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1.0 Introduction 

This Munitions Constituent (MC) data summary was prepared by Shaw Environmental, Inc. for 
the U.S. Army Corps of Engineers (USACE), Tulsa District, under Contract No. W912BV-07-D-
2004, Task Order No. 0007, and presents a compilation of MC data from previous investigations 
at Munitions Response Sites (MRS) Site 27 – South Test Area/Bomb Test Area (LHAAP-001-R) 
and Site 54 – Ground Signal Test Area (LHAAP-003-R) at the former Longhorn Army 
Ammunition Plant (LHAAP), Karnack, Texas (Figure 1-1).  This MC data summary for 
LHAAP-001-R and LHAAP-003-R was developed in response to the regulatory request that all 
MC data collected for the two MRS sites be compiled in one stand alone document.  This report 
was generated based on information presented in previous investigations.  It is noted that the MC 
Summary resummarizes metals and explosives, as well as other constituent data that were used 
to characterize risk for the IRP No Further Action (NFA) Record of Decision (ROD) that was 
approved in 1998 for both sites.  Although the non-MC data is not relevant to the MC data set, it 
is included here because it is not easily extracted from the original data sets and evaluations.  
Perchlorate data for environmental media were collected at the two sites after the 1998 ROD was 
signed. 

Data summary tables from previous investigation reports are attached to this report.  The 
following conservative comparison criteria were utilized for evaluation of the data: 

• Soil and sediment:  Texas Commission on Environmental Quality (TCEQ) soil 
medium-specific concentrations (MSC) for industrial use based on groundwater 
protection (GWP-Ind) values.  The GWP-Ind values were utilized instead of the soil 
MSC as a more conservative comparison criteria.   

• Groundwater:  maximum contaminant levels (MCLs) and, where not available, TCEQ 
groundwater MSC for industrial use (GW-Ind) 

• Surface water:  MCLs and, where not available, Texas surface water quality standards 
since Caddo Lake is a drinking water source 

Although this MC data summary confirms the determination of no risk to human health or the 
environment in soil as identified in the Engineering Evaluation/Cost Analysis (EE/CA) (CAPE, 
2007), additional groundwater sampling conducted by EPA in 2009 resulted in some uncertainty 
with regard to MC in groundwater (USEPA, 2010).  Both metals and perchlorate were detected 
above screening levels by EPA, although the single exceedance of the perchlorate GW-Ind in a 
well at LHAAP-001-R was not confirmed by U.S. Army’s split sample result.  USEPA, TCEQ, 
and U.S. Army have agreed to address the metals constituents in the groundwater as stated in the 
U.S. Army letter dated March 10, 2011 under the 1998 IRP RODs (U.S. Army, 2011, USEPA, 
2011).
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2.0 The South Test Area/Bomb Test Area, LHAAP-001-R 

2.1 Site Description and History 
The Site 27 – South Test Area/Bomb Test Area (LHAAP-001-R) is approximately 79 acres and 
located southeast of Avenue P and the magazine area at the end of 70th Street, near the southern 
boundary of LHAAP (Figure 1-1).  The site was identified in the U.S. Army Closed, 
Transferring, and Transferred Range/Site Inventory as 6.75 acres in size; however, a 1981 aerial 
photograph, historical records, a site visit, and a teleconference on 17 May and 18 May 2005 
between USACE and U.S. Army Environmental Center (USAEC) indicate the site should be 
79 acres including Demolition Sub Areas 1, 2 and 3.  

The South Test Area/Bomb Test Area is co-located with the Installation Restoration Program 
(IRP) site LHAAP-27 for which a NFA ROD under Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) for Hazardous, Toxic, and Radioactive Waste 
(HTRW) was signed with regulatory concurrence in January 1998 (USACE, 1998).   

The South Test Area/Bomb Test Area site was constructed in 1954 and used by Universal Match 
Corporation for testing M120A1 photoflash bombs produced at the facility until about 1956. The 
bombs were tested by exploding them in the air over an elevated, semi-elliptical earthen test pad. 
Bombs awaiting testing were stored in three earth-covered concrete bunkers.  The bombs tested 
were 150-pound M120/M120A photoflash bombs filled with photoflash powder and containing a 
black powder booster charge for bursting the bomb and a timed nose fuze. 

During the late 1950s, illuminating signal devices were also demilitarized within pits excavated 
in the vicinity of the test pad at the site.  During the early 1960s, leaking production items such 
as XM40E5 "button bombs" may have been demilitarized by detonation in the South Test 
Area/Bomb Test Area (LHAAP-001-R) or the Ground Signal Test Area (LHAAP-003-R).  The 
XM40E5 was a small (approximately 1- by 1.25-inch) anti-intrusion mine also referred to as a 
"Gravel" Mine, which exploded on impact.  Leaking white phosphorus (WP) munitions were 
disposed of in this area, although no primary source documentation concerning this effort was 
located.  Occasional leaking WP munitions were burned at the site as a demilitarization activity. 
Other sources indicate that possibly 3- to 4-pound canisters of WP were demilitarized in the 
vicinity of the test pad.  The 1984 LHAAP Contamination Survey (Environmental Protection 
Systems, Inc. [EPS], 1984) stated the area has been relatively inactive since the early 1960s and 
no disposal or testing activities were carried out in this area. 

Based on the visual confirmation of Munitions and Explosives of Concern (MEC), the South 
Test Area/Bomb Test Area was identified as an MEC area of concern.  Based on the potential 
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presence of WP and to address the WP data gap, the South Test Area/Bomb Test Area was also 
identified as a MC area of concern. 

2.2 Previous Environmental Investigations 
Environmental media including soil, groundwater, surface water, and sediment have been 
sampled and analyzed to identify potential contamination, including site-related MC.  
Investigations were conducted during the environmental contamination survey, multiple phases 
of the remedial investigation (RI), basewide perchlorate investigation, contaminants 
investigation, site inspection (SI), and the EE/CA.  The on-site sample locations are shown on 
Figures 2-1 and 2-2.  Tables 2-1, 2-2, and 2-3 provide the maximum concentrations of 
contaminants in soil, groundwater, surface water, and sediment, respectively, at the site.  Data 
summary tables from previous investigation reports are included in Appendix A.  In response to 
U.S. Environmental Protection Agency’s (USEPA) comments on the Draft MC Summary 
Report, tables listing all parameters analyzed for each previous sampling event, including 
associated analytical methods and detection limits, are also included in Appendix A.  

2.2.1 Environmental Contamination Survey  
In 1982, the site was investigated by EPS for U.S. Army Toxic and Hazardous Materials Agency 
(USATHAMA) (EPS, 1984).   

2.2.1.1 Soil Investigation 
Three surface soil samples (0401, 0402, and 0403) were collected and analyzed for metals, 
explosives, and anions.  Chromium and lead were detected at maximum concentrations of 16.3 
and 26.3 milligrams per kilograms (mg/kg) which exceeds their GWP-Ind values of 10 and 
1.5 mg/kg, respectively.  All other metals were detected at concentrations lower than their 
respective GWP-Ind values and at levels similar to background values. 2,4,6- trinitrotoluene 
(TNT) was detected in the surface soil samples from locations 0401 and 0402 at concentrations 
of 10,150 and 4,610 micrograms per kilogram (µg/kg), respectively.  The TNT concentration of 
10,150 µg/kg at sample location 0401 exceeded the GWP-Ind value of 5,100 µg/kg.  Reference 
Appendix A, Pages A-1 and A-2, Tables 11-1 and 11-1b, respectively.   

2.2.1.2 Groundwater Investigation 
Two monitoring wells (MW-131 and MW-132) were installed and groundwater samples were 
collected from the wells.  The water samples from both wells were analyzed for metals, 
explosives, and anions.  In addition, groundwater from well MW-131 was analyzed for volatile 
organic compounds (VOCs), semivolatile organic compounds (SVOCs), and pesticides.  Except 
for cadmium and thallium, all other metals were detected at concentrations lower than their 
respective GW-Ind values or the MCLs.  Cadmium and thallium were detected at maximum 
concentrations of 0.009 and 0.1 milligrams per liter (mg/L) above their MCL of 0.005 and 
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0.002 mg/L, respectively.  Ethylene glycol and di-n-butylphthalate were the only SVOCs 
detected at concentrations of 24 and 52 micrograms per liter (µg/L), respectively, in well MW-
131.  Both detected SVOCs were below their respective GW-Ind values.  Phthalates are a 
common laboratory contaminant.  No VOCs or explosives were detected.  Reference 
Appendix A, Pages A-17 and A-18 through A-21, Tables 11-6 and 11-6b, respectively. 

2.2.2 Phase I Remedial Investigation 
In 1993, Ebasco Services, Inc. (Ebasco), completed a Phase I RI.  Soil, groundwater, surface 
water, and sediment samples were collected during the RI activities (Ebasco, 1993).   

2.2.2.1 Soil Investigation  
Ten borings, 27SB30 through 27SB39, were completed at the site and 20 soil samples were 
collected from the borings.  Soil samples were collected from several depth intervals ranging 
from the surface to 8 feet below the ground surface (bgs).  In addition, four surface soil samples 
(SS01 through SS04) were collected from the four cratered areas west of the test pad to identify 
contaminants from detonated explosives.  All soil samples were analyzed for metals, VOCs, 
SVOCs, explosives, and anions.  Additionally, samples from six borings were analyzed for 
pesticides and herbicides. 

Soil analytical results indicated that three metals; arsenic, chromium, and lead at maximum 
concentrations of 2.3, 22.2, and 9 mg/kg were detected in soil samples at above their respective 
GWP-Ind values of 1, 10, and 1.5 mg/kg, respectively.  Except for two phthalates; bis(2-
ethylhexyl)phthalate and di-n-butylphthalate detected in a few soil samples and at concentrations 
that were lower than their respective GWP-Ind values, no other SVOCs were detected.  
Phthalates are a common laboratory contaminant. No VOCs, explosives, pesticides, or herbicides 
were detected.  Reference Appendix A, Pages A-4 through A-8 and A-9 through A-11, Tables 
11-2 and 11-2b, respectively. 

2.2.2.2 Groundwater Investigation 
Groundwater samples were collected from existing monitoring wells MW-131 and MW-132.  
Groundwater from the wells was analyzed for metals, VOCs, SVOCs, explosives, and anions.  
Groundwater analytical results indicated that barium was the only metal detected at 0.25 mg/L. 
This concentration is well below the barium MCL of 2 mg/L.  No VOCs, SVOCs, or explosives 
were detected.  Reference Appendix A, Pages A-17 and A-18 through A-21, Tables 11-6 and 
11-6b, respectively.  

