2.0 and 4.30 of the report. 

Fosssent 42 

Ihe last paragr,aph of Section 4.2.0 should refer the reader to the soil 
boring logs in Appendix B and the Appendix C Soil Data. 

Response 

The suggested references have been made in the last sentence of the 
paragraph. 

Comment 43 

The first paragraph of Section 4.3.0 stated that "...groundwater table 
roughly parallels the topographic surface." A map or figure should be 
included which depicts the topographic features. In the following sentence 
"sites" should be replaced with "areas." 

ResDonse 

Plate 2 showing topographic features has been added (see comment 41 and 
answer). The sentence referred to in Section 4.3.0 with the word "sites" has 
been removed. 

12. Pane 17 
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Comment 44 

I don't understand why the last sentence of the first paragraph, Section 
5.1, stated ,the RMF would be referred to as Roclceye. A statement like this 
should be nurlde at ,the beginning of the report and followed throughout. 
Rockeye is tlhe proper SWNU or site name (see comment fl). The title of the 
IAS in the second lparograph is not correct. Rockeye was not included in the 
title of the study and the study labeled the site "Rockeye Site j/15." 

ResDonse 

The last sentence of the first paragraph, Section 5.1, has been 
eliminated, and the facility is now referred to as Rockeye throughout the 
report. The title of the IAS in the second paragraph has been corrected. 

13. Pin&e 5.1 

Comment 45 

This figure is (difficult to read (copy quality is poor--the figure is too 
dark). 

ResDonse 

The figure has been reproduced to provide better readability. 

14. Pane 18 

Comment 46 

Please explain the rationale for the surface sample locations. In 
particular, why were surface samples taken on both sides of the "drainage 
course" (Grid Area B) in some locations but not in other locations (e.g., Grid 
Area A)? In addition, the report should specify the analytes that were tested 
at each of the surface sample locations in Figures 5.3 to 5.5. 

ResDonse 

Sample locations were chosen based on accessibility and suitability - 
likelihood of receiving and retaining contaminated deposits. Surface samples 
were not taken on both sides of the drainage course at Grid Area A due to 
inaccessibility (wooded area) on the south side. In other locations, samples 
were taken in overbank areas where high flows would have likely deposited 
contaminated soil materials (Grid Area D). 

Comment 47 

The "plastic hand scoop" was composed of what type of plastic? 
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Reswnse 

The tool used for gathering scrape samples was a strip of Plexiglas, with 
separate strips for each sample. The report has been modified to indicate 
that Plexiglas was used. 

15. Pane 24 

Comment 48 

The report stattss: 'The Chemical Analytical Data, Validation Report...is 
included in Appendix C." This information is not present in Appendix C. 
Summary chemical data ia presented in Appendix A but there is no data 
validation relport. Please include the validation report in the next version 
of this report. 

ResDonse 

This statement incorrectly stated that the validation report was contained in 
Appendix C, rather than Appendix D. The report has been corrected. 

Comment 49 

Page 18 states: “NO 'control or background' subsurface samples were 
taken... D However Page 24 states: Wean concentrations of inorganic 
constituents from test borings were compared to those of control borings..." 
Please explain what sajmples constituted the control borings. 

ResDonse 

No background borings were taken. Mean concentrations of inorganic 
constituents from test borings were originally compared to background surface 
samples. Subsurface b,ackground samples from ABG and ORR have now been used 
for comparison in the revised report. 

Comment 50 

The report states: Weans were computed from all samples from a specific 
boring; however, control means were computed using all samples taken from 
surface sample Area C.'" The report should justify this treatment of the data. 
(For example, was surface soil composition in Area C similar to the subsurface 
soils composition in tlhe test borings?) 

Resnonse 

It was considered that the surface samples were derived from the same 
material as the relatively shallow subsurface, and their data should 
substitute for control or background data. However, as mentioned in the 
response to Comment 49, subsurface background data from ARG and ORR have now 
been used for comparison, since those soils are somewhat similar to Rockeye 
soils. 
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Comment 51 

State the confidence level that was used for the F-test. 

ResDonse 

The confidjence Level used for the F-test is 95 percent. 

Comment 52 

The report shoulld present equations and sample calculations to illustrate 
the statistical treatment of the data. For example, the null hypothesis for 
the t-test used should be expressed by equations. 

ResDonse 

Comment noted. The revision has been made in the report text. 

