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ES-1 

Executive Summary 

This Feasibility Study (FS) addendum adds the following alternative to the Final FS for 
LHAAP-16, dated March 2002: 

• Alternative 7 – Cap, Land Use Controls, In Situ Bioremediation, Passive 
Biobarrier, and Monitored Natural Attenuation.  This includes maintenance of 
the current cap, land use controls (LUCs), injection of a carbon substrate to 
enhance bioremediation in the zone of highest chlorinated solvent 
concentrations, installation of passive biobarriers at the edge of the landfill 
between 16WW38 and 16WW13, and between LHAAP-16 and Harrison 
Bayou, and monitored natural attenuation (MNA).  The LUCs include 
groundwater use restrictions, land use restrictions, and measures to protect the 
landfill cap. 

Because the FS has been issued as a final report, this FS addendum presents and evaluates 
Alternative 7 in a level of detail similar to the FS.  The new alternative will also be reflected in 
the Proposed Plan for LHAAP-16 when it is finalized.  The Final FS was prepared by Jacobs 
Engineering Group, Inc. (Jacobs) for the U.S. Army Corps of Engineers (USACE), Tulsa 
District, under Contract DACA56-97-D-0001. This FS Addendum was prepared under Task 
Order No. DS02 of the Multiple Award Remediation Contract (MARC) No. W912QR-04-D-
0027 issued by the Louisville District of USACE; the task order is managed by the Tulsa District 
of USACE.  The Final FS presented an interim analysis of remedial alternatives for LHAAP-16 
at Longhorn Army Ammunition Plant (LHAAP), Karnack, Texas.  Ecological risk and the extent 
of groundwater remediation were not addressed in that document.  This FS Addendum 
incorporates the findings of the recently completed Baseline Ecological Risk Assessment (Shaw, 
2007).  Consistent with the intended future use of the site as part of a wildlife refuge, 
groundwater remediation focuses on steps that are necessary to protect the surface water adjacent 
to LHAAP-16.  The latest analytical results for LHAAP-16 are also included in this FS 
Addendum.  Together with the Final FS, this FS Addendum establishes the basis for the final 
evaluation of alternatives and selection of a remedy.    

LHAAP is an inactive, government-owned, formerly contractor-operated and maintained 
Department of Defense facility located in central-east Texas.  The entire installation was under 
the control of the U.S. Department of the Army (Army) until May 5, 2004, when approximately 
two-thirds of the property was transferred to the U.S. Fish and Wildlife Service (USFWS).  The 
property transfer process is continuing as responses are completed at smaller parcels of land.  
The U.S. Army Environmental Command provides the funding for the environmental restoration 
program at LHAAP while the Base Realignment and Closure Office is responsible for 
implementation.   
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LHAAP-16 is a capped landfill located in the south-central portion of the LHAAP.  The site 
encompasses approximately 20 acres, of which approximately 13 acres are covered by the 
landfill cap. Harrison Bayou runs along the northeastern edge of LHAAP-16.  The landfill was 
established in the 1940s and was used for disposal of solid and industrial wastes until the 1980s 
when disposal activities were terminated.  The Army and the USEPA signed a Record of 
Decision (ROD) in 1995 approving an interim remedial action for LHAAP-16 to mitigate 
potential risks posed by buried source material at the site.  The interim remedial action included 
the construction of a landfill cap, which is a component of most of the remedial alternatives 
considered for the site.  Construction of the multilayer landfill cap was completed in 1998.  The 
ROD also specified that the Army would be required to “perform long-term maintenance of the 
cap and cover system.”  The landfill cap would be inspected at regular intervals to check for 
erosion, settlement, and deep-rooted vegetation.  Repairs would be implemented as needed.  
LUCs such as future use restrictions, fencing, and warning signs would also be required.   

The Final FS for LHAAP-16 identified trichloroethene (TCE), cis-1,2-dichloroethene (DCE), 
vinyl chloride (VC), and perchlorate as contaminants of concern (COCs) for groundwater due to 
their unacceptable contribution to the carcinogenic risk and non-carcinogenic hazard or 
exceedance of recommended screening levels.  In addition, the Final FS identified the following 
interim remedial action objective (RAOs) for LHAAP-16:   

1. To prevent exposure to landfill and groundwater contamination in excess of the 
1 × 10-4 to 1 × 10-6 target risk range and a HI value of 1. 

2. To prevent discharges of contaminated groundwater that cause ARARs exceedances in 
Harrison Bayou. 

Those interim RAOs have been replaced with final RAOs within this FS Addendum to allow for 
selection of a final remedy for the site. 

The RAOs developed for LHAAP-16 include:  

1) Protection of human health and the environment by preventing exposure to landfill contents. 

2) Protection of human health and the environment by reducing leaching and migration of 
landfill hazardous substances into the groundwater. 

3) Protection of human health by preventing human exposure to groundwater contaminated with 
COCs. 

4) Protection of human health and the environment by preventing groundwater contaminated 
with COCs from migrating into nearby surface water. 

5) Return groundwater in the shallow and intermediate zones to its potential beneficial use as 
drinking water, wherever practicable. 
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Final RAOs 1 and 3 replace interim RAO 1.  Final RAO 2 amends the interim RAOs by 
addressing leaching.  Final RAO 4 replaces interim RAO 2.  Final RAO 5 is added to address the 
aquifer as a potential source of drinking water.   

The remedial alternatives included within this FS Addendum were developed to meet the final 
RAOs for the site.   

Table ES-1 summarizes the comparative analysis of the alternatives presented in the FS and this 
FS Addendum.  Two additional criteria, State acceptance and community acceptance, will be 
evaluated during the Proposed Plan stage. 
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Table ES-1  
Comparative Analysis of Alternatives 

Criteria 

Alternative 1 
No Further Action 
(Maintenance of 

Existing Landfill Cap, 
Land Use Controls 

[Cap Only]) 

Alternative 2 
Cap, Enhanced 
Groundwater 

Extraction, Land 
Use Controls 

Alternative 3a/3b 
Cap, Monitored 

Natural Attenuation, 
Land Use Controls1 

Alternative 4 
Cap, Passive 
Groundwater 

Treatment, Land 
Use Controls 

Alternative 5a/5b 
Landfill Removal, 

Passive 
Groundwater 

Treatment, Land 
Use Controls2 

Alternative 6 
Landfill Source 

Treatment, 
Monitored Natural 
Attenuation, Land 

Use Controls 

Alternative 7 
 Cap, Monitored 

Natural Attenuation, 
Land Use Controls, In 

Situ Enhanced 
Bioremediation, 

Passive Biobarriers 
Overall protection 
of human health 
and the 
environment 

Protection of human 
health provided by cap 
and associated LUCs.  
No additional 
protection from 
exposure to 
groundwater.  Does 
not demonstrate 
protection of Harrison 
Bayou from potential 
groundwater impacts.   

Protection of human 
health provided by 
cap and land use 
controls.  Protection 
of Harrison Bayou 
provided by 
groundwater 
extraction. 

Protection of human 
health provided by 
cap and land use 
controls.  Protection 
of Harrison Bayou 
provided by natural 
attenuation. 

Protection of 
human health 
provided by cap 
and land use 
controls.  
Protection of 
Harrison Bayou 
provided by 
permeable 
reactive barrier. 

Protection of human 
health provided by 
cap (5a), source 
removal (5b) and 
land use controls.  
Protection of 
Harrison Bayou 
provide by passive 
groundwater 
treatment. 

Protection of human 
health provided by 
removal and 
treatment of some 
source material and 
by cap and land use 
controls.  Protection 
of Harrison Bayou 
provided by natural 
attenuation.   

Protection of human 
health provided by cap 
and land use controls.  
Protection of Harrison 
Bayou provided by 
passive biobarriers, in 
situ bioremediation, and 
natural attenuation. 

Compliance with 
ARARs 

No compliance with 
chemical-specific 
ARARs in 
groundwater.  
Complies with location- 
and action-specific 
ARARs.  

Does not comply 
with ARARs that 
apply drinking water 
requirements to 
groundwater. 
Complies with 
location-and action-
specific ARARs. 
 

Meets all ARARs.  Does not comply 
with ARARs that 
apply drinking 
water 
requirements to 
groundwater. 
Complies with 
location-and 
action-specific 
ARARs. 
 

Does not comply with 
ARARs that apply 
drinking water 
requirements to 
groundwater. 
Complies with 
location-and action-
specific ARARs. 
 

Meets all ARARs. Meets all ARARs. 

Long-term 
effectiveness and 
permanence 

Landfill cap and 
associated LUCs 
would be effective and 
reliable so long as they 
are maintained 
indefinitely.  Not 
effective for 
groundwater. 

Effective reliability 
depends on long-
term maintenance 
and controls and 
ability to locate 
extraction wells in 
complex geology.   

Alternative 3b 
enhances 
effectiveness of MNA 
by reducing the mass 
of contamination. If 
MNA is not proven 
effective in the long 
term, a contingent 
action of groundwater 
extraction would be 
implemented (see 
Alternative 2) 

Effectiveness of 
permeable 
reactive barrier is 
uncertain and 
relies on 
adequate long-
term 
maintenance. 

Similar to  Alternative 
4, but reliability 
enhanced with 
source removal.  
More aggressive 
remedial approach.    

Similar to 
Alternative 3a but 
reliability is 
enhanced by source 
treatment. 

Should be effective and 
permanent as indicated 
by the results of the 
technology 
demonstration and the 
preliminary MNA 
evaluation.  In situ 
bioremediation will 
permanently reduce 
contaminant mass in its 
treatment area. 
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Criteria 

Alternative 1 
No Further Action 
(Maintenance of 

Existing Landfill Cap, 
Land Use Controls 

[Cap Only]) 

Alternative 2 
Cap, Enhanced 
Groundwater 

Extraction, Land 
Use Controls 

Alternative 3a/3b 
Cap, Monitored 

Natural Attenuation, 
Land Use Controls1 

Alternative 4 
Cap, Passive 
Groundwater 

Treatment, Land 
Use Controls 

Alternative 5a/5b 
Landfill Removal, 

Passive 
Groundwater 

Treatment, Land 
Use Controls2 

Alternative 6 
Landfill Source 

Treatment, 
Monitored Natural 
Attenuation, Land 

Use Controls 

Alternative 7 
 Cap, Monitored 

Natural Attenuation, 
Land Use Controls, In 

Situ Enhanced 
Bioremediation, 

Passive Biobarriers 
Reduction of 
toxicity, mobility, 
or volume 
through treatment 

No active reduction. Some reduction in 
groundwater toxicity 
and volume through 
active treatment.  
No source 
treatment. 

Alternative 3a 
includes no active 
reduction in toxicity, 
mobility, or volume.  
Alternative 3b 
includes a small 
reduction in toxicity 
and volume.  No 
source treatment. 
 

Moderate 
reduction in 
groundwater 
toxicity.  No 
source treatment. 

Longer trench results 
in larger reduction in 
groundwater toxicity 
than Alternative 4.   
Source treatment 
only if RCRA waste is 
identified.  

Significant source 
reduction in toxicity 
and volume.  
Groundwater COC 
reduction is identical 
to Alternative 3. 

No source treatment. 
Provides permanent 
and irreversible 
reduction in 
groundwater toxicity 
and volume via in situ 
bioremediation, passive 
biobarriers, and MNA.   

Short-term 
effectiveness 

Minimal impact to the 
community, workers, 
or the environment 
from short-term 
activities. 

Minimal impact to 
the community, 
workers, or the 
environment from 
short-term activities.  
Provides almost 
immediate 
protection.   
 

Minimal impact to the 
community, workers, 
or the environment 
from short-term 
activities.  Provides 
almost immediate 
protection.   

Minor disruption 
due to installation 
of the permeable 
reactive barrier.   

Significant short-term 
impacts to the 
community from 
transportation and for 
worker risk from 
excavation activities.  
Risks can be 
controlled.  

Potential for worker 
risk during source 
treatment.  Risks 
can be controlled. 

Minimal disruption due 
to implementation of in 
situ bioremediation and 
passive biobarrier.  
Provides almost 
immediate protection 
with the implementation 
of land use controls.      

Implementability Readily implemented. Readily 
implemented.  Most 
of the components 
of this alternative 
are already in place. 

If natural attenuation 
does not occur, 
Alternative 2 would 
be implemented. 

Need to design 
an effective 
passive system 
considering 
hydraulics and 
biological process 
in situ. 

Most difficult to 
implement.  
Coordination of 
excavation, waste 
sampling, 
transportation, and 
disposal would be 
difficult.  Also, need 
to minimize releases 
of contaminated 
material during 
excavation activities. 

Source action not 
typically applied to 
landfills.  Therefore, 
initial testing will be 
required.   

Readily implemented  
because equipment and 
personnel required for 
implementation of this 
alternative (including 
the design of the 
passive biobarrier) are 
readily available.     
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Criteria 

Alternative 1 
No Further Action 
(Maintenance of 

Existing Landfill Cap, 
Land Use Controls 

[Cap Only]) 

Alternative 2 
Cap, Enhanced 
Groundwater 

Extraction, Land 
Use Controls 

Alternative 3a/3b 
Cap, Monitored 

Natural Attenuation, 
Land Use Controls1 

Alternative 4 
Cap, Passive 
Groundwater 

Treatment, Land 
Use Controls 

Alternative 5a/5b 
Landfill Removal, 

Passive 
Groundwater 

Treatment, Land 
Use Controls2 

Alternative 6 
Landfill Source 

Treatment, 
Monitored Natural 
Attenuation, Land 

Use Controls 

Alternative 7 
 Cap, Monitored 

Natural Attenuation, 
Land Use Controls, In 

Situ Enhanced 
Bioremediation, 

Passive Biobarriers 
Cost3        
• Capital 

Expenditures $0 $777,000 $620,000 (a) 
$1,307,000 (b) $2,596,000 $3,138,000 (a) 

$111,826,000 (b) $2,781,000 $393,000 

• O&M 
Expenditures $914,000 $13,898,000 $2,943,000 (a) 

$3,011,000 (b) $2,889,000 $15,289,000 (a) 
$14,585,000 (b) $4,676,000 $2,004,000 

• Total Present 
Worth $632,000 $9,816,000 $2,713,000 (a) 

$3,426,000 (b) $4,563,000 $13,070,000 (a) 
$115,606,000 (b) $6,399,000 $1,980,000 

Notes and Abbreviations
1 Alternative 3b is identical to Alternative 3a except an extraction well network will be operated in the groundwater hot spot for approximately 5 years to reduce contaminant mass, followed by 

MNA throughout the rest of the O&M period.   

: 

2 Alternative 5b is identical to Alternative 5a except all of the landfill waste will be removed (compared with hot spot removal under Alternative 5a).   
3 Costs have been rounded to the nearest $1,000. The capital and O&M expenditures are the sums of each year’s costs without regard to discount rates or escalation rates.  Each year’s 

expenditures were converted to present worth using a 2.7% discount rate and were summed to yield the total present worth. The costs of Alternatives 1 through 6 have been updated to 
January 2008 using the Engineering News Record construction cost index, and the costs of 5-year reviews have been added to all alternatives. Per the Army’s request, the costs for all 
alternatives have been modified by removing the standard escalation rate (average 3 percent per year) from the present worth calculation. Also, the cost of Alternative 1 has been updated to 
reflect the ongoing cap maintenance/inspection activities and the implementation of LUCs under the Interim ROD for LHAAP-16.  
ARAR applicable or relevant and appropriate requirement  
FS feasibility study 
LHAAP Longhorn Army Ammunition Plant 
MNA monitored natural attenuation 
NA not applicable 
O&M operation and maintenance 
RAO remedial action objective 
VOC volatile organic compound 
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1.0 Introduction 

Shaw Environmental, Inc. (Shaw) was contracted by the U.S. Army Corps of Engineers 
(USACE) to perform remediation activities associated with Site Closure of Multiple Sites at the 
former Longhorn Army Ammunition Plant (LHAAP) under the Multiple Award Remediation 
Contract (MARC) No. W912QR-04-D-0027 issued by the Louisville District.  Work performed 
under this contract is managed by the Tulsa District of USACE.  Work by Shaw at the LHAAP is 
performed under Task Order No. DS02 of the above-referenced contract.  One of the LHAAP 
sites addressed under TO DS02 is the Old Landfill, LHAAP-16. 

1.1 Purpose 
The Final Feasibility Study (FS) for LHAAP-16 was issued in March 2002.  That document was 
prepared by Jacobs Engineering Group, Inc. (Jacobs) for the USACE under Total Environmental 
Restoration Contract DACA56-97-D-001.  The FS presented an interim analysis of remedial 
alternatives for LHAAP-16.  The FS did not address ecological risk or final groundwater 
remediation. 

The purpose of this Addendum is to provide a basis for the selection of a final remedy for 
LHAAP-16 consistent with the intended future use of LHAAP-16 as part of a wildlife refuge 
while including the latest analytical data available for the site and incorporating the findings of 
the recently completed Baseline Ecological Risk Assessment (Shaw, 2007).  A major focus of 
this Addendum is the addition of a new alternative to the existing FS.  That new alternative, 
Alternative 7, comprises maintenance of the current cap, land use controls (LUCs), injection of a 
carbon substrate to enhance bioremediation in a target zone, installation of passive biobarriers at 
the edge of the landfill between 16WW38 and 16WW13, and between LHAAP-16 and Harrison 
Bayou, monitored natural attenuation (MNA), and groundwater monitoring.  The description and 
evaluation of Alternative 7 will be included in the Final Proposed Plan for LHAAP-16.  

1.2 Background 
LHAAP-16, a capped landfill, is located in the south-central portion of the LHAAP (Figure 1-1) 
and covers an area of approximately 20 acres.  Harrison Bayou runs along the northeastern edge 
of LHAAP-16.  The landfill was established in the 1940s and was used for disposal of solid and 
industrial wastes until the 1980s when disposal activities were terminated.  The U.S. Department 
of the Army (Army) and the USEPA signed a Record of Decision (ROD) in 1995 approving an 
interim remedial action for LHAAP-16 to mitigate potential risks posed by buried source 
material at the site.  The interim remedial action included the construction of a landfill cap, 
considered a component of the final remedy for the site.  Construction of the 13-acre multilayer 
cap was completed in 1998.  The ROD also specified that the Army would be required to 
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“perform long-term maintenance of the cap and cover system.”  The landfill cap would be 
inspected at regular intervals to check for erosion, settlement, and deep-rooted vegetation.  
Repairs would be implemented as needed.  LUCs, such as future use restrictions, would also be 
required.   

