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MEASUREMENTS AND CONVERSION 

Rounding 
Sane numbers have been rounded; therefore, sums and troduds throughout the document may not be 
consistent. Anumber was rounded only after all calrulations using that number had been made. 
Numbers that are actual measurements were not rounded. 

Metric Conversloo Chart 

ToG« 
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square meters 
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sqwK'C kilometers 

Wen 
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cubic meters 

IfYoaKn_ 
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yd 
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ES.O EXECUTIVE SUMMARY 


This document presents the results of the Corrective Measures StudylFeasibility Study (CMSIFS) 
condJcted for the United States Department ofEnergylNational Nuclear Security Administration 
(USDOEINNSA), Pantex Plant, Amarillo, Texas. The CMSIFS describes how corrective measure 
alternatives were developed and evaluated for the purpose of proposing a remedial actioo 
recommendation. The study focuses 00 corrective measure alternatives developed to address coostituents 
of concern (COCs) identified in the perched groundwater! for a hypothetical current receptor and future 
Jrotection of the Ogallala Aquifer, a significant and important source of groundwater for the region. 

ES.I SITE INFORMATION AND REGULATORY FRAMEWORK 

Pantex Plant is an active facility with a primary mission to: 1) assemble nuclear weapons for the nation's 
stodq>ile~ 2) disassemble nuclear weapoos being retired from the stockpile; 3) evaluate nuclear weapons; 
4) develop, fah"icate, and test chemical explosives and explosive compooents for nuclear weapons to 
support USDOEINNSA initiatives; and 5) provide storage for plutonium pits from dismantled nuclear 
weapons. The ClDTent mission will continue into the foreseeable future; therefore, land use at Pantex 
Plant will remain industrial. Further, USOOEINNSA fully intends to maintain the Pantex Plant for 
industrial land use under any potential agency missioo. 

Pantex Plant is also an active permitted hazardous waste facility subject to Resource Conservation and 
Recovery Act (RCRA) requirements. Following placement on the Natiooal Priorities List in 1994, the 
Plant also became subject to the ComJrehensive Environmental Re!iponse. Compensation, and Liability 
Act (CERCLA) requirements. In addi~ion. USOOEINNSA has issued guidance for integrating National 
Environmental Policy Act (NEPA) requirements into evaluation ofRCRA and CERCLA corrective 
measures. Therefore, an Environmental Assessment (EA) is being conducted simultaneously with this 
CMSIFS, completely fulfilling the requirements of NEP~ RCM, and CERCLA. The EA will be issued 
as a separate document that provides supporting analysis ofthe potential impacts associated with 
implementation ofthe range of corrective measures represented here. 

ES.2 REMEDIAL AcnON OBJECTIVES 

Pantex Plant Human Health and Ecological Risk Assessments were conducted to determine the media 
(soils.. groundwater, etc.) and constituents of concern (COCs) that require remedial action. The ecological 
riS:c assessment Jrocess.. including the Site- Wide Ecological Risk Assessment Reporl (BWXT 
Pantex/SAIC, 2005), did not identity COCs for ClDTent and future riS:cs to ecological receptors from 
exposure at individual corrective action units or 00 a site-wide basis. Therefore, there was no need to 
develop corrective measure alternatives for protection of ecological receptors in this CMS/FS. 

However, COCswere identified for both perched groundwater and soils, as detailed in the following 
reports: 

• 	 Baseline Human Health Risk Assessment Reporl for Zones 10, 11, and 12, Fire Training Area, 
Ditches and Playas, Independent Sites, arJ Groundwater for the USIXJEINNS4, Pantex Plant, 
Amarillo, Texas (BWXT PantexlSAIC, 2006) 

• 	 Burning GrourJ Human Health Risk Assessment Reporl (BWXT Pantex, 2005a). 

I The perched groundwater is the shallowest water-bearing zone in the lK"ea and is the tim: grounciwater ullit affected by the migration of 
constituents released from PaIlI:ex FlaIlI: cOITective action units. Vertical flow between the perched grounciwater md Ogallala Aquifer is 
limited by afme-grained aquitard, refen-ed to as the fine-grained zone. 
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Specifically, these Human Health Risk. Assessment (InfRA) reports identified that the following Pantex 
Plant media contain COCs requiring further active corrective measures andloc cmtrols: 

• 	 Zone 11 soils (polyaromatic hydrocarbons) 
• 	 Zone 12 soils (high explosives and polyaromatic hydrocarbons) 
• 	 Landfill soils (polyaromatic hydrocarbons) 
• 	 Burning Ground soils (high explosives and depleted uranium) 
• 	 Permed groundwater (high explosives, volatile ocganic compounds (VOCs), boron, permlorate, 

and total and hexavalent dlromium) 

A deed recordation will be established for all solid waste management units and areas ofconcern closing 
to Risk. RedJction Standard 3, including the Nuclear Weapons Accident Residue storage unit that was 
addressed in a separate HHRA report submitted in January 2006. 

Most impoctantly. the HHRA reports identified that impacted permed groondwater could potentially, in 
the absence ofcocrective measures, migrate vertically in areas south and east of Pant ex Plant and 
transport COCs (primarily high explosive compounds) to the Ogallala Aquifer in the future. 

Therefore, the Pantex Plant remedial actim objectives are: 

• 	 Prevent exposure to untreated permed groundwater onsite and offsite to the south and east of 
Pantex Property. 

• 	 Reduce or eliminate the flux ofwater from the permed groundwater in the southeast area to 
reduce the potential foc COCS to be transported to the Ogallala Aquifer. 

• 	 Provide additional monitoring wells in permed groundwater and the Ogallala Aquifer to increase 
the effectiveness ofmonitoring for: 

o 	 Olanges to nature and extent of COCs in perched groundwater, and; 
o 	 Early detection of perched COCs in the Ogallala Aquifer, should migration occur. 

The remedial action objectives were used to develop and evaluate the corrective measme alternatives 
Jl"esented in this CMSIFS. 

ES.3 	 REMEDIES FOR Son. SOURCES 

Voluntary interim corrective measures have been, oc are being, implemented to mitigate potential risk. to 
the onsite industrial workers by direct cmtact primarily through excavation and disposal of impacted soils 
from the following areas: 

• 	 Zone 11 
• 	 Zone 12 
• 	 Landfills 
• 	 Burning Ground. 