In addition, ten groundwater grab samples (27GG30 through 27GG39) were collected from the 
soil borings.  Samples were collected from the borings to obtain preliminary field screening data 
for potential contaminants in groundwater underlying the site.  Groundwater grab samples were 
analyzed for explosives, anions, total organic halogens, and total organic carbon.  Analytical 
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results indicated that nitrobenzene and royal demolition explosive [(hexahydro-1,3,5-trinitro-
1,3,5-triazine) (RDX)] at concentrations of 6.58 and 18.4 µg/L, respectively, were detected in 
sample 27GG33, collected from the boring located in the cratered hillocks west of the test pad.  
Both nitrobenzene and RDX were detected at concentrations that were below their respective 
GW-Ind values of 51.1 and 3,100 µg/L, respectively.  Reference Appendix A, Page A-22, 
Paragraph 1. 

2.2.2.3 Surface Water and Sediment Investigation 
Four surface water and four sediment samples were collected from site drainage ditch locations 
(SW/SD03 and SW/SD04) (Figure 2-1) and Harrison Bayou (SW/SD02 and SW/SD05) 
(Figure 2-2).  Surface water and sediment samples were analyzed for metals, VOCs, SVOCs, 
explosives, and anions.  Results indicated that metals were detected sporadically in both surface 
water and sediment samples.  The two metals detected in surface water, barium and lead, were 
both at concentrations that were below comparison criteria.  Out of the seven metals detected in 
sediment samples, only three metals: arsenic, barium, and lead were detected at maximum 
concentrations of 1.1, 254, and 9 mg/kg that were above their respective GWP-Ind values of 1, 
200, and 1.5 mg/kg, respectively.  Except for di-n-butylphthalate in two of the sediment samples 
at concentrations lower than the GWP-Ind, all other SVOCs were below detection limits in both 
surface water and sediment samples.  Phthalates are a common laboratory contaminant.  No 
VOCs or explosives were detected in surface water and sediment samples.  Reference 
Appendix A, Pages A-24, A-25 through A-27, A-28, and A-29 through A-31, Tables 11-8, 
11-8b, 11-9, and 11-9b, respectively. 

2.2.3 Phase II Remedial Investigation 
In 1994, Sverdrup completed a Phase II RI.  Soil and groundwater samples were collected from 
the site (Sverdrup, 1995). 

2.2.3.1 Soil Investigation 
Because explosives were detected in a groundwater grab sample from boring 27SB33, four 
additional soil borings were installed in the vicinity and completed as monitoring wells 
(27WW01 through 27WW04).  A total of 12 soil samples were collected from the soil borings. 
Soil samples were analyzed for metals, explosives, and anions.  Arsenic, barium, chromium, and 
lead were detected at maximum concentrations of 5.2, 639, 15.4, and 12.6 mg/kg that were above 
their respective GWP-Ind values of 1, 200, 10, and 1.5 mg/kg, respectively.  No explosives were 
detected.  In addition, three surface soil samples (27SS21, 27SS22, and 27SS23) were collected 
and analyzed for chromium and mercury.  Only chromium was detected at a maximum 
concentration of 10.6 mg/kg (27SS21), slightly above the GWP-Ind value of 10 mg/kg in the 
surface soil samples.  Reference Appendix A, Pages A-12, A-13, and A-14, Tables 11-3, 11-4 
and 11-4b, respectively.  
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2.2.3.2 Groundwater Investigation 
Groundwater samples were collected from each of the newly installed monitoring wells.  The 
water samples were analyzed for metals, SVOCs, explosives, and anions.  All metals were 
detected at concentrations below their respective MCLs.  No explosives or SVOCs were 
detected.  Reference Appendix A, Pages A-22 and A-23, Tables 11-7 and 11-7b, respectively. 

2.2.4 Risk Assessment 
In 1997 USACE conducted a baseline risk assessment to support site management decisions for 
the site.  Potential human health and ecological impacts resulting from contaminant releases at 
the site in the absence of remediation were evaluated.  Chemicals of potential concern (COPCs) 
evaluated included metals present in both site soils and ditch sediments.  COPCs in groundwater 
included metals within background ranges and below drinking water standards except for nickel 
that exceeded its MCL. No organics were detected in any medium at the site.  For human health 
evaluation, carcinogenic risk estimates were well within the acceptable range at 1 × 10-7 and 
3 × 10-5 for current recreational and future industrial land uses, respectively.  Non-cancer hazard 
indices were below the critical value of 1.0 at 1 × 10-2 (current land use) and 6 × 10-1 (future 
industrial land use).  Despite elevated concentrations of nickel in groundwater, exposure to this 
metal via groundwater ingestion was a minor contributor to overall non-carcinogenic risk (hazard 
quotient of 0.13).  Based on these results, no unacceptable risks to human health were identified 
for the South Test Area/Bomb Test Area (USACE, 1997).   

Screening-level ecological risks for the site were driven solely by metals present in soil at 
concentrations approximating background values.  Four metals: barium, chromium, lead, and 
nickel were identified as main contributors to screening level risk estimates.  Based on these 
conservative analyses, no ecological concerns were associated with the site and further 
ecological evaluations and remediation are unwarranted.   

2.2.4.1 Supplemental Soil Sampling and Risk Characterization 
In August 1996, the USACE collected surface soil samples from nine locations (RASS27-01 
through RASS27-09) in support of the risk assessment for the site.  The nine surface soil samples 
were collected from an elevated “pad” area formerly used in testing photo flash bombs at the 
site.  The area covers approximately one-third of an acre and is located in the vicinity of former 
soil boring 0402 (Figure 2-1).  As the area represents a potential location for accumulation of 
surface contaminants, the primary objective was to evaluate this limited area as a potential “hot 
spot” for human exposure and to evaluate the potential for explosives, in particular TNT, in 
surface soils at this location.  Additionally, these samples were collected to evaluate the 
similarity between chemical concentrations in 0- to 6-inch-soil-depths and slightly deeper depths 
utilized in original risk evaluations and expansions of the numbers of metals used in risk 
characterization.  The soil samples were analyzed for explosives including 2,4,6-TNT.  In 
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addition, samples from four locations (RASS27-02, RASS27-04, RASS27-06, and RASS27-08) 
were analyzed for 11 metals (arsenic, barium, cadmium, chromium, lead, mercury, nickel, 
selenium, silver, antimony, and thallium).  In February 1997, surface soil samples were collected 
at the four locations (RASS27-02, RASS27-04, RASS27-06, and RASS27-08) and analyzed for 
12 metals (aluminum, beryllium, calcium, cobalt, copper, iron, potassium, manganese, 
magnesium, strontium, vanadium and zinc).  The sampling was initiated to support additional 
human health risk characterization for a limited area identified during the original risk 
assessment results as a potential “hot spot” area for human exposure. 

Soil analytical results (Appendix A, Page A-44, Table 4A-1) indicated that metals including 
arsenic (13.1 mg/kg), beryllium (1.16 mg/kg), and chromium (36.3 mg/kg) were detected at 
concentrations that were generally higher than those of previous sampling events and above their 
respective GWP-Ind values, while barium (123 mg/kg) and nickel (2.41 mg/kg) levels were 
lower than those of previous sampling events and lower than their respective GWP-Ind values of 
200 and 204.4 mg/kg, respectively.  Vanadium was detected at a maximum concentration of 
72.4 mg/kg, slightly above the GWP-Ind value of 72 mg/kg.  No explosive compounds were 
detected in any soil samples from the area.  Reference Appendix A, Pages A-15 and A-16, 
Tables 11-5 and 11-5b, respectively. 

While risk calculations based on the additional sampling at the limited site area were higher than 
original estimates for the site as a whole, all estimates were within acceptable risk ranges.  For 
human health evaluation, carcinogenic risk estimates of 3 × 10-6 and 5 × 10-5 were obtained for 
current recreational and future industrial land uses, respectively.  Non-cancer hazard indices 
were below the critical value of 1.0 at 9 × 10-2 (current land use) and 9 × 10-1 (future industrial 
land use).  The additional risk evaluation substantiated conclusions of the original assessment 
and failed to support the need for site remediation for protection of human health (USACE, 
1997).   

Based on the results of the investigations and the risk assessment, a no further action ROD under 
CERCLA for HTRW was signed with regulatory concurrence in January of 1998 for 
LHAAP-001-R. 

2.2.5 Perchlorate Investigation 
2.2.5.1 Soil 
In May and October 2000, a total of 26 soil samples were collected from 13 soil borings 
(27SB01 through 27SB13) and analyzed for perchlorate (Solutions to Environmental Problems 
[STEP], 2005).  Two samples were collected from each boring from two depth intervals: 0 to 
0.5 feet and 1 to 2 feet bgs.  Perchlorate was detected in only one of the 26 soil samples at a 
concentration of 28.9 µg/kg, a level lower than the GWP-Ind value of 7,200 µg/kg.  Reference 
Appendix A, Pages A-32 and A-34, Tables 1-17 and 1-18b, respectively.   
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2.2.5.2 Groundwater 
During three consecutive quarterly sampling events, groundwater samples were collected from 
existing shallow monitoring wells to determine whether perchlorate contamination had occurred 
in the underlying groundwater as a result of past historical activities.  The six monitoring wells 
are located in areas with the highest potential for impact from site activities and in the direction 
of flow across the site from west to east toward Harrison Bayou.  During the first quarter (April 
to May 2000), four groundwater samples were collected from four existing monitoring wells 
(MW-131, MW-132, 27WW01, 27WW04).  Perchlorate was detected in two of the wells, 
27WW01 and 27WW04 at concentrations of 52.6 and 16.4 µg/L, respectively.  Both levels were 
below the GW-Ind value of 72 µg/L.  No MCL exists for perchlorate.  Perchlorate concentrations 
were below detection limits in all the six monitoring wells sampled during the second quarter 
(August through October 2000).  During the third quarter, January through February 2001, 
perchlorate was not detected in the groundwater samples collected from three sampled wells, 
MW-131, 27WW01, and 27WW04.  Reference Appendix A, Pages A-33 and A-34, Tables 1-18 
and 1-18b, respectively. 

2.2.6 U.S. Fish and Wildlife Investigation 
In March 2003, U.S. Fish and Wildlife Service (USFWS) conducted an investigation at the 
former LHAAP facility to determine contaminant levels in soil and sediment (USFWS, 2003).  
Soil samples were collected from five locations (FWS-55, FWS-56, FWS-58, FWS-63, and 
FWS-201) within the South Test Area/Bomb Test Area. Soil analytical results indicated that 
metals and SVOCs were detected at low concentrations, and the site was not included as one of 
the areas requiring further evaluation.  Perchlorate was not detected above the reporting limit.  
Reference Appendix A, Pages A-35 through A-37 and A-38 through A-43, Tables 2 and 2b, 
respectively.  