In addition, at the request of the regulatory authorities, but not pursuant to a decision document 
(e.g., a record of decision or consent order), a groundwater extraction system was voluntarily 
installed by the Army in 1996 and 1997 as a treatability study to prevent the groundwater plume 
from migrating to Harrison Bayou.  Groundwater is extracted from LHAAP-16 and pumped to 
the existing groundwater treatment plant at LHAAP-18/24.  Figure 1-2 shows the locations of 
the extraction wells and monitoring wells at LHAAP-16.  According to the letters written by the 
Army to USEPA and TCEQ (Army, 1996), the intended duration of operation of the extraction 
system at LHAAP-16 was 24 months.  The extraction system has now been operating for over 10 
years.   

Alternative 7 has been added to the FS for the following reasons: 

– The existing pump and treat system is inefficient.  There has been excessive 
maintenance of the well pumps, and the associated air compressor has caused 
system downtime. 

– The existing extraction system at LHAAP-16 has proven ineffective in 
capturing the entire groundwater plume.  The average extraction rate is 
approximately 25 percent of the design extraction rate.  

– Recent sampling and analysis have demonstrated that high concentrations of 
trichloroethene (TCE) have reached the immediate vicinity of Harrison 
Bayou. 

Consequently, Alternative 7 will be added to the Final FS to identify an efficient, low 
maintenance remedial alternative in which the existing groundwater extraction and treatment 
system will be shut down. 
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2.0 Chemicals of Concern and Remedial Action Objectives 

The Final FS for LHAAP-16 identified TCE, cis-1,2-dichloroethene (DCE), vinyl chloride (VC), 
and perchlorate as contaminants of concern (COCs) for groundwater due to their unacceptable 
contribution to the carcinogenic risk and non-carcinogenic hazard or exceedance of 
recommended screening levels.  In addition, the Final FS identified interim remedial action 
objectives (RAOs) for this site.  The RAOs were considered interim because ecological risks and 
the extent of groundwater remediation had not been assessed at the time the Final FS was issued.  
Since that time, ecological risks have been fully assessed through the Final Installation-Wide 
Baseline Ecological Risk Assessment (Shaw, 2007).  Consistent with the intended future use of 
the site as part of a wildlife refuge, this FS Addendum focuses on groundwater remediation 
activities that are necessary to protect the surface water adjacent to LHAAP-16.  Therefore, the 
interim RAOs have been replaced with final RAOs within this FS Addendum to allow for 
selection of a final remedy for the site.   

2.1 Summary of Ecological Risk 
This summary of ecological risk is based on the conclusions presented in the Final Installation-
Wide Baseline Ecological Risk Assessment (Shaw, 2007).  The baseline ecological risk 
assessment (BERA) evaluated potential hazard to ecological resources at LHAAP by conducting 
an initial screening to identify chemicals of potential ecological concern (COPECs).  These 
COPECs were evaluated for potential adverse effects to organisms that have direct contact with 
the COPECs (e.g., plants and earthworms growing and living in contaminated soil), and from 
food chain exposure (e.g., ingestion by a shrew of an earthworm living in the contaminated soil).  
For the food chain exposure assessment, a number of measurement receptors were selected as 
representative species for the various trophic levels in the food web that could be at risk from 
contaminants in site media.  The measurement receptors that were selected and used in the food 
chain evaluation included the following:  

• Deer Mouse (mammalian herbivore) 
• Raccoon (mammalian omnivore) 
• Modified Raccoon as a surrogate for the Louisiana Black Bear (mammalian 

omnivore) 
• Short-Tailed Shrew (mammalian insectivore) 
• Red Fox (mammalian carnivore) 
• Muskrat (mammalian herbivore) 
• River Otter (mammalian carnivore) 
• Townsend’s Big-Eared Bat (mammalian insectivore) 
• Common Snapping Turtle (reptilian carnivore) 
• Bank Swallow (avian insectivore) 
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• American Woodcock (avian insectivore) 
• Belted Kingfisher (avian piscivore)  
• Red-Tailed Hawk (avian carnivore).   

A food chain model was developed and used to estimate the total dose for each measurement 
receptor based on species-specific considerations such as diet, body weight, ingestion rates, etc., 
using conservative estimates.   

The only medium of potential concern for ecological risk at LHAAP-16 is soil.  Surface water 
and sediment samples were collected from the ditches/drainage ways that collect runoff from 
LHAAP-16, but the aquatic habitat associated with these ditches is limited.  Furthermore, the site 
is part of the Harrison Bayou watershed, and no COPECs were identified in Harrison Bayou 
surface water or sediment (Shaw, 2007).  Two different soil depths were used for modeling 
exposure to ecological receptors: surface soil (0 to 0.5 foot) and total soil (0 to 3 feet).  Each 
receptor was assumed to be exposed to one of the two depths based on its life history 
characteristics (e.g., animals that burrow were assumed to be exposed to total soil).  
Bioaccumulation of chemicals up the food chain was initially estimated using uptake factors 
obtained from available literature, and then refined using site-specific data obtained during the 
BERA.  Potential impacts to plants and soil invertebrates were also assessed.   

Using the site-specific uptake factors, ecological effects quotients (EEQs) were developed for 
each of the measurement receptors.  EEQs are similar to hazard quotients for human health, and 
are calculated by dividing the total dose to which the receptor is exposed by the toxicity 
reference value.  The toxicity reference value is based on a no-observed adverse effect level 
(NOAEL) or the lowest-observed adverse effect level (LOAEL) concentration.  If the EEQ 
exceeds 1 for a receptor (based on the NOAEL toxicity value), then that chemical has a realistic 
potential to cause adverse ecological impacts, and is considered a final COPEC for potential 
remediation.  As discussed in the BERA, there are several important uncertainties associated 
with the assumptions used in the EEQ process, and it should be noted that EEQs greater 
than 1 are not definitive indicators of ecological risk.   

2.1.1 Development and Interpretation of Ecological PRGs 
An important difference between the human health and ecological risk assessment conducted at 
LHAAP is that the BERA was conducted on a broader spatial organization than the human 
health risk assessment, which was conducted on a site-by-site basis.  For the BERA, the entire 
Installation was divided into three large sub-areas (Industrial Sub-Area, Waste Sub-Area, and 
Low Impact Sub-Area) for the terrestrial evaluation, and four watersheds (Goose Prairie Creek, 
Central Creek, Harrison Bayou, and Sanders Branch) for the aquatic evaluation.  Therefore, the 
individual sites at LHAAP were grouped into the sub-areas, which were delineated based on 
commonalities of historical use, habitat type, and spatial proximity to each other.  This type of 
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spatial analysis was determined to be more appropriate for the evaluation of ecological effects 
because it more closely reflects the size of areas that ecological receptors would be expected to 
use.  The BERA evaluated chemical concentrations and hazard levels on this sub-area and 
watershed scale, and final conclusions were also based on this spatial scale of organization.  
Conclusions regarding the potential for an individual site (such as LHAAP-16) to adversely 
affect the environment must be made in the context of the overall conclusions for the sub-area 
within which the site is located and the contribution of the ecological hazard from that site in 
relation to other sites in the sub-area.  It is important to understand that LHAAP-16 is part of the 
Waste Sub-Area, which also includes LHAAP-12, LHAAP-17, LHAAP-18/24, and the former 
Pistol Range.   

As documented in the BERA (Shaw, 2007), the Waste Sub-Area as a whole exhibited the 
potential for ecological hazard.  The chemicals barium, lead, 2,4-dinitrotoluene (DNT), 
2,6-DNT, 2,4,6-trinitrotoluene (TNT), and dioxin (expressed as 2,3,7,8-tetrachlorodibenzo-p-
dioxin toxicity equivalent concentration [TCDD TEQ]) in soil were selected as final COPECs in 
the Waste Sub-Area because of their potential to cause adverse impacts to one or more 
ecological receptors. 

Ecological preliminary remediation goals (EcoPRGs) were proposed in the BERA (Shaw, 2007).  
EcoPRGs for soil COPECs are concentrations that are considered acceptable for ecological 
resources at the site, and are calculated based on concentrations equivalent to an EEQ of 1 using 
a toxicity value between the NOAEL and the LOAEL.  The final COPECs and EcoPRGs for the 
Waste Sub-Area are presented in Table 2-1. 

Table 2-1  
Final COPECs and EcoPRGs for the Waste Sub-Area 

Final COPECa 
Surface Soil (0-0.5 foot) 

EcoPRG (mg/kg) 
Total Soil (0-3 feet) 
EcoPRG (mg/kg) 

Barium 222 520 
2,4-DNT NA (1) 12 
2,6-DNT NA (2) 6.8 
2,4,6-TNT NA (3) 4.7 
Dioxinb 4E-06 4E-06 

Notes and Abbreviations
a Although lead was also determined to be a final COPEC in the Waste Sub-Area, the exposure point concentrations for lead in the Waste Sub-Area were 

178 and 151 mg/kg for surface and total soil, respectively, which are below its EcoPRG of 441 mg/kg.  Therefore, no further action for lead in soil is 
necessary to address ecological concerns (Shaw, 2007). 

: 

b Dioxin is evaluated based on 2,3,7,8-TCDD toxicity equivalent (TEQ) concentration.  The EcoPRG for dioxin in soil is the background concentration (Shaw, 
2004), because the hazard-based EcoPRG was below background. 
COPEC chemical of potential ecological concern   
DNT dinitrotoluene   
EcoPRG ecological preliminary remediation goal   
mg/kg milligrams per kilogram   
NA Not Applicable; chemical either, (1) was not a threat at this depth interval, (2) had an exposure concentration that was  
 already lower than its EcoPRG or (3) its surface soil EcoPRG was higher than its total soil EcoPRG, which makes it  
 irrelevant since the total soil EcoPRG will be applied to the 0-0.5. foot interval as well. 
TNT trinitrotoluene 
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As previously stated, the EcoPRGs are based on exposure and hazard calculated on a sub-area-
wide basis, rather than a site-specific basis.  Therefore, a demonstration of EcoPRG COPEC 
attainment should also be based on a sub-area-wide approach.  Thus, a remedial option selected 
for any site within the 486-acre Waste Sub-Area to address ecological concerns associated with 
2,6-DNT would be most appropriately applied if it reduces the overall chemical soil 
concentration in the sub-area to the recommended EcoPRG of 6.8 milligrams per kilogram 
(mg/kg).   

Another important consideration is that the EcoPRGs are back-calculated values that incorporate 
the toxicity of the chemical relative to the exposure concentration that the ecological receptor is 
likely to experience.  A 95% upper confidence limit (UCL) of the mean was used in the BERA 
as an exposure point concentration – the concentration to which receptors are assumed to be 
exposed.  Therefore, the EcoPRG also represents a 95% UCL that, when met, results in 
acceptable hazard for the most sensitive measurement receptor.  This detail potentially has major 
implications for remedial work because a fundamental property of the EcoPRG is that it is not a 
“not to exceed” value, and it is not necessary to remediate all locations where a concentration 
exceeds an EcoPRG in order to demonstrate ecological protection. Rather, only enough elevated 
concentrations of a chemical need to be remediated such that the 95% UCL of the entire Sub-
Area is below the EcoPRG concentration.  Because an ecological receptor is assumed to use all 
portions of the sub-area equally, it does not matter from which site within a sub-area the 
concentrations are remediated.  For example, if sample locations are remediated at LHAAP-17 
such that the TNT 95% UCL for the entire Waste Sub-Area is reduced below 4.7 mg/kg, then no 
remediation would be necessary at LHAAP-16 or any other site within the Waste Sub-Area, even 
if some elevated concentrations above the EcoPRG of 4.7 mg/kg are present.   

2.1.2 Concentration of COPECs at LHAAP-16 
The BERA evaluated analytical results for eleven soil samples (and one field duplicate) that were 
collected from outside the landfill during the remedial investigation.  Soil sample locations are 
shown in the Final Remedial Investigation Report (Jacobs, 2000) in Figure 2-4 and Figure 2-5.  
The results for barium, 2,4-DNT, 2,6-DNT, 2,4,6-TNT, and dioxins/furans are provided in 
Table 2-2.  As shown in that table, the EcoPRG for barium in total soil is not exceeded, while 
the EcoPRG for barium in surface soil is exceeded in only one sample by approximately 15%.  
Because of this, removal or treatment of barium-impacted soil at LHAAP-16 would not 
appreciably lower the 95% UCL for the barium exposure point concentration in the Waste Sub-
Area.  Barium within the Waste Sub-Area must be addressed at another site.  

The TNT and DNT results at LHAAP-16 are below detection limits.  The detection limits ranged 
from 0.25 to 0.5 mg/kg as shown on Table 2-2.  Therefore, these explosive compounds do not 
contribute to the ecological risk at the Waste Sub-Area. 
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The results for dioxins/furans are presented in Table 2-2 both as individual congeners and as 
2,3,7,8-TCDD TEQs.  As shown in that table, five samples (and one field duplicate) had TEQs 
exceeding the EcoPRG of 4 × 10-6 mg/kg (or 4 nanograms per kilogram [ng/kg]).  However, it 
should be noted that the TEQs are largely a reflection of the detection limits for the dioxin/furan 
congeners and not the actual detected concentrations.  For the samples from 16WW35, which 
had the highest TEQs, the dilution factor was 10 and the resulting detection limits were such that 
only two congeners were actually detected (1,2,3,4,6,7,8-heptachloroadibenzo-p-dioxin [toxicity 
equivalence factor {TEF}=0.01] and octachlorodibenzo-p-dioxin [TEF=0.0001]).  The impact of 
the detection limits can be further demonstrated by comparing the TEQ values calculated when 
the detection limits are treated in different manners.  Table 2-3 provides a comparison of the 
calculated TEQ values when ½ the detection limit is included in the calculation and when the 
non-detects are omitted altogether.  As can be seen in the right-most column of Table 2-3, the 
TEQs are well below the EcoPRGs for all samples when based only on the congeners that were 
detected.  Thus, the TEQs do not indicate the presence of dioxins/furans at concentrations of 
ecological concern, but a very conservative estimate of the possible concentration in a given 
sample.   

Individual congener data for LHAAP-16 samples were also compared to the maximum detected 
concentrations of congeners detected in the surface soil background data set (Shaw, 2004).  Only 
two samples, 16WW27(0-0.5) and 16WW37(1-3), had at least one congener that exceeded their 
respective maximum detected background concentration (see Table 2-4).  Therefore, only these 
two samples may be considered as having higher dioxin concentrations than background.  
However, the total TEQs for these two samples were 4.1 × 10-6 mg/kg and 3.5 × 10-6 mg/kg, 
respectively, using the conservative approach in which ½ the detection limit serves as the 
surrogate result for non-detects.  These TEQs are essentially equal to or less than the EcoPRG of 
4 × 10-6 mg/kg.  When only detected congeners are included in the calculation of the TEQ, the 
TEQs for these two samples are 1.4 × 10-6 mg/kg and 2 × 10-6 mg/kg, respectively, which are 
well below the EcoPRG.   

Removal or treatment of dioxins/furans at LHAAP-16 is not proposed, for the following reasons: 

• For samples that exceeded the EcoPRG, most (65 percent to 99 percent) of the 
contribution to the TEQ is associated with the surrogate concentrations used 
for non-detects (i.e., ½ the detection limit); 

• The TEQ for the congeners actually detected in soil at LHAAP-16 are well 
below the EcoPRG of 4 × 10-6 mg/kg;  

• Only two samples had at least one congener that exceeded the background 
surface soil data congener MDCs.  The TEQs for these samples do not exceed 
the EcoPRG when rounded to one significant digit, even when ½ the detection 
limit was used as a surrogate for non-detects. 
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Table 2-3  
TEQ Comparison 

 
TEQ1 (ng/kg) when non-detects 

are set equal to: 
Percent of TEQ 

Associated 
with NDs Sample 1/2 DL 0 

16WW27(0-0_5) 4.1408 1.4358 65.3% 
16WW27(1-3) 4.2602 0.1801 95.8% 

16WW31(0-0_5) 4.1243 0.0480 98.8% 
16WW31(1-3) 2.6486 0.2141 91.9% 

16WW35(0-0_5) 2 17.1723 0.1050 99.4% 
16WW35(1-3) 11.6606 0.2300 98.0% 

16WW37(0-0_5) 3.6794 0.3352 90.9% 
16WW37(1-3) 3.4831 2.0330 41.6% 

Notes and Abbreviations  :  
 

1  The TEQ was calculated by multiplying the result by the TEF (toxicity equivalence factor) for each congener and then summing 
the products.  The TEFs are presented below: 

DL detection limit    
NDs non-detected results    
ng/kg nanograms per kilogram    
TCDD tetrachlorodibenzo-p-dioxin    
TEQ 2,3,7,8-TCDD toxicity equivalent concentration   
 

 

Dioxin or Furan Congener TEF 
1,2,3,4,6,7,8-Heptachlorodibenzofuran 0.01 
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin 0.01 
1,2,3,4,7,8,9-Heptachlorodibenzofuran 0.01 
1,2,3,4,7,8-Hexachlorodibenzofuran 0.1 
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin 0.5 
1,2,3,6,7,8-Hexachlordibenzo-p-dioxin 0.1 
1,2,3,6,7,8-Hexachlorodibenzofuran 0.1 
1,2,3,7,8,9-Hexachlordibenzo-p-dioxin 0.1 
1,2,3,7,8,9-Hexachlorodibenzofuran 0.1 
1,2,3,7,8-Pentachlordibenzo-p-dioxin 1 
1,2,3,7,8-Pentachlorodibenzofuran 0.1 
2,3,4,6,7,8-Hexachlorodibenzofuran 0.1 
2,3,4,7,8-Pentachlorodibenzofuran 1 
2,3,7,8-TCDD 1 
2,3,7,8-TCDF 1 
Octachlorodibenzofuran 0.0001 
Octachlorodibenzo-p-dioxin 0.0001 
Source

2 The TEQ for 16WW35 (0-0_5) is the average of the TEQ values for the regular sample and 
the field duplicate. 

: Van den Berg, M., Birnbaum, L., Bosveld, A.T.C., Brunstrom, B., Cook, P., 
Feeley, M., Giesy, J.P., Hanberg, A., Hasegawa, R., Kennedy, S.W., Kubiak, 
T., Larsen, J.C., van Leeuwen, F.X.R., Liem, A.K.D., Nolt, C., Peterson, R.E., 
Poellinger, L., Safe, S., Schrenk, D., Tillitt, D., Tysklind, M., Younes, M., 
Waern, F. and Zacharewski, T., 1998, Toxic Equivalency Factors (TEFs) for 
polychlorinated biphenyls (PCBs), PCDDs, PCDFs for Humans and Wildlife, 
Environmental Health Perspectives 106(12):775-792.  Of the TEF values for 
mammals, fish, and birds, the highest TEF was used. 
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Therefore, dioxin/furan concentrations at LHAAP-16 are not appreciably different from ambient 
concentrations, and do not exceed ecological criteria based on detected congeners. Because it 
cannot be shown that removal or treatment of soil will lower dioxin/furan concentrations, neither 
removal nor treatment is proposed.   