Comment 53 

Several background samples could have been collected for each soil strata. 
This would have been particularly helpful for the analysis of metal aualytes. 
For example, the concentration of lead found in a sample collected in a sandy 
layer could have been compared to the background lead concentration in a sandy 
layer. 

ResDonse 

Several background samples from each soil strata to use for comparative 
purposes would have been ideal. Since this was not done, background 
subsurface samples from ABG and ORR, which had somewhat similar soils, were 
also used to qualitatively compare test borings at Rockeye. (See response to 
Comment 49). 

Comment 54 

The report Staten: "Even if the specific soil samples were taken from the 
same elevation in th,e boring, that elevation may not correspond to the same 
soil strata from one boring location to the next." The report then concludes 
that a "comparison elf a specific sample from boring to boring may not be 
relevant." The conclusion is well justified. However, it also tends to 
invalidate the statistical treatment of the data that the report does present. 
Mean analyte concentrations of each test boring are compared to the 
corresponding mean analyte concentrations for the background surface samples. 
Surface soil composition may not "correspond to the same soil strata" in the 
test borings. If it is invalid to compare results at a particular soil depth 
for boring to boring because soil strata differ from boring to boring, why is 
it valid to compare surface soil results (in the background samples) with the 
mean results of each test boring?-- in both cases, results form different soil 
strata are being compared. (Each test boring is composed of several types of 
soil layers; these soil layers may differ from the surface soil.) 
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Resnonse 

Comment is well tak'en. This discussion has been removed from the report, 
and reference is made to comparison of test borings with background subsurface 
soils data from ARG and ORR. 

16. Pane 25 

Comment 55 

Were all samples from Area C used as control samples for the metal 
analyses9 If not, please indicate what Area-C samples were the background 
samples. 

ResDonse 

Due to economic 'reasons, 4 of the 20 samples (20%) from Area C were 
analyzed for metals, those being C-O-1, C-l-2, C-2-3, and C-3-2. (See Figure 
5.4 for relative locations). 

Comment 56 

Please explain tlhe reference to "contract required detection limits"...SW- 
846 and not CLP methods were specified for the chemical analyses. 

ResDonse 

SW 846 methods were specified for chemical analysis. The term "contract 
required" has been removed from the sentence. 

Comment 57 

The laboratory method detection limits should be listed for all the 
analytes tested in the tables that summarize the analytical results. 

ResDonse 

The detection limits are given after the < sign and are shown for samples 
with undetected contaminates (indicated by the "U", described in the footnote 
to the tables). 

Comment 58 

(Table 5.4). Table 5.4 states: "Results from borings 1-9...were not 
statistically compared to Area C samples..." (The results for borings l-9 are 
presented on Page 1 of Table 5.4). What statistical calculations (shown on 
the bottom of Table 5.4, Page 1) are presented for borings l-91 For example, 
"<1.50w is listed as a :mean on the bottom of the "Sb" column--it is the mean 
of what results? 
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.,, 
PesDonse 

The statistical ir&ormation on the bottom of Table 5.4, Page 1, does not 
appear relevant and has been removed. 

Comment 59 

(Table 5.4, Page 2). Table 5.4 should list the 95% confidence interval 
for the mean analyte concentrations. T-test and F-test results should also be 
summarized. Iror example, was the mean Zn concentration of boring 10 found to 
be statistically different from the mean Zn concentration of the control 
samples? Listing the mean Zn concentration for boring 10 and the control 
samples per se does not. constitute a statistical comparison. 

ResDonse 

A graphical method of comparison has been used. See Figures 5.9A through 
5.9V in the report text. 

General 

Comment 60 

.., 
A discussion of the quality of the analytical data must be presented 

before a discussion of the statistical analysis of the data! 

ResDonse 

Concur. Statements have been added to the report in Section 5.1 which 
address quality control. 

Comment 61 

Identify the four background surface samples from Area C. If the results 
of the BN 2 sample were believed to be consistent with background conditions, 
why weren't the metal results from the "BN 2" sample averaged with the surface 
soil results of Area C to increase reliability of the mean, background, 
analyte concentrations? 

ResDonse 

As stated in the response to Comment 55, the four background surface 
samples from Area C were C-O-1, C-l-2, C-2-3, and C-3-2. The BN 2 sample has 
now been included with Area C samples as suggested. 

17. Paae 30 
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Comment 62 

Please explain the statement: "The sample variances were large enough so 
that statistically r!Lgnificant differences between background and 'test' 
sample means could not be determined even though those differences may have 
been the largest." T-tests may be performed for populations with different 
variances. T-test and P-test results should be summarized in tables to 
support the dirscussion of the statistical results. 