Potential risk. was also identified to the cmstruction worker at Landfill 1, Landfill 13, Burning Groond, 
and Zone 12. Construction/excavation activities at Panlex Plant are presently managed throogh the 
Jl"ocess identified in Pantex Plant work instruction (WI) 02.01.04.03.01, How to Obtain a Solid Waste 
J.fmagement Unit (SWMU) Inte1ference Notification (BWXT pantex. 200Sc). Ifconstruction activities 
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are deemed necessary, construction!excavation workers are recpired to wear Jroper personal Jrotective 
equipment appropriate foc work perfonned within the impacted areas, in accordance with the WI. With 
enforcement of this WI, potential exposure to soil COCs is controlled; therefore, the construction! 
excavation worker is Jrotected. A deed record is recpired in accordance with 30 Texas Ac:ininistrative 
Code (TAC) §335.566, Deed Recordationfor Risk Reduction Standard 3, to Jrovide furure notification to 
others in the unlikely event that the property is sold oc transferred. 

As a result of the aforementioned factors, additional corrective measure alternatives for soils are not 
necessary, and technologies to address COCs in soil are not evaluated in this CMS/FS. 

ES.4 REMEDIES FOR PERCHED GROUNDWATER 

ES.4.1 Alternatives 

The COCs identified for permed groundwater are related to its hypothetical potential use as a water 
soll"ce. Although a rurrent direct expo!:llre pathway does not exist from impacted perched groundwater to 
a receptor, impacted permed groundwater does occur offsite. rusk assessment results also indicate the 
potential foc future migration of impacted perched groundwater to the underlying Ogallala Aquifer. 
Therefore, permed groundwater COCs were retained for development and assessment of corrective 
measure alternatives in this CMS/FS. Retained COCS include high explosives, metals (total and 
hexavalent chromium and boron), permlorate, and two volatile organic compounds. RDX. a high 
explosive compound. was identified as the primary risk diver in the HHRA. Evaluation of corrective 
measures focused on the effectiveness of the remedy to eliminate or reduce, to the greatest extent 
possible, the migration of impacted perched groundwater to the underlying Ogallala Aquifer. Treatment 
technologies addressed all permed groundwater COCs in the evaluation ofthe alternatives. 

Several alternatives, both conventional and innovative, were saeened on the basis of site, waste, and 
technical maracteristics to forus on the technologies and options that may be feasible to implement to 
meet the remedial action objectives. Potential groundwater remedial tedlnologies and process options 
retained through the screening Jrocess included land-use controls, monitoring, hychulic barriers, in 
situ/ex situ biological treatment:. in situ/ex situ memicallphysical treatment:. and onsite and offsite 
disposal. After analysis of these tedlnologies, alternatives were developed based on experience gained 
through treatability studies conducted at Pantex Plant:. JCMs, ongoing analysis of the existing Perched 
Groundwater Pmnp and Treat System (pGPTS), groundwater modeling (Appendix A), site knowledge, 
and professional engineering judgment. The following alternatives are evaluated for the impacted 
portions of the perched groundwater: 

• Alternative 1: No Action 
• Alternative 2: Monitored Narural Attenuation (MNA) 
• Alternative 3: Existing Pump and Treat, with MNA 
• Alternative 4a: Enhanced Pmnp and Treat using Horizontal Extraction Wells, with MNA 
• Alternative 4b: Enhanced Pmnp and Treat using Vertical Extraction, with MNA 
• Alternative 5: Targeted Treatment with MNA. 

Alternatives were evaluated against specific criteria to detennine the degree to which each alternative is 
technologically effective, implementable, and cost-effective. Nme aiteria were evaluated to assess the 
perched groundwater alternatives based on 30 TAC §335.561, Attainment ofRiskRedJX:tion Stanfard 3: 
ClosurelRemediationwith Controls; 30 TAC §335.562, Remedy Evaluation Factorsfor Risk Reduction 
~andardNumber 3; and 40 CFR §300.430 (e)(9)(iii), Feasibility ~udy, DetailedAnalysis ofAlternatives, 
Nine Evaluation Criteria. 
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The nine evaluation criteria applied fa: this CMSIFS are: 

1. Protection of human health and the environment 
2. Attainment of media-specific cleanup standards 
3. Control of source releases 
4. Compliance with applicable standards for waste management 
5. Long-tcnn reliability and effectiveness 
6. Reduction in toxicity, mobility, or volume ofwaste 
7. Short-term effectiveness and safety 
8. Implementability 
9. Cost. 

A ranking system was used to compare alternatives against coe another. The alternatives are ranked on 
their ability to meet the first four essential criteria (a: threshold criteria) using a "yeti' or "no." With the 
exception of cost, alternatives are ranked on their ability to meet the remaining general decision facters 
(a: balancing criteria) using a scale of 1 to 5. With respect to cost, the present worth fa: each alternative 
is listed to allow for a direct comparisco of the cost for each alternative. 

The alternatives in this CMSIFS are evaluated based on their respective effectiveness in achieving the 
Pantex Plant remedial action objectives, specifically, reducing the Jl"edicted potential migration ofRDX
impacted perched groundwater to the tmderlying Ogallala Aquifer. Each alternative includes ccotrols and 
measures that break the pathway fa: potential exposure to impacted groundwater. Alternative 1 recpires 
deed recordation and instituticoal ccotrols to break. the pathway. Alternative 2 relies co monitored natural 
attenuation, in conjunctico with institutional controls, to prevent exposure to impacted groundwater. 
Alternatives 3 and 4 (4a and 4b) rely on pwnp and treat to remove perched grotmdwater and reduce, to the 
greatest extent possible, the future migration of impacted pc:rched groundwater to the Ogallala Aquifer 
through a ccmbination ofdewatering and enhanced RDX mass removal. The pwnp and treat alternatives 
largely target areas where saturated thickness is sufficient to support 30 years of active perched 
groundwater removal. Alternative 5 focuses in situ treatment technologies in areas ofthin perched 
saturation to the south and southea!it, where the most significant potential future impacts to the Ogallala 
Aquifer are Jl"edicted. 

Following evaluation ofthe five alternatives to detennine if the remedial action objectives could be 
achieved, additional modeling simulaticos were conducted to combine the strengths ofeach altemative 
and arrive at a recommendation. This recommendation takes into account key features of the site that 
govern perched groundwater flow. The groundwater mound and greatest saturated thickness beneath and 
adjacent to Playa 1 represents an area where extraction of large volumes ofperched grotmdwater may be 
achievable. Reduction of this mound will significantly recbce the upgradient hydraulic head driving the 
continued migration of impacted perched groundwater to the southeast, thus increasing the long-term 
effectiveness and reliability of the remedy. However, because of the slope ofthe fine-grained zone (FGZ) 
!:Urface and the extent of impacted perched grotmdwater (especially the large areas of thin saturation 
offsite to the south and east), a<i:iitional extraction near Playa 1 alcoe is not sufficient to meet the RAOs. 
Similarly. permeability variations in the saturated media indicate areas of higher hydraulic ccoductivity 
capable ofsupporting lcog-term extractico OCClUTing adjacent to areas of lower hydraulic ccoductivity. 
Understanding this heterogeneity is key to effective system design and necessitates the use ofexploratcry 
boreholes cbring the design (ilase to identify the optimwn locaticos for perched grotmdwater extraction. 
Exploratory ba:ings will also be used to further define the variability of the FGZ !:Urface and delineate 
areas where the FGZ becomes ma:e permeable. The information gained frcm the exploratory borings 
may permit a more focused application ofIn situ treatment technologies to mitigate. to the extent possible, 
the migration of impacted perched grOtmdwatc:r (or any amendments) through the FGZ. 
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ES.4.2 Recommendation 