2.2.7 Military Munitions Response Program Site Inspection 
Between 2002 and 2004, a Military Munitions Response Program (MMRP) SI was conducted for 
the South Test Area/Bomb Test Area to determine the presence or absence of MEC and/or MC at 
the site which may have remained from activities conducted by the Department of Defense 
(DOD) during operations of the MRS, and may pose a threat to human health and/or the 
environment (engineering-environmental Management [e2M], 2005).   

Results of the historical records review (HRR) and a visual site inspection verified MEC 
presence at the site.  Possible sources areas for MEC and MC identified during the SI included 
the following: 

• Testing areas associated with the various suspected ordnance types.  
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• A Demolition Area located within the footprint of the South Test Area/Bomb Test 
Area.  This area was reportedly designed for detonation of dangerous/unserviceable 
ammunition. 

• Spent flares, a 155 millimeter (mm) WP projectile, shrapnel from photoflash bombs, 
and ordnance related scrap found on the site during site visits. 

The SI identified a data gap in earlier soil sampling in that although demilitarization activities 
including open pit burning and explosive detonation were conducted at the site, no analysis for 
the munitions constituent WP was performed at the site.  The SI recommended that further 
investigation be conducted to address the identified data gap. 

2.2.8 Engineering Evaluation/Cost Analysis 
In 2007, an EE/CA was conducted to facilitate completion of a non-time critical removal action 
of MEC at the site (CAPE, 2007).  Field activities conducted during the EE/CA characterized 
MEC and addressed the MC data gaps at the site.  Soil samples were collected within the South 
Test Area/Bomb Test Area to determine if evidence of WP existed, and to determine the 
presence of MC in areas where MC was most likely to exist based on the heaviest Material 
Potentially Presenting Explosive Hazard (MPPEH) concentrations or historical detonations.  One 
soil sample was collected near the center of the open burn/open detonation area.  A second soil 
sample was collected in a scarred area identified as the photo flash cartridge disposal area in the 
historical review.  Both areas are located near locations where MPPEH items were recovered 
during the field investigations.  In addition, pre- and post-detonation samples were collected in 
association with explosive demolition of MPPEH recovered during the field activities.  Soil 
samples were collected from 0 to 6-inches bgs.  Analytical results indicated that no WP and MC 
constituents (1,3,5-trinitrobenzene, 1,3-dinitrobenzene, 2,4,6-TNT, 2,4-dinitrotoluene [DNT], 
2,6-DNT, 2-amino-4,6-DNT, 2-nitrotoluene, 3-nitrotoluene, 4-amino-2,6-DNT, 4-nitrotoluene, 
high-molecular-weight RDX [HMX], nitrobenzene, RDX, and tetryl) were identified at 
concentrations above detection limits in any soil samples at the site.  In addition, there was no 
indication of the presence of MC in any of the pre- or post-detonation samples.  The removal 
action objective of protection of human health from MC at unacceptable concentrations had been 
achieved as demonstrated by the soil analytical results. Reference Appendix A, Page A-45, 
Table 3. 

2.2.9 October 2009 Groundwater Confirmation Sampling 
2.2.9.1 USEPA Region 6 Confirmation Sampling  
In October 2009, USEPA collected additional groundwater samples from the existing six 
monitoring wells (MW-131, MW-132, 27WW01 through 27WW04) to confirm groundwater 
conditions at the site.  The groundwater was analyzed for metals, explosives and perchlorate.  
Groundwater analytical results indicated that except for 2-amino-4,6-DNT, no other explosives 
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were detected in the groundwater samples.  2-amino-4,6-DNT was detected in monitoring well 
27WW04 at a concentration of 0.14J µg/L, which is well below the GW-Ind value of 17.03 µg/L.  
Perchlorate was detected in three wells, MW-132, 27WW02, and 27WW03 at concentrations of 
2.6, 3.2, and 76 µg/L, respectively.  Perchlorate detected in monitoring well 27WW03 was 
slightly above the GW-Ind value of 72 µg/L.  

Except for beryllium, chromium, and manganese, all other metals were detected at 
concentrations lower than their respective MCLs or GW-Ind values.  Beryllium was detected at 
concentrations of 0.00454 mg/L in well 27WW02 and 0.0251 mg/L in well 27WW03 and 
chromium was detected at a concentration of 0.122 mg/L in well 27WW02 above their 
respective MCLs of 0.004 and 0.1 mg/L, respectively.  Manganese was detected at a 
concentration of 24.8 mg/L in well 27WW03 above the GW-Ind value of 14.3 mg/L.  Reference 
Appendix A, Pages A-46 through A-47 and A-48, Tables A-1 and A-1b, respectively.   

2.2.9.2 U.S. Army Confirmation Split Sampling 
The U.S. Army collected split samples at the same time that the USEPA collected additional 
groundwater samples from the existing six monitoring wells (MW-131, MW-132, and 27WW01 
through 27WW04).  The groundwater was analyzed for metals, explosives and perchlorate.  
Groundwater analytical results indicated that no explosives were detected in any of the 
groundwater samples.  Perchlorate was detected in two of the wells, 27WW02 and 27WW03, at 
concentrations of 3.4 and 50 µg/L, respectively.  Both levels were below the GW-Ind value of 
72 µg/L. 

Except for beryllium, chromium, and manganese, all other metals were detected at 
concentrations lower than their respective MCLs or GW-Ind values.  Beryllium and chromium 
were detected at concentrations of 0.0194 in well 27WW03 and 0.119 mg/L in well 27WW02 
above their MCLs of 0.004 and 0.1 mg/L, respectively.  Manganese was detected at a 
concentration of 27.9 mg/L in well 27WW03 above the GW-Ind value of 14.3 mg/L.  Reference 
Appendix A, Pages A-49 through A-50 and A-51, Tables A-2 and A-2b, respectively.   

USEPA Region 6 groundwater confirmation analytical results were comparable to the U.S. Army 
split sample results.  Although the USEPA detected one explosive in one groundwater sample, 
whereas the U.S. Army did not, the explosive was at an estimated concentration that was well 
below its GW-Ind value.  The three metals that were detected at concentrations above their 
respective MCLs or GW-Ind values were detected by both USEPA and U.S. Army in the same 
wells and at comparable concentrations.  Perchlorate was also detected at comparable 
concentrations in both USEPA and U.S. Army samples. 
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2.3 Media Investigation Summary and Contaminant Assessment 
Data presented in previous investigations and the risk assessment for the site indicate that 
compounds detected in soil, groundwater, surface water, and sediment pose no risk to human 
health or the environment.  

2.3.1 Soil 
Between 1982 and 2003 a total of 86 surface and subsurface soil samples were collected for 
characterization of constituents of concern in the soil at the site.  Samples were collected from all 
areas of the site with special emphasis on likely source areas; the open pit burning and explosive 
detonation area and the test pad area formerly used in testing photo flash bombs.  Eight metals 
including aluminum (10,300 mg/kg), arsenic (13.1 mg/kg), barium (639 mg/kg), beryllium 
(1.16 mg/kg), cadmium (21 mg/kg), chromium (36.3 mg/kg), lead (26.3 mg/kg), and vanadium 
(72.4 mg/kg) were detected at levels above their respective GWP-Ind values, all other metals 
were detected at concentrations below their GWP-Ind values and approximating background 
values.  Despite the common detection of metals during the multiple sampling events, none of 
the metals was determined to have an unacceptable risk to human health or the environment. 

Although in 1982, 2,4,6-TNT was detected in two surface soil samples, no explosives were 
detected in any of the surface or subsurface soil samples collected in subsequent multiple 
sampling events at the site.  The presence of explosives, the most likely contaminant at the site 
was not confirmed.   

Except for the detection of bis(2-ethyhexyl)phthalate and di-n-butyl phthalate in a limited 
number of soil samples, and at concentrations lower than GWP-Ind values, other SVOCs were 
not detected in soil samples.  Phthalates are common plasticizers, and a common laboratory 
contaminant.  No VOCs, pesticides, or herbicides were detected.   

Eighteen of the surface soil samples (0 to 0.5 feet) and 13 subsurface soil samples (1 to 2 feet) 
were analyzed for perchlorate at the 18 locations indicated on Figure 2-1.  The sample locations 
are spread across the entire site.  Perchlorate was detected in one of the 31 samples.  The 
concentration was 28.9 µg/kg, well below the GWP-Ind value of 7,200 µg/kg. 

An additional two soil samples were collected during the EE/CA field activities (2006) to 
determine the presence of WP and if MC existed in areas where MC was likely to exist based on 
heaviest MPPEH: near the center of the open burn/open detonation area and a scarred area 
previously noted as photo flash cartridge disposal area.  No WP or MC was identified in the soil 
samples and there was no indication of the presence of MC in any pre- or post-detonation 
samples.   
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Table 2-4 presents the media investigation summary including the number of soil samples 
collected during each sampling event.  

2.3.2 Groundwater 
From 1982 through 2001, a total of 24 groundwater samples were collected from monitoring 
wells and an additional 10 water samples were grab samples collected from soil borings installed 
at the site for identification of constituents of concern in the underlying groundwater.  
Groundwater analytical results from multiple sampling events indicated that cadmium and 
thallium, were the only metals detected above their MCLs.  Despite the common detection of 
metals during the multiple sampling events, none of the metals was determined to have an 
unacceptable risk to human health or the environment. 

In October 2009, groundwater samples were collected from six monitoring wells by both the 
USEPA and the U.S. Army for confirmation of groundwater conditions at the site.  Initial 
detections of cadmium and thallium above their MCLs were not confirmed by the sampling.  
Except for beryllium, chromium and manganese, all the other metals were detected at 
concentrations below their respective MCLs or GW-Ind values.  

Except for a single detection each of ethylene glycol and di-n-butyl phthalate during the initial 
sampling event in 1982, there were no detections of VOCs or SVOCs in groundwater samples in 
subsequent sampling events.  Phthalates are a common laboratory contaminant.  No pesticides 
were detected.   

In 1993, explosives nitrobenzene, and RDX, were detected in one groundwater grab sample 
collected from a boring located west of the test pad, but at levels below their respective GW-Ind 
values.  To further investigate the potential for explosive contamination in the area, four wells 
were installed and sampled.  No explosives were detected in any soil or groundwater samples 
collected from the newly installed wells. 

The USEPA groundwater confirmation sampling detected the presence of 2-amino-4,6-DNT in 
only one well at a concentration of 0.14 J µg/L, well below the GW-Ind value of 17.03 µg/L.  No 
explosives were detected in any of the six U.S. Army split samples.  Reference Appendix A, 
Pages A-49 and A-50, Table A-2.  Both the previous and the October 2009 data indicate that 
explosives, the most likely contaminants at the site, are not of concern in the South Test 
Area/Bomb Test Area.   