Resnonse 

The statistical anatyses have been revised. This statement has been 
removed from the report and other relevant discussion has been added. 

Comment 63 

If the "Rockeye Area C (control) samples were similar to those of the 
other NWSC control areas:", why weren't the results from the other control 
areas incorporated with the Control Area C results? More confident means for 
the control data could have been calculated. 

Resnonse 

While it is true that a larger number of samples might be more meaningful 
statistically, it was felt that the total number of control samples (5) used 
from Area C and Background North was sufficient and would offer better 
comparison with test soils from the same site. This was not possible for 
subsurface soils, since no background or control subsurface soils were taken 
at Rockeye. 
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Comment 64 

The conclusions presented in Table 5.4 and the tables on the bottom of 
Page 30 shoulld be iillustrated with at least one sample calculation. For 
example, Page 30 and Table 5.4 indicate that the mean Ar [As] concentration 
for soil boring 10, UB - 4.92, is significantly greater than the mean Ar [As] 
concentration for t:he control samples, e' = 3.27. The standard deviations 
for X and XV are 1.19 and 0.7, respectively. (It is not clear if these two 
numbers are t:he standard deviations, s, for an individual result or for the 
means, s [meant] - sj%QR(n), where SQR - square root and n - number of trials; a 
conservative assumption will be made--namely, that they are the standard 
deviation for individual results.) The results of an F-test can be used to 
demonstrate that tbe two variances are not statistically different. Hence a 
pooled standard deviation may be calculated for the two means: s[pooled, 
mean] - SQR( [(1.191) (1.19) + (0.7) (.7)]/4) - 0.69. (Hence, the 95% 
confidence interval for the mean Ar [As] concentration of boring 10 is: 4.92 
+/- (0.69) x (3.18) - 5 +/-2, rounded to the nearest positive integer; stated 
another way the mean Ar [As] concentration is 3 - 7 with 95% confidence.) aD 
= 4.92 can now be compared to aX'> - 3.27 (the mean Ar [As] concentration of 
the control s~amples~) using a t-test: 

Null Hyp. : aD < - <x*> 
Alt. Hyp. : <ID > a'> 

t[calculated] = [<x> - <XV>] / s[pooled, 
mean] 

t[calculated] = [4.92 - 3.27]/ 0.69 = 2.4 

t[critical, 95X, 6 degrees freedom] - 1.9 
(for a one sided t-test) 

Since t[calculated] > t[critical], one accepts the alternative hypothesis. 

Note, however, that the two means are statistically different by a small 
margin; the means are 'not statistically different at the 99% confidence level. 
Furthermore, the arsenic concentrations for borings lo-13 are rather similar. 
This seems to %IIID~Y thgt arsenic concentrations are not siaicantly 
different frqm beckaynd concentrations in the soils. The incorporation of 
the results from previ'ous background Ar [As] analyses might have yielded 
similar conclusions. 'For example, the mean arsenic concentration for the 
control samples for the Old Rifle Range is 9.5 ppm, which is significantly 
higher than the mean Ar [As] concentration of Area C control samples. It is 
recommended that the other metal results be reexamined. 

ResDonse 

The statistics have been reanalyzed and comparisons have been more 
appropriately made betrween similar types of samples (i.e., subsurface compared 
to background subsurface, surface to background surface). The other metals 
results have 'been reexamined as suggested. 
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18. pdtQ8 31: 

Comment 65 

The report states: "In summary, comparisons of metal constituents in 
control soils and sample subsurface soils (test borings) indicated that 
releases of arsenic . ..may have occurred." The presentation of the analytical 
results does little to justify this conclusion. 

ResDonse 

Concur with commentator. This statement has been removed and the 
discussion of metals revised. 

Comment 65(11 

The mean analyte concentrations for the Rockeye site judged to be 
statistically sign:ificant (in this study) are lower than the corresponding 
mean control concentrations of other studies. For example, mean Cr 
concentrations from 17 - 23 ppm were judged to be significantly different from 
the Area-C background Cr concentration 15 ppm; the Old Rifle Range and 
Ammunition Burning Ground Cr control concentrations are over 30 ppm. The 
report recognizes this is true (2nd paragraph of Page 31) but does not account 
for difference. Why are the Area-C background results for Cr more valid? 