The recommended alternative consists ofenhanced pump and treat with monitoced natural attenuation and 
continued purruit and periodic reevaluation of targeted in situ treatment in the FGZ transition area, 
southeast of Pant ex Plant. This recommendation is based on extensive research, investigation, sampling, 
analyses, treatability studies. interim corrective measures (rudt as the perched groundwater JXlmp and 
treat system), engineering judgment. and fate and transport modeling conducted by Pantex Plant since the 
late 1980s. In response to community and regulatory concerns expressed during public meetings about 
groundwater beneath and near Pantex, the recommendation foruses on protecting the Ogallala Aquifer 
from future impact and increasing the reliability of future detection monitoring in the Ogallala Aquifer as 
the primary remedial action objectives. 

The recommended alternative will eliminate re-injection of treated perched groundwater in the rurrent 
PGPTS and enhance the extraction capability ofthe rurrent system with additional wells. using 
explocatory boreholes to guide their placement. Figure ES-l depicts the components ofthe recommended 
alternative, whidt are presented as follows: 

• 	 Continued use of the current perched groundwater extraction wells foc 30 years. with no re
injection 

• 	 Installation of 25 new vertical extraction wells to enhance extraction of perched groundwater 

• 	 Expansion of the treatment capacity of the rurrent system to 590,000 gpd of perched groundwater 

• 	 Irrigation of crops with treated perdted groundwater 

• 	 Augmentation of the current groundwater monitoring well networkwith the installation oftwo 
additional monitoring wells in perched groundwater and eight additional monitoring wells in the 
Ogallala Aquifer 

• 	 Deed restrictions and other institutional controls to restrict the use of perdted groundwater onsite 
and offsite to the south and east of Pantex Plant 

• 	 Natural attenuation processes. 

Eliminating re- inj ection of treated perched groundwater substantially improves the performance of the 
existing PGPTS by decreasing the hydraulic gradient to the southeast. The reduced gradient decreases the 
perched groundwater velocity and the rate of COC migration resulting in more time for natural 
attenuation to occur. Modeling sirrrulations indicate that a two- to three-fold reduction in the mass of 
COCs exiting the perched groundwater zone can be achieved by enhancing the existing PGPTS with no 
re-injection. For these reasons. the injection wells for the existing PGPTS will be eliminated from the 
PGPTS and are not included on Figure ES-l. Also, the additional proposed Ogallala Aquifer monitoring 
wells are located outside the footprint of the impacted perched groundwater. This proposed placement 
mitigates the potential for cross-contamination and creation of preferential pathways foc migration of 
COCs to the Ogallala Aquifer Wring well installation. 
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1.0 INfRODUCTION 

This report doruments the Corrective Measure StudylFeasibility Study (CMSlFS) conducted at the United 
States Department of EnergylNational Nuclear Serurity Administration (USDOE'NNSA) Pantex Plant, 
Amarillo, Texas (Figure 1-1). This CMSIFS describes the development, screening, and evaluation of 
corrective measure alternatives. 

Soil and groundwater constituents of concern (COCs) were identified in the baseline risk assessments 
(BRAs) (Section 1.3.3) as posing unacceptable, or potentially unacceptable, ri!!k to current and future 
receptors. Soils posing these ri!!ks are being excavated as part of the voluntary Interim Corrective 
Mea.&lres (lCMs) being implemented; therefore, further evaluation of corrective measures for soil coes 
was not conructed and only groundwater COCs were carried fcrward in this CMSIFS. Media-specific 
concentrations (MSCs) were calrulated foc perched groundwater COCs requiring an assessment of 
corrective action. Alternatives are evaluated in this CMSIFS for site-wide perched groundwater. 

The following sections provide brief descriptions of the regulatory initiatives, establish the purpose and 
scope ofthis CMSIFS, summarize studies and actions conducted to date, and present the organization of 
this repoct. 

1.1 REGULATORY INITIATIVES 

Pantex Plant is an active permitted hazardous waste facility subject to Resource Conservation and 
Recovery Act (RCRA) requirements. The United States Environmental Protection Agency (EPA) and the 
Texas Commission on Environmental Quality (TCEQ) (formerly Texas Natural Resource Conservation 
Commission [TNRCCD jointly issued a Hazardous Waste Permit (HW-50284) to Pantex Plant in 1991, 
whim authorized storage and processing of hazardous waste. 

In response to receiving authority under the 1984 Hazardous and Solid Waste Amendments to RCRA, 
EPA conducted aRCRA Facility Assessment (RFA) Visual Site Inspection Report (EPA, 1989) ofPantex 
Plant in January 1988, to identify Solid Waste Management Units (SWMUs)/Areas of Concern (AOes) 
that may recpire investigation and possible corrective action. In December 1990, an Administrative 
Order on Consent was signed by EPA and USDOE that outlined the recpirements for ICMs. RCRA 
Facility Investigations (RFIs), CMSs, and corrective mea.&lfe implementations (CMIs) at Pantex Plant 
based on operable units (OUs). The OUswere assigned based on the types of processes previously 
conructed at the units and expected constituents of potential concern (COPCs). The cocrective actim 
Jrocess foc the OUs was to be implemented m independent smedules. In May 1994, Pantex Plant was 
added to the National Priorities List (NFL); therefore, Pantex Plant must meet applicable requirements of 
the Cocnprehensive Environmental Respmse, Compensatim, and Liability Act (CERCLA) and RCRA. 

The Hazardous Waste Permit was modified and replaced in 1996 by a Pennit foc Industrial Solid Waste 
Management Site issued by TCEQ, as TCEQ received RCRA authority frocn EPA. and the requirements 
outlined in the Administrative Order for performing ICMs, RFIs, CMSs, and CMIs were incocporated into 
the modified permit. In June 2003, TCEQ issued a Co1n[iiance Planfor Industrial Solid Waste (herein 
referred to as the Compliarre Plan) (TCEQ, 2003d) for Pantex Plant under the Hazardous Waste Permit 
in conjunction with the Permit for Inrustrial Solid Waste Management Site. The Compliance Plan 
(TCEQ, 2003d) replaced the Hazardous Waste Permit cocrective action and groundwater monitoring 
requirements and included requirements foc evaluation of interim stabilization measures (ISMs). 