Sixteen of the groundwater samples were collected from 6 wells from April 2000 through 
February 2001.  Perchlorate was detected in two of four wells during the first quarter sampling 
event, with a maximum concentration of 52.6 µg/L, below the GW-Ind value of 72 µg/L.  The 
initial detections of perchlorate in groundwater were not confirmed in subsequent sampling.  
During the second and third quarter sampling events, no perchlorate was detected in any of the 
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samples.  Perchlorate was also not detected in October 2009 in the two wells with perchlorate 
detections in the April-May 2000 first quarter sampling event.   

Perchlorate was detected in three of the wells during the October 2009 sampling event.  In 
monitoring well 27WW03, the USEPA analytical results indicated that perchlorate was detected 
at a concentration of 76 µg/L, slightly above the GW-Ind value of 72 µg/L.  The U.S. Army 
analytical results indicated that perchlorate was detected in the same monitoring well (27WW03) 
at a concentration of 50 µg/L, a level below the GW-Ind value of 72 µg/L.   

Table 2-4 presents the media investigation summary including the number of groundwater 
samples collected during each sampling event.   

2.3.3 Surface Water and Sediment 
A total of four surface water and four sediment samples were collected from drainage ditch 
locations and Harrison Bayou.  Metals were detected sporadically in both surface water and 
sediment samples.  All metals were below comparison criteria in surface water.  Except for 
arsenic, barium, and lead that were detected in sediment samples at concentrations above their 
respective GWP-Ind, other metals were detected at low concentrations approximating 
background values.  Except for di-n-butylphthalate in two of the sediment samples and at 
concentrations below comparison criteria, all other SVOCs were below detection limits in both 
surface water and sediment samples.  Phthalates are a common laboratory contaminant.  No 
VOCs or explosives were detected in surface water or sediment samples.  

Table 2-4 presents the media investigation summary including the number of surface and 
sediment samples collected during the RI.  Summary results from the Final Installation-Wide 
Baseline Ecological Risk Assessment (BERA) (Shaw, 2007) indicated that perchlorate was not 
selected as a final constituent of potential ecological concern because all estimated receptor 
ecological effects quotient were less than 1 and there was no evidence of a perchlorate source 
area.   

2.4 Conclusion 
With the exception of the 2009 EPA groundwater sampling, the results of the multiple 
investigations presented above indicated that no contaminants of concern were identified in soil, 
groundwater, surface water, and sediments at the site.  The human health risk assessment 
evaluation of potential migration pathways for potential receptors indicated that carcinogenic 
risk estimates were within the acceptable range at 1 × 10-7 and 3 × 10-5 for current recreational 
and future industrial land uses, respectively.  Non-cancer hazard indices were below the critical 
value of 1.0 at 1 × 10-2 (current land use) and 6 × 10-1 (future industrial land use).  Based on the 
evaluation, no unacceptable risks to human health were identified for the site.  The screening-
level ecological risk evaluation indicated that there are no ecological concerns associated with 
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the site and that further evaluations and remediation are unwarranted.  Summary results from the 
Final Installation-Wide BERA (Shaw, 2007) indicated that perchlorate was not selected as a final 
constituent of potential ecological concern because all estimated receptor ecological effects 
quotient were less than 1 and there was no evidence of a perchlorate source area.  In addition, no 
WP or MC was identified in any soil samples and there was no indication of the presence of MC 
in any pre- or post-detonation samples.  Results from the October 2009 confirmation sampling, 
further confirms that explosives are not a concern at the site.  Therefore, this MC data summary 
confirms the determination of no risk to human health or the environment as identified in the 
EE/CA for the South Test Area/Bomb Test Area, LHAAP-001-R.   

For perchlorate, the soil data is spread across the entire site.  Perchlorate was detected in one of 
31 samples, at a concentration of 28.9 µg/kg, well below the GWP-Ind value of 7,200 µg/kg.  
The groundwater data was collected from 6 locations that characterize the flow in and from the 
area of highest potential impact.  A total of 16 groundwater samples were collected from 6 wells 
from April 2000 through February 2001.  Two initial detections of perchlorate (27WW01 and 
27WW04), both below the GW-Ind value of 72 µg/L, were not confirmed in the subsequent 
sampling events nor during the October 2009 USEPA and U.S. Army confirmation sampling 
event.  Perchlorate was detected in three other monitoring wells (MW-132, 27WW02, and 
27WW03) during the October 2009 sampling event.  In two of the monitoring wells (MW-132 
and 27WW02) perchlorate was at concentrations well below the GW-Ind value.  In the third 
monitoring well (27WW03), the USEPA analytical results indicated that perchlorate was 
detected at a concentration of 76 µg/L slightly above the GW-Ind value of 72 µg/L.  The USEPA 
detection was an estimated value from a diluted sample and elevated reporting limit using 
analytical method 314 (ion chromatography).  For the same monitoring well, the U.S. Army split 
sample results indicated that perchlorate was at a concentration of 50 µg/L, a level below the 
GW-Ind value of 72 µg/L. The U.S. Army used analytical method 6850 for detection of 
perchlorate in this well which is the preferred method due to mass spectrometry’s superior 
selectivity for the perchlorate ion. The U.S. Army result reflects closely previous detected levels 
for the site.  Historically, the maximum detected perchlorate concentration at the site was 
52.6 µg/L in well 27WW01 which is comparable to the level detected in monitoring well 
27WW03.  During the August-October 2000 sampling event, perchlorate was below the 
detection limit in monitoring well 27WW03.  No well has seen repeat detections of perchlorate at 
the site.  The two monitoring wells that have had the highest detections of perchlorate, 27WW01 
and 27WW03 at 56.2 and 50 µg/L, respectively, are the farthest up-gradient wells within the 
open burn/open detonation (OB/OD) area.  The wells 27WW02 and 27WW04, that are located 
down-gradient (north-northeast of 27WW01 and 27WW03), have been with no detection of 
perchlorate with the exception of one detection each at 3.4 µg/L (2009) and 16.4 µg/L (2000), 
respectively.   
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All previous soil data from across the site indicate that there is no known source of perchlorate in 
soil and therefore, there is no potential source of perchlorate contamination to the underlying 
groundwater. Furthermore, historical data trends show that the previous groundwater perchlorate 
detections were not duplicated in the same wells by subsequent sampling, indicating that the 
detections are single isolated occurrences.  The single exceedance of the GW-Ind of 72 µg/L was 
an estimated result from a diluted sample and was not confirmed by U.S. Army’s split sample 
result.  U.S. Army’s data support the conclusion that perchlorate is not a contaminant of concern 
at the South Test Area/Bomb Test Area.  However, to address the uncertainty arising from the 
exceedance of the perchlorate GW-Ind in 27WW03 in USEPA’s data set, it is recommended that 
limited sampling for perchlorate be conducted. USEPA, TCEQ. and U.S. Army have agreed to 
address the 2009 metals exceedances in the groundwater under a path separate from the MMRP. 
U.S. Army will address the metals constituents in the groundwater as stated in the U.S. Army 
letter dated March 10, 2011 under the 1998 IRP ROD (U.S. Army, 2011). 
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Analyte Detected Maximum Concentration TCEQ GWP-Ind

SVOCs (µg/kg)
Di-n-butylphthalate * 2,610 1,000,000
Bis(2-ethylhexyl)phthalate * 380 600

Explosives (µg/kg)
2,4,6-TNT 10,150 5,100

Metals (mg/kg)
Aluminum 10,300 10,220
Arsenic 13.1 1
Barium 639 200
Beryllium 1.16 0.4
Cadmium 21 0.5
Calcium 809 NA
Chromium 36.3 10
Copper 41.1 130
Iron 70,000 NA
Lead 26.3 1.5
Magnesium 635 NA
Manganese 223 1431
Mercury 0.08 0.2
Nickel 18.6 204.4
Potassium 513 NA
Selenium 0.83 5
Strontium 16.8 6132
Vanadium 72.4 72
Zinc 41.3 3066

Perchlorate (µg/kg) 28.9 7200

Notes and Abbreviations:
 *common laboratory contaminant
GWP-Ind - soil MSC for industrial use based on groundwater protection
mg/kg - milligrams per kilogram
NA - Not Available
SVOC - semivolatile organic compound
TCEQ - Texas Commission on Environmental Quality
TNT - trinitrotoluene
µg/kg - micrograms per kilogram

Table 2-1
Summary of Detected Constituents in Soil

South Test Area/Bomb Test Area, LHAAP-001-R

Contract No. W912BV-07-D-2004, Project No. 133363, TO No. 0007
Longhorn Army Ammunition Plant, Karnack, Texas  2-15

Shaw Project No. 133363
June 2011
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Analyte Detected TCEQ GW-Ind MCL
US Army USEPA

VOCs (µg/L)
Ethylene glycol 24 204,400

SVOC (µg/L)
Di-n-butylphthalate * 52 10,220

Explosives (µg/L)
Nitrobenzene** 6.58 51.1
RDX** 18.4 3100
2- Amino-4,6-dinitrotoluene 0.14 J 17.03

Metals (mg/L)
Aluminum 7.32 102.2
Antimony 0.000134 J 0.006
Arsenic 0.006 0.01
Barium 0.25 2
Berryllium 0.0194 0.0251 0.004
Cadmium 0.009 0.005
Chromium 0.119 0.122 0.1
Cobalt 1.17 6.132
Copper 0.0108 1.3
Lead 0.016 0.015
Manganese 27.9 14.3
Nickel 0.49 2.044
Selenium 0.00692 0.5
Silver 0.000289 0.511
Strontium 2.64 61.32
Thallium 0.1 0.002
Vanadium 0.00236 J 0.715
Zinc 0.254 30.66

Perchlorate (µg/L) 52.6 76 72

Notes and Abbreviations:
 * common laboratory contaminant
** detected in one grab sample 27GG33
GW-Ind - groundwater MSC for industrial use
J - estimated results detected above the method detection limit but below the reporting limit 
MCL - maximum contaminant level
mg/L - milligrams per liter
SVOC - semivolatile organic compound
TCEQ - Texas Commission on Environmental Quality
µg/L - micrograms per liter
USEPA - U.S. Environmental Protection Agency
VOC - volatile organic compound

Table 2-2
Summary of Detected Constituents in Groundwater

South Test Area/Bomb Test Area, LHAAP-001-R

Maximum Concentration

Contract No. W912BV-07-D-2004, TO No. 0007
Longhorn Army Ammunition Plant, Karnack, Texas  2-16

Shaw Project No. 133363
June 2011
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Maximum Concentration
South Test Area/
Bomb Test Area

Surface Water 
Metals (mg/L)
Barium 0.29 0.12 2
Lead 0.015 ND 0.015

Sediments 
SVOCs (µg/L)
Di-n-butylphthalates * 2,170 1,760 10,200

Metals (mg/kg)
Arsenic 1.1 1.1 1
Barium 254 91.8 200
Chromium 5.2 4.6 10
Lead 8 9 1.5
Mercury ND 0.03 0.2
Nickel 3.9 6 204.4
Selenium 0.2 ND 5

Notes and Abbreviations:
 *common laboratory contaminant
GWP-Ind - soil MSC for industrial use based on groundwater protection
MCL - maximum contaminant level
mg/kg - milligrams per kilogram
mg/L - milligrams per lit
ND - not detected
SVOC - semivolatile organic compound
TCEQ - Texas Commission on Environmental Quality
µg/L - micrograms per liter

Table 2-3
Summary of Detected Constituents in Surface Water and Sediments
South Test Area/Bomb Test Area, LHAAP-001-R and Harrison Bayou

Analyte Detected TCEQ GWP-Ind MCL  Maximum Concentration 
Harrison Bayou
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Table 2-4
Media Investigation Summary

South Test Area/Bomb Test Area, LHAAP-001-R

Shaw Environmental, Inc.