ResDonse 

The statistics have been reanalyzed. Rockeye surface samples are now only 
compared with Rockeye background surface samples, which include Area C and BN- 
2. For chromium, the mean of 26.3 ppm for all Rockeye surface samples is 
similar to that of the: background (24.1 ppm). Comparison with the other sites 
are made only for subsurface samples (borings). The report has been rewritten 
to better reflect the data. 

Comment 65(13LJ 

The approach of comparing test-boring, metal concentrations (averaged with 
respect to several soil strata) to mean background surface-soil concentrations 
was not justified. 

Resoonse 

Concur. The comparison technique has been revised. (See answer to 
comment 65(i). 
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Comment 65!1$4J 

The report states that no pattern to the metal contamination could be 
determined. (The factors contributing to the patterns of metals 
concentrations in the soils, or the lack of them cannot be determined from 
available data). Hence, probable source of the metal contamination is not 
prasented. For example, the report does not state why there statistically 
significant concentrations of Ar [As]. 

ResDonse 

The discussion of the analytical results in Section 5.2 has been revised 
to better reflect the available data. 

Comment 65(fifi 

Assuming that the Rockeye Area-C control data is reliable and one agrees 
with the conclusion that certain mean concentrations of metals are higher than 
the corresponding mean background concentrations, the reader is not presented 
with enough lnformatlon to determine whether these metal concentrations are 
high enough to be hazardous (e.g, does a Cr concentration of 20 ppm ln the 
soil exceed any ARARsl'). The object of this study is not to determine whether 
certain chemical speci.es are present in the soils but to detarmlne whether 
certain chemical species are present in the soils at concentrations that could 
be hazardous. (Exposure of a sufficiently high quantity of almost any 
chemical is hazardous). !Phe "RCRA Corrective Action Plan" for RWSC states RF1 
Phase II for the soils should "address the degree of hazard...of the 
pollutants considered." 

Hence, the conclusion that a release of certain metals has occurred seems to 
be misleading. 

ResDonse 

Concur. The report has been rewritten to include a discussion of how the 
metals concentration in the samples compare with risk-based screening numbers 
developed by EPA. 

Comment 66 

The tables presented in Appendix A would be more readable if "non- 
detections" were omitted. 

Resnonse 

This is true. However, there is a tremendous amount of information 
supplied in non-detected results. This shows how free of contaminants a site 
is. 

21 



Comment 67 

The detection llm'tts of the explosives should be presented in a separate 
column of Table 5.9 (and 5.10-12). Nondetections should be omitted from the 
table. The report should also describe or reference the procedure used to 
determine the detecti.on limits. What type of detection limits are presented 
(method detection limits at 99% level of confidence, instrumental detections 
limits at 95% level of confidence, etc.)? 

ResDonse 

See response to comment 66 concerning non-detections. USATHAMA methods, 
now contained in EPA Method 8330, were used to detect explosive compounds. 
The estimated quantltatlon limits were listed on the table as detection 
limits, and came from Method 8330. 

19. Pane 32 

Comment 68 

Please deftne the term "statistical quantltatlon limits." What are the 
quantltatlon limits for the analytes tested and how were they determined? 

Response 

The term "statistical" has been removed. The quantltation limits for the 
tested explosives are shown in Tables 5.9-5.11 where no analytes were 
detected, and come from Method 8330. 

20. Pane 33 

Comment 69 

Please expl.aln halw an "airborne release of explosive compounds" was 
determined by visual observation (color, odor, etc.). 

ReSDOnSe 

The visual observation made was the bare area on an otherwise grassy berm 
beneath an exhaust vent. The report sentence has been revised to include this 
information. (The shaplz of the bare area was a strong indication that the 
release had come from the exhaust vent). 

21. Page 34 

Comment 70 

The results of the method and reinstate blank analyses for volatile8 are 
not shown in Appendix A. 
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ResDonse 

This information was inadvertently omitted from Appendix A and has now 
been included. 

Comment 71 

(71) The report should indicate the blanks associated with each of the 
samples. 

ResDonse 

This information has now been included in Appendix A. 

22. Page 35 

Comment 72 

Please clarify the :Eollowlng conclusion: 

The possibility that P-butanone and 1,2,2-trlchloromethane (TCA) 
detected ln the sol:L samples originated from the sampling gear and the 
decontamination procedures cannot be confirmed or refuted with 
available information. 