During the initial stages of investigatim, RFIs were conructed by OUs, as outlined in the A<ininimtive 
Order on Consent and the previous Hazardous Waste Permit requirements. Under the current Compliance 
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Plan (TCEQ, 2003d), RFIs, CMSs, and ICMs are conducted according to a zone/Waste Management 
Group (WMG) approach. Under this approach, the units were grouped into WMGs according to spatial 
IX"oximity. The WMGs were combined into an RFI Report (RFIR) foc each major cperational zone at 
Pantex Plant, where possible (e.g., WMG 1 in Zone 11). The awlication of the zoneIWMG concept is 
considered a more appropriate approach to the evaluation of SWMUs and AOCs (herein collectively 
referred to as corrective action units) because it allows for maracterization of commingled plumes from 
corrective action units in close spatial proximity. 

1.1.1 State of Texas Risk Reductlon Rule 

The investigation, cleanup, and closure of corrective action units for chemical COPCs are completed 
tmdcr the Risk RedJction Rule (RRR) fotmd in 30 (Texas Administrative Code) TAC §335, Subchapter S 
codified in 1993. Although the RRR has been replaced by the Texas RiEt. Reduction Program (TRRP), 
whim can be applied to remediation projects Slbsequent to the applicability date ofMay I, 2000, Pantex 
Plant remains grandfathered under the RRR The RRR IX"ovides three RiEt. Reduction Standards (RRS) 
(RRS I, RRS 2, and RRS 3) for cloSJre as described below. Submapter S contains the regulations to 
determine and apply the RRS. The TCEQ Consistency Documentfor Implementation ofthe Existing Risk 
Reduction Rule (TNRCC, 1998) IX"0vides further detailed information for implementing the RRR 

• 	 RRS 1: Oosure/remedlatlon to background or practJcal quantltatlon Umlt (PQL). Under 
RRS I, the most stringent level, all waste andloc contaminated environmental media must be 
remediated to background concentrations unaffected by waste management or industrial 
activities, as specified in 30 TAC §335.554. Cleanup levels for RRS 1 are comprised of 
backgrotmd concentrations foc naturally-occurring constituents determined from media 
unaffected by waste management, indJstrial activities, or laboratory PQLs, defined in 30 TAC 
§335.552, as the lowest concentration of an analyte that can be reliably cpantified within 
specified limits ofprecision and accuracy during routine laboratory operating conditions for non
naturally-occurring constituents or naturally-ocrurring constituents with background 
concentrations lower than the PQL. 

• 	 RRS 2: Oosurelremedlatlon to health-based standards and criteria following the 
procedures speclned In 30 TAC §335.5S5, to provide appropriate protection for human 
health or the environment. RRS 2 values are based on promulgated standards (e.g., maximum 
contaminant levels [MCLsD or cleanup values established in 30 TAC §335.556 through 
§3 35 .559. The calculations used to establish the RRS 2 cleanup values are the same for all 
cocrective action units and are based on exposure to one constituent in one expoSlre medium. 
Thus, the RRS 2 cleanup values do not account for site-specific factors or the presence of more 
than one COPC. CloSlre under RRS 2 also recpires an ecological evaluation, starting with the 
initial ecological screening detailed in TCEQ guidance. 

• 	 RRS 3: Oosurelremedlatlon with controls. RRS 3· compliance recpires the remedy to achieve 
the highest degree of long-term effectiveness possible, considering cleanup objectives and costs, 
and the remedy must achieve media cleanup requirements specified in 30 TAC §335.563. Under 
RRS 3, cleanup values can be derived using site-specific information foc land use and associated 
potential receptocs, rut these cleanup values must consider multiple copcs within the medium 
and expoSJre to multiple contaminated media, when necessary. Furthermore, COPCs can be left 
in place as long as the risk posed by those copcs is not greater than the target riEt. values 
provided in 30 TAC §335.563. Media cleanup requirements under RRS 3 also allow the use of 
long-term site controls (e.g., institutional or engineering controls) to attain regulatocy compliance. 
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Unlike RRS 2 closure, RRS 3 closure requires a BRA that addresses both human health and 
ecological risks to evaluate potential adverse effects under both current and fun.lre conditions 
from COPCS at a site in the absence ofany action to control or mitigate the release. When a 
permanent COPC removal tedmology (e.g., soil composting or soil removal) has been 
implemented, current site conditions (i.e., remediated conditions) will serve as the baseline for 
calculating risks. RRS 3 also requires a CMS to evaluate the abilities and effectiveness of 
remedial actions and to recommend the remedial action that best achieves the requirement of 
RRS3. 

Radionuclides fall under EPA authority, and a separate process similar to the RRR was utilized to defme 
the nature and extent of radionuclides and to determine the need for remediation or inclusion in a BRA. 
Similar to the RRR. backgrounds for naturally-occurring radionuclides were establiSted and used to 
screen out potential radiological areas that do not contain COPCs. Preliminary remediation goals (PRGs) 
that are protective of industrial workers and construction/excavation wortcers were developed using the 
online EPA PRG calculator. The measured concentrations of radiological site relevant contaminants 
(SRCs) at potential radiological areas were compared to backgrounds and PRGs to determine areas that 
required analysis in the BRA. The process and results ofthe radiological investigation and 
characterization are included in the Final Pan/ex Plant Radiological Investigalion (RI) Report (herein 
referred to as the RIReport) (BWXT Pantex, 2004a). 

1.1.2 Comprehensive Environmental Response, Compensation, and Llabillty Act 

In 1994, Pantex Plantwas added to the NPL for memical constituents, re<piring compliance with 
CERCLA through interactions with the EPA (Region VI). Achieving closure under both CERCLA and 
RCRA required development of an integrated process to ensure objectives mandated by CERCLA were 
considered with those for RCRA (BPX-:MHC. 1996a). Accordingly, this study was conducted with 
consideration ofCERCLA requirements presented in Title 40 ofthe Code ofFederal Regulations, Section 
300.430 (e) and is, therefore, recognized as a CMSIFS. In this integrated approach, TCEQ has primary 
responsibility for RCRA chemical constituents and EPA has primary responsibility for radiological 
constituents. 

1.1.3 National Environmental PolIcy Act 

The National Environmental Policy Act (NEPA) requires Federal agencies to consider the environmental 
conse<pences of their proposed actions before decisions are made. The decisions must be based on 
alternatives that consider. in part, detailed information concerning potential significant environmental 
impacts. USDOEINNSA has issued guidance on incorporating NEPA values into documents prepared 
JXlfsuant to CERCLA and RCRA. Thus, an accompanying Environmental Assessment (EA) that 
evaluates the alternatives proposed in this CMSIFS is required prior to deciding whim alternatives should 
be implemented. The EA evaluates the corrective measure options for groundwater remediation and 
identifies whether significant impacts to a broad spectrum of environmental factors are associated with 
implementation of the options. 