2.2 Final Remedial Action Objectives 
RAOs are specific goals for protecting human health and the environment.  The Final FS 
(Jacobs, 2002) identified the following interim RAOs for LHAAP-16: 

1) To prevent exposure to landfill and groundwater contamination in excess of the 
1 × 10-4 to 1 × 10-6 target risk range and a HI value of 1. 

2) To prevent discharges of contaminated groundwater that cause ARARs exceedances 
in Harrison Bayou. 

These interim RAOs did not address ecological risk or the extent of groundwater remediation at 
LHAAP-16. Section 2.1 of this FS Addendum incorporates the findings of the recently 
completed Baseline Ecological Risk Assessment (Shaw, 2007) and demonstrates that 
environmental risks outside the capped landfill do not drive the need for a response at 
LHAAP-16.  The RAOs need to address ecological risk only to ensure that ecological receptors 
do not come into contact with the landfill wastes that are currently covered by the cap at 
LHAAP-16.  Therefore, the RAOs largely focus on goals to protect human health.  Consistent 
with the intended future use of the site as part of a wildlife refuge, this includes RAOs for 
groundwater that focus on protecting the surface water adjacent to LHAAP-16.  The final RAOs 
developed for LHAAP-16 are as follows:  

1) Protection of human health and the environment by preventing exposure to landfill 
contents. 

2) Protection of human health and the environment by reducing leaching and migration 
of landfill hazardous substances into the groundwater. 

3) Protection of human health by preventing human exposure to groundwater 
contaminated with COCs. 

4) Protection of human health and the environment by preventing groundwater 
contaminated with COCs from migrating into nearby surface water. 

5) Return groundwater in the shallow and intermediate zones to its potential beneficial 
use as drinking water, wherever practicable.   

Final RAOs 1 and 3 replace interim RAO 1.  Final RAO 2 amends the interim RAOs by 
addressing leaching.  Final RAO 4 replaces interim RAO 2.  Final RAO 5 is added to address the 
aquifer as a potential source of drinking water.  The final RAOs within this FS Addendum allow 
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for selection of a final remedy for LHAAP-16.  The remedial alternatives included within this FS 
Addendum were developed to meet the final RAOs for the site.   

The COCs mentioned in the RAOs were identified by evaluation of the chemicals with risks 
exceeding 1 × 10-4 and/or hazard indices exceeding 0.1.  Those chemicals were identified in the 
Final Baseline Human Health Risk Assessment (Jacobs, 2001) and are presented in Table 2-5.  
That table also provides a summary of the sampling associated with each chemical, including 
tabulation of the number of results exceeding the appropriate comparison value for each 
chemical.  The table notes summarize the reason for including or excluding chemicals as COCs.  
As noted in that evaluation, the resulting COCs were perchlorate, TCE, 1,1-DCE, 1,2-DCA, cis-
1,2-DCE, vinyl chloride, 1,1,2-TCA, methylene chloride, arsenic, chromium, manganese, and 
nickel.   

In addition to perchlorate and the chlorinated solvents, certain inorganics (arsenic, chromium, 
manganese, and nickel) were retained as chemicals of concern.  While these chemicals have 
occasional detections above their MCL or GW-Res values, their occurrence is not indicative of 
widespread contamination associated with the landfill.  The most prevalent of these inorganic 
chemicals is chromium, which has scattered occurrences above its MCL in a number of wells as 
presented in Figure 2-1, but most consistently in stainless steel monitoring wells along the 
northern edge of the organics plume in the shallow groundwater.  High chromium concentrations 
in groundwater at stainless steel wells have also been observed at other LHAAP sites.  The 2002 
Feasibility Study (Jacobs, 2002), indicates that ‘Current and future metals concentrations in the 
groundwater seeping to the surface water are not projected to exceed ARARs or to cause a 
human health risk in Harrison Bayou (page 1-34 of the FS for LHAAP-16).’  Nonetheless, the 
remedy presented in this Addendum assumes that (1) arsenic, chromium, manganese, and nickel 
will continue to be monitored to verify that they do not impact surface water and (2) that the 
wells most affected by corrosion (as evidenced by elevated chromium) will be removed or 
replaced with wells of different material.   

2.3 Surface Water in Harrison Bayou 
The intent of Final RAO 4 is to prevent migration of contaminated groundwater into nearby 
surface water (Harrison Bayou).  Based on discussion with TCEQ and USEPA, a number of 
potential contaminant levels were evaluated for use as compliance values at Harrison Bayou.  
When water is flowing in Harrison Bayou, it discharges into Caddo Lake, a potential drinking 
water source.  Therefore, it was concluded that contaminant levels in Harrison Bayou will be 
compared to MCLs and GW-Res values.  These values are presented, along with groundwater 
cleanup levels (see Section 2.4), in Table 2-6.   
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2.4 Groundwater ARARs 
Based on the anticipated future use of the facility as a national wildlife refuge, the groundwater 
at LHAAP-16 will not be used in the future as a drinking water source.  Although there is no 
current or planned future use of the groundwater as a drinking water source, the U.S. Army has 
considered the NCP’s expectation to return useable groundwater to its beneficial use wherever 
practicable.  The U.S. Army has also considered the State of Texas designation of all 
groundwater as a potential drinking water source, unless otherwise classified, consistent with 30 
TAC 335.563(h)(1).  Therefore, Final RAO 5 is to return contaminated groundwater at LHAAP-
16 to its potential beneficial use as drinking water, which for the purposes of the FS is considered 
to be attainment of the Safe Drinking Water Act (SDWA) MCLs to the extent practicable, and 
consistent with 40 CFR§300.430(e)(2)(i)(B&C).  If return to potential beneficial uses is not 
practicable, the NCP expectation is to prevent further migration of the plume, prevent exposure 
to the contaminated groundwater, and evaluate further risk reduction. Final RAO 3 is to prevent 
human exposure to groundwater contaminated with COCs.  This must be maintained until the 
groundwater complies with drinking water standards (MCLs) for the COCs.  For COCs without 
MCLs (e.g., perchlorate), the Texas Groundwater Medium Specific Concentration for 
Residential Use (GW-Res) will be used as the cleanup requirement.   

The drinking water standards were previously identified in the Final FS (Jacobs, 2002) and can 
be found in Table 2-3 of that document.  The standards listed there and the standards for 
additional COCs identified in Table 2-5 are shown in Table 2-6.  For COCs that have no MCL 
(perchlorate), the GW-Res was used.  As noted in Table 2-6, the GW-Res for perchlorate is 26 
micrograms per liter (µg/L) (TCEQ, 2006).   
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Table 2-5  
Evaluation of Potential COCs 

Parameter 
Baseline Risk Assessment Results Comparison Value 

Maximum 
Result 
(μg/L) 

Number of Samples Number of Detected Results Number of Detected Results that 
Exceed Comparison Value 

Parameter is 
a COC?  

EPC 
(μg/L) Risk HI 

Value 
(μg/L) Basis  Total 

Pre 
1999 

Post 
1999 Total 

Pre 
1999 

Post 
1999 Total 

Pre 
1999 

Post 
1999 

Perchlorate none - - 26 GW-res 5,990 439 0 439 257 0 257 213 0 213 YES, 3 
1,3-Dinitrobenzene 1.56 - 0.15 3.7 GW-res 1.56          NO, 6 
2,4,6-Trinitrotoluene 240 2.50E-05 4.6 18 GW-res 240 265 178 87 8 8 0 2 2 0 NO, 5 
4-Amino-2,6-dinitrotoluene 1 3.50E-08 1.34 6.1 GW-res 1          NO, 6 
Nitrobenzene 20 - 1.68 18 GW-res 20 288 201 87 13 9 4 1 1 0 NO, 5 
RDX 200 7.70E-05 0.67 7.7 GW-res 200 258 171 87 14 14 0 1 1 0 NO, 5 
Arsenic 34 1.80E-04 1.1 10 MCL 123 192 103 89 60 24 36 23 19 4 YES, 1 
Barium 9,900 - 1.39 2,000 MCL 9,900 190 103 87 165 78 87 9 9 0 NO, 2 
Cadmium 8 - 0.16 5 MCL 29 190 103 87 46 7 39 4 4 0 NO, 2 
Chromium 5,220 - 17 100 MCL 32,400 199 103 96 148 52 96 56 21 35 YES, 3 
Manganese 29,800 - 2.07 7,820 95% UTL Background 29,800 143 52 91 141 50 91 14 2 12 YES, 1 
Nickel 1,630 - 0.8 730 GW-res 1,803.5 190 103 87 129 45 84 9 3 6 YES, 1 
Silver 114 - 0.22 180 GW-res 114          NO, 6 
Strontium 10,400 - 0.17 22,000 GW-res 12,300          NO, 6 
Zinc 37,000 - 1.2 11,000 GW-res 37,000 139 52 87 111 26 85 2 2 0 NO, 5 
Trichloroethene 160,000 2.38E-02 500 5 MCL 173,000 401 154 247 308 112 196 279 95 184 YES, 3 
1,1-Dichloroethene 740 3.41E-04 0.859 7 MCL 740 385 154 231 84 16 68 56 9 47 YES, 3 
1,2-Dichloroethane 160 2.41E-04 - 5 MCL 161 385 154 231 73 7 66 55 6 49 YES, 3 
1,2-Dichloroethene 275,000 - 185.4 70 MCL for cis-1,2-DCE 275,000          NO, 4 
cis-1,2-Dichloroethene 520,000 - 510 70 MCL 520,000 311 120 191 162 63 99 85 27 58 YES, 3 
Vinyl chloride 11,000 1.11E-01 - 2 MCL 11,000 386 154 232 93 14 79 84 14 70 YES, 3 
1,1,2-Trichloroethane 12 1.14E-05 0.03 5 MCL 23.6 361 154 207 19 2 17 8 1 7 YES, 1 
Acetone 3,920 - 0.38 33,000 GW-res 14,000          NO, 6 
Chloroform 120 1.34E-04 0.17 80 MCL for trihalomethanes 36          NO, 6 
Methylene chloride 3,500 1.64E-04 0.72 5 MCL 9,500 361 154 207 44 10 34 27 6 21 YES, 3 
Trichlorofluoromethane 892 - 0.196 80 MCL for trihalomethanes 892 290 139 151 2 2 0 1 1 0 NO, 5 

Notes
List of Chemicals is from Table 4-9 of the Final Baseline Human Health Risk Assessment for Site 16 Landfill (plus perchlorate). 

: 

Constituents/Parameters with Hazard Index (HI) > 0.1 or Cancer Risk (Risk) > 1.00E-5 are selected. 
(1) Retained as a COC to be monitored for five years, then evaluated again.   
(2) Excluded as a COC because earlier exceedances of MCL were not confirmed by subsequent sampling. 
(3) Retained as a COC because a significant number of results exceed the MCL or GW-res. 
(4) Excluded as a COC because the parameter will be superseded by cis-1,2-DCE. 
(5) Excluded as a COC because only one or two anomalous sample results in early sampling were above the Comparison Value. 
(6) Excluded as a COC because no detected result ever exceeded the comparison value. 
GW-Res Texas Groundwater Medium-Specific Concentration for Residential Use  
MCL maximum contaminant level 
95% UTL Value from Final Evaluation of Perimeter Well Data for Use as Groundwater Background (Shaw, 2007).   
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Table 2-6  
Groundwater and Surface Water Cleanup Levels 

Chemical of Concern 
Applicable  

Cleanup Level MCL GW-Res 
95% UTL 

Background 
Perchlorate 26 NE 26 NE 
Trichloroethene 5 5 5 NE 
cis-1,2-Dichloroethene 70 70 70 NE 
1,1-Dichloroethene 7 7 7 NE 
1,2-Dichloroethane 5 5 5 NE 
Vinyl Chloride 2 2 2 NE 
1,1,2-Trichloroethane 5 5 5 NE 
Methylene Chloride 5 5 5 NE 
Chromium 100 100 100 15.8 
Arsenic 10 10 10 0.167 
Manganese 7,820 NE 1,700 7,820 
Nickel 730 NE 730 211 

 
Notes and Abbreviations

 
: 

  All values are in micrograms per liter (µg/L). 
  Source:  TCEQ, 2006. 

GW-Res Texas Groundwater Medium-Specific Concentration for Residential Use 
 MCL maximum contaminant level 

   NE not established 
   95% UTL value from Final Evaluation of Perimeter Well Data for Use as Groundwater Background (Shaw, 2007) 

 





Final Addendum to Final Feasibility Study, LHAAP-16  Shaw Environmental, Inc. 

MARC No. W912QR-04-D-0027, TO No. DS02 Shaw Project No. 117591 
Longhorn Army Ammunition Plant, Karnack, Texas March 2010 3-1 

3.0 Summary of Investigations Conducted Subsequent to the Final FS 

Subsequent to completion of the Final FS in March 2002, a number of investigations were 
performed that provide additional information regarding LHAAP-16.  Those investigations were 
as follows: 

• A plant-wide perchlorate investigation in 2002 
• Three additional groundwater monitoring events in 2003 and 2004 
• Sampling and analysis of MNA parameters in 2007 
• Installation and sampling of wells near Harrison Bayou in 2007 
• Installation and sampling of wells to address data gaps in 2008 
• Sampling and analysis for metals, perchlorate, and VOCs in 2009 

The following text provides a brief summary of each investigation.  

In March 2003, Solutions to Environmental Problems, Inc. (STEP) completed a report 
summarizing perchlorate sampling conducted at LHAAP-16 in March and September 2002 
(STEP, 2005).  Surface and shallow subsurface soil and shallow and intermediate zone 
monitoring wells were sampled during the investigation.  Perchlorate was detected in several 
shallow and intermediate zone monitoring wells with a maximum concentration of 2,430 μg/L in 
the shallow zone and 1,950 μg/L in the intermediate zone.  No significant concentrations of 
perchlorate were detected in the surface or shallow soil at LHAAP-16.   

In January 2006, USACE, Tulsa District, and ALL Consulting completed a groundwater 
monitoring report summarizing the results of groundwater monitoring conducted during Spring 
2003, Spring 2004, and Winter 2004 at LHAAP-16 (USACE, 2006).  Groundwater samples from 
twenty-nine monitoring wells were analyzed for anions (perchlorate, chloride, sulfate, nitrogen 
[nitrate/nitrite]), explosives, metals, volatile organic compounds (VOCs), total organic carbon, 
and field groundwater quality parameters.  The primary contaminant detected during the three 
rounds of monitoring at LHAAP-16 was TCE.  In addition, cis-1,2-DCE and VC (biodegradation 
products of TCE), and perchlorate were detected in the LHAAP-16 groundwater.  The highest 
contaminant concentrations were detected in the shallow and intermediate groundwater zones in 
the monitoring wells located northeast of the landfill cap upgradient from Harrison Bayou.  No 
VOCs were detected in the upper deep and deep groundwater zones at concentrations above the 
USEPA maximum contaminant levels (MCLs).  Further, perchlorate was detected only during 
the Spring 2004 groundwater sampling event in two deep monitoring wells with a maximum 
concentration of 11.7 micrograms per liter (µg/L) (below the Texas Groundwater Medium-
Specific Concentration for Residential Use, 26 µg/L).  Metals were also detected within the 
shallow, intermediate, and deep groundwater zones.  However, metals were not identified as 
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significant contributors to risk or hazard in groundwater at LHAAP-16 during the human health 
risk assessment conducted for the site (Jacobs, 2001).   

In June 2007, Shaw performed additional groundwater sampling at LHAAP-16.  These data, 
together with historical results from the site, were used to prepare an initial MNA evaluation for 
the site.  That evaluation is presented in Appendix A.  The supporting sampling and analysis 
documentation is provided in Appendix B.  Figures 3-1 through 3-12 present groundwater 
monitoring results for perchlorate and VOCs from the February 2003, December 2004, and June 
2007 sampling events.   

In September 2007, Shaw installed two new monitoring wells, 16WW39 and 16WW40, in the 
shallow zone on the up-gradient and down-gradient sides of 16WW12, respectively.  The 
locations of these wells are shown in Figure 3-13.  Table 3-1 presents the detected results from 
samples collected in early October 2007.  The complete results of the October 2007 sampling 
and analysis are provided in Appendix B.   

In December 2008, Shaw installed six new monitoring wells, 16WW41 through 16WW46, in the 
shallow and intermediate zones to address data gaps.  The locations of these wells are shown in 
Figure 1-2.  Groundwater elevations in the intermediate zone are shown in Figure 3-14.  The 
results and supporting sampling and analysis documentation are provided in Appendix B.   

In March 2009, Shaw performed additional groundwater sampling at 21 monitoring wells and 
eight extraction wells at LHAAP-16.  The results and supporting sampling and analysis 
documentation are provided in Appendix B.   

Table 3-1  
Detected Results in Wells 16WW12, 16WW39, and 16WW40 

October 2007 

Parameter Units 
16WW39 
10/11/07 

16WW12 
10/11/07 

16WW40 
10/10/07 

TCE µg/L 3460 4500 1060 
1,1-DCE µg/L 25 U 25 U 10 U 
cis-1,2-DCE µg/L 87 90.3 36.8 
VC µg/L 12.8 J 22.7 J 10 U 
Methylene chloride µg/L 15.4J 10.8 J 50 U 
1,2-DCA µg/L 6.71J 21.2 J 7.37 J 
Perchlorate µg/L 2760 5990 4540 
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4.0 Remedial Alternative Descriptions  

The following sections describe the remedial alternative added to the Final FS for LHAAP-16 – 
Alternative 7.  Alternative 7 protects the future receptors at LHAAP-16, reduces COC 
concentrations in the groundwater plume, and prevents further degradation of Harrison Bayou 
water quality.  It does this through maintenance of the existing cap, groundwater use restrictions, 
installation of a biobarrier in the shallow groundwater zone adjacent to the landfill, in situ 
enhanced bioremediation in the shallow and intermediate groundwater zones, installation of a 
biobarrier in the shallow groundwater zone between LHAAP-16 and Harrison Bayou, and MNA 
of the shallow and intermediate groundwater zones.   