Investigated By Date Medium Investigated Number of Samples Analytical Parameters Sample ID

EPS 1982 soil - surface 3 metals, explosives, anions 0401 through 0403
groundwater - wells 2 metals, explosives, anions, organics, 

pesticides/PCBs
MW131 and  MW132

EBASCO 1993 soil - 10 borings 20 metals, VOCs, SVOCs, explosives, anions Borings 27SB30 through 27SB39
soil - surface 4 metals, VOCs, SVOCs, explosives, anions 27SS01 through 27SS04
groundwater - grab from borings 10 explosives, anions, total organic halogens, TOC 27GG30 through27GG39
groundwater - wells 2 metals, VOCs, SVOCs, explosives, anions MW131 and  MW132
surface water 4 metals, VOCs, SVOCs, explosives, anions 27SW02 through 27SW05
sediment 4 metals, VOCs, SVOCs, explosives, anions 27SD02 through 27SD05

SVERDRUP 1994 soil - surface 3 chromium, mercury 27SS21 through 27SS23
soil - monitoring well borings 12 metals, explosives, anions 27WW01 through 27WW04
groundwater - wells 4 metals, SVOCs, explosives, anions 27WW01 through 27WW04

USACE 1996/97 soil - surface 9 explosives + 11 metals RASS27-01 through RASS27-09
soil - surface 4 12 metals RASS27-02,RASS27-04, RASS27-06, RASS27-

08
STEP 2000/01 soil - 13 borings 26 perchlorate 27SB01 through 27SB13

1st Quarter groundwater - wells 4 perchlorate MW131, MW132, 27WW01, 27WW04
2nd Quarter groundwater - wells 6 perchlorate MW131, MW132, 27WW01 through 27WW04
3rd Quarter groundwater - wells 3 perchlorate MW131, 27WW01, 27WW04
4th Quarter groundwater - wells 3 perchlorate MW131, 27WW01, 27WW04

USFWS 2003 soil 5 metals, SVOCs, pesticides, PCBs, perchlorate 55, 56, 58, 63, 201
CAPE 2006 soil 2 MC (explosives), WP BTA-27-LHAAP-001-RS-01A, BTA-27-LHAAP-

002-RS-01B

USEPA October 2009 groundwater - wells 6 metals, explosives, perchlorate 131-05, 132-06, 27WW-01-01, 27WW-02-02, 
27WW-03-03, 27WW-04-04

U.S. ARMY October 2009 groundwater - wells 6 metals, explosives, perchlorate 131-05, 132-06, 27WW-01-01, 27WW-02-02, 
27WW-03-03, 27WW-04-04

Notes and Abbreviations:
MC - munitions constituents TOC - total organic carbon
PCB - polychlorinated biphenyl VOC - volatile organic compound
SVOC - semivolatile organic compound WP - white phosphorus
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3.0 The Ground Signal Test Area, LHAAP-003-R 

3.1 Site Description and History 
The Site 54 – Ground Signal Test Area (LHAAP-003-R) encompasses approximately 80 acres 
and is located in the southeastern portion of LHAAP.  The site is accessed by an asphalt road 
(Haystack Road) that intersects Long Point Road just east of its intersection with Avenue Q 
(Figure 1-1).  The site is currently undeveloped and has become overgrown with woody 
vegetation. 

The Ground Signal Test Area is co-located with the IRP site LHAAP-54 for which a NFA ROD 
under CERCLA for HTRW was signed with regulatory concurrence in January 1998 (USACE, 
1998). 

This area was used intermittently starting in April 1963 for aerial and on-ground testing and 
destruction of a variety of devices, including pyrotechnic signal devices, red phosphorus smoke 
wedges, infrared flares, illuminating 60 and 81 mm mortar shells, illuminating 40 to 155 mm 
cartridges, button bombs, and various types of explosive simulators.  The site was also used 
intermittently over a 20-year period for testing and burn-out of rocket motors from Nike-
Hercules, Pershing, and Sergeant missiles.  Around 1970, a Sergeant rocket motor reportedly 
exploded in an excavated pit near the center of the site, however, later MEC clearance to depth in 
the area found no rocket motor.  Debris was reportedly placed in the resulting crater and 
backfilled.  From late 1988 through 1991, the site was also used for burn-out of rocket motors in 
Pershing missiles destroyed in accordance with the Intermediate-Range Nuclear Forces Treaty 
between the U.S. and the former Soviet Union.  Occasionally, leaking WP munitions were 
burned at the site as a demilitarization activity. 

The Ground Signal Test Area was identified as a MEC area of concern based on the reported 
presence of MEC.  Because of the potential presence of WP and to address the WP data gap, the 
Ground Signal Test Area was also identified as a MC area of concern. 

3.2 Previous Environmental Investigations 
Environmental media including soil, groundwater, surface water, and sediment have been 
sampled and analyzed to identify potential MC contamination.  Investigations were conducted 
during the environmental contamination survey, multiple phases of the RI, basewide perchlorate 
investigation, SI, and the EE/CA.  The onsite sample locations are shown on Figures 3-1 
and 2-2.  Tables 3-1, 3-2, and 3-3 provide the maximum concentrations of contaminants in soil, 
groundwater, surface water, and sediment, respectively, at the site.  Data summary tables from 
previous investigation reports are included in Appendix B. In response to USEPA’s comments 
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on the Draft MC Summary Report, tables listing all parameters analyzed for each previous 
sampling event including associated analytical methods and detection limits are also included in 
Appendix B, 

3.2.1 Environmental Contamination Survey  
In 1982, the site was investigated by EPS for USATHAMA (EPS, 1984).   

3.2.1.1 Soil Investigation 
Three surface soil samples (0501, 0502, and 0503) were collected and analyzed for metals, 
explosives, and anions.  Metals were detected at low concentrations similar to background values 
and below their respective GWP-Ind values.  No explosives were detected.  Reference 
Appendix B, Pages B-1 and B-2, Tables 10-1 and 10-1b, respectively. 

3.2.1.2 Groundwater Investigation 
Two monitoring wells (MW-127 and MW-128) were installed and groundwater samples were 
collected from the wells.  The water samples from both wells were analyzed for metals, 
explosives, and anions.  In addition, groundwater from well MW-128 was analyzed for VOCs 
and SVOCs.  Cadmium and thallium were detected at maximum concentrations of 0.01and 
0.14 mg/L, above their MCLs of 0.005 and 0.002 mg/L, respectively.  No VOCs, SVOCs, or 
explosives were detected.  Reference Appendix B, Pages B-18 and B-19 through B-22, 
Tables 10-5 and 10-5b, respectively. 

3.2.2 Phase I Remedial Investigation 
In 1993, Ebasco completed a Phase I RI.  Soil, groundwater, surface water, and sediment 
samples were collected during the RI activities (Ebasco, 1993).   

3.2.2.1 Soil Investigation  
Seven borings were completed at the site and 15 soil samples were collected from the borings.  
Boring XXSB15 was completed within the rocket motor testing blast area.  Borings XXSB16, 
XXSB17, and XXSB18 were completed near the southern boundary, in the eastern portion, and 
in the western part of the site, respectively.  Borings XXSB19, XXSB20, and XXSB21, were 
completed in the former mortar test area, the north western portion of the site, and the 
northeastern part of the site, respectively.  Soil samples were collected from several depth 
intervals ranging from the surface to 18 bgs.  Soil samples were analyzed for metals, VOCs, 
SVOCs, explosives, and anions. 

Soil analytical results indicated that acetone at a concentration of 10,300 µg/kg in the sample 
collected from boring XXSB19 at a depth interval of 2.5 to 5 feet bgs and trichloroethene (TCE) 
at a concentration of 42 µg/kg in a sample collected from boring XXSB17 at a depth interval of 
5 to 7 feet bgs were the only VOCs detected.  Acetone and TCE concentrations were below their 
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respective GWP-Ind values of 9.2 x106, and 500 µg/kg, respectively.  Except for di-n-butyl 
phthalate that was detected at levels below the GWP-Ind value, all other SVOCs were below 
detection limits.  Arsenic, chromium, and lead were detected at maximum concentrations of 6, 
15.9, and 11 mg/kg above their GWP-Ind values of 1, 10, and 1.5 mg/kg, respectively.  All other 
metals were detected at concentrations below their respective GWP-Ind values in all soil 
samples.  No explosives were detected.  Reference Appendix B, Pages B-3 through B-5 and B-6 
through B-8, Tables 10-2 and 10-2b, respectively. 

3.2.2.2 Groundwater Investigation 
Groundwater samples were collected from the two already existing monitoring wells MW-127 
and MW-128.  Groundwater from the wells was analyzed for metals, VOCs, SVOCs, explosives, 
and anions.  Groundwater analytical results indicated that no VOCs, SVOCs, or explosives were 
detected.  No elevated metal levels were reported in either well; the initially (1982) detected 
elevated values of cadmium and thallium above comparison criteria in well MW-127 were not 
confirmed by the RI sampling event in 1993.  Reference Appendix B, Pages B-18 and B-19 
through B-22, Tables 10-5 and 10-5b, respectively. 

In addition, six groundwater grab samples were collected from six of the seven borings which 
yielded water (XXSB15 through XXSB17 and XXSB19 through XXSB21).  Samples were 
collected from the borings to obtain preliminary field screening data for potential contaminants 
in groundwater underlying the site.  Groundwater grab samples were analyzed for VOCs, 
explosives, anions, total organic halogens, and total organic carbon.  Analytical results indicated 
that VOCs and explosives were not detected. 