1.2 PuRPoSE AND OBJECTIVES OF TIllS CORRECTIVE :MEASURE STUDYIF'EASIBILITY STuDy 

The purpose of this CMSIFS is to identify and evaluate alternative tedmologies and oJXions for attaining 
the remedial action objectives (RAOs) defined below for the Pantex Plant. Soil COCs are briefly 
summarized in Section 3; however, since voluntary ICMs are being implemented to remedy soils 
impacted by COCs, this CMSIFS foruses primarily on COCs in perched groundwater. In general. the 
perched groundwater beneath Pantex Plant and adjacent to the southern and eastern property boundaries 
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has been impacted by historical industrial wastewater disdtarges containing COCs that would pose an 
lIlacceptable risk to onsite and offsite receptors ifit were used without treatment. Furthermore, this 
impacted perched groundwater could potentially affect the underlying Ogallala Aquifer in the absence of 
remedial actionslcorrective mea:mes designed to stabilize and control migration ofthe COCS that it 
contains. This CMSIFS is designed to balance the requirement foc a thorough examination ofremedial . 
alternativeswith the need to provide expeditious initiation ofremedies and cocrective action. This 
CMSIFS evaluates several types of alternative technologies and qltions including remedial actions. 
institutional controls. and the No Action altemative to determine which altemativewill meet RAOs. The 
remedial action/cocrective measure objectives are: 

• 	 Prevent exposure to untreated perdted groundwater onsite and offsite to the south and east of 
Pantex Property. 

• 	 Reduce or eliminate the flux of water from the perdted groundwater in the southeast area to 
reduce the potential foc coes to be transported to the Ogallala Aquifer. 

• 	 Provide additiooal mooitoring wells in the perdted groundwater and Ogallala Aquifer to increase 
the effectiveness ofmonitoring for: 

o 	 Nature and extent of coes in the perched groundwater, and; 
o 	 Detection of perdted coes in the Ogallala A'Pifer, mould migration occur. 

The alternatives are evaluated against specific criteria to determine the degree to whidt each alternative is 
technologically effective. impiementable, and cost-effective, i.e., capable of adtieving the aforementioned 
remedial action/corrective measure objectives. The specific criteria are: 

1. 	 Protection ofhuman health and the environment 
2. 	 Attainment of media.specific cleanup standards 
3. 	 Control of source releases 
4. 	 Compliance with applicable standards for waste management 
5. 	 Long-tenn reliability and effectiveness 
6. 	 Reduction in toxicity. mobility. or volume ofwaste 
7. 	 Short-tenn effectiveness and safety 
8. 	 bnplementability 
9. 	 Cost. 

The specific objectives of this CMSIFS are to: 

• 	 Identify and sa-een technologies and qltions foc perched groundwater remediation. 

• 	 Identify feasible alternatives for groundwater remediation, analyze selected alternatives, and 
recommend the alternative whidt best adtieves the criteria presented above. 

This CMS/FS uses data describing the site and comtitucnt dtaractc:riftics collected during RFIs. ICMs. 
and BRAs (Section 1.3.3) pafocmed at Pantex Plant. 
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1.3 RESOURCE CONSERVATION AND RECOVERY ACT PROCESS HIsTORY 

The following sections describe the RCRA process history for corrective action units at Pantex Plant 
(Table 1-1) including RFIs and BRAs. Requirements mandated under CERCLA are integrated into the 
RCRA jrocess (BPXlMFIC, 1996a). The RCRA corrective action process is illustrated in Figure 1-2. 
The RFIRs summarized citaracterization activities and RRS closure recommendations for the corrective 
action units. Corrective action units closing to RRS 3 were further analyzed in the BRAs to determine 
whether the constituents at those units posed a potential ris\' to human or ecological receptors. 

1.3.1 Resource Conservation and Reco~IY Act Facmty In~st1gatIons 

RFls were conducted for various zonesIWMGs and corrective actim units at Pantex Plant, as detailed in 
the RFIRs. The RFIRs summarized site characterization activities, dermed sources, described the nature 
of contarninatim, and presented the extent of eacit COPC. The RFIRs identified chemical COPCs to be 
evaluated in the Pantex Plant BRAs (Section 1.3 .3). 

The RFIRs were completed following the approach and methodology in 30 TAC §335, Subchapter S, and 
the Risk Reduction Rule Guidance (RRRG) doruments for Pantex RFIs (BWXT Pantex, 2002a; BWXT 
Pantex, 2002b; USDOE, 1999a; USDOE, 1999b) . The follOWing RFIRs were completed and approved 
byTCEQ: 

• 	 Flee Training Area: Final RCRA Facility Investigation Reporl/or the Fire Training Area (FTA) 
(herein referred to as the FI'A RFIR) (Stoller, 2002b) 

• 	 Burning Ground: Burning Grounds Waste Management Group Final RCRA Facility 

Investigation Report (herein referred to as the Burning Ground RFIR) (Stoller, 2002a) 


• 	 Zone 10: FinalRCRA Facility Investigation Reporl, Zone 10at DOE PantexPlant(herein 
referred to as the Zone 10RFIR) (Stoller, 2003b) 

• 	 Zone 11: Final RCRA Facility Investigation Report/or Zone 11 at DOE Pan/ex Plant (herein 
referred to as the Zone 11 RFIR) (Stoller, 2003c) 

• 	 Zone 12: Final RCRA Facility Investigation Reporl, Zone 12 at DOE Pan/ex Plant (herein 
referred to as the Zone 12 RFIR) (Stoller, 2003d) 

• 	 Ditches and Playas: Final RCRA Facility Investigation Report, Ditches and Playas at USDOE 
Pan/ex Plant (herein referred to as the Ditches and Playas RFIR) (Stoller, 2003a) 

• 	 Groundwater: Pan/ex Plant Final RCRA Facility Investigation Reporl, Groundwater, USDOE 
Pan/ex Plant (herein referred to as the Groundwater RFIR) (Stoller, 2004b) 

• 	 Independent Sites: Final RCRA Facility Investigation Report/or Independent Sites at USDOE 
Pan/ex Plant (herein referred to as the Independent ~tes RFIR) (Stoller, 2004a). 