Combining Alternative 7 with the alternatives provided in the Final Feasibility Study (Jacobs, 
2002), the full list of alternatives is as follows:   

1. No action 

2. Cap, enhanced groundwater extraction 

3a. Cap, monitored natural attenuation 

3b. Cap, hot spot extraction, monitored natural attenuation 

4. Cap, passive groundwater treatment 

5a. Landfill hotspot removal, passive groundwater treatment 

5b. Complete landfill removal, passive groundwater treatment 

6. Landfill Source Treatment (in situ), monitored natural attenuation 

7. Cap, monitored natural attenuation, in situ enhanced bioremediation, passive 
biobarriers 

All alternatives utilize some degree of LUCs as part of the remedy. 

4.1 Cap Maintenance 
The existing cap was designed as a standard RCRA-style multilayer cap, with the following 
layers above the subgrade material: a geocomposite clay liner, a 20-mil geomembrane, an 
18-inch cover soil drainage layer, and 6 inches of topsoil.  The surface of the cap has an average 
slope of three to five percent and is graded to promote sheet flow runoff to minimize erosion.  
Surface water controls were installed along with the cap, including ditches and swales to direct 
runoff around the cap.  Erosion controls including silt fencing, woven geofabric, and riprap were 
installed to protect the cap surface at susceptible locations.  The current cap meets USEPA 
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performance standards established for hazardous waste landfill closure and post-closure care.  
Therefore, the current cap will not be modified as part of these alternatives.   

Further, consistent with the requirements described in the 1995 ROD for LHAAP-16 establishing 
an interim remedial action for the site to mitigate potential risks posed by buried landfill waste, 
the existing cap would continue to be monitored, maintained, and repaired, as necessary, to 
ensure its long-term effectiveness.  This includes inspections of the landfill to check for erosion, 
settlement, and deep-rooted vegetation and implementation of necessary repairs.  Routine 
maintenance and repair of the cap would include actions needed to ensure that the integrity of the 
cap is maintained (e.g., mowing, seeding, and settlement/erosion repair).   

4.2 Land Use Controls 
The LUCs to be implemented under Alternative 7 include groundwater use restriction, and 
protection and maintenance of the existing landfill cap.  The LUCs are described in the 1995 
Interim ROD for LHAAP-12 and LHAAP-16 as future use restrictions, warning signs, and 
requirements for regular inspection and repair. The Final FS for LHAAP-16 expands on that 
description of the LUCs by including the following: 

• Legal notices with maps of contaminated property to be filed with local 
authorities and to accompany property transfers  

• Prohibitions/restrictions on uses that may result in exposure to buried wastes 
(e.g., excavation, drilling of wells, residential use, or agricultural use) 

• Restrictions on any use of a capped area incompatible with cap integrity 

• Fences, gates, and signs.  

• Training of maintenance workers regarding site contamination 

• Procedures that limit maintenance worker activities at the site 

• Maintenance of the controls 

Notification of LUCs will be recorded with Harrison County. 

4.3 In Situ Bioremediation 
Elevated levels of chlorinated ethenes (TCE 1,2-DCE, and VC) have been observed in the 
shallow groundwater zone downgradient of the landfill cap at LHAAP-16.  To treat the highest 
levels of chlorinated ethenes, located in the vicinity of the shallow extraction wells and 
upgradient of those wells, in situ bioremediation will be performed.  The goal of the 
bioremediation will be to reduce contaminant mass and lower the contaminant concentrations 
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that reach the passive biobarrier in the future.  This technology uses a carbon source and a 
bioaugmentation culture to create conditions favorable for reductive dechlorination.   

As noted in Appendix A, evidence indicates that reductive dechlorination is taking place in the 
shallow groundwater zone at LHAAP-16, but carbon levels appear to decrease with distance 
from the landfill itself.  Therefore, the addition of a carbon source will further encourage the 
growth of microorganisms in the subsurface.  As the microorganisms multiply, they will 
consume available respiratory substrates including iron and sulfate.  As those respiratory 
substrates are consumed, conditions are created which are favorable to destruction of chlorinated 
ethenes via reductive pathways.  A bioaugmentation culture (e.g., SDC-9) will also be added to 
provide a microbial species specifically able to completely degrade TCE to harmless ethene. 

To implement in situ bioremediation at LHAAP-16, it is proposed to inject the carbon source and 
bioaugmentation culture into the shallow zone using direct push technology (DPT), and into the 
intermediate zone by injection through existing wells.  For cost estimating purposes, it has been 
assumed that approximately 40 injection points will be required within the treatment area 
(around the extraction wells) to deliver 385 pounds of the carbon source and 400 gallons of water 
at each point.  The injection points will be placed in two rows approximately 100 feet from the 
shallow extraction wells and will be 15 feet apart.  The pumping of the extraction wells will help 
draw the carbon source and bioaugmentation culture across the area with high TCE 
concentrations.  Applying bioremediation to the intermediate zone will focus on those 
intermediate wells with the highest COC concentrations.  The carbon source and 
bioaugmentation culture will be injected through these existing intermediate zone wells to treat 
the hot spots in the intermediate zone.  For cost estimating purposes, it has been assumed that six 
intermediate zone wells will each have 800 pounds of the carbon source and 1,000 gallons of 
water injected.  The approximate location of the two rows of shallow DPT injection points and 
the expected intermediate wells for direct injection are shown in Figure 4-1.  The details of 
implementation would be established during remedial design.  The number of DPT injection 
points and the injection volumes will be finalized at that time.  The design effort will consider 
optional injection patterns.  For example, it may be more effective to inject the carbon source in 
a grid of points rather than along a line to allow the extraction wells to be shut off sooner.  Once 
the carbon source and the bioaugmentation culture have been injected into the subsurface, 
reducing conditions will be created, followed by a significant reduction in chlorinated ethene 
concentrations.   

The natural attenuation rates measured for TCE in Appendix A showed half-lives ranging from 
less than 2 years to more than 25 years.  Half-lives measured for TCE daughter products (cis-
1,2-DCE and VC) and perchlorate were much faster, so the attenuation rate of TCE is expected 
to set the timetable for full remediation.  After the application of in situ bioremediation, the half-
life for TCE is expected to drop to between 2 and 5 years, giving a projected time to completed 
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remediation of approximately 30 to 75 years.  However, as groundwater is not currently used, 
nor anticipated for use as drinking water, plume stability and protection of Harrison Bayou are 
more important measures for evaluation than the time to completion.   

4.4 Passive Biobarriers 
As a component of Alternative 7, a passive biobarrier would be installed in the downgradient 
portion of the contaminant plume as a containment remedy to prevent contaminant 
concentrations in Harrison Bayou from exceeding cleanup levels.  A second biobarrier would be 
installed at the edge of the landfill between 16WW38 and 16WW13 to contain potential 
migration of VOCs from the landfill.  The purpose of the biobarriers (in conjunction with natural 
attenuation) would be to reduce groundwater concentrations and ensure that cleanup levels are 
met in Harrison Bayou, to contain potential migration of contaminants from the landfill, and to 
reduce groundwater contaminant mass.   

Specifically, a row of injection points perpendicular to groundwater flow direction would be 
installed down-gradient of the shallow monitoring well close to Harrison Bayou (16WW12).  
The biobarrier would consist of emulsified oil that will enable ambient microorganisms to create 
favorable conditions and a bioaugmentation culture (e.g., SDC-9) to ensure that a microbial 
species is present that is able to completely degrade TCE to ethene.  The emulsified oil is a slow-
release carbon source with an enhanced subsurface longevity; it would be injected to provide a 
long-lasting source of fermentable carbon to stimulate the biological reduction of perchlorate and 
TCE and its daughter products.  

The length of the Harrison Bayou biobarrier would be approximately 210 feet as illustrated in 
Figure 4-1.  For cost estimating purposes, it is assumed that the bio-barrier will be installed as 
14 DPT injection points placed at 15-foot centers along a line perpendicular to groundwater 
flow.  The length of the landfill biobarrier would be approximately 500 feet as illustrated in 
Figure 4-1.  For cost estimating purposes, it is assumed that the biobarrier will be installed as 33 
bottom-up DPT injection points placed at 15-foot centers along the edge of the landfill from near 
16WW38 to near 16WW13.  Emulsified oil will be diluted with water, as recommended by the 
vendor, and will be pumped into the subsurface to create a permeable biobarrier.  Actual 
materials, quantities, and depths would be finalized during remedial design.  

Once reducing conditions are achieved in the biobarrier, bioaugmentation culture (e.g., SDC-9) 
would be added to ensure the correct microorganisms are available to completely degrade the 
chlorinated ethenes present in the treatment area.  As shown in Figure 4-1, the emulsified oil 
would be injected across the path of shallow groundwater to form two passive biobarriers – one 
close to Harrison Bayou and another at the eastern edge of the landfill.  Sufficient emulsified oil 
would be added to each injection point to provide a sustained carbon source for an estimated 
three to five years.  Follow-up injections would be conducted if deemed necessary from the 
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performance groundwater monitoring results.  For the cost estimate, groundwater flow was used 
to determine the amount of emulsified oil required to influence the plume for 3-5 years. Also, the 
oil will be mixed with lactate to provide two types of carbon source: 

• A smaller amount of lactate in the emulsification will provide an easily 
fermentable carbon source to quickly increase microbial activity. 

• The larger portion (60%) in the emulsification is the plant-based oil.  This 
fraction is slowly metabolized (3-5 years) and will provide a longer lasting 
carbon source and also absorbs to the soil matrix to create the barrier. 

The biobarriers are expected to reduce migration of COCs.  COC concentrations will be reduced 
as contaminated groundwater flows through the biobarrier.  Concentrations of COCs 
downgradient of the biobarriers will be monitored to evaluate the continuing effectiveness of the 
biobarriers in meeting Final RAO 4.   

4.5 Monitored Natural Attenuation 
MNA reduces the concentrations of COCs in groundwater through natural processes including 
biodegradation, dispersion, adsorption, volatilization, and dilution over time and with distance 
from the source.  To document that natural attenuation is occurring, a groundwater monitoring 
program will be implemented at the site.  The USEPA provides guidance for MNA as a remedial 
action in the use of Monitored Natural Attenuation at Superfund, RCRA Corrective Action and 
Underground Storage Tank Sites (USEPA, 1999).  This guidance is comparable to TCEQ 
guidance and will be used as a to-be-considered requirement in the development of the MNA 
component of these alternatives.  The USEPA guidance specifies the recommended lines of 
evidence used to document MNA at a site.  A preliminary MNA evaluation has been prepared 
based on sampling and analyses performed in June 2007 and historic sample results through 
March 2009; that evaluation is provided in Appendix A. 

The MNA evaluation provided in Appendix A demonstrates that natural attenuation is occurring 
in some areas at LHAAP-16.  The attenuation of perchlorate, TCE, 1,2-DCE, VC, and 1,1-DCE 
have been observed at the source and side-downgradient of the plume.  However, the shallow 
groundwater zone plume is still migrating along the groundwater flow direction toward Harrison 
Bayou.  The intermediate groundwater zone plume is more stable with less migration along the 
flow direction.  Thus, natural attenuation is a feasible remedy for the majority of the site but not 
as a sole remedy due to migration concerns for the shallow zone.  However, MNA is proposed 
for LHAAP-16 in conjunction with in situ bioremediation (see Section 4.3) to enhance reductive 
dechlorination within the plume and a passive biobarrier (see Section 4.4) to prevent the 
discharge of contaminants into surface water.  Natural attenuation would be evaluated after two 
years of quarterly monitoring.  If proper conditions for natural attenuation are established, 
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monitoring would continue at a reduced frequency.  Otherwise, re-application of bio-
amendments (i.e., additional in situ bioremediation) would be implemented.   

Under Alternative 7, operation of the current extraction system would be discontinued and 
further monitoring of natural attenuation will be conducted at the site.  While the actual sampling 
frequency and analytical parameters will be identified during remedial design, a number of 
assumptions have been made for cost estimating purposes within this FS Addendum: 

• Seven shallow monitoring wells (16WW12, 16, 22, 26, 30, 36, and 40) and 
five intermediate monitoring wells (16WW13, 29, 35, 37, and 41) will be 
sampled periodically until adequate data has been collected to support MNA 
as a final remedy for the site. 

• MNA sampling will be performed quarterly for the first two years. 

• After at least eight quarterly sampling events, the sampling frequency will be 
changed to semi-annually if the data suggests that less frequent sampling is 
appropriate. 

• After at least three years of semi-annual sampling events, the sampling 
frequency will be changed to annual if the data suggests that less frequent 
sampling is appropriate. 

• Annual sampling will continue until the next five-year review, then will be 
changed to once every five years if the data suggests that less frequent 
sampling is appropriate.   

• The duration of the monitoring program is thirty years.  Reports will be issued 
annually for the first five years and every five years thereafter. 

• During the initial sampling event, the wells will be sampled for VOCs, 
perchlorate, dissolved oxygen, ORP, pH, temperature, ferrous iron, dissolved 
iron and manganese, nitrate, nitrite, sulfate, sulfide, chloride, alkalinity, total 
organic carbon, and dissolved gases (methane, ethane, and ethene). 

• Samples collected in subsequent monitoring events will be analyzed for 
VOCs, metals, perchlorate, dissolved oxygen, ORP, pH, temperature and 
additional parameters, as required, to support the MNA evaluation. 

• A surface water sample will be analyzed to confirm that concentrations in 
Harrison Bayou do not exceed cleanup levels presented in Section 2.0.  The 
surface water sample will be collected in Harrison Bayou adjacent to 
16WW40 (at HBW-1 in Figure 4-1) and analyzed for VOCs, metals, and 
perchlorate. 

The groundwater and surface water sampling frequency and parameters will be adjusted as data 
is collected at LHAAP-16.   
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4.6 Groundwater Monitoring 
Groundwater monitoring will continue at LHAAP-16 to evaluate the effectiveness of the cap, 
confirm the decrease in COC concentrations within the groundwater plume, and verify that 
cleanup levels (see Section 2.0) are not exceeded in Harrison Bayou. 

Annual reports will be prepared as needed to document the program.  The first year annual report 
will include a review of the first four quarters of MNA data.  The second year annual report will 
include a review and evaluation for all eight quarters of MNA data.  The sampling frequency or 
analytical suite may be modified based on the results of the sampling program. 

Following completion of the MNA evaluation, groundwater and surface water monitoring will 
continue at a number of locations. The monitoring program will be established during remedial 
design.  However, the following assumptions have been made for cost estimating purposes 
within this FS Addendum:   

• Four existing shallow monitoring wells (16WW12, 16WW22, 16WW30, and 
16WW40) and one intermediate monitoring well (16WW41) will be sampled 
to monitor the concentration of groundwater COCs closest to Harrison Bayou.  

• Three existing shallow monitoring wells (16WW16, 16WW26, and 16WW36) 
and three intermediate monitoring wells (16WW13, 16WW35 and 16WW37) 
will be sampled to monitor the concentrations of groundwater COCs and 
confirm MNA continues to be effective in reducing COC concentrations 
within the groundwater plume.   

• Upper deep zone monitoring wells 16WW19 and 16WW21 will be monitored 
to ensure that vertical migration of COCs is effectively controlled.   

• Surface water will also be monitored at location HBW-1 adjacent to 16WW40 
to provide additional data regarding Harrison Bayou. 

• The groundwater and surface water samples will be analyzed for VOCs and 
perchlorate.   

• Following the MNA evaluation, sampling will be conducted semi-annually for 
three years.  Surface water and wells will then be sampled annually until the 
next five-year review and every 5 years thereafter.   

4.7 Duration of Remedial Actions 
For the purposes of this FS Addendum, it assumed that the duration of remedial design, pilot 
studies and field tests, in situ bioremediation field activities, and the initial passive biobarrier 
injection is approximately eight months.  Quarterly monitoring and any additional data 
evaluation activities associated with MNA as part of Alternative 7 will take approximately 28 
months subsequent to in situ bioremediation and discontinuation of groundwater extraction 
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activities.  Although many remedial activities under Alternative 7 will be completed within three 
years, a number of activities will be required during the remainder of the 30-year duration 
addressed by the cost estimate, and through additional years needed for complete remediation of 
COCs to cleanup levels (which could be 280 years or longer).  Those activities include: 

• LUC inspections 
• Maintenance of LUCs 
• Maintenance of the landfill cap 
• Additional carbon source injections at the Passive Biobarriers 
• Groundwater Monitoring 

These activities are discussed further in Section 4.8. 

4.8 Long-Term Operations 
Long-term operations under Alternative 7 will include maintenance of the landfill cap, 
maintenance of LUCs, and groundwater and surface water monitoring.  Under Alternative 7, 
additional injections (approximately every five years) of vegetable oil may be required at the 
passive biobarriers to ensure continued treatment effectiveness.  For estimating purposes, two 
additional injections have been assumed. 

Maintenance of the landfill cap includes regular mowing, necessary repairs, and other activities 
as described in Section 4.1.  It is assumed that these activities will extend through and beyond 
the 30-year period used to estimate costs within this FS Addendum.   

As described in Section 4.2, LUCs include activities to protect the integrity of the landfill cap 
and to restrict groundwater use at the site.  Groundwater use restrictions would remain in place 
until groundwater COC concentrations drop to levels that allow unrestricted use of the 
groundwater.  As with cap maintenance activities, LUC maintenance is assumed to extend 
through and beyond the 30-year cost estimate period.   