Why 1s this so? If these two volatiles were found in associated equipment 
rinse blanks, it is reasonable to assume that these volatile8 are not present 
in the soil--especially if there is no pattern to the detection of the 
volatlles. Were the csncentratlons detected the soil samples not similar to 
the concentrations in the rinse blanks? 

ResDonse 

Even though these two volatiles were found in two equipment rinse blanks, 
(from borings 3 and 7), they were not found in the soil samples 3 and 7. 
Also, these two volatlles were not detected in samples taken from borings 12 
and 8, which immediately followed borings 3 and 7, respectively. In any case, 
the concentration detected in both soil boring samples and rinses were 
estimated values (J values) below the quantitation limits and are not 
considered significant. 

Comment 73 

The report does not adequately address the tentatively identified volatile 
compounds detected. In particular, could the detection of hexane, 
methylpentane and thie dlmethylhexenes for the soil samples be attributed to 
the equipment rinsing procedure? Were any of these hydrocarbons found in 
associated blanks? 
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ResDonse 
Hexane and methanol were apparently used in secondary equipment rinses. A 

paragraph has been added suggesting that the assigned identity and estimated 
concentrations of tentatively identified compounds (TICS) are in most cases 
highly uncertain. Infarmatlon on TICS has been provided primarily to complete 
the presentation of data. 

23. Pane 34 

Comment 74 

(Third and fourth paragraph). The report sites that a release of several 
volatile compound may have occurred at the Rockeye Munitions Facility. This 
statement seems mlsl.eadlng. Very low levels of volatlles were detected. Of 
the volatile8 detected, several can be attributed to laboratory or sampling 
procedure contamination. Furthermore, no clear pattern of volatile 
contamination exists. The report does not even address the reliability of the 
method detection limits. (When were the method detection limits determined)? 
How were they determined?) The detection of a volatile near a reported method 
detection limit per se is not sufficient to conclude the volatile is present 
in the soil. Assuming certain volatile8 are present in the soil at low 
concentrations, the report does not indicate whether these concentrations are 
high enough to be considered hazardous. 

Resnonse 

Method detection limits are specified by EPA method 8240, part of SW 846. 
The report has been revised to indicate that low concentrations (near the 
quantitatlon limits) are not considered significant. 

24. Page 36 

Comment 75 

Can of the tentatively identified semi-volatlles be attributed to the 
decomposition Nor coaibusitlon of Rockeye explosives? (From the compounds listed 
in Appendix A, this seems probable). 

ResDonse 

The semi-volatile TIC's are most likely attributed to the presence of 
explosives, as sugge,sted. 

General Comment2 

Were background samples analyzed for PAH's? 
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&wDonsQ 

Yes. As indicated in Table 5.20 of Appendix A, Background North #3 and 
Area C samples continued no detectable semivolatile organic analytes. PAHS 

were included in the list of analytes. 

General Comment 77 

Laboratory QA/QC is not adequately addressed. For example, matrix-spike 
recoveries, surrogate recoveries, and duplicate precision were not discussed. 

ResDonse 

Laboratory QA/QC is discussed in the Validation Report contained in 
Appendix D of the report. 

25. Pane 41 

Comment 78 

The report states that the BN site was rejected as a control area because 
an insufficient numtber of samples were analyeed for metals. Why weren't a 
sufficient number alf background samples collected for metal analysis? Why 
weren't the results of the single BN metal analysis and previous background 
studies combined to generate more confident background data? A literature 
search should be calnducted for metal concentrations that are "typical" for the 
region. Background concentrations obtained in this study and in previous 
studies should be compared to the literature values in qualitative manner. 

ResDonse 

The results of the BN-2 sample have been included with Area C for 
composite surface background data. A literature search for "typical" metal 
concentrations for the region was conducted, as suggested. However, this 
endeavor did not yield any information for heavy metals and those of most 
concern relative to toxicity (i.e., arsenic, cadmium, chromium, lead, etc.). 
Instead, subsurface background data from two other NSWCC sites were used, 
which had somewhat similar soils as Rockeye. 

26. Pane 42 

Comment 79 

The report states that the highest PAH concentrations were detected in 
sample 14, [H] which was collected near an exhaust vent. Were HNu readings 
taken near th'e exhaust vent. What was the source of the vented air? 

Remonse 

No HNV measurements were taken for sample H. (Air quality measurements 
are recommendfed for the next study phase). The source of the vented air was 
apparently from Building 2734. 
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27. Pane 42 

Comment 8Q 

The report should present more definitive conclusions concerning the TCL 
semivolatile contamination. TCL semivolatiles do not appear to be present at 
significant concentrations. Is additional sampling for TCL semi-volatiles 
recommended? If so, why? 