1.3.2 Radiological In~st1gatIon Report 

The process and results of the RI and characterization are included in theR!Report (BWXT Pantex, 
2004a). TheRIReport presents a comprehensive assessment of all radiological issues at Pantex Plant and 
facilitates site radiological closure. The RIReporl identified SRCs that are above background screening 
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aiteria as COPCs. which were further evaluated in a BRA TheRI Report identified potential 
radiological sites based on a historical site assessment. Radiological data from the sites identified as 
potential radiological sites wCl'e compared to site-specific background and/or PRGs. The RIReport 
concluded ooly the Burning Ground required further evaluatioo for radioouclides in a baseline human 
health risk assessment (HHRA), since a separate HHRA had already been pCl'fonned for Firing Site 5. 
HowevCl', as a conservative mea.gJre, any RRS 3 site identified as a potential radiological site was further 
evaluated in a BRA. One additiooal SWMU, the Building 12-1 Laundry Sump, was not evaluated in a 
baseline HHRA as the samples indicating the presence ofdepleted uranium were collected in a sump and 
the sediment has been removed. Soil samples collected outside and adjacent to the sump provided no 
indication of a release. 

1.3.3 Pantex Plant Baseline Risk Assessments 

ThisCMSIFS utilizes risk evaluation results and conclusioos. including the identification ofCOCs 
defined for Pantex Plant as cOPes causing potentially unacceptable carcinogenic and noocarcinogenic 
risks. from the following reports to assist the identification and evaluation of alternative remedial 
measures: 

• 	 Draft Final Risk Assessment, Firing Site 5 (FS-5), USDOE, Pan/ex Plant (hmin referred to as 
FS-5 Risk Assessment) (BPXlMHC. 1999b) 

• 	 Burning Ground Human Health RiskAssessment Reporlfor the USDOEINNSA. Pantex Plant, 
Amarillo, Texas (herein referred to as B liming GroundHHRA Reporl) (BWXT Pantex, 2005a) 

• 	 Nuclear Wet.q:KJnAccident Residue Storage Unit (NWAR) Human Health RiskAssessment Reporl 
(herein referred to as NW AR HHRA Reporl) (BWXT Pantex, 2005b) 

• 	 Baseline Human Health RiskAssessment Reporl/or Zones 10. 11, and 12, Fire Tmining Area. 
Ditches and Playas, Independent Sites, arJ Groundwaterfor the USDOElNNSA, Pan/ex Plant, 
Amarillo, Texas (herein referred to as Baseline HHRA ReJX)r/) (BWXTPantexlSAIC, 2006) 

• 	 Site- Wide Ecological RiskAssessment (ERA) Reporl for the USDOEINNSA. Pantex Plant (herein 
referred to as Site- Wide ERA Report) (BWXT PantexlSAIC, 2005). 

The Pantex Plant BRAs were conrocted in accordance with approved wock plans. The FS-5 Risk 
Assessment utilized the Final Report, BRA Work Plan (BPXlMHC, 1998b). The remaining BRAs were 
conrocted in accordance with the Revised Final BRA Work Plan (BWXT PantexlSAIC, 2003). The 
following sections wmmarize the purpose and scope ofthe BRA reports. Results fr(lll the BRAs are 
summarized in Section 3.1 of this report. 

1.3.3.1 Flrlng Site 5 RIsk Assessment 

The FS-5 RiskAssessment (BPXlMHC, 1999b) evaluated risk from exposure to depleted uranium under 
rurrent and future land use scenarios. Carcinogenic risk calculations were pCl'fonned following the 
methodology Jl'esented in the FimJ Reporl, BRA Work Plan (BPXlMHC, 1998b) and Draft-Final BRA 
Reporl (BPXlMHC, 1999a), Risk calwlations for onsite mower/groundskeeper and construction! 
excavation worker were pCl'fonned for the current land use conditions. while the onsite resident farmer 
land use condition was used for future risk calwlatioos. Uranium was not detected above background in 
groundwater, so this pathway was not evaluated for the rurrent receptor scenarios. However, exposure 
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parameters used to calculate ri!:k for future land use assumed direct exposure to depleted uranium in soil 
and potential migration of depleted uranium to groundwater as a result of leaching. 

In the FS-5 RiskAsses.sment, risk calculations for future land use were conservatively developed 
assuming the site would be used for residential purposes (resident farmer). However. the future planned 
use for the FS-5 site is limited to industrial land use only. 

The FS-5 Risk Assessment for the current and future receJtors showed that the concentratims of isotopic 
uranium did not exceed the target cancer ri!:k level of one-in-one million 0.0&06). Noncarcinogenic risk 
was not evaluated in the FS-5 Risk Assessment. The noncarcinogenic risk assessment was completed and 
presented as Appendix K of the RIReport (BWXT Pantex, 2004a). For the current receptors 
(mower/ground!:Keeper and constructionlexcavatim worker) the nmcarcinogenic ri!:k did not exceed the 
target hazard index (HI) level of 1. No COCS were identified in soil or groundwater at FS-5. 

1.3.3.2 Burning Ground Human Health RJsk Assessment 

Potential risks to onsite and offsite human receJtors that may be exposed to contaminated media at the 
Burning Ground were evaluated and presented in the Burning Ground HHRA Reporl (BWXT Pantex. 
2005a). The following receptors were evaluated. based on the approved Revised Final BRA Work Plan 
(BWXT PantexiSAIC, 2003): 

• Onsite indJstrial worker under current and future exposure conditions 
• Onsite construction/excavation worker under current and future exposure conditims 
• Offsite resident fanner under future exposure conditions. 

Future exposures were evaluated through fate and transport modeling of subsurface and atmospheric 
migration pathways. Onsite and offsite future scenarios consider the potential for impacts to groundwater 
in the Ogallala Aquifer by the way of cross-media migration from comtituents in soil. soil gas, perched 
groundwater, and surface water. Offsite future scenarios also cmsider potential impacts to offsite 
receptor locations by atmospheric transport mechanisms from onsite releases of soil gas and soil 
particulates. 

The applicable final RFIRs. the RIReporl (BWXT Pantex. 2004a). and the TCEQ conditional approval 
letter (TCEQ. 2003b) for the Burning Ground RFIR were used to determine COPCs for evaluation in the 
Burning Ground HHRA. COPCs were identified in soil, soil gas, surface water, and perched groundwater 
at the Burning Ground. No COPCswere identified in the Ogallala Aquifer based on the current 
monitoring network. althoogh non-trending sporadic detections of constituents occur at low, non
actionable concentrations below regulatory screening levels. No COPCs were identified in any offsite 
media. 

The Burning Ground HHRA identified trinitrotoluene (TN1). Research Development Explosive (1,3,5
trinitro-1.3,5-triazine [RDXD, and 238U as COCS in soils (Sectim 3.1.1). No COCswere identified in 
groondwater. 