3.2.2.3 Surface Water and Sediment Investigation 
Seven surface water and seven sediment samples were collected from collocated site drainage 
ditch locations (SW/SD16, SW/SD17, and SW/SD18) (Figure 3-1), Harrison Bayou (SW/SD01 
and SW/SD15), and Saunders Branch (SW/SD19 and SW/SD20) (Figure 2-2).  Surface water 
and sediment samples were analyzed for metals, VOCs, SVOCs, explosives, and anions.  Results 
indicated that metals were detected sporadically in both surface water and sediment samples.  
The two detected (barium and lead) metals were below GW-Ind values in surface water samples.  
Except for arsenic and lead, all other metals were below GWP-Ind values in all sediment 
samples.  Arsenic concentrations ranged from 0.9 to 3.5 mg/kg, above the GWP-Ind value of 
1 mg/kg, and lead concentrations ranged from 4 to 9 mg/kg, above the GWP-Ind value of 
1.5 mg/kg.  Except for bis(2-ethylhexyl)phthalate in four sediment samples and di-n-
butylphthalate in two of the sediment samples, all other SVOCs were below detection limits in 
both surface water and sediment samples.  Detected concentrations for the two phthalate analytes 
did not exceed respective GWP-Ind values of 600 and 1,000,000 µg/kg.  Phthalates are a 
common laboratory contaminant.  No VOCs or explosives were detected in surface water or 
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sediment samples.  Reference Appendix B, Pages B-23, B-24 through B-26, B-27, and B-31 
through B-33, Tables 10-6, 10-6b, 10-7 and 10-7b, respectively. 

3.2.3 Phase II Remedial Investigation 
In 1994, Sverdrup completed a Phase II RI.  Soil and groundwater samples were collected and a 
soil gas survey conducted at the site (Sverdrup, 1995). 

3.2.3.1 Soil Investigation 
One soil boring, XXSB01, was completed in the immediate vicinity of boring XXSB19 and three 
soil samples collected from the boring for confirmation of the elevated acetone levels detected 
during the Phase I RI activities.  Soil samples were analyzed for VOCs.  No acetone was 
detected in the soil samples collected from the boring.  Methylene chloride at a concentration of 
18 µg/kg was detected in the soil sample collected from the depth interval of 0 to 2 feet bgs, a 
concentration below the GWP-Ind value of 38,000 µg/kg.  Methylene chloride is a common 
laboratory contaminant.  Reference Appendix B, Page B-5 and B-9, Tables 10-3 and 10-3b, 
respectively. 

An active soil gas survey was conducted in the immediate vicinity of boring XXSB19 to further 
investigate potential VOC contamination in the area.  Soil gas samples were collected from five 
sampling points (XXSG01 through XXSG05) and analyzed on site for acetone, methylene 
chloride, and TCE.  Results of the soil gas survey indicated that acetone, methylene chloride, and 
TCE were all below detection limits.  Reference Appendix B, Page B-27, Paragraph 10.2.2. 

3.2.3.2 Groundwater Investigation 
One groundwater grab sample was collected from the newly installed boring XXSB01.  The 
sample was analyzed for VOCs, SVOCs, and explosives.  Acetone was the only VOC that was 
detected at a concentration of 17 µg/L, well below the GW-Ind of 92,000 µg/L.  Acetone was 
also detected in the trip blank at a similar concentration.  Acetone is a common laboratory 
contaminant and sampling device decontamination agent.  No SVOCs or explosives were 
detected.  Reference Appendix B, Page B-27, Paragraph 10.2.2 and Pages B-28 through B-30, 
Table B-3. 

3.2.4 Additional Investigations 
3.2.4.1 Soil Investigation 
In August 1996, the USACE collected surface soil samples from two locations in support of the 
risk assessment for the site; RASSXX-01 located within the former motor blast area and 
RASSXX-02 located within the nearby mortar test area.  The soil samples were analyzed for 
VOCs and 11 metals (arsenic, barium, cadmium, chromium, lead, mercury, nickel, selenium, 
silver, antimony, and thallium).  Analytical results indicated that metals arsenic, chromium, and 
lead were detected at RASSXX-01 at maximum concentrations of 32.8, 28.9, and 11 mg/kg, 
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above their respective GWP-Ind values of 1, 10, and 1.5 mg/kg, respectively.  Cadmium was 
detected at RASSXX-02 at a maximum concentration of 5.42 mg/kg, above the GWP-Ind value 
of 0.5 mg/kg.  Reference Appendix B, Page B-10 and B-11 through B-17, Tables 10-4 and 
10-4b, respectively. 

3.2.4.2 Risk Assessment 
In 1997, USACE conducted a baseline risk assessment to support site management decisions for 
the site.  Potential human health and ecological impacts resulting from contaminant releases at 
the site in the absence of remediation were evaluated.  COPCs evaluated included metals present 
in both site soils and ditch sediments. COPCs in groundwater included metals within background 
ranges and below drinking water standards.  For human health evaluation, conservative 
carcinogenic risk estimates of 3 × 10-7 and 2 × 10-6 were obtained for current recreational and 
future industrial land uses, respectively.  Hazard indices were well below the critical value of 1.0 
at 2 × 10-2 (current land use) and 1 × 10-1 (future industrial land use).  Based on these results, no 
unacceptable risks to human health were identified for the Ground Signal Test Area (USACE, 
1997).  

Screening-level ecological risks for the site were driven solely by metals present in soil at 
concentrations approximating background values.  Two metals; chromium and nickel, were 
identified as main contributors to screening level risk estimates.  Based on these conservative 
analyses, no ecological concerns were associated with the site and further ecological evaluations 
and remediation are unwarranted. (Shaw, 2007) 

3.2.4.3 Supplemental Soil Sampling and Risk Characterization 
Following a review of the initial RI data (Phase I and II RI) and human health and ecological risk 
characterization based on RI results, limited additional surface soil sampling was conducted at 
the site in February 1997 (USACE, 1997). The sampling was initiated to support additional 
human health risk characterization for a limited area identified during the original risk 
assessment results as a potential “hot spot” area for human exposure.   

Additional surface soil samples were collected from two adjacent locations (RASSXX-01 and 
RASSXX-02); the same locations sampled previously in 1996 (Figure 3-1).  The samples were 
analyzed for SVOCs, explosives, pesticides, and polychlorinated biphenyls (PCBs).  A sample 
from RASSXX-02 was also analyzed for 12 metals (aluminum, beryllium, calcium, cobalt, 
copper, iron, potassium, magnesium, manganese, strontium, vanadium, and zinc).  Soil analytical 
results (Appendix B, Page B-44, Table 5A-1) indicated that metals were detected at 
concentrations that were generally higher [arsenic (73.8 mg/kg), cadmium (6.95 mg/kg), and lead 
24 (mg/kg)] than those of previous sampling events and above their respective GWP-Ind values, 
and provided justification for further evaluation of the potential “hot spot” area.  No VOCs, 
SVOCs, explosives, pesticide, or PCBs were detected in the surface soil samples.  Reference 
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Appendix B, Pages B-10, B-44, and B-11 through 17, Tables 10-4, Table 5A-1 and 10-4b, 
respectively. 

Further supplemental risk characterization was conducted for a potential “hot spot” area at the 
site and to expand the list of parameters for risk evaluation.  While risk calculations based on the 
additional sampling at the limited site area were higher than original estimates for the site as a 
whole, all estimates were within acceptable risk ranges.  For human health evaluation, 
carcinogenic risk estimates of 6 × 10-6 and 4 × 10-5 were obtained for current recreational and 
future industrial land uses, respectively.  Non-cancer hazard indices were below the critical value 
of 1.0 at 2 × 10-1 (current land use) and 6 × 10-1 (future industrial land use).  The additional risk 
evaluation substantiated conclusions of the original assessment and failed to support the need for 
site remediation for protection of human health (USACE, 1997).   

Based on the results of the investigations and the risk assessment, a NFA ROD under CERCLA 
for HTRW was signed in January of 1998 for LHAAP-003-R. 

3.2.5 Perchlorate Investigation 
Between May 2000 and February 2001, during three consecutive quarterly sampling events, 
groundwater samples were collected from three existing shallow monitoring wells to determine 
whether perchlorate contamination had occurred in the underlying groundwater as a result of past 
historical activities (STEP, 2005).  The wells are located adjacent to the three surface water 
features that drain the entire Ground Signal Test Area.  Because the shallow groundwater flow 
pattern is heavily influenced by surface flow in this climate, the wells represent groundwater 
from the entire site. During the first quarter (April and May 2000), perchlorate was detected at 
concentrations of 26.8, 20.4, and 22.7 µg/L, in groundwater samples collected from monitoring 
wells MW-127, MW-128, and 18WW16, respectively.  The detections were below the GW-Ind 
value of 72 µg/L.  No MCL exists for perchlorate.  Perchlorate concentrations were below 
detection limits in the three monitoring wells during the second quarter (August through October 
2000).  During the third quarter, January through February 2001, perchlorate was detected in 
only one groundwater sample collected from well 18WW16 at a concentration of 8 µg/L, well 
below the GW-Ind of 72 µg/L.  No perchlorate was detected in the water samples from wells 
MW-127 and MW-128.  Groundwater samples were also collected from Geoprobe points 
(GPSAS54-01, GPSAS54-02, and GPSAS54-03) installed in June 2001.  Perchlorate was below 
detection limits in all three grab samples.  Reference Appendix B, Pages B-34 and B-35, 
Tables 1-32 and 1-32b, respectively. 

3.2.6 U.S. Fish and Wildlife Investigation 
In March 2003, USFWS conducted an investigation at the former LHAAP facility to determine 
contaminant levels in soil and sediment (USFWS, 2003).  Soil samples were collected from two 
locations (FWS-95 and FWS-223) within the Ground Signal Test Area.  These two locations are 
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along the surface drainage that flows toward Saunders Branch on the east side of the area. Soil 
analytical results indicated that metals were detected at low concentrations confirming previous 
findings.  Perchlorate was not detected.  Reference Appendix B, Pages B-36 through B-37 and 
B-38 through B-43, Tables 2 and 2b, respectively. 

3.2.7 Military Munitions Response Program Site Inspection 
Between 2002 and 2004, a MMRP SI was conducted for the Ground Signal Test Area to 
determine the presence or absence of MEC and/or MC at the site which may have remained from 
activities conducted by the DOD during operations of the MRS, and may pose a threat to human 
health and/or the environment (e2M, 2005).   

Results of the HRR and a visual site inspection verified MEC presence at the site.  Possible 
source areas for MEC and MC identified during the SI included testing areas associated with the 
various suspected ordnance types, a confirmed mortar impact area on site with numerous 
unidentified ordnance item shapes on the surface and outside the mortar berm, a site reportedly 
used for the testing and burn-out of Pershing and Sergeant rocket motor, and areas associated 
with past demilitarization activities.  In addition, a Sergeant rocket motor reportedly exploded at 
the site around 1970 and debris was reportedly placed in the resulting crater and backfilled.  It 
was also reported that occasionally WP munitions were burned at the site.  It appears that most of 
the items tested at this location were statically fired and observed for adequate illumination and 
burn time and not launched by a weapons system. 