Under Alternative 7, sampling and analysis of surface water and groundwater would also be 
performed at LHAAP-16 for multiple contaminants and general chemistry parameters.  As noted 
in Section 4.6, groundwater and surface water monitoring will be implemented at least every 
5 years.  Monitoring would be required to demonstrate natural attenuation processes are 
occurring, as well as compliance with ARARs and the RAOs.  Data obtained during the 
monitoring program will be used in support of the Five-Year Reviews required by 
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) 
Section 121(c).  If sampling results show unusual trends of perturbations, additional investigative 
sampling may be performed.  The monitoring program will be evaluated during the Five-Year 
Reviews and may be modified based on existing and expected future surface water and 
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groundwater conditions.  All water quality results, and the results of the review, will be provided 
in the Five-Year Review report.  Monitoring will continue until a five-year review demonstrates 
that there is no further threat of releases of contaminated groundwater into the surface water and 
the groundwater can be used without restriction.   
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5.0 Detailed Analysis of Alternative 7 

5.1 Introduction 
The detailed analysis of alternatives presents and assesses relevant information that provides the 
basis for selecting an alternative and preparing a ROD.  Section 5.2 provides an overview of the 
evaluation criteria.  The detailed analysis begins with an individual analysis in Section 5.3 where 
each alternative is individually evaluated according to the evaluation criteria identified in the 
National Oil and Hazardous Substances Pollution Contingency Plan (NCP) (40 CFR 300.430).  
Following the individual analysis, the alternatives are compared in relation to the two threshold 
criteria and then are assessed regarding the five balancing criteria, highlighting the key 
advantages, disadvantages, and trade-offs that are considered as part of the evaluation process. 

5.2 Overview of the Evaluation Criteria 
CERCLA, Section 121, as amended, specifies statutory requirements for remedial actions.  These 
requirements include protection of human health and the environment, compliance with ARARs, 
a preference for permanent solutions that incorporate treatment as a principal element to the 
maximum extent practicable, and cost-effectiveness.  To assess whether alternatives meet the 
requirements, the USEPA has identified nine criteria in the NCP (40 CFR 300.430) that must be 
evaluated for each alternative considered for selection (Section 300.430[e][9][iii]).  Descriptions 
of the nine criteria and an overview of the approach taken by this FS Addendum to address these 
criteria are included in Table 5-1.   

5.3 Individual Analysis of Alternative 7 
5.3.1 Alternative 7 – Cap, Land Use Controls, In Situ Enhanced Bioremediation, Passive 

Biobarriers, and Monitored Natural Attenuation 
This alternative includes capping, LUCs, in situ enhanced bioremediation in a target area, 
passive biobarriers, and MNA.  The alternative meets the RAOs by maintenance of the existing 
landfill cap and implementation of LUCs to prevent human exposure to the landfill waste and 
contaminated groundwater.  In situ bioremediation will be implemented in the most 
contaminated portion of the shallow groundwater – a treatment area that currently appears to be 
centered on the shallow extraction wells.  The approximate location of that treatment area is 
presented in Figure 4-1, but will be further evaluated during remedial design.  Bioremediation 
will involve the injection of a carbon substrate and a bioaugmentation culture.  Because COC 
concentrations in wells near the landfill consistently exceed groundwater cleanup levels (see 
Table 2-6), this alternative will include installation of a passive biobarrier near the fence line of 
the landfill to degrade COCs.  Because concentrations in wells near Harrison Bayou also 
currently exceed groundwater cleanup levels (see Table 2-6), this alternative will include  
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Table 5-1  
Evaluation Criteria for Detailed Analysis of Alternatives 

Evaluation Criteria Detailed Description of Evaluation Criteria 
Overall protection of 
human health and the 
environment 

This criterion assesses whether the alternative achieves and maintains adequate protection of 
human health and the environment in accordance with the remedial action objectives (RAOs).  
Evaluation of this criterion describes how site risks associated with each pathway are eliminated, 
reduced, or mitigated through treatment, engineering, or LUCs.   

Compliance with 
ARARs 

This criterion addresses compliance with promulgated federal and state environmental 
requirements.  The detailed analysis summarizes which requirements are applicable or relevant 
and appropriate (ARAR) to an alternative and how the alternative meets these requirements.  
There are three types of ARARs; chemical-specific, location-specific, and action-specific.  The 
ARARs were presented in the Final FS for LHAAP-16. 

Long-term effectiveness 
and permanence 

This criterion evaluates the extent to which an alternative achieves an overall reduction in risk to 
human health and the environment after the RAOs are met.  The principal factors addressed by 
this criterion include magnitude of residual risk and the adequacy and reliability of controls to 
address such risk.   

Reduction of toxicity, 
mobility, or volume 
through treatment 

This criterion reflects the statutory preference that remedial alternatives contain a principal 
component that substantially reduces toxicity, mobility, or volume of hazardous substances 
through treatment.  The evaluation regarding this criterion considers the extent to which alternative 
technologies can effectively and permanently fix, transform, immobilize, or reduce the volume of 
waste materials and contaminated media. 

Short-term 
effectiveness 

This criterion addresses the effects of the construction and implementation phases of the 
alternative until the RAOs are achieved.  The evaluation regarding this criterion considers the 
effect on human health and the environment posed by operations conducted during the remedial 
action phases.  Both the potential effect and associated mitigative measures are examined for 
maintaining protectiveness for the community, remediation workers, and environmental receptors 
throughout the duration of activities.  This evaluation also addresses the anticipated duration of 
remedial activities. 

Implementability This criterion examines the technical and administrative factors affecting implementation of an 
alternative and considers the availability of services and materials required during implementation.  
Technical factors to be assessed include the ease and reliability of construction and operations, 
the prospects for implementing a future action, and the adequacy of monitoring systems to detect 
failures.  Administrative factors include permitting and coordination requirements between the lead 
agency and regulatory agencies.  Service and material considerations include treatment, storage, 
and disposal capacities, equipment and operator availability, and prospective technology 
applicability or development requirements. 

Cost Cost estimates are included for each remedial alternative.  The estimates have an expected 
accuracy of plus 50 percent to minus 30 percent for the scope of the alternative.  The estimates 
are divided into capital cost and operation and maintenance (O&M) cost.  They are developed 
according to an assumed schedule for the various activities based on similar project experience.  
Capital costs are defined as those expenditures required to initiate and install an alternative.  O&M 
costs are long-term costs associated with ongoing remediation at a site.  The costs include labor, 
materials, utilities, and services required to monitor, operate, and maintain the facilities for a period 
of up to 30 years.  The estimated present worth of each remedial alternative is determined on a 
discount rate of 7 percent and a base maintenance/monitoring period of up to 30 years.   

State acceptance State acceptance of an alternative will be evaluated in the Proposed Plan issued for public 
comment.  Therefore, this criterion is not considered in this FS Addendum. 

Community acceptance Community acceptance of each alternative will be evaluated after the Proposed Plan is issued for 
public comment.  Therefore, this criterion is not considered in this FS Addendum. 
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installation of a passive biobarrier near Harrison Bayou to further degrade COCs.  Following the 
reductions in COC concentrations caused by the in situ bioremediation and the passive 
biobarriers, natural attenuation will further reduce the concentrations of COCs in the 
groundwater so that surface water in Harrison Bayou does not exceed cleanup levels.  A 
monitoring program will be implemented within this alternative to confirm the effectiveness of 
the various technologies.   

5.3.1.1 Overall Protection of Human Health and the Environment 
Protection of Human Health 
This alternative would achieve the RAOs for LHAAP-16 by protecting human health from 
exposure to landfill waste and contaminated groundwater, reducing the COC concentrations 
within the groundwater plume, and reducing water quality impacts to Harrison Bayou such that 
cleanup levels are not exceeded.  LUCs and continued maintenance of the existing cap would 
ensure that receptors are not exposed to landfill contents or contaminated groundwater.  
Notification of LUCs would be recorded with Harrison County.  Upon transfer of the land to 
another federal agency (e.g., the U.S. Fish and Wildlife Service [USFWS]), the LUCs would be 
incorporated into the transferee’s land management program.  If LHAAP-16 is transferred out of 
federal control, restrictions would be required to prohibit or restrict property uses (e.g., drinking 
water well installation) that may result in exposure to landfill material or contaminated 
groundwater.  The LUCs associated with the contaminated groundwater would be required while 
the COC concentrations exceed cleanup levels.   

The cap is considered an effective means of source control to reduce contamination entering the 
groundwater via prevention of surface water infiltration. In situ bioremediation would reduce the 
mass of contamination in the heart of the shallow groundwater plume and in specific target areas 
within the intermediate groundwater zone.  The passive biobarriers would prevent the eastward 
migration of COCs in the shallow groundwater. Natural attenuation would also reduce the COC 
concentrations in both the shallow and intermediate groundwater plumes over time, thereby 
reducing the potential risk of human exposure. An MNA program would be implemented to 
verify the effectiveness of monitored natural attenuation following shut down of the extraction 
wells and completion of the in situ bioremediation. Further monitoring would be used to evaluate 
contaminant migration, ensure that the COCs in the groundwater plumes continue to degrade or 
remain stable, and verify that contaminant levels in Harrison Bayou do not exceed the cleanup 
levels.  The eventual groundwater concentration goal is to reduce COC concentrations to below 
groundwater cleanup levels (Table 2-6).   

Protection of the Environment 
A site-wide ecological baseline risk assessment has been performed for LHAAP.  As noted in 
Section 2.0, no action is required to address soil concentrations outside the landfill to protect 
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ecological receptors at LHAAP-16.  Therefore, ecological risks can be controlled by preventing 
contact with contents of the landfill.  Maintenance of the existing cap and enforcement of LUCs 
will achieve that objective. 

5.3.1.2 Compliance with ARARs  
Chemical-Specific ARARs 
This alternative would comply with chemical-specific ARARs for groundwater contaminants 
that exceed the groundwater cleanup levels via the passive biobarriers, in situ bioremediation, 
and natural attenuation.  The current MNA evaluation demonstrates that natural attenuation of 
perchlorate, TCE, 1,2-DCE, VC, and 1,1-DCE is occurring at LHAAP-16, and that the time 
frame could be approximately 280 years or longer (Appendix A).  The time frame will be re-
evaluated after additional sampling is conducted following shut down of the extraction system 
and implementation of in situ bioremediation and the passive biobarriers.  By reducing COC 
concentrations in the groundwater, this alternative would also ensure that concentrations in 
Harrison Bayou do not exceed the cleanup levels.   

Location-Specific ARARs 
The activities that would be conducted under this alternative would comply with location-
specific ARARs.  Activities (e.g., installation of passive biobarriers and surface water 
monitoring) included within this alternative will occur in the Harrison Bayou floodplain.  
Applicable requirements for activities in floodplains will be followed.  Threatened and 
endangered species likely would not be impacted by activities conducted under this alternative.   

Action-Specific ARARs 
The activities that would be conducted under this alternative would comply with action-specific 
ARARs.  In addition to the ARARs provided in the FS, the action-specific ARARs will include 
the substantive requirements of the Texas Underground Injection Control Rules (TAC§331).  
The existing landfill cap is in compliance with RCRA requirements although no RCRA waste is 
anticipated to be present.  

5.3.1.3 Long-Term Effectiveness and Permanence  
Landfill caps have been shown to be effective for reducing infiltration of surface water through 
the waste material. The long-term reliability of the LHAAP-16 landfill cap to control infiltration, 
contaminant runoff, and contaminant exposure depends on adequate long-term inspection and 
maintenance. If a portion of the cap is breached and contaminants subsequently leach into the 
groundwater, the passive biobarrier would capture the additional contamination. However, the 
breach would need to be corrected in a reasonable time frame, and the increased groundwater 
contaminant loading would increase the frequency of emulsified vegetable oil injections at the 
biobarrier. 
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The groundwater COCs at LHAAP-16 have been shown to be amenable to degradation by 
biological processes prior to discharge to Harrison Bayou based on the results of the ESTCP 
semi-passive biobarrier technology demonstration (ESTCP, 2005; ESTCP, 2007) and the 
preliminary MNA evaluation included in Appendix A.  The USEPA guidance for MNA 
provides three lines of evidence to support that natural attenuation is occurring.  The lines of 
evidence evaluated at LHAAP-16 are discussed in Appendix A.  These same lines of evidence 
may be used to support the long-term effectiveness of this technology as a remedial action.  
Natural attenuation will continue to be monitored under this alternative to demonstrate the long-
term effectiveness of this technology in reducing COC concentrations in the groundwater plume 
and in protecting Harrison Bayou.   

The passive biobarriers between the landfill and Harrison Bayou will provide additional 
assurance that the RAOs are achieved at LHAAP-16 by reducing the COC concentrations in the 
groundwater discharging to Harrison Bayou.  Harrison Bayou will be further protected from 
exceedances of the cleanup levels.  The reduction in the concentration of COCs will reduce the 
potential for human exposure to contaminated groundwater.  Groundwater sampling will be 
conducted under the long-term monitoring component of this alternative to confirm the 
continued reliability of the biobarriers and identify if the biobarriers require additional injections 
of emulsified vegetable oil.   

The implementation of LUCs would protect potential human receptors from exposure to 
contaminated groundwater at LHAAP-16 and would ensure continued compliance with the 
RAOs.  However, the reliability of LUCs would depend on the long-term maintenance of the 
controls.  Maintenance of the LUCs and continued environmental monitoring would be required 
while the landfill waste materials remain on site and the groundwater COC concentrations 
exceed their respective cleanup levels.  The effectiveness of LUCs, cap maintenance, and long-
term monitoring would be evaluated during five-year CERCLA reviews and inspections of any 
physical mechanisms in place at LHAAP-16.  The Five-Year Reviews may indicate the need for 
components of this alternative to be maintained, modified, or replaced.   

5.3.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment  
This alternative would reduce the toxicity, mobility, or volume of COCs in groundwater through 
the implementation of in situ bioremediation and passive biobarriers.  The in situ bioremediation 
would lower COC concentration in the most contaminated portion of the shallow groundwater 
plume to levels that could be effectively treated by the passive biobarrier near Harrison bayou.  
The biological activity in the passive biobarriers and the bioremediation treatment area would 
significantly reduce the overall mass of COCs in the groundwater.  In conjunction with natural 
attenuation, these treatments would convert the COCs to innocuous byproducts, thereby reducing 
the toxicity of the contaminants.  In addition, natural attenuation will provide a reduction in the 
volume of contaminated groundwater.  Although none of the landfill waste will be actively 
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treated, the potential mobility and toxicity of the landfill waste contaminants would be 
minimized through proper landfill cap maintenance, and the passive biobarrier near the landfill 
fence line.   

5.3.1.5 Short-Term Effectiveness  
Protection of the Community during Remedial Action 
This alternative is protective of the surrounding community during remedy implementation 
primarily because all activities would occur on site with very little disturbance of contaminated 
material.  A limited increase in truck traffic would result from the transport of equipment and 
materials to the site for the purpose of maintaining the landfill cap, implementation of in situ 
bioremediation, and installation of the passive biobarriers.  In addition, additional vegetable oil 
injections could be required every three to five years at the passive biobarriers.  Consequently, 
truck traffic through Karnack and the surrounding communities would increase slightly during 
these times.  Because the landfill waste would not be disturbed, it would not be released via air 
or surface runoff during construction activities.   

Protection of Workers during Remedial Action 
Minimal exposure risks will exist to remedial workers under this alternative.  However, worker 
exposure to contaminated groundwater is possible during sampling activities associated with the 
monitoring events.  The landfill waste would not be disturbed, thereby eliminating the potential 
for human exposure to these materials.  Construction activities (e.g., cap maintenance and 
vegetable oil injections) may pose minimal risks to workers generally associated with 
construction activities.  The short-term risks associated with groundwater monitoring activities 
and cap maintenance may be minimized through implementation of an effective health and 
safety program. 

Short-Term Environmental Effects 
Since minimal disturbance of the landfill waste material would occur under this alternative, 
short-term impacts to the environment are unlikely.  The implementation of proper engineering 
controls would minimize the risk of environmental impacts.  Although the activities conducted 
under this alternative are anticipated to affect the floodplain area of Harrison Bayou, they are not 
expected to influence any wetland areas.  Direct push technology is proposed for implementation 
of the Passive Biobarrier in order to minimize construction impacts, including the threat of silt 
entering Harrison Bayou. 

Duration of Remedial Activities 
Under this alternative, it is estimated that remedial design, pilot studies and field tests, in situ 
bioremediation injection, and passive biobarrier implementation will require approximately eight 
months following approval of the final ROD.  The MNA quarterly monitoring, and data 
evaluation will take approximately 28 months subsequent to those activities and shut down of the 
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existing groundwater extraction system.  Although many remedial activities under this 
alternative will be completed within three years, several activities will be required during the 
remainder of the 30-year duration addressed by the cost estimate.  Those activities include LUC 
inspections, maintenance of LUCs, maintenance of the landfill cap, additional carbon source 
injections at the passive biobarriers, and groundwater monitoring.   

5.3.1.6 Implementability  
Technical Feasibility 
All components of this alternative are readily implementable.  Routine inspection and 
maintenance of the landfill cap and LUCs would be conducted under this alternative.  
Implementation of in situ bioremediation and the passive biobarrier components of this 
alternative will require an engineering design.  Using basic engineering and the hydrogeologic 
characteristics of LHAAP-16, the spacing and depth of the carbon substrate injections will be 
selected.  Also, the quantity of substrate (e.g., emulsified vegetable oil and lactate) required per 
injection will need to be established based on groundwater modeling and/or prior experience.  
Equipment, services, and materials are readily available to conduct the activities for this 
alternative.   

Administrative Feasibility 
All actions under this alternative are implemented on site and thus do not require permits, though 
substantive provisions of permits that would otherwise be required are considered to be ARARs.  
By legal agreement (i.e., the Federal Facility Agreement), the Army shall submit to the USEPA 
and TCEQ a Responsiveness Summary and a draft ROD.  Following consideration of any 
comments by TCEQ, the ROD will be finalized jointly by the Army and USEPA or, if they are 
unable to reach agreement about the selection of the remedial action, by the USEPA 
Administrator.  By addressing the identified ARARs in the ROD, it is anticipated that the 
alternative would adequately address administrative issues. 

LUCs, although administratively implementable, would require the following:  

• Development of the LUCs in a remedial design document 
• Development of an implementation plan 
• A site approval process to approve land use changes to ensure the integrity of 

the controls 
• Internal notices to relevant regulatory offices of the existence of the LUCs 

Approval by the USEPA and the State of Texas is required prior to the modification or 
termination of LUCs, implementation actions, or modification of land use by the Army.  The 
Army shall also seek concurrence from the USEPA and the State of Texas prior to any action 
that may disrupt the effectiveness of the LUCs or any action that alters or terminates the LUCs.  
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All equipment, material, personnel, and services required for implementation of the Alternative 7 
are available or can be readily obtained.  The design and implementation of in situ 
bioremediation and the passive biobarriers require more expertise than the other components of 
this alternative.  However, Shaw has the capability and experience to design and implement both 
components.  Consequently, there are no known administrative barriers to implementation of this 
alternative.   