ResDonse 

The report has been revised as suggested. Additional sampling for TCL 
semivolatiles is recommended in view of the concentrations detected in sample 
H, near the building ventilator. Since the highest concentrations (above J 
values) were noted in that location, sampling could likely be restricted to 
the immediate facillity area (excluding facility perimeter). 

28. Pane 38 

Comment 81 

The report state,s: 

a. A release of metal constituents (contaminants) may have occurred at 
the Rockeye Munitions Facility. 

b. The difference in inorganic chemical characteristics between control 
and test soils may be due to natural variability in the soils and not a 
function of anthropcrgenic activities. 

The two conclusions are incompatible with one another. Stating them both 
is equivalent to stating "metal contamination could not be assessed." 
Furthermore, the report does little to support the second hypothesis--it 
merely states it. The report try support the first or the second hypothesis. 
(Though, I believe the second hypothesis is more defensible. 

ResDonse 

This section (5.3) has been removed from the report, as the information is 
contained in previous and following sections. The two conclusions referred to 
have been discussed further in Section 5.2 of the report. 

29. Pane 43 . 
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The WRecommendations" section of the report is completely inadequate. The 
report states a Phase XII Soils Study is recommended but does not state 
specific objelctives for the Phase III study. For example, what analytes 
should and what analytcs should not be investigated In the Phase III study? 
In what locations is chemical data insufficient? What will be done with data 
from the additional analyses that are proposed? 

Resnonse 

The "Recommendations" section has been revised to more specifically state 
the objectives for the Phase III study. More surface soil sampling along with 
air monitoring/testing is recommended near the production buildings to 
determine primarily the extent of explosive contamination in the vicinity of 
those facilities. Additionally, soil borings are recommended for the 
background areas to more completely represent the subsurface background for 
inorganic analtytes. Borings near the facility perimeter are recommended to 
determine the vertical extent of the contaminants there. Surface water and 
additional sediment samples from drainageways and receiving streams are also 
recommended. The purpose of the additional analyses is to better define the 
presence and extent of contaminants, primarily metals and explosives, so as to 
provide information tha,t would be useful in determining any appropriate 
remedial action, 
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NAVAL SURFACE WARFARR CENTER CRANE COHMENTS 
AND REPLIES TO INTERtUL DRAFT RF1 PWASE II, 

SOILS, ROCKEYE HUWITION FACILITY REPORT 
FOR: Si?MU 10/'15, NAVAL SURFACE WARFARE CENTER CRANE, INDIANA, 

USAE-WES, NOVEMBER 1991 

A. General Comments (Pg. 1 of Comments) 

Comment 1 

Check spelling, subject - verb agreement, verb tense, etc. Individual 
errors will not be listed. Check document thoroughly. Watch for items which 
will not be picked up by a spell checker (e.g., p.40. 06.0 92 Last sentence: 
steam v. stream). 

ResDonse 

The report has belen revised as suggested. 

Comment 2 

Proper, current nomenclature: Naval Weapons Support Center Crane 
(NWSCC), Crane Indiana -- first use, thereafter -- NWSCC. 

ResDonse 

The prop'er, current nomenclature: NAVAL SURFACE WARFARE CENTER, CRANE 
INDIANA, has been used in the beginning of the report and referred to by 
acronym (NSWCC) thereafter. 

Comment 3 

Further explan'ations of the purpose and location of the sumps are in 
order in 81.0. A full-page map showing the sumps, drainageways, and sample 
locations would be very helpful. 

ResDonse 

The report text h;;ls been revised as suggested and Figure 3.1 has been 
expanded to a full-pag'e foldout map with suggested information provided. 

Comment 4 

The report has several critical deficiencies which cause one to question 
the usefulness and reliability of the data and conclusions. 

a. No beckground borings 
b. No f:ield dupl:Lcate (split) samples 
C. No f:ield blanks 
d. No depth information for 06A/l 
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ResDonse 

Background boring information from two other previously studied NSWCC 
sites, Ammunition Burning Ground (ABG) and the Old Rifle Range (ORR) has been 
used for comparison with the Rockeye borings. Background borings for Rockeye 
are recommended in the next phase of study. While NEESA Quality Control Level 
C procedures were not totally adhered to as planned, it is believed that the 
data as obtained has value for determining the presence or absence of the 
analytes tested. As stated in the revised report, increased efforts to better 
implement appropriate f'ield quality control will be made in the next study 
phase. 