The SI identified a data gap in earlier soil sampling in that demilitarization activities were 
conducted at the site and occasionally demolition and burning of WP munitions were performed.  
No analysis for the munitions constituent WP was performed at the site.  The SI recommended 
that further investigation be conducted to address the identified data gap. 

3.2.8 Engineering Evaluation/Cost Analysis 
In 2007, an EE/CA was conducted to facilitate completion of a non-time critical removal action 
of MEC at the site (CAPE, 2007).  Field activities conducted during the EE/CA characterized 
MEC and addressed the MC data gap at the site.  Soil samples were collected within the Ground 
Signal Test Area to determine if evidence of WP existed, and to determine the presence of MC in 
areas where MC was most likely to exist based on the heaviest MPPEH concentrations or 
historical detonations.  One soil sample was collected within the area identified as the mortar 
firing range.  A second soil sample was collected in a scarred area identified as the Rocket Motor 
Area in the historical review.  In addition, pre- and post-detonation samples were collected in 
association with explosive demolition of MPPEH recovered during the field activities.  Soil 
samples were collected from 0 to 6 inches bgs.  Analytical results indicated that no WP and MC 
constituents (1,3,5-trinitrobenzene, 1,3-dinitrobenzene, 2,4,6-TNT, 2,4-DNT, 2,6-DNT, 2-amino-
4,6-DNT, 2-nitrotoluene, 3-nitrotoluene, 4-amino-2,6-DNT, 4-nitrotoluene, HMX, nitrobenzene, 
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RDX, and tetryl) were identified at concentrations above detection limits in any soil samples at 
the site.  In addition, there was no indication of the presence of MC in any of the pre- or post-
detonation samples.  The removal action objective of protection of human health from MC at 
unacceptable concentrations had been achieved as demonstrated by the soil analytical results. 
Reference Appendix B, Page B-45, Table 3. 

3.2.9 October 2009 Groundwater Confirmation Sampling 
3.2.9.1 USEPA Region 6 Confirmation Sampling 
In October 2009, the USEPA collected additional groundwater samples from the existing four 
monitoring wells (MW-127, MW-128, 18WW01 and 18WW16) to confirm groundwater 
conditions at the site.  The groundwater was analyzed for metals, explosives and perchlorate.  
Groundwater analytical results indicated that except for 2-amino-4,6-DNT and 3-nitrotoluene, no 
other explosives were detected in the groundwater samples.  2-amino-4,6-DNT was detected in 
two monitoring wells at concentrations of 0.22 µg/L in monitoring well MW-127 and 0.30 µg/L 
in monitoring well MW-128, below the GW-Ind value of 17.03 µg/L.  3-nitrotoluene was 
detected in monitoring well MW-128 at a concentration of  0.24J µg/L below the GW-Ind value 
of 1,022 µg/L.  Perchlorate was detected in only one of the monitoring wells, 18WW16, at a 
concentration of 4.6 µg/L, a level well below the GW-Ind value of 72 µg/L. 

Except for chromium, all other metals were detected at concentrations lower than their respective 
MCLs or GW-Ind values.  Chromium was detected at a concentration of 6.62 mg/L in 
monitoring well 18WW16 above the MCL of 0.1 mg/L.  Reference Appendix B, Pages B-46 
through B-47 and Page B-48, Tables B-1 and B-1b, respectively.    

3.2.9.2 U.S. Army Confirmation Split Sampling  
In October 2009, the U.S. Army collected spilt samples at the same time that the USEPA 
collected additional groundwater samples from the existing four monitoring wells (MW-127, 
MW-128, 18WW01 and 18WW16).  The groundwater was analyzed for metals, explosives and 
perchlorate.  Groundwater analytical results indicated that no explosives were detected in any of 
the groundwater samples.  Perchlorate was detected in monitoring well 18WW16 at a 
concentration of 5.4 µg/L, a level well below the GW-Ind value of 72 µg/L. 

Except for arsenic and chromium, all other metals were detected at concentrations lower than 
their respective MCLs or GW-Ind values.  Arsenic and chromium were detected in monitoring 
well 18WW16 at concentrations of 0.019 and 31.7 mg/L above their MCL of 0.01 and 0.1 mg/L, 
respectively.  Reference Appendix B, Pages B-49 through B-50 and B-51, Tables B-2 and B-2b, 
respectively.   

USEPA Region 6 groundwater confirmation analytical results were comparable to the U.S. Army 
split sample results.  Although the USEPA detected two explosives in the groundwater samples, 
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whereas the U.S. Army did not, the explosive were at concentrations that were well below their 
GW-Ind values.  Chromium was the only metal that was detected by both agencies at a 
concentration above the MCL.  Arsenic was detected by only the U.S. Army above the MCL.  
Perchlorate was detected by both USEPA and U.S. Army in the same monitoring well at 
comparable concentrations that were lower than the GW-Ind value of 72 µg/L. 

3.3 Media Investigation Summary and Contaminant Assessment 
Data presented in previous investigations and the risk assessment for the site indicate that 
compounds detected in soil, groundwater, surface water, and sediment pose no risk to human 
health or the environment.  

3.3.1 Soil 
Between 1982 and 2003, a total of 27 surface and subsurface soil samples were collected for 
characterization of constituents of concern in the soil at the site.  Samples were collected from all 
areas of the site with special emphasis on likely source areas; the former motor blast area and the 
nearby mortar test area.  Five metals including arsenic (73.8 mg/kg), barium (904 mg/kg), 
cadmium (6.95 mg/kg), chromium (28.9 mg/kg), and lead (24 mg/kg), were detected at 
concentrations above their respective GWP-Ind values.  All other metals were detected at levels 
approximating background values and below the comparison criteria.  Despite the common 
detection of metals during the multiple sampling events, none of the metals was determined to 
have an unacceptable risk to human health or the environment.   

Except for a single detection each of acetone at 10,300 µg/kg, TCE at 42 µg/kg, and methylene 
chloride at 18 µg/kg, there were no detections of other VOCs in soil samples.  The detected VOC 
concentrations were below comparison criteria.  Soil samples from one soil boring completed in 
the immediate vicinity of where acetone was detected, and the results of an active soil gas survey 
to further investigate the presence of acetone, TCE, and methylene chloride indicated that the 
VOCs were below detection limits.  Acetone is a common laboratory contaminant and cleaning 
agent for sampling equipment.  Di-n-butyl phthalate was the only SVOC detected in the soil 
samples at levels below the comparison criteria.  Phthalates are common plasticizers and were 
found in method blanks.  No explosives, pesticides, or PCBs were detected in soil samples.   

An active soil gas survey was conducted in the immediate vicinity of the boring XXSB19 where 
acetone was detected to further investigate potential VOC contamination in the area.  Soil gas 
samples were collected from five sampling points and analyzed on site for acetone, methylene 
chloride, and TCE.  Results of the soil gas survey indicated that acetone, methylene chloride, and 
TCE were all below detection limits.   

Two of the surface soil samples were collected along a surface water feature draining the eastern 
portion of the site and analyzed for perchlorate.  Both samples were non-detect for perchlorate.  
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An additional two soil samples were collected during the EE/CA field activities (2006) to 
determine the presence of WP and if MC existed in areas where MC was likely to exist based on 
heaviest MPPEH; the mortar firing area and the Rocket Motor Area.  No WP or MC was 
identified in any soil samples and there was no indication of the presence of MC in any pre- or 
post-detonation samples. 

Table 3-4 presents the media investigation summary including the number of soil samples 
collected during each sampling event.   

3.3.2 Groundwater 
From 1982 through 2001, a total of 13 groundwater samples were collected from monitoring 
wells and an additional 10 water samples were grab samples collected from soil borings installed 
at the site for identification of constituents of concern in the underlying groundwater.  
Groundwater analytical results from multiple sampling events indicated that cadmium and 
thallium were detected in groundwater above their respective MCLs in the initial sampling 
(1982), however, the concentrations were not reproducible in subsequent sampling events.  
Despite the common detection of metals during the multiple sampling events, none of the metals 
was determined to have an unacceptable risk to human health or the environment.   

In October 2009, groundwater samples were collected from four monitoring wells by both the 
USEPA and the U.S. Army for confirmation of groundwater conditions at the site.  Initial 
detections (1982) of cadmium and thallium above their MCLs were not confirmed by the 
sampling.  Except for arsenic and chromium, all the other metals were detected at concentrations 
below their respective MCLs or GW-Ind values.  

Except for a single detection of acetone in a grab sample collected in 1994 at a concentration of 
17 µg/L, well below the GW-Ind of 92,000 µg/L, there were no detections of VOCs in other 
groundwater samples.  Acetone was also detected at a similar concentration in the trip blank.  
SVOCs or explosives were not detected.   

The October 2009 USEPA groundwater confirmation sampling detected the presence of 
2-amino-4,6-DNT and 3-nitrotoluene.  Both explosives were detected at concentrations well 
below their respective GW-Ind values.   No explosives were detected in any of the four U.S. 
Army split samples.  Reference Appendix B, Pages B-49 through 50 and B-51, Tables B-2 and 
B-2b, respectively.  Both the previous and the October 2009 data indicate that explosives, the 
most likely contaminants at the site, are not of concern in the Ground Signal Test Area.   

Twelve of the groundwater samples were collected from three locations and analyzed for 
perchlorate during four quarters from April 2000 to June 2001.  Perchlorate was detected at a 
maximum concentration of 26.8 µg/L during the first quarter sampling event, a level well below 
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the GW-Ind value of 72 µg/L.  No MCL exists for perchlorate.  During the second quarter 
sampling event, perchlorate was not detected in any of the water samples.  Perchlorate was 
detected during the third quarter sampling event in one well at 8 µg/L, which is well below the 
GW-Ind of 72 µg/L and not at all during the fourth quarter event.  During the October 2009 
sampling event, perchlorate was detected in monitoring well 18WW16 at a concentration of 
5.4 µg/L, a level well below the GW-Ind value of 72 µg/L. 

Table 3-4 presents the media investigation summary including the number of groundwater 
samples collected during each sampling event.   

3.3.3 Surface Water and Sediment 
A total of seven surface water and seven sediment samples were collected from drainage ditch 
locations, Harrison bayou, and Saunders Branch.  Metals were detected sporadically in both 
surface water and sediment samples.  All metals were below comparison criteria in surface water 
samples.  Arsenic and lead were the only metals detected above their respective GWP-Ind values 
in sediment samples.  All other metals were detected at concentrations below comparison criteria 
and approximating background values.  Except for bis(2-ethylhexyl)phthalate in four sediment 
samples and di-n-butylphthalate in two of the sediment samples and at concentrations that were 
below comparison criteria, all other SVOCs were below detection limits in both surface water 
and sediment samples.  Phthalates are a common laboratory contaminant.  No VOCs or 
explosives were detected in surface water or sediment samples.   