5.3.1.7 Cost 
The total project present worth cost of this alternative is approximately $1,980,000.  This 
includes capital costs for in situ bioremediation and the capital and operation and maintenance 
(O&M) costs for the passive biobarrier.  The details of the cost estimate for Alternative 7 are 
presented in Appendix C.  Summaries of the cost estimates for the alternatives from the FS, 
updated for inflation rates, are also presented in Appendix C.   

Capital Cost 
The total expenditures for capital cost are estimated at $393,000.  This includes in situ 
bioremediation, the first injection for the passive biobarriers, and establishment of LUCs. 

O&M Cost 
The total O&M expenditures are estimated at approximately $2,004,000, which are spread across 
the 30 year life used in the estimate.  The O&M costs include the MNA evaluation, maintenance 
of the cap, maintenance of the LUCs, long-term monitoring, and two additional emulsified 
vegetable oil injections subsequent to the initial implementation of the passive biobarriers.  The 
long-term monitoring would support the required CERCLA Five-Year Reviews. 
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6.0 Comparative Analysis of Alternatives 

Table 6-1 presents a comparative analysis of alternatives to evaluate the relative performance of 
each alternative with respect to the evaluation criteria presented in Section 5.0.  This analysis 
addresses the first seven criteria; the remaining criteria (state acceptance and community 
acceptance) will be assessed after the public comment period.  The purpose of this analysis is to 
determine the advantages and disadvantages of each alternative, which will ultimately provide 
the rationale for recommending a preferred alternative.   

The comparative analysis addresses new chemical-specific ARARs for the COCs identified in 
Table 2-6:   

• MCLs for volatile organics, arsenic, and chromium 
• GW-Res for perchlorate and nickel  
• 95% UTL background for manganese (Table 2-6) 

Alternatives 2 through 7 are expected to meet the cleanup levels and protect Harrison Bayou.  
However, an alternative will not comply with the requirements to reach drinking water standards 
and the GW-Res for perchlorate unless it includes an active remedy to treat groundwater 
contamination within LHAAP-16.  Alternatives 4 and 5a/5b rely on permeable reactive barriers 
that contain the groundwater contamination, but do not directly reduce it within the plume.  
Similarly, Alternative 2 includes enhanced groundwater extraction that will exert hydraulic 
control and containment, but will not necessarily achieve ARARs within the plume itself.  These 
impacts change the comparative analysis as presented in the Final FS (Jacobs, 2002) and are 
reflected in Table 6-1. Alternatives 3a/3b, 6, and 7 include a natural attenuation component.  The 
active biodegradation that occurs as part of that component, together with dilution, dispersion, 
and other natural processes, has the capability of ultimately reducing the COCs to satisfy the 
chemical-specific ARARs.   

 
 



Final Addendum to Final Feasibility Study, LHAAP-16  Shaw Environmental, Inc. 
 

MARC No. W912QR-04-D-0027, TO No. DS02  Shaw Project No. 117591 
Longhorn Army Ammunition Plant, Karnack, Texas  March 2010 6-2 

Table 6-1  
Comparative Analysis of Alternatives 

Criteria 

Alternative 1 
No Further Action 
(Maintenance of 
Existing Landfill 
Cap, Land Use 

Controls [Cap Only]) 

Alternative 2 
Cap, Enhanced 
Groundwater 

Extraction, Land 
Use Controls 

Alternative 3a/3b 
Cap, Monitored 

Natural Attenuation, 
Land Use Controls1 

Alternative 4 
Cap, Passive 
Groundwater 

Treatment, Land 
Use Controls 

Alternative 5a/5b 
Landfill Removal, 

Passive 
Groundwater 

Treatment, Land 
Use Controls2 

Alternative 6 
Landfill Source 

Treatment, 
Monitored Natural 
Attenuation, Land 

Use Controls 

Alternative 7 
 Cap, Monitored 

Natural Attenuation, 
Land Use Controls, In 

Situ Enhanced 
Bioremediation, 

Passive Biobarriers 
Overall 
protection of 
human health 
and the 
environment 

Protection of human 
health provided by 
cap and associated 
LUCs.  No additional 
protection from 
exposure to 
groundwater.  Does 
not demonstrate 
protection of Harrison 
Bayou from potential 
groundwater impacts.   

Protection of 
human health 
provided by cap 
and land use 
controls.  Protection 
of Harrison Bayou 
provided by 
groundwater 
extraction. 

Protection of human 
health provided by cap 
and land use controls.  
Protection of Harrison 
Bayou provided by 
natural attenuation. 

Protection of 
human health 
provided by cap 
and land use 
controls.  
Protection of 
Harrison Bayou 
provided by 
permeable 
reactive barrier. 

Protection of human 
health provided by 
cap (5a), source 
removal (5b) and 
land use controls.  
Protection of 
Harrison Bayou 
provide by passive 
groundwater 
treatment. 

Protection of 
human health 
provided by 
removal and 
treatment of some 
source material and 
by cap and land 
use controls.  
Protection of 
Harrison Bayou 
provided by natural 
attenuation.   

Protection of human 
health provided by cap 
and land use controls.  
Protection of Harrison 
Bayou provided by 
passive biobarriers, in 
situ bioremediation, 
and natural 
attenuation. 

Compliance with 
ARARs 

No compliance with 
chemical-specific 
ARARs in 
groundwater.  
Complies with 
location- and action-
specific ARARs.  

Does not comply 
with ARARs that 
apply drinking 
water requirements 
to groundwater. 
Complies with 
location-and action-
specific ARARs. 
 

Meets all ARARs.  Does not comply 
with ARARs that 
apply drinking 
water 
requirements to 
groundwater. 
Complies with 
location-and 
action-specific 
ARARs. 
 

Does not comply 
with ARARs that 
apply drinking water 
requirements to 
groundwater. 
Complies with 
location-and action-
specific ARARs. 
 

Meets all ARARs. Meets all ARARs. 

Long-term 
effectiveness 
and 
permanence 

Landfill cap and 
associated LUCs 
would be effective 
and reliable so long 
as they are 
maintained 
indefinitely.  Not 
effective for 
groundwater. 

Effective reliability 
depends on long-
term maintenance 
and controls and 
ability to locate 
extraction wells in 
complex geology.   

Alternative 3b 
enhances 
effectiveness of MNA 
by reducing the mass 
of contamination. If 
MNA is not proven 
effective in the long 
term, a contingent 
action of groundwater 
extraction would be 
implemented (see 
Alternative 2) 

Effectiveness of 
permeable 
reactive barrier is 
uncertain and 
relies on adequate 
long-term 
maintenance. 

Similar to  
Alternative 4, but 
reliability enhanced 
with source removal.  
More aggressive 
remedial approach.    

Similar to 
Alternative 3a but 
reliability is 
enhanced by 
source treatment. 

Should be effective and 
permanent as indicated 
by the results of the 
technology 
demonstration and the 
preliminary MNA 
evaluation.  In situ 
bioremediation will 
permanently reduce 
contaminant mass in its 
treatment area. 
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Criteria 

Alternative 1 
No Further Action 
(Maintenance of 
Existing Landfill 
Cap, Land Use 

Controls [Cap Only]) 

Alternative 2 
Cap, Enhanced 
Groundwater 

Extraction, Land 
Use Controls 

Alternative 3a/3b 
Cap, Monitored 

Natural Attenuation, 
Land Use Controls1 

Alternative 4 
Cap, Passive 
Groundwater 

Treatment, Land 
Use Controls 

Alternative 5a/5b 
Landfill Removal, 

Passive 
Groundwater 

Treatment, Land 
Use Controls2 

Alternative 6 
Landfill Source 

Treatment, 
Monitored Natural 
Attenuation, Land 

Use Controls 

Alternative 7 
 Cap, Monitored 

Natural Attenuation, 
Land Use Controls, In 

Situ Enhanced 
Bioremediation, 

Passive Biobarriers 
Reduction of 
toxicity, mobility, 
or volume 
through 
treatment 

No active reduction. Some reduction in 
groundwater 
toxicity and volume 
through active 
treatment.  No 
source treatment. 

Alternative 3a includes 
no active reduction in 
toxicity, mobility, or 
volume.  Alternative 
3b includes a small 
reduction in toxicity 
and volume.  No 
source treatment. 
 

Moderate 
reduction in 
groundwater 
toxicity.  No 
source treatment. 

Longer trench 
results in larger 
reduction in 
groundwater toxicity 
than Alternative 4.   
Source treatment 
only if RCRA waste 
is identified.  

Significant source 
reduction in toxicity 
and volume.  
Groundwater COC 
reduction is 
identical to 
Alternative 3. 

No source treatment. 
Provides permanent 
and irreversible 
reduction in 
groundwater toxicity 
and volume via in situ 
bioremediation, 
passive biobarriers, 
and MNA.   

Short-term 
effectiveness 

Minimal impact to the 
community, workers, 
or the environment 
from short-term 
activities. 

Minimal impact to 
the community, 
workers, or the 
environment from 
short-term 
activities.  Provides 
almost immediate 
protection.   

Minimal impact to the 
community, workers, 
or the environment 
from short-term 
activities.  Provides 
almost immediate 
protection.   

Minor disruption 
due to installation 
of the permeable 
reactive barrier.   

Significant short-
term impacts to the 
community from 
transportation and 
for worker risk from 
excavation activities.  
Risks can be 
controlled.  

Potential for worker 
risk during source 
treatment.  Risks 
can be controlled. 

Minimal disruption due 
to implementation of in 
situ bioremediation and 
passive biobarrier.  
Provides almost 
immediate protection 
with the 
implementation of land 
use controls.   
 

Implementability Readily implemented. Readily 
implemented.  Most 
of the components 
of this alternative 
are already in 
place. 

If natural attenuation 
does not occur, 
Alternative 2 would be 
implemented. 

Need to design an 
effective passive 
system 
considering 
hydraulics and 
biological process 
in situ. 

Most difficult to 
implement.  
Coordination of 
excavation, waste 
sampling, 
transportation, and 
disposal would be 
difficult.  Also, need 
to minimize releases 
of contaminated 
material during 
excavation activities. 
 

Source action not 
typically applied to 
landfills.  Therefore, 
initial testing will be 
required.   

Readily implemented  
because equipment 
and personnel required 
for implementation of 
this alternative 
(including the design of 
the passive biobarrier) 
are readily available.     
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Criteria 

Alternative 1 
No Further Action 
(Maintenance of 
Existing Landfill 
Cap, Land Use 

Controls [Cap Only]) 

Alternative 2 
Cap, Enhanced 
Groundwater 

Extraction, Land 
Use Controls 

Alternative 3a/3b 
Cap, Monitored 

Natural Attenuation, 
Land Use Controls1 

Alternative 4 
Cap, Passive 
Groundwater 

Treatment, Land 
Use Controls 

Alternative 5a/5b 
Landfill Removal, 

Passive 
Groundwater 

Treatment, Land 
Use Controls2 

Alternative 6 
Landfill Source 

Treatment, 
Monitored Natural 
Attenuation, Land 

Use Controls 

Alternative 7 
 Cap, Monitored 

Natural Attenuation, 
Land Use Controls, In 

Situ Enhanced 
Bioremediation, 

Passive Biobarriers 
Cost3        
• Capital 

Expenditures $0 $777,000 $620,000 (a) 
$1,307,000 (b) $2,596,000 $3,138,000 (a) 

$111,826,000 (b) $2,781,000 $393,000 

• O&M 
Expenditures $914,000 $13,898,000 $2,943,000 (a) 

$3,011,000 (b) $2,889,000 $15,289,000 (a) 
$14,585,000 (b) $4,676,000 $2,004,000 

• Total 
Present 
Worth 

$632,000 $9,816,000 $2,713,000 (a) 
$3,426,000 (b) $4,563,000 $13,070,000 (a) 

$115,606,000 (b) $6,399,000 $1,980,000 

Notes and Abbreviations
1 Alternative 3b is identical to Alternative 3a except an extraction well network will be operated in the groundwater hot spot for approximately 5 years to reduce contaminant mass, followed 

by MNA throughout the rest of the O&M period.   

: 

2 Alternative 5b is identical to Alternative 5a except all of the landfill waste will be removed (compared with hot spot removal under Alternative 5a).   
3 Costs have been rounded to the nearest $1,000. The capital and O&M expenditures are the sums of each year’s costs without regard to discount rates or escalation rates.  Each year’s 

expenditures were converted to present worth using a 2.7% discount rate and were summed to yield the total present worth. The costs of Alternatives 1 through 6 have been updated to 
January 2008 using the Engineering News Record construction cost index, and the costs of 5-year reviews have been added to all alternatives. Per the Army’s request, the costs for all 
alternatives have been modified by removing the standard escalation rate (average 3 percent per year) from the present worth calculation. Also, the cost of Alternative 1 has been 
updated to reflect the ongoing cap maintenance/inspection activities and the implementation of LUCs under the Interim ROD for LHAAP-16. 
ARAR applicable or relevant and appropriate requirement  
FS feasibility study 
LHAAP Longhorn Army Ammunition Plant 
MNA monitored natural attenuation 
NA not applicable 
O&M operation and maintenance 
RAO remedial action objective 
VOC volatile organic compound 
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7.0 Recommended Remedial Alternative 

Based on the detailed analysis of remedial alternatives, Alternative 7, Cap, Land Use Controls, In 
Situ Bioremediation, Passive Biobarriers, and Monitored Natural Attenuation, most appropriately 
addresses the groundwater contamination at LHAAP-16 in a manner that is cost-effective and 
consistent with the Army’s intent to transfer the site to the USFWS for use as a wildlife refuge.  
Under this alternative, LUCs will address groundwater use restriction and protection and 
maintenance of the existing landfill.  LUCs will include fences, signs (no-dig and cap 
protection), a no-dig restriction, and county notification of LUCs.  The notification will include a 
survey of use-restricted areas (no-dig, cap protection, and no groundwater use), identify the need 
for signs and fencing, and list restricted activities.  The LUCs will be implemented immediately 
subsequent to the final ROD to prevent human exposure to the landfill waste and contaminated 
groundwater.  Notification of LUCs will be recorded with Harrison County.  The duration of 
remedial design, pilot studies and field tests, bioremediation injection activities, and passive 
biobarrier implementation is approximately eight months.  In addition, an MNA quarterly 
monitoring and data evaluation will be completed during the 28 month period following 
implementation of the passive biobarriers, in situ bioremediation, and discontinuation of 
groundwater extraction activities.  Groundwater and surface water monitoring would also be 
conducted to support the MNA evaluation and to confirm cleanup levels are not exceeded in 
Harrison Bayou.  The groundwater and surface water monitoring activities will be conducted 
quarterly for the initial two years (to support the MNA evaluation), semi-annually for at least 
three years, then annually until the next Five-Year Review, and every five years thereafter to 
support the subsequent Five-Year Reviews.  In addition, follow-up emulsified oil injections for 
the passive biobarrier would be conducted in five year intervals if deemed necessary based on 
the performance groundwater monitoring results.   

Alternative 7 is recommended because it would be protective of human health due to the 
implementation of LUCs prohibiting unauthorized use of the cap and groundwater, thereby 
eliminating the potential contaminant exposure pathway for human receptors.  Further, this 
alternative would satisfy the RAOs for LHAAP-16 and would passively reduce the COC 
concentrations in groundwater and prevent discharge of contamination to Harrison Bayou.  
Groundwater and surface water monitoring would be conducted to confirm that COC 
concentrations in the groundwater plume are declining through natural processes and that 
Harrison Bayou is protected from ARAR exceedances.  The passive biobarriers component of 
this alternative would provide additional protection of Harrison Bayou. Alternative 7 is readily 
implementable and no significant short-term risks to worker health and safety or to the 
community would be expected.  The present worth cost of Alternative 7 is lower than the other 
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remedial alternatives except for Alternative 1, the No Further Action alternative.  Therefore, 
Alternative 7, Cap, Land Use Controls, In Situ Bioremediation, Passive Biobarriers, and 
Monitored Natural Attenuation, is recommended for implementation at LHAAP-16.   
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1.0 Introduction 

The U.S. Army Corps of Engineers, Tulsa District, contracted Shaw Environmental, Inc. (Shaw), 
under Multiple Award Remediation Contract No. W912QR-04-D-0027, Task Order No. DS02, 
to conduct environmental restoration of LHAAP-16 at Longhorn Army Ammunition Plant 
(LHAAP).  This report presents the evaluation for the occurrence of natural attenuation of 
groundwater contaminants at LHAAP-16.   

LHAAP-16, a capped landfill, is located in the south-central portion of the LHAAP and covers 
an area of approximately 20 acres.  Harrison Bayou runs along the eastern edge of LHAAP-16 
(Figure 1-1).  The landfill was established in the 1940s and was used for disposal of solid and 
industrial wastes until the 1980s when disposal activities were terminated.  The U.S. Department 
of the Army (Army) and the U.S. Environmental Protection Agency (USEPA) signed a Record 
of Decision (ROD) in 1995 approving an interim remedial action for LHAAP-16 to mitigate 
potential risks posed by buried source material at the site.  The interim remedial action included 
the construction of a landfill cap, considered a component of the final remedy for the site.  
Construction of the 13-acre multilayer cap was completed in 1998.  The ROD also specified that 
the Army would be required to maintain the cap and cover system.  The landfill cap would be 
inspected at regular intervals to check for erosion, settlement, and deep-rooted vegetation.  
Repairs would be implemented as needed.  Land use controls (LUCs) such as future use 
restrictions, fencing, and warning signs would also be required.   

The subsurface is composed of medium plastic sandy silt, fine sands, and clay.  The clay layers 
tend to separate the groundwater into shallow, intermediate, upper deep, and deep groundwater 
zones.  The flow direction is northeast toward Harrison Bayou in the shallow, intermediate, and 
deep groundwater zones, while flow direction is southeast toward Harrison Bayou in the upper 
deep groundwater zone.   

Groundwater flow between the landfill and Harrison Bayou is also influenced by the presence of 
an extraction well system consisting of four wells in the shallow groundwater zone and four 
wells in the intermediate groundwater zone (see Wells 16EW01 through 16EW08 on 
Figure 1-1).  The wells were installed in 1996 and 1997 as part of a treatability study.  These 
wells extract water at a relatively low rate; the long term average of the total flow rate from all 
eight wells between June 2000 and June 2007 is approximately 1.3 gallons per minute.  The 
extracted water is transferred to the groundwater treatment plant at LHAAP-18/24 for treatment.   