B. Snecific Comment5 

Comment 1 (Page 1. Section 1.3.0, Sentences 1 61 2). 

Redundant: "Rockeye is a 10 acre site located in the north central 
portion of the facil.ity. The location is in the north central portion of the 
base..." 

Resnonse 

The referred to text has been revised to remove redundancy. 

Comment 2 (Pag,e 1 61 3, Section 1.3.0, Paragraphs 1 & 2). 

a. Drainage to the north and east goes to Sulphur Creek, not Little 
Sulphur Creek. Little Sulphur drains the Ammunition Burning Grzds. 

b. Drainage to the south goes into (and is the origin of) Turkey Creek. 
Turkey Creek eventually joins Boggs Creek. See also p.10, 14.1.0 81. 

ResDonse 

The report has ‘been revised as suggested. 

Comment 3 (Page 3, Section 1.3.0, Paragraph 2, 7th sentence). 

Cite your sourc'e of information for stating that waste waters were 
discharged to local str'eams. 

Response 

Reference to the 1!)83 NEESA Initial Assessment Study has been cited after 
this statement. (This (entire section has been revised). 

Comment 4 (Page 4, Section 3.1.0, Paragraph 1) 

5th sentence, "In the drainage ways, surface soil (scrape) samples were 
taken." Compare to the 9th sentence, "The vertical soil borings were 
augered . ..in the base of the surface drainage ditches." Confusing to the 
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reader - were s'amples in the ditches scrape or auger? 

ResDonse 

Samples taken near the sumps and ditches leading from them were from soil 
borings. Samples taken in and adjacent to the drainageways (stream and 
ditches) along the facility perimeter were surface scrape samples, actually 
taken at a depth of 3 to 6 inches to avoid surface vegetation. This section 
has been revised to more clearly define the sampling procedures. 

Comment 5 (Pages 4 & 8, Section 3.2.0, Paragraph 1) 

Certain eqlosives, particularly TNT, photodegrade. As such, were the 
samples collected in amber bottles? 

Response 

The sample,s testNed for explosives were collected in clear bottles. If 
photodegradation did occur after the sample was collected, the test results 
could have understated tihe concentration found in the soil, further enforcing 
the conclusion that explosive contamination is evident at this site. 

Comment 6 (Page 17, SectLon 5.1, Paragraph 2, last sentence) 

Effluent treated &y an activated carbon treatment facility. 

ResDonse 
The statement has been revised as suggested. 

Comment 7 (Page 18, Section 5.1, paragraph 7, Sentences 4-6) 

I'm not sure I understand the significance of locations F&G. Why were 
they not grid samples? Why were they chosen? Why are E, F, & G so close 
together? 

ResDonse 

When Area 1) was gridded and sampled, the stream bed was intended to be 
sampled as well. However, it was not sampled at that time due to standing 
water (which wa,s a red color, indicating possible explosive contamination). 
The G-samples wlere taken from the stream bank and were not a part of the D 
grid. The F samples 'ware taken in the stream bed, further from the discharge 
pipe, at a later date than were those from grid Area D. 

Comment 8 (Pageo 21-23, IFigures 5.3-5.5) 

Was there a reason that grid E included samples from within the drainage 
course, yet samples A-D did not? 

PesDonse 



Areas A-C were not sampled in the drainage source due to standing water 
or highly eroded conditLons. It was felt that, if the stream bed showed 
evidence of high erosion, any contaminants would likely have been washed 
further downstream. In some cases, the stream banks were sampled instead. 
(See also answer to Comnlent 8 above). 

Comment 9 (Page 18, Section 5.1, Paragraph 9, 3rd sentence) 

There is no indication that field duplicate (split) samples were taken. 
Is there a reason for this? 

Response 

Duplicate samples were not taken. Ten percent of samples taken were 
supposed to have been duplicates, according to NEESA Level C quality control. 
This protocol will be fallowed in future field work. 

Comment 10 (Table 5.1.) 

What is the significance of 06A1 What does the A represent? 

Response 

Boring #6 could not be sampled due to high HNU readings encountered at 
that site. Instead, the drill rig was relocated, and another boring was 
completed at lacation 6A. The "A" merely indicated that boring 6 had been 
relocated in order tam obtain subsurface samples. 