1.3.3.3 Nuclear Weapon Accident Residue Storage Unit Human Health RJsk Assessment 

The NWAR HHRA Reporl (BWXT Pantex, 2005b) documented the results of additional investigations 
completed to defme the nature and extent of residual contamination following completion ofICMs, and 
p-esented cumulative risks for all COPCs at NWAR after all ICMs were completed. The NWAR HHRA 
was concbcted in accordance with the methodology described in the approved Revised Final BRA Wor* 
Plan (BWXT PantexiSAIC, 2003). TheNWAR HHRA Reporl included an evaluation of the soil-to
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groundwater pathway to assess the possibility of COPC migratioo to potential receptors by way of the 
groondwater pathway. No COCswere identified in soil (for direct contact or soil-to-groundwater 
tran!'port) or groundwater. 

1.3.3.4 Baseline Human Health Risk Assessment 

The Baseline HHRA Report (BWXT PantexlSAIC. 2006) evaluated potential risks to onsite and offsite 
Imman receptors that may be exposed to contaminated media at Pantcx Plant corrective action units 
closing to RRS 3 including WMGs. SWMUs. Supplemental Verification Sites (SVSs). and AOCs 
grouped by the following locations: 

• 	 Zone 10 
• 	 Zone 11 
• 	 Zone 12 
• 	 FTA 
• 	 Ditches 
• 	 Playas 
• 	 Independent Sites (Landfills). 

Ri!!k foc each receptor/exposure pathway combination for each corrective action unit was evaluated in the 
Baseline HHRA Report in accordance with the approved Revised Final BRA Worlc Plan (BWXT 
PantexlSAIC. 2003). The Baseline HHRA examined COPCs identified in the RFIRs and the RI Report 
(BWXT Pantcx. 2004a) for soil, soil gas, and perched groundwater. Additiooally, for RFIRs 9Jtmitted 
{rior to the end of2003, all metals were re-screened and considered for addition to the list of COPCs 
because updated background values were derived following completion ofthose RFIRs. No COPCswere 
identified in the Ogallala Aquifer based on the current monitoring network. although non-trending 
!'pocadic detections ofconstibJents ocrur at low. non-actionable coocentrations below regulatory 
screening levels. 

The Baseline HHRA qJantified and evaluated potential ri!!ks to the following receptors: 

• 	 Onsite inciJstrial worker under aJrrent and future exposure conditions 
• 	 Onsite construction/excavation wo.rker tmder aJrrent and fubJre expo9Jfe conditims 
• 	 Offsite resident fanner under future expo9Jfe conditions. 

Current ri!!ks were evaluated using measured COPC concentratioos in soils and perched groundwater. As 
developed in the approved Revised Final BRA Worlc Plan (BWXT PantexlSAIC, 2003), the soil exposure 
area for active operational areas ofPantex Plant was 6 acres, and the expo9Jre area for inactive 
cperational areaswas 12 acres. Because no current exposure pathways are complete foc perched 
groundwater (there are no water supply wells currently completed in areas of impacted perched 
groondwater), a hypothetical current expo9Jre to perched grotmdwater was evaluated. 

Evaluation of potential future risk was assessed using fate and transport modeling to determine whether 
COPCs may migrate to points-of-expo9Jfe and to estimate future COPC coocentrations at these points-of
exposures. Subsurface and. abno!'pheric migratim pathways evaluated in the Baseline HHRA Report 
include: 

• 	 Potential impacts to the Ogallala AqJifer from COPCs in soil, soil gas, and perched groondwater 
for msiteworkers and offsite resident fanners. 
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• 	 Potential impacts to offsite receptor locations by atmospheric tnmspoct mechanisms from onsite 
releases of soil gas and soil particulates using a qJalitative approach from the Burning Ground 
HHRA Report (BWXT Pantex, 2005a) foc offsite resident farmers. 

Soil coes identified in the Baseline HHRA Report include polycyclic aromatic hydrocarbons (PAHs), 
lead, RDX, and TNT (Section 3.1.2.1). COCs were identified in aJITent and future perdIed groundwater 
(boron, TNT, RDX, and degradation products) and future Ogallala Aquifer (2,4-dinitrotoluene [DNT] and 
RDX) (Section 3.1.2.2). 

1.3.3.5 Site-Wide Erologlcal Risk Assessment 

The Site-Wide ERA Report (BWXT PantexiSAlC, 2005) presented the re&llts of the site-wide ERA 
condJcted at Pantex Plant to evaluate potential impacts to ecological receptors. The ERA followed the 
approach and methodology presented in the approved Final Site- Wide ERA Work PlanAddemum (WPA) 
to the BRA Work Plan (herein referred to as the s'te-Wide ERA WPA) (BWXT Pantex, 2004b) and 
includes a &Immary of all Tier 1 and Tier 2 ERA activities conducted at Pantex Plant. 

Tier 1 Exclusion aiteria Otecklists are used to evaluate the need foc and scope offurther ERA activities at 
cocrective action units. For corrective action units requiring further ecological risk evaluation beyond the 
Tier 1 checklist. a Tier 2 Screening Level Ecological Risk Assessment (SLERA) and/or a Tier 3 Site
Specific Ecological Risk Assessment (SSERA) may be perfonned (TNRCC, 2001). 

Tier 1 Ecological Exclusion O'iteria Checklists were completed for eadI corrective action unit at Pantex 
Plant and included in the appropriate RFIRs (Le., Burning Ground, Zone 10, Zone 12, DitdIes and Playas, 
oc Independent Sites). The Tier 1 checklists for the playas and associated ditdIes are included in the 
Ditches and Playas RFm (Stoller, 2003a) and the Burning Ground RFm (Stoller, 20018). Cocrective 
action units that passed the Tier 1 Exclusion Criteria Checklist received no further ecological evaluation. 
Corrective action units that failed the Tier 1 Exclusion O'iteria Checklist were evaluated in a Tier 2 
SLERA. Tier 2 SLERAs foc cocrective action units occurring outside the playas were reported in the 
RFIRs and &lmmarized in the Site- Wide ERA Reporl. As a re&llt of these Tier 2 SLERAs, no further 
action from an ecological per~ective was recommended at these sites. 

The Tier 1 checklists identified the need for further ecological assessment (Le., Tier 2 SLERA) at Playas 
1, 2, 3, and 4, Pantex Lake, and associated ditches due to the identification of complete soil, sediment, 
and &lrface water exposure pathways. The s'te-Wide ERA Reporl (BWXT PantexlSAlC, 2005) forused 
on potential current and future risks at Playas 1,2,3, and 4, Pantex Lake, and associated ditdIes, because 
the playas represent the most significant habitat foc ecological receptocs and serve as final repositocies of 
surface water aainage from watershed areas containing corrective action units at Pantex Plant. 