3.4 Conclusion 
With the exception of the 2009 EPA groundwater sampling, the results of the multiple 
investigations presented above indicated that no contaminants of concern were identified in soil, 
groundwater, surface water, and sediments at the site.  The human health risk assessment 
evaluation of potential migration pathways for potential receptors indicated that carcinogenic 
risk estimates were within the acceptable range at 6 × 10-6 and 4 × 10-5 for current recreational 
and future industrial land uses, respectively.  Non-cancer hazard indices were below the critical 
value of 1.0 at 2 × 10-1 (current land use) and 6 × 10-1 (future industrial land use).  Based on the 
evaluation, no unacceptable risks to human health were identified for the site.  The screening-
level ecological risk evaluation indicated that there are no ecological concerns associated with 
the site and that further evaluations and remediation are unwarranted.  In addition, no WP or MC 
was identified in any soil samples and there was no indication of the presence of MC in any pre 
or post-detonation samples.  Results from the October 2009 sampling detected two explosives at 
levels well below the risk-based criteria, further confirming that explosives are not a concern at 
the site.  Therefore, this MC data summary confirms the determination of no risk to human 
health or the environment as identified in the EE/CA for LHAAP-003-R.   
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For perchlorate, soil sampling conducted along a surface water feature draining much of the site 
was non-detect.  Additionally, three groundwater wells and the three geoprobe points placed 
strategically along flow paths that fully characterize the groundwater from the entire site were 
sampled for perchlorate.  The results indicate that perchlorate was previously (2000 through 
2001) detected in only three samples out of 12 and at concentrations below risk-based screening 
levels.  During the October 2009 confirmation sampling, perchlorate was detected in only one 
out of the four monitoring wells at a concentration comparable with previous results and well 
below the screening criteria.  This, together with the fact that no explosives were detected in any 
of the previous sampling conducted at the site, and that the October 2009 sampling detected 
explosives at levels below the risk-based criteria, supports a conclusion that perchlorate and 
explosives are not contaminants of concern at the Ground Signal Test Area.   

USEPA, TCEQ, and U.S. Army have agreed to address the 2009 metals exceedances in the 
groundwater under a path separate from the MMRP.  U.S. Army will address the metals 
constituents in the groundwater as stated in the Army letter dated March 10, 2011 under the 1998 
IRP RODs (U.S. Army, 2011). 
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Analyte Detected Maximum Concentration TCEQ GWP-Ind

VOCs (µg/kg)
Acetone 10,300 9.2 x106

Trichloroethene 42 500
Methylene chloride * 18 38,000

SVOCs (µg/kg)
Di-n-butylphthalate 2,790 B 10,000

Metals (mg/kg)
Aluminum 8,050 10,220
Arsenic 73.8 1
Barium 904 200
Cadmium 6.95 0.5
Calcium 621 NA
Chromium 28.9 J 10
Cobalt 3.21 NA
Copper 6.21 130
Iron 13,500 NA
Lead 24 1.5
Magnesium 826 NA
Manganese 567 1431
Mercury 0.06 0.2
Nickel 43 204.4
Potassium 484 NA
Selenium 1.2 5
Strontium 18.9 6132
Thallium 0.2 0.2
Vanadium 24.3 72
Zinc 17.6 3066

Notes and Abbreviations:
 * common laboratory contaminant
B - found in the method blanks
J - estimated value
GWP-Ind - soil MSC for industrial use based on groundwater protection
mg/kg - milligrams per kilogram
NA - Not Available
SVOC - semivolatile organic compound
TCEQ - Texas Commission on Environmental Quality
µg/kg - micrograms per kilogram
VOC - volatile organic compound

Table 3-1
Summary of Detected Constituents in Soil

Ground Signal Test Area, LHAAP-003-R

Contract No. W912BV-07-2004, TO No. 0007
Longhorn Army Ammunition Plant, Karnack, Texas  3-13

Shaw Project No. 133363
June 2011
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Analyte Detected TCEQ GW-Ind MCL
US Army USEPA

VOC (µg/L)
Acetone 17* 92,000

Explosives  (µg/L)
2- Amino-4,6-dinitrotoluene 0.3 17.03
3-Nitrotoluene 0.24 J 1,022

Metals (mg/L)
Aluminum 2.04 102.2
Antimony 0.00335 J 0.006
Arsenic 0.019 0.01
Barium 0.647 2
Beryllium 0.000818 J 0.004
Cadmium 0.01 0.005
Chromium 31.7 0.1
Cobalt 0.043 6.132
Copper 1.06 1.3
Lead 0.011 0.015
Manganese 2.02 14.3
Nickel 1.89 2.044
Selenium 0.019 0.05
Silver 0.000235 J 0.511
Strontium 4.12 61.32
Thallium 0.14 0.002
Vanadium 0.00172 J 0.715
Zinc 0.28 30.66

Perchlorate (µg/L) 26.8 72

Notes and Abbreviations:
* detected in a grab sample but also detected in the trip blank at the same concentration
GW-Ind - groundwater MSC for industrial use
J - estimated results detected above the method detection limit but below the reporting limit 
MCL - maximum contaminant level
mg/L - milligrams per liter
TCEQ - Texas Commission on Environmental Quality
µg/L - micrograms per liter
USEPA - U.S. Environmental Protection Agency
VOC - volatile organic compound

Table 3-2
Summary of Detected Constituents in Groundwater

Ground Signal Test Area, LHAAP-003-R

Maximum Concentration

Contract No. W912BV-07-D-2004, TO No. 0007
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Ground Signal 
Test Area

Harrison 
Bayou

Saunders 
Branch TCEQ GWP-Ind MCL

Surface Water (mg/L)
Barium 0.23 0.13 0.43 2
Lead ND ND 0.011 0.015

Sediments 
SVOCs (µg/kg)
Bis(2-ethylhexyl)phthalate * 443 369 421 600
Di-n-butylphthalate * 669 ND ND 10,000

Metals (mg/kg)
Arsenic 1.9 2.4 3.5 1
Barium 64.1 126 39.6 200
Chromium 9.8 5.5 4.4 10
Lead 7 9 8 1.5
Mercury 0.03 0.03 0.03 0.2
Nickel 5.1 14.7 4 204.4
Selenium 0.4 0.3 0.3 5

Notes and Abbreviations:
 *common laboratory contaminant
GWP-Ind - soil MSC for industrial use based on groundwater protection
MCL - maximum contaminant level
mg/kg - milligrams per kilogram
mg/L - milligrams per lit
ND - not detected
SVOC - semivolatile organic compound
TCEQ - Texas Commission on Environmental Quality
µg/kg - micrograms per kilogram

Maximum Concentration

Table 3-3
Summary of Detected Constituents in Surface Water and Sediments

Ground Signal Test Area, LHAAP-003-R, Harrison Bayou and Saunders Branch

Analyte Detected 

Contract No. W912BV-07-D-2004, TO No. 0007
Longhorn Army Ammunition Plant, Karnack, Texas  3-15

Shaw Project No. 133363
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Table 3-4
Media Investigation Summary

Ground Signal Test Area, LHAAP-003-R

Shaw Environmental, Inc.

Investigated 
By Date Medium Investigated Number of Samples Analytical Parameters Sample ID

EPS 1982 soil - surface 3 metals, explosives, anions 0501 through 0503
groundwater - wells 2 metals, explosives, anions, VOCs, and SVOCs MW127 and  MW128

EBASCO 1993 soil - 7 borings 15 metals, VOCs,  SVOCs, explosives, anions Borings XXSB15 through XXSB21
groundwater - grab from borings 6 VOCs, explosives, anions, total organic halogens, TOC XXGG15 throughXXGG18, XXGG20 and 
groundwater - wells 2 metals, VOCs, SVOCs, explosives, anions MW127 and  MW128
surface water 7 metals, VOCs, SVOCs, explosives, anions XXSW01, XXSW15 through XXSW20
sediment 7 metals, VOCs, SVOCs, explosives, anions XXSD01, XXSD15 through XXSD20

SVERDRUP 1994 soil - boring 3 VOCs XXSB01 
soil - gas sampling points 5 VOCs XXSG01, XXSG03 through XXSG05, XXSG07
groundwater - grab from boring 1 VOCs,  SVOCs, explosives XXGG01

USACE 1996/97 soil - surface 4 (2) VOCs + 11 metals; (2) SVOCs, pesticides, PCBs; 
(1) 12 metals, explosives

RASSXX-01, RASSXX-02

STEP 2000/01
1st Quarter groundwater - wells 3 perchlorate MW127, MW128, 18WW16
2nd Quarter groundwater - wells 3 perchlorate MW127, MW128, 18WW16
3rd Quarter groundwater - wells 3 perchlorate MW127, MW128, 18WW16
3rd Quarter groundwater - grab 3 perchlorate GPSAS54-01 through GPSAS54-03

USFWS 2003 soil 2 metals, SVOCs, pesticides, PCBs, perchlorate 95, 223
CAPE 2006 soil 2 MC (explosives), WP BTA-54-LHAAP-001-RS-01A, BTA-54-LHAAP-

001-RS-01B
USEPA October 2009 groundwater - wells 4 metals, explosives, perchlorate 127-09, 128-10, 18WW-01-07, 18WW-16-08
U.S. ARMY October 2009 groundwater- wells 4 metals, explosives, perchlorate 127-09, 128-10, 18WW-01-07, 18WW-16-08

Notes and Abbreviations:

MC - munitions constituents TOC - total organic carbon

PCB - polychlorinated biphenyl VOC - volatile organic compound

SVOC - semivolatile organic compound WP - white phosphorus

A-E Contract No. W912BV-07-D-2004, TO No. 0007
Longhorn Army Ammunition Plant, Karnack, Texas  3-16

Shaw Project No. 133363
June 2011
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4.0 Conceptual Site Model 

During the EE/CA a conceptual site model (CSM) was developed to provide a summary of the 
MC sources, potential pathways for MC exposure, and potential receptors to MC at the MRS 
sites.  Since surface soil did not identify the presence of MC at LHAAP-001-R and 
LHAAP-003-R, there is no source area and there is not a complete pathway for MC.  It is noted 
that perchlorate was detected once above the GW-Ind in a well at LHAAP-001-R by USEPA, 
although U.S. Army’s split sample result was below the GW-Ind.   

Based on MC data summary results and the determination of an incomplete pathway (since there 
is no MC at the surface), the MC Source-Receptor CSM presented in the EE/CA is accurate and 
is included as Figure 4-1 in this report.  In addition, the successful MEC removal action at 
LHAAP-001-R and LHAAP-003-R provides protection of human safety from explosive hazards 
to the extent practicable rendering the exposure pathway for MEC items an incomplete pathway 
as shown on Figure 4-2.   
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