Comment 11 (Table 5.10) 

Evaluate explosives analyses for surface scrape samples in light of W 
degradation. 

ResDonse 

Since certain explosives do degrade in the presence of ultraviolent 
light, it seems likely that the concentrations of explosives in the samples 
would be less than when the contaminants were deposited. Additionally, the 
use of clear bottles for sample collection may have resulted in test results 
which showed lower concentrations than actually existed in the soil at the 
time it was sampled. (See answer to Comment 5). Amber bottles will be used 
for future sampling for (explosive analytes. 

Fomment 12 (Page 25, Section 5.2.1, Paragraph 2) 

Perhaps comparisons to background samples should be done using Area C u 
contunctian with BN-1 - :BN-3 to provide a more representative control. The 
report hypothesized that due to site drainage characteristics, BN-1 - BN-3 
should not be contaminated. Therefore, either they should still be considered 
and evaluated as control samples, or an attempt made to explain why 
contamination w'as present. 



Resnonse 

Concur. Sample BN-2 was included with Area C as part of the background 
samples for metals analysis in the revised report. 

Comment 13 (Page 32, Section 5.2.2 and Table 5.4 [5.9] and 5.10. 

Another way of stating the surface scrape results is that for areas A-F, 
only samples B-3-2 and E-3-4 had detectable concentrations (HMX) above the 
statistical quantitation limits. 

Response 

Concur with commentator. The report has been revised to reflect this 
statement. 

Comment 14 (Page 32, Section 5.2.2, Paragraph 5) 

I agree t:hat this is a logical conclusion, but I'm not convinced that the 
data is so supportive. 

ResDonse 

Although ,the data did not indicate concentrations of explosives above J 
values in borings assoctated with the sumps, higher values were detected in 
ditch borings and in some surface samples. Especially noteworthy are the 
concentrations detected in Sample H. Considering historical accounts of 
possible releases (red water noted in ditches) along with the laboratory data, 
the conclusion made in the report does not appear unreasonable. 

Comment 15 (Tables 5.15 and 5.16) 

Missing. Without these tables it is hard to evaluate the other findings. 
Perhaps some MECl and Acetone were detected, i.e., are the reported values 
greater than 10 times the method blank results? (e.g., B-4-l [MECl] - 0.48, 
and 13#3 [Acetone] - 0.35). Furthermore, A-O-O, A-3-3, and A-4-l for XECl 
have reported concentralcions of 0.030, 0.037, and 0.034 respectively without 
any aualifiers. 

ResDonse 

Tables 5.15 and 5.16 ware inadvertently omitted in the original report 
and are now included in Appendix A. Methylene chloride and acetone were also 
detected in the associated method blanks, likely indicating that these may be 
laboratory contaminants rather than contaminants found in the soils. 

Comment 16 (Page 34, Section 5.2.3) 

In summary, the only volatile organic contaminants presented without 
qualifiers are XECl for A-O-O, A-3-3, and A-4-l; and 1lltCA for 1#2. 

Resnonse 
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Due to the high incidence of occurrence in the method blanks, MECL is not 
considered a likely soi:L containment. (See answer to Comment 15). 

Comment 17 (Se'ction 5.2,4) 

The only semivolatiles presented without qualifiers are: 

8#1 DBuPHTH, B:!EHPH 
11#2 B2EHPH 
12#3 BPEHPH 
14 PHENAN, FLIINTHE, PYRENE 

ResDonse 

DBUPHTH and B2EHPH concentrations shown for Boring 8//l and B2EHPH shown 
for boring 11512 in Table 5.18 (Appendix A) appear to be J values and are now 
so indicated. The concentrations for B2EHPH in sample 12#3 should be 
correctly shown. However, this contaminant was also found in the method 
blanks and is not considered a soil contaminant in this sample. The 
contaminants indicated for sample 14 (now sample H) are above J values and are 
discussed in the text of the report, 

Comment 18 (Pages 37-39, Section 5.3) 

Perhaps this section should be deleted since most of the information was 
discussed in g!5.2 and srtmomrized in 06.0. 

ResDonse 

Pertinent information from this section has been included in Section 5.2 
and Section 5.3 has been deleted as suggested. 

Comment 19 (Page 43, Section 6.0, last paragraph, 4th sentence (also Page ii, 
Paragraph 3, 3rd sentence). 

No explosive contamination was found in Area D. See Table 5.10. 

ResDonse 

The commentator is correct. Reference to Area D as containing explosives 
has been eliminated. 
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