The groundwater at LHAAP-16 is contaminated with volatile organic compounds (VOCs) 
including trichloroethene (TCE), dichloroethene (DCE), vinyl chloride (VC), and perchlorate 



Final Addendum to Final Feasibility Study, LHAAP-16 Shaw Environmental, Inc. 
Appendix A – Natural Attenuation Evaluation 

MARC No. W912QR-04-D-0027, TO No. DS02  Shaw Project No. 117591 
Longhorn Army Ammunition Plant, Karnack, Texas  March 2010 1-2 

(ClO4
-) as the primary chemicals of concern (COCs).  The sample results through March 2009 

are used in the evaluation of monitored natural attenuation (MNA).   



Final Addendum to Final Feasibility Study, LHAAP-16 Shaw Environmental, Inc. 
Appendix A – Natural Attenuation Evaluation 

MARC No. W912QR-04-D-0027, TO No. DS02  Shaw Project No. 117591 
Longhorn Army Ammunition Plant, Karnack, Texas  March 2010 2-1 

2.0 Description of Natural Attenuation 

Natural attenuation is defined as the reduction of contaminants from the combined effect of 
intrinsic biodegradation, advection, dispersion, dilution, volatilization, and adsorption 
mechanisms.  Generally, intrinsic biodegradation is the most important natural attenuation 
mechanism that results in contaminant destruction.  Intrinsic biodegradation can occur in any 
environment that supports microbial activity.  The biodegradation may be limited by the lack of a 
suitable respiratory substrate or inorganic nutrients, extreme pH, or limited contaminant 
bioavailability.  Accurate contamination delineation, subsurface conditions characterization, and 
contaminant migration determination are critical for defining the contribution of intrinsic 
biodegradation, for evaluating the effectiveness of natural attenuation, and for establishing 
regulatory support for use of natural attenuation at a site.  Monitored natural attenuation (MNA) 
entails the use of natural attenuation within the context of a monitoring plan to demonstrate 
reductions in contaminant concentrations and the achievement of remedial objectives.   

As noted in Section 1.0, extraction wells are removing water at a low rate from both the shallow 
and intermediate groundwater zones.  The influence of those wells on contaminant attenuation 
would be difficult to quantify, and the calculations presented within this evaluation do not 
address that influence.  However, the following should be noted: 

• The extraction wells reduce contaminant mass within the plume, though this is limited 
by the low flow rate from the wells  

• The extraction wells affect the direction of groundwater flow; that influence decreases 
rapidly with distance from the wells  

• The extraction wells could be adding dissolved oxygen to the shallow aquifer, which 
would hinder or eliminate reductive dechlorination  

While the term natural attenuation rate has been retained, the affects of the extraction wells have 
not been excluded from those rates.  Thus, the rates actually represent all remediation 
mechanisms currently active at the site.  

2.1 Natural Attenuation Lines of Evidence 
The USEPA guidance, Technical Protocol for Evaluating Natural Attenuation of Chlorinated 
Solvents in Groundwater (USEPA, 1998), will be used as guidance for the natural attenuation 
evaluation.  The USEPA guidance specifies a tiered approach of recommended lines of evidence 
required for demonstrating that MNA is an effective remedy.   

There are three lines of evidence according to the USEPA guidance document based on OSWER 
Directive 9200.4-17 (USEPA, 1999), which are described as follows:   
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1. First line of evidence.  Observed Reduction in Contaminant Mass and Concentration.  
Relies on use of historical groundwater data that demonstrate a clear trend of stable or 
decreasing COC concentrations over time and with distance away from the source at 
appropriate monitoring or sampling points. 

2. Second line of evidence.  Identified and Quantified Natural Attenuation Processes.  
Uses geochemical indicators to document certain geochemical signatures or 
“footprints” in the groundwater that demonstrate (indirectly) the type of natural 
attenuation process(es) occurring at the site and the rate at which such processes will 
reduce COCs to the maximum contaminant levels (MCLs) or groundwater medium-
specific concentration for residential use (GW-Res) levels established by the Texas 
Commission on Environmental Quality (TCEQ). 

3. Third line of evidence.  Microcosm Studies.  Most often consists of predictive 
modeling studies and other laboratory/field studies that demonstrate the occurrence of 
natural attenuation process(es) at the site and its ability to degrade the COCs. 

All three lines of evidence were evaluated for LHAAP-16 to demonstrate the occurrence of 
natural attenuation of groundwater COCs.   

2.2 Biodegradation 
Biodegradation occurs when bacteria use contaminants as carbon sources or electron acceptors.  
The COCs at LHAAP-16 include perchlorate and chlorinated solvents exceeding their MCLs or 
GW-Res.  All contaminants can be degraded through microbial activity in the subsurface.  Under 
the right conditions, all site COCs are amenable to biodegradation.  A brief description of the 
various biodegradation pathways and mechanisms is provided in the subsequent sections.   

The technical protocol for evaluating natural attenuation of chlorinated solvents in groundwater 
(USEPA, 1998) has a preliminary screening worksheet for evaluating whether anaerobic 
biodegradation is occurring.  The worksheet assigns points for geochemistry and the presence of 
daughter products.  A point total of 5 or less, denotes inadequate evidence of anaerobic 
degradation.  A point total of 15 or more is adequate evidence for anaerobic biodegradation.  In 
between 5 and 15, the score represents limited evidence for anaerobic degradation.  The 
preliminary screening worksheet only addresses anaerobic degradation, not any of the other 
pathways for natural attenuation (aerobic biodegradation, diffusion, adsorbtion, etc.).   

2.2.1 Perchlorate  
Perchlorate is the soluble anion associated with ammonium, potassium, and sodium perchlorate.  
Perchlorate is used as an energetic booster or oxidant in solid propellant for rockets and missiles, 
and likely leached into the groundwater during the disposal of explosive materials and solid 
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rocket fuel.  The perchlorate anion is very mobile in aqueous systems and can persist in the 
environment for many decades under aerobic conditions due to its resistance to react with other 
available constituents.  However, perchlorate can be reduced to chlorite and chloride in the 
presence of indigenous perchlorate-reducing microbes under anaerobic conditions (GWRTAC, 
2001).  The reduction in perchlorate concentrations can be direct evidence for the occurrence of 
biodegradation supporting the first line of evidence.   

Perchlorate-reducing organisms couple the oxidization of an organic or inorganic electron donor 
to the reduction of perchlorate in a form of anaerobic respiration.  Perchlorate (ClO4

-) reduction 
produces chlorate (ClO3

–), which can be further reduced to chlorite (ClO2
–), then to the 

innocuous final product as chloride (Cl–) and oxygen (O2) (Rikken et al., 1996), as indicated in 
the following pathway: 

ClO4
– → ClO3

–  → ClO2
–  → Cl– + O2 

2.2.2 Chlorinated Solvents  
The chlorinated solvents at this site are classified as chlorinated ethenes, ethanes, and methane.  
The most abundant chlorinated solvent at the site is trichloroethene (TCE).  Chlorinated ethenes 
and ethanes include parent compounds (TCE, tetrachloroethene [PCE], 1,1,1-trichloroethane 
[TCA], 1,1,2-TCA) that biodegrade via multiple pathways and generate a variety of daughter 
products (cis-1,2-dichloroethene (DCE), 1,1-DCE, 1,2-dichloroethane [DCA], and vinyl chloride 
[VC]) that are generated from biotic or abiotic degradation of those parent compounds.  
Observing a decreasing trend of parent compounds and generation of daughter products provides 
direct evidence for the occurrence of biodegradation supporting the first line of evidence.   

One of the most prevalent pathways for biodegradation of chlorinated solvents is via reductive 
dechlorination.  During this process, a chlorinated hydrocarbon is used as an electron acceptor 
resulting in the replacement of a chlorine atom with a hydrogen atom.  The biodegradation of 
TCE primarily produces cis-1,2-DCE, with trace amount of trans-1,2-DCE.  1,2-DCE isomers 
undergo reductive dechlorination resulting in the formation of VC, and subsequently the 
innocuous product ethene.  When the 1,2-DCE isomers are generated, the cis-isomer is produced 
10 to 100 times more often than the trans-isomer (Bouwer, 1994 and USEPA, 1998).  The TCA 
compounds can also undergo reductive dechlorination, resulting in the formation of DCA 
isomers, followed by chloroethane, and then the harmless product ethane.  The isomer 1,1-DCE 
is predominantly produced via abiotic hydrolysis of 1,1,1-TCA, and then further reduced to VC 
via reductive dechlorination.   

Alternately, the DCE isomers and VC can be utilized as carbon sources and undergo 
biodegradation to carbon dioxide and chloride ions via aerobic or anaerobic oxidation.  Although 
the chlorinated solvents can be degraded via multiple biodegradation pathways, reductive 
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dechlorination is typically the most common pathway observed.  Chlorinated solvent can also 
undergo biogeochemical reductive dechlorination under high sulfate and iron levels (U.S. Air 
Force Center for Environmental Excellence [USAFCEE], 2003).  During this degradation 
pathway, sulfate reducing bacteria produce sulfite and mineral iron without VC generation.   

2.3 Geomicrobiology 
Biological monitoring parameters are indicators of microbiological activity in the subsurface and 
are evaluated in support of the second line of evidence.  Microbial respiration is the biochemical 
process that leads to the oxidation of reduced organic carbon.  Frequently encountered 
respiratory substrates (or electron acceptors) include oxygen (O2), nitrate (NO3

-), ferric iron 
(Fe+3), sulfate (SO4

-2), and carbon dioxide (CO2).  Respiratory substrates are used preferentially 
based on the amount of energy that can be derived from each of them.  Respiratory substrates are 
used in the following order:   

O2 > NO3
- > Fe+3 > SO4

-2 > CO2 

Biodegradation of perchlorate can occur under anaerobic nitrate-reducing conditions (GWRATC, 
2001).  Reductive dechlorination of chlorinated solvents occurs under anaerobic (reducing) 
conditions such as sulfate-reducing and methanogenic conditions (USEPA, 1998).  Nitrate-
reducing conditions provide more energy to microorganisms than iron-reducing, sulfate-
reducing, or methanogenic conditions.  Sulfate reduction and methanogenesis are inhibited until 
oxygen, nitrate, and ferric iron have been depleted (USAFCEE, 2004).  When perchlorate 
contaminants are co-mingled with chlorinated solvents in groundwater, microbes derive more 
energy from perchlorate degradation, thus chlorinated solvents typically persist in groundwater 
until perchlorate is depleted.   

The reduction of highly chlorinated compounds like TCE may occur under sulfate-reducing 
conditions; however, DCE isomers and VC require the more reducing methanogenic conditions 
to undergo reductive dechlorination, which typically commences once the sulfate concentrations 
near depletion.   

As discussed above, the concentrations of microbial respiratory substrates and products can be 
used to demonstrate intrinsic biodegradation.  Expected changes include depressed 
concentrations of dissolved oxygen (DO) and negative oxidation-reduction potential (ORP) 
values within and downgradient of actively degrading contaminant plumes.  The concentrations 
of anaerobic respiratory substrates such as nitrate and sulfate should decrease in groundwater 
located within and downgradient of a contaminant plume that is actively undergoing intrinsic 
anaerobic biodegradation.  Similarly, the concentrations of the products of anaerobic microbial 
respiration, specifically ferrous iron (Fe+2) and methane, should increase under similar 
circumstances.   
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The biodegradation of perchlorate and chlorinated solvents, whether via reductive 
dechlorination, dichloroelimination, or anaerobic oxidation, releases chloride ions into 
groundwater.  In areas where the groundwater has a very low background chloride concentration, 
an elevation in chloride concentration may be observed as a result of biodegradation of 
perchlorate and chlorinated solvents.  However, high background chloride concentrations were 
observed at LHAAP, thus the slight contribution of chloride into the groundwater through 
biodegradation is not quantifiable.   

2.4 Microbial Analysis 
Microbial analysis can provide evidence to support the third line of evidence.  A number of 
bacteria that contain nitrate reductases are capable of reducing perchlorate, such as 
Staphylococcus epidermidis and Bacillus cereus (GWRTAC 2001).  Perchlorate-reducing 
bacteria appear to be nearly ubiquitous in natural environments such as soils, sediments, surface 
water, and groundwater aquifers.  There are multiple strains that can dechlorinate TCE and TCA 
under anaerobic reductive conditions, but only one strain, Dehalococcoides ethenogenes (DHC), 
can completely reduce the DCE isomers and VC to ethene.  The presence of DHC in the 
groundwater can be the evidence to support the third line of evidence.   
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3.0 Natural Attenuation Evaluation Results 

The following sections present the results of the natural attenuation evaluation as they pertain to 
demonstrating MNA in accordance with the three lines of evidence.   

Thirteen wells representing the different groundwater zones were sampled for natural attenuation 
parameters for the baseline sampling event in June 2007.  Additional VOC and perchlorate 
samples were collected and analyzed in October 2007, December 2008, and March 2009.  These 
analytical results are summarized in Table A-1.  Current data along with historical data are 
summarized in Tables 3-2, 3-3, 3-4, and 3-5 for the shallow, intermediate, upper deep, and deep 
groundwater zones respectively.  The groundwater sample forms and laboratory reports 
associated with the June 2007, October 2007, December 2008, and March 2009 sampling events 
are presented in Appendix B of the Final Addendum to the Final Feasibility Study for 
LHAAP-16 (Shaw, 2009).   

For the purposes of this evaluation, the USEPA MCLs for drinking water or the groundwater 
medium-specific concentrations for residential use (GW-Res) under TCEQ guidelines (Risk 
Reduction Rule Standard No. 2) are used as the cleanup levels for LHAAP-16.  The GW-Res is 
used for the evaluation of the COCs without MCLs.  COCs that exceed their MCLs at 
LHAAP-16 include TCE, cis-1,2-DCE, 1,1-DCE, 1,2-DCA, VC, and methylene chloride (MC).  
The COC at this site exceeding the GW-Res was identified as perchlorate.   

The preliminary screening worksheet (USEPA, 1998) was used to evaluate if anaerobic 
biodegradation was occurring in nine shallow wells and six intermediate wells within or near the 
groundwater plumes at LHAAP-16 that had most of the requisite analytical test results.  Wells 
16WW14 and 16WW29 scored 4 points (<5), indicating anaerobic biodegradation is probably 
not occurring there.  The other 13 wells showed totals ranging from 6 to 14 points (5-15), 
showing limited evidence of anaerobic biodegradation.  The shallow wells 16WW12, 16WW16 
and 16WW36 with the highest TCE concentrations showed the highest screening scores (13, 14, 
and 12, respectively).  Because the preliminary screening shows limited evidence for anaerobic 
biodegradation, the data was evaluated using the lines of evidence.   

3.1 Shallow Groundwater Zone 
The shallow groundwater zone extends 33 feet below ground surface and contains the majority 
of contamination at LHAAP-16.  A total of 18 monitoring wells are located in the shallow 
groundwater zone.  The groundwater flow direction is to the northeast from the landfill capped 
area towards Harrison Bayou.  Nine monitoring wells 16WW05, 16WW12, 16WW16, 16WW22, 
16WW26, 16WW30, 16WW34, 16WW36, and 16WW38 were sampled for natural attenuation 
parameters during the June 2007 sampling event.   
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3.1.1 Change in COC Concentrations over Time 
The change in groundwater COC concentrations over time and with distance was evaluated in 
the shallow groundwater zone at LHAAP-16.  Wells with fewer than three sample results are not 
considered for trend analysis.   

3.1.1.1 Perchlorate 
Perchlorate has historically been detected above GW-Res in nine monitoring wells.  Two wells 
(16WW39 and 16WW40) have fewer than three sample results and cannot be evaluated for 
concentration trends.  Four wells (16WW22, 16WW30, 16WW32, and 16WW36) previously 
exceeded the GW-Res, but the most recent results show no detectable perchlorate.  One well 
(16WW16) remains above the GW-Res and shows a decreasing trend, from a maximum of 
1,050 µg/L in March, 2003, to 240 µg/L in March, 2009.  Two wells (16WW12 and 16WW26) 
remain above the GW-Res and show rising trends, with the most recent samples collected in 
June, 2007.  During the June 2007 sampling event, perchlorate was observed exceeding the GW-
Res level of 26 µg/L in wells 16WW12, 16WW16, 16WW26, and 16WW36 (see Table A-2).  
Although perchlorate levels were rising in two wells, general decreasing trends were observed in 
most shallow monitoring wells over the course of performance monitoring.  Time-based natural 
attenuation rates may be calculated for six of the nine wells where perchlorate has been found at 
concentrations exceeding the GW-Res.  Figure A-2 through Figure A-5 show perchlorate 
concentration trends for wells 16WW12, 16WW16, 16WW22 and 16WW36, respectively.   

In the upgradient well 16WW05, perchlorate concentrations have been below the detection limit, 
suggesting that no source exists upgradient of the capped landfill area (Table A-2).  In 16WW32 
and 16WW30, located side and downgradient, perchlorate levels were below the detection limit 
during the most recent sampling event.  These data suggest that the perchlorate plume is limited 
within the narrow area along the groundwater flow direction.  There are no obvious spatial 
correlations of perchlorate distribution with groundwater flow direction, evidenced by the June, 
2007 analytical results from 16WW16, 16WW36, and 16WW22.  Four extraction wells located 
between the landfill cap and Harrison Bayou are currently operating at LHAAP-16 (Figure A-1), 
which can enhance groundwater flow by pulling the plume toward the extraction wells.  The 
groundwater extraction may interrupt the natural groundwater flow, resulting in lack of 
attenuation along the groundwater flow direction, although preventing perchlorate discharge into 
Harrison Bayou.  Furthermore, perchlorate is very soluble and is not as adsorptive to soil 
particles as organic contaminants, thus extraction activity could have a greater effect on the 
perchlorate plume migration.   

A semi-passive biobarrier was established in 2004 between monitoring wells 16WW16 and 
16WW36 (Figure A-6).  Three lactate injection events were conducted to treat perchlorate.  The 
amount of electron donor (sodium lactate) added to the subsurface was intentionally limited to 
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reduce only perchlorate.  During the study period, an increasing trend of perchlorate was 
observed in 16WW36 after the injection in 2004.  However, the groundwater monitoring results 
in the vicinity of the semi-passive barrier effectively reduced the concentration of perchlorate 
close to the barrier.  These results were at study-specific monitoring points in close proximity to 
the biobarrier as shown in Figure A-6.  Following the completion of lactate injections, the 
extraction wells associated with the semi-passive biobarrier were turned off; therefore lactate 
distribution was largely determined by the natural flow velocity (estimated as 54 to 452 ft/yr 
[Shaw, 2007]) and effects of the extraction wells to the east.  Lactate lifespan is only six months 
in the subsurface; therefore, lactate could be consumed before reaching the vicinity of 
monitoring well 16WW36 located 100 feet from the semi-passive biobarrier.  The most recent 
result at 16WW36 showed no detectable perchlorate in March, 2009.  This semi-passive barrier 
is largely documented in a 2005 paper (ESTCP, 2005), but the final groundwater monitoring 
event was conducted in May 2006.  The results of the May 2006 event were provided to Shaw by 
Geosyntec (ESTCP, 2007), but the results were not included in any formal report.   

Based on the analytical results of perchlorate, natural attenuation is occurring in the shallow 
groundwater zone, as evidenced by the general decreasing trend of perchlorate.  However, the 
perchlorate concentrations above the GW-Res are still observed in localized areas (16WW12, 
16WW16, 16WW26, and two extraction wells).   

3.1.1.2 Chlorinated Ethenes 
According to historical and the most current data, TCE, cis-1,2-DCE, VC, and 1,1-DCE are the 
only chlorinated ethenes detected above their respective MCLs in the shallow groundwater.   

TCE: TCE is the most widely distributed COC and presents the majority of contaminant mass at 
LHAAP-16.  TCE has historically been detected above the MCL (5 µg/L) in 13 shallow 
monitoring wells (see Table A-2).  Four wells (16WW39, 16WW40, 16WW42 and 16WW46) 
have fewer than three sample results and cannot be evaluated for concentration trends.  One well 
(16WW34) previously exceeded the MCL, but the most recent results show no detectable TCE.  
Four wells (16WW12, 16WW16, 16WW22 and 16WW30) remain above the MCL and show a 
decreasing trend.  The highest concentration among these four wells is at 16WW16 which fell 
from a maximum of 25,000 µg/L in October, 1997, to 18,900 µg/L in March, 2009.  Four wells 
(16WW14, 16WW26, 16WW36 and 16WW38) remain above the MCL and show rising trends, 
with the most recent samples collected in December, 2004, June, 2007, or March, 2009.  In June 
2007, seven shallow monitoring wells exhibited TCE concentrations above the MCL.  Although 
TCE levels were rising in four wells, general decreasing trends were observed in most shallow 
monitoring wells over the course of performance monitoring.  Time-based natural attenuation 
rates may be calculated for five of the nine wells where TCE has been found at concentrations 
exceeding the MCL and at least three samples were collected.   Figure A-2 through Figure A-5 
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show TCE concentration trends for wells 16WW12, 16WW16, 16WW22 and 16WW36, 
respectively.   

Although perchlorate degradation is known largely to occur before TCE degradation, perchlorate 
is present at relatively low levels in the monitoring wells that exhibited elevated TCE 
concentrations.  Thus, perchlorate would not significantly reduce TCE degradation.  Based on 
the analytical results, lactate injection via the semi-passive biobarrier had no significant effect on 
TCE degradation, evidenced by the TCE concentration trend in 16WW36 since the injection 
event in 2004 (Figure A-4).  The amount of electron donor (sodium lactate) added to the 
subsurface was intentionally limited to reduce only perchlorate.   

Well 16WW05, located east of the landfill cap has not exhibited TCE, suggesting that the TCE 
source is not present upgradient of the landfill.  Monitoring wells 16WW32 and 16WW34, 
located north of the identified TCE plume area, show no detectable TCE, indicating the plume is 
bounded in that direction.  Monitoring wells 16WW30 and 16WW22, located adjacent to 
Harrison Bayou, exhibited decreasing trends of TCE concentrations, indicating that the plume is 
stable and controlled.   

1,2-DCE: As TCE degrades via reductive dechlorination, cis-1,2-DCE is produced preferentially 
over trans-1,2-DCE (EPA 1998).  In the monitoring wells where cis-1,2-DCE was detected 
exceeding its MCL (70 μg/L), the highest ratios of cis-1,2-DCE to trans-1,2-DCE were observed 
(Table A-2) – evidence that supports the occurrence of reductive dechlorination. For example, 
the ratio of cis-1,2-DCE to trans-1,2-DCE in well 16WW16, when both chemicals are detected, 
is consistently greater than 100.  Trans-1,2-DCE concentrations were detected above its MCL 
(100 μg/L) only twice, once at 16WW16 in October 1997, and once at 16WW36 in March 2009.  
In both samples, the concentration of cis-1,2-DCE was much higher (ratios of 2000 and 31.2).   

Cis-1,2-DCE has historically been detected above the MCL (70 μg/L) in eight shallow 
monitoring wells.  Two wells (16WW39 and 16WW42) have fewer than three sample results and 
cannot be evaluated for concentration trends.  One well (16WW22) previously exceeded the 
MCL, but the most recent results show a cis-1,2-DCE concentration of 4.96 J µg/L.  Two wells 
(16WW16 and 16WW38) remain above the MCL and show a decreasing trend.  The highest 
concentration among these two wells is at 16WW16 which fell from a maximum of 
270,000 µg/L in January 1998, to 11,800 µg/L in March 2009.  Three wells (16WW12, 
16WW26 and 16WW36) remain above the MCL and show rising trends, with the most recent 
samples collected in October 2007, June 2007, and March 2009, respectively.  In June 2007, 
cis-1,2-DCE concentrations were detected above the MCL in five monitoring wells (16WW12, 
16WW16, 16WW26, 16WW36 and 16WW38).  Time-based natural attenuation rates may be 
calculated for three of the six wells where cis-1,2-DCE has been found at concentrations 
exceeding the MCL and at least three samples were collected.  Figure A-2 through Figure A-4 
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show cis-1,2-DCE concentration trends for wells 16WW12, 16WW16, 16WW22 and 16WW36, 
respectively.   

Results from well 16WW05, located upgradient of the capped landfill area, did not indicate the 
presence of cis-1,2-DCE, suggesting there is no source located upgradient of landfill.  16WW30  
located adjacent to Harrison Bayou, exhibited low cis-1,2-DCE concentrations, suggesting that 
cis-1,2-DCE has been attenuated along the groundwater flow direction.  In the downgradient 
well 16WW22, the decreasing trend of cis-1,2-DCE could be the result of reductive 
dechlorination, indicating the plume is controlled.   

1,1-DCE: The abiotic hydrolysis of 1,1,1-TCA produces 1,1-DCE which can undergo reductive 
dechlorination to VC and ethene or degrade via alternate pathways to carbon dioxide and 
chloride.  Based on the historical analytical results, 1,1-DCE has been detected above the MCL 
(7 µg/L) in four shallow monitoring wells.  One well (16WW12) previously exceeded the MCL, 
but the most recent results show no detectable 1,1-DCE.  One well (16WW16) remains above the 
MCL and shows a decreasing trend.  The 1,1-DCE concentration at 16WW16  fell from a 
maximum of 740 µg/L in October 1997, to 43.2 µg/L in March 2009.  Two wells (16WW36 and 
16WW38) remain above the MCL and show rising trends, with the most recent samples 
collected in March 2009 and June 2007, respectively.  In June 2007, the most elevated 1,1-DCE 
concentration of 97.1 μg/L was observed at 16WW36 (Table A-2).  Time-based natural 
attenuation rates may be calculated for two of the four wells where 1,1-DCE has been found at 
concentrations exceeding the MCL and at least three samples were collected.   

VC: As the parent compounds TCE or TCA are reduced, VC is the final chlorinated daughter 
product of reductive dechlorination.  VC has historically been detected above the MCL (2 µg/L) 
in seven shallow monitoring wells (see Table A-2).  One well (16WW39) has fewer than three 
sample results and cannot be evaluated for concentration trends.  One well (16WW22) had VC 
concentrations above the MCL in past samples, but the most recent sample of 1.76 J µg/L from 
June 2007 is less than the MCL.  One well (16WW16) remains above the MCL and show a 
decreasing trend.  The VC concentrations at 16WW16 fell from a maximum of 11,000 µg/L in 
October 1997, to 564 µg/L in March 2009.  Four wells (16WW12, 16WW26, 16WW36 and 
16WW38) remain above the MCL and show rising trends, with the most recent samples 
collected in October 2007, June 2007, March 2009, and June 2007, respectively.  In June 2007, 
VC was detected in six monitoring wells and exceeded its MCL (2 μg/L) in five monitoring 
wells (16WW12, 16WW16, 16WW26, 16WW36, and 16WW38).  Time-based natural 
attenuation rates may be calculated for two of the six wells where VC has been found at 
concentrations exceeding the MCL and at least three samples were collected.  Figure A-2 
through Figure A-5 show VC concentration trends for wells 16WW12, 16WW16, 16WW22 and 
16WW36, respectively. 
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The presence of VC is evidence of reductive dechlorination.  Results from well 16WW05, 
located upgradient of the capped landfill area, did not indicate the presence of VC, suggesting 
there is no source located upgradient of landfill.  16WW30, located adjacent to Harrison Bayou, 
exhibited no detectable VC concentrations, suggesting that VC has been attenuated along the 
groundwater flow direction.  In the downgradient well 16WW22, the decreasing trend of VC 
concentrations could be the result of reductive dechlorination, indicating the plume is controlled.  
The increase in VC can be attributed to DCE degradation. The amount of VC produced will 
decrease as DCE is depleted.  

The occurrence of the daughter products cis-1,2-DCE, 1,1-DCE, and VC are direct evidence that 
reductive dechlorination is occurring.  The decreasing in-well trends of perchlorate, TCE, cis-
DCE and VC near the landfill also support the occurrence of natural attenuation.  The 
observation of lower COCs concentrations in the downgradient wells supports natural 
attenuation occurrence along groundwater flow direction.   

3.1.2 Geochemical Indicators 
Groundwater field parameters, including DO, ORP, pH, temperature, and conductivity, were 
analyzed in the field during the June 2007 sampling event.  In addition, laboratory analyses for 
the following natural attenuation parameters were performed during the same sampling event: 
gases (methane, ethane, and ethene), anions (sulfate, nitrate, nitrite, and chloride), and total 
organic carbon (TOC).   

Dissolved Oxygen:  Oxygen is the preferred terminal electron acceptor during aerobic microbial 
respiration.  Due to the low storativity of the shallow groundwater zone, the majority of shallow 
groundwater monitoring wells cannot be sampled with the low flow technique.  After these 
monitoring wells were bailed dry, water samples were collected the following day.  Only two 
wells, 16WW12 and 16WW16, were sampled with the low flow technique, and field test 
parameters were recorded at those wells.  DO levels were 0.39 and 0.86 milligram per liter 
(mg/L) in the June 2007 sampling event (Table A-2).  DO concentrations at these wells suggest 
anaerobic conditions in the shallow groundwater inside the plume area.   

During the December 2008 sampling event (Table A-2), DO levels were measured at shallow 
monitoring wells 16WW42, 16WW43 and 16WW44.  These wells are at the northern and 
southern periphery of the site and not within the plume area.  DO concentrations at these wells 
ranged from 1.98 to 2.61 mg/L, suggesting aerobic conditions in the shallow groundwater zone 
away from the plume area. 

Oxygen Reduction Potential: ORP often correlates with the dominant type of microbial activity.  
The lower the measurement, the more likely that sulfate-reducing or methanogenic conditions 
can occur in the subsurface.  In June 2007, the ORP measurements were 161.7 millivolts (mV) in 
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16WW12 and 127.2 mV in 16WW16 (Table A-2), indicating the groundwater was under 
oxidative conditions.  During the December 2008 sampling event (Table A-2), ORP 
measurements ranged from -420.9 to 71.1 at the shallow monitoring wells 16WW42, 16WW43, 
and 16WW44, indicated the groundwater was under reducing conditions. 

The DO readings contradicted the ORP measurements, and DO readings are generally more 
reliable than ORP values.   

Nitrate: Following oxygen, microorganisms preferentially use nitrate as a terminal electron 
acceptor.  Concentrations of nitrate less than 1 mg/L are not expected to interfere with anaerobic 
reductive dechlorination (USEPA, 1998).  Active nitrate-reducing conditions are often indicated 
by a depletion of nitrate in groundwater and a possible increase in nitrite, which is favorable for 
perchlorate degradation.  In June 2007, nitrate and nitrite concentrations were below detection 
limits (Table A-1).  Nitrate concentrations from other sampling events were also mostly below 
detection limits (Table A-2).  Thus, nitrate levels are not expected to interfere with perchlorate 
and chlorinated ethene degradation.   

Ferrous Iron: Once nitrate has been depleted, microorganisms use ferric iron as the next terminal 
electron acceptor.  As an indirect indicator of reduced ferric iron, accumulation of ferrous iron 
may be observed.  Ferrous iron levels above 1 mg/L suggest that groundwater conditions are 
favorable for reductive dechlorination (USEPA, 1998).  During the June 2007 sampling event, 
ferrous iron levels ranged from 0 to 3.3 mg/L (Table A-2), and most iron detections exceeded 
1 mg/L, suggesting that iron reduction is not likely to interfere with reductive dechlorination. 

Sulfate: Reductive dechlorination of highly chlorinated compounds such as TCE occurs under 
sulfate-reducing conditions, but the reductive dechlorination of cis-1,2-DCE and VC is unlikely 
to occur under the same conditions.  Sulfate-reducing conditions are favored when other electron 
acceptors such as oxygen, nitrate, and bioavailable ferric iron are depleted, leaving sulfate as the 
primary electron acceptor.  Active sulfate reduction is often indicated by a depletion of sulfate in 
groundwater and a possible increase in sulfide.  Concentrations of sulfate greater than 20 mg/L 
may cause competitive exclusion of complete reductive dechlorination (USEPA, 1998), but no 
significant effect on perchlorate degradation which could occur under nitrate-reducing 
conditions.  As Table A-2 indicates, June 2007 sulfate concentrations at LHAAP-16 ranged from 
18.9 mg/L in 16WW05 to 2,190 mg/L in 16WW36; meanwhile sulfide was under its detection 
limit (1.0 mg/L) in all monitoring wells.  These data suggest that the site groundwater is not 
under sulfate-reducing conditions, and the elevated sulfate levels will likely limit the 
biodegradation of chlorinated ethenes.   

Methane: Methanogenesis occurs in highly reducing groundwater conditions, and an 
accumulation of methane above 0.5 mg/L is considered to be methanogenic conditions 
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BASIS OF ESTIMATE FOR 
LHAAP-16 REMEDIATION, LHAAP-16 FS ADDENDUM, LHAAP, KARNACK, TEXAS 
 
The information included here is based on the cost estimate in Appendix A of the Site 16 FS 
(Jacobs, 2002).   

1.0 LHAAP-16 Remediation 
Work Breakdown Structure 

1.10 Alternative 7, Cap, Land Use Controls, In Situ Bioremediation, Passive Biobarrier, and 
Monitored Natural Attenuation,   

 
1.XX.10 O&M Maintenance Cap 
1.XX.20 Land Use Controls 
1.XX.30 In Situ Enhanced Bioremediation 
1.XX.40 Passive Biobarrier 
1.XX.50 Monitored Natural Attenuation 
1.XX.60 Long-term Monitoring 
 
Notes:  

• “XX” represents the alternative number. 

• The estimate is being prepared for a CERCLA feasibility study.  The accuracy 
of the estimate is +50 percent – 30 percent in accordance with CERCLA 
guidance.  No contingency is included in the estimate. 

Accuracy of Estimate  

This section discusses assumptions used to generate the estimated and is not alternative-specific. 

General assumptions: 

• Client will subcontract remediation to a General Contractor. The General 
Contractor will subcontract to specialty subcontractors to perform different 
remediation tasks. 

• O&M activities will be performed by a subcontractor for the client. 

• General Contractor will receive a 15 percent mark-up on subcontractor cost. 
General Contractor will not receive 15 percent mark-up on his direct cost. 

• Mark-up includes general overhead and profit. 
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• Construction Management WBS only includes General Contractor’s direct 
cost plus his 15 percent mark-up on his subcontractors. 

• Sales Taxes have been applied on material only at 6.5 percent. 

• When earlier estimates were updated, inflation was estimated using the 
Engineering News Record Construction Cost Index (28% from 2001 to 2008).   

Labor rates used in the estimate are national averages and are not area specific.  The labor rates 
include direct cost, fringes, employer liability and workmen’s compensation.  Some rates as 
indicated below are fully burdened including indirect and profit.  The following are the rates 
used in the estimate:   

Labor Rates: 

 
Laborer (L)      $25.38 per hour 
Equipment Operator (OP)   $37.67 per hour 
Pipe Fitter (PF) $39.43 per hour 
Electrician (E)  $39.56 per hour 
Truck Driver (TD) $27.75 per hour 
Engineer/Geologist (Eng) $85.20 per hour (Fully Burden Rate) 
Superintendent- GC (Super) $85.20 per hour (Fully Burden Rate) 
Superintendent- SUB (Super) $72.09 per hour  
Technician (Tech) $45.88 per hour 
Technical Services Composite Rate (X-1) $78.65 per hour (Fully Burden Rate) 
Health & Safety Officer (H/S) $58.99 per hour 
Hazardous Material Tech. (HMT) $52.43 per hour 
Composite Construction Rate (X) $32.77 per hour  
Vendor Technical $98.31 per hour 
 

The material, equipment and production rates were generated using national averages obtained 
from nationally recognized cost references such as R.S. Means and Richardson.  

Material, Equipment and Production: 

 
The estimators used their experience to modify national average production rates for remedial 
action work. Most national cost references are based on the construction of facilities and not the 
remediation of existing facilities. Cost adjustments are required to reflect the actual estimated 
cost of the work.  
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O&M Costs

O&M costs do not include capital cost for the installation of equipment, wells or the 
modification of existing facilities.  O&M costs will be assumed to go for 30 years from the 
beginning of the project unless otherwise specified in the alternative discussion part of the 
document. 

: 

 

Present Worth is calculated based on the schedule in the alternative discussion section of the 
document.  A discount factor of 2.7 percent per year was used to calculate present worth.   

Present Worth: 

 

Suite 1-  VOCs, perchlorate, pH, TDS, Temperature, Conductivity 

Analytical Requirements: 

Suite 2- VOCs, perchlorate, dissolved oxygen, ORP, pH, temperature, ferrous iron, 
dissolved iron and manganese, nitrate, sulfate, sulfide, chloride, alkalinity, total 
organic carbon, dissolved gases (methane, ethane, and ethene) 
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