Individual Tier 2 SLERAs were conducted foc Playas 1, 2, 3, and 4, Pantex Lake, and associated ditches. 
These SLERAs identified whether ecological receptors are potentially at risk from constituents remaining 
from legacy releases based on default exposure as&Imptions and literature-based effects levels and, if at 
ris:k. identified the constituents and ecological receptors ofpotential concern foc each ofthese playas. The 
SLERAs evaluated constituents in surface soil, sediment, and surface water at each of these five playas 
and their associated ditdIes. 

In addition, four of the playas (playas 1, 2, 3, and 4) were grouped together for the site-wide evaluation. 
The site-wide evaluation used the same basic approach as the Tier 2 SLERAs for the individual playas. 
but focused on higher trophic level receptors capable offoraging at more than one playa. Although 
Pantex Lake was included in the individJal corrective action unit analyses, it was excluded from the site
wide analysis because of its histocy and distance from the other playas. The benefit ofthe site-wide 
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assessment is a more accurate, comprehensive, and reali&ic evaluation of the ri9.c to wide-ranging 
receptors that integrates exposure over multiple corrective actioo units. 

Both the individual and rumulative site-wide Tier 2SLERAs evaluated three scenarios: dry playa, wet 
playa. and ctylwet playa. The receptors evaluated included representatives from each of the 
focagingllifestyle guilds at Pantex Plant. and included surrogate ~ecies for threatened and endangered 
~ecies identified at Pantex Plant. Ri9.cs to these receI10rs were calrulated for exposure to copcs in 
SUlface soil. sediment. and surface water. 

COPCs evaluated in the Tier 2 SLERAs are chemicals at coocentrations that may affect ecological 
receptors and are coosidered site-related. Current risk was evaluated using measured concentrations in 
soils. sediment. and surface water ofthe ditches and playas. Evaluation ofpotential future ri9.c was 
assessed using sediment tranltport modeling to detmnine whether contaminated sediments rurrently in 
upland source areas and/or ditches are migrating to the playas and if migration could cause COPC 
concentrations at the playas to increase in the future. Additionally, future water cmcentrations and ri9.cs 
to aquatic receptors were evaluated using predicted sediment concentrations. 

No COCs requiring further evaluation were identified in the Site- Wide ERA Report (BWXT PantexlSAIC. 
2005) (Sectim 3.1). 

1.4 ORGANIZATION OF REPoRT 

This report describes rurrent conditions at Pantex Plant. including cocs contriruting risk to human oc 
ecological receptors, and presents the identification, screening, development. assessment. and selection of 
corrective measure alternatives for impacted media. 

This report is organized as follows: 

• 	 Section 2presents the environmental setting for Pantex Plant including facility background, 
environmental aspects. land use, and potential receptors. 

• 	 Section 3 presents the current conditions at Pantex Plant including BRA results, trevious ICMs, 
and nature and extent of contaminatim. 

• 	 Section 4 presents the identification and screening of remedial technologies and development of 
cmective measure alternatives. 

• 	 Section 5 presents summaries oftreatability studies previously and currently being performed at 
Pantex Plant. 

• 	 Section 6 presents the methods foc assessment of alternatives. 

• 	 Section 7presents the alternative evaluatim, analysis. and recommended cmective measure 
alternative foc perched groundwater. 

• 	 Section 8 lists references cited in this report. 



Detailed supporting infOlmatioo is included in Appendices A and B as follows: 

• Appendix A presents the fate and transport modeling for the permed groundwater evaluation. 

• Appendix B presents the detailed cost estimates for the corrective measure alternatives. 
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JlUleZOO6 ConectlPe MetJSlU'e Sbuly/Fe~ Sbuly 

Table 1-1. Status or Corrective Action Units at Pantex Plant 

"-,; v 

RFI 
Operational 

Araa 

Zone 10 

" ~">,, ,.0

WMG 

WMGI2 

-'-'-i-_, ~" <"' 

SWMUs,AOCs, and OthBl' 
Potential RelealB Sites 

SWMU 143 -FormerWute Drum 
Storage Areas (Buildings 10-9 & 
10-7) 

'~-

RRSl 
Closure" 

-

--" , ""-~? ", " 

RRS2 
Closure" 

-

" '.<' ., 

RRS3 
Closure" 

X 

~FW1Ii.'··· 

Evaluation 
as Potential 

Radiological 
~tein 

R/Rqol"t 
(YIN) 

.i" 

Indudedin 
Human 
Health 
Risk 

AlIBSsment 
(YIN). 

, 
Indudedin 
Ecological 

Risk 
Allessment 

Till!ll'l 
(YIN) 

'fnduded in 
Ecological 

Risk 
Assessment 

Till!ll' 2 
SLERA 
(YIN) 

' . . i',' 

ICM 
Conducted 

Requires 
Evaluation 
in CMSIFS 

-N Y' Y N -

SWMU 144 -Zone 10 TNT Scttling 
Pit (Building 10-13) - - X N Y Y Y X -
SWMU 145 - Zone 10 TNT Setding 
Pit (Building 10-17) - - X N Y Y Y X -
SWMU 146 - Zone 10 TNT Setding 
Pit (Building 10-26) - - X N Y' Y Y X -

SWMU 68d - Sanitary Landfill - - X Y Y Y Y - -
SVS 8 - Abandoned Zone 10 Landfill - - X Y Y Y Y X -
SVS 3 (SWMU 67) - Carbon Black 
Burial Arca near Building 10-7 - - X N N" Y N - -

SWMU 84 - Scrap, Salvage, and 
Storage Yard (Building 10-9) - - X N Y Y N X -

AOC 3a - Zone 10 Former Boiler 
HouseArcas - - X N N" Y N - -
AOC 14 -Battery Storage Arca 
(Building 12-18) - - X N Y' Y N - -
Unassigned AOC  Zone 10 Landfills 
located West and Southwest of 
SWMU 84 Scrap and Salvage Yard 

- - X N Y Y Y - -

Unassigned SWMU - Zone 10 Berms - - X N Y Y Y - -

Zone II WMGI 

AOC 8a -Pad 11-12 Solvent Leaks - - X N Y Y N - -
AOC 8b - Pad 11-13 Solvent Leaks - - X N Y Y N - -
SVS 2 - Parallel Depressions Near 
Building 11-26 - - X N Y Y N - -

SVS 5 - Zone II Landfill East ofPad 
11-13 - - X N Y Y N - -

SWMU 147 - Building 11-13 TNT 
Setding Pit - - X N Y Y N X -
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J""e 2006 COlnctive MellSlln Study/Feaslb~ Study 

Table 1-1. Status of Correctlve Action Units atPantex Plant (continued) 
'", ,<",' , ..•.

Further Included in 
Evaluation Included in Included in Ecological 
as Potential Human Ecological Risk. 
Radiological Health Risk. Assessment 

RFI Site in Risk. Assessment Tier 2 Requires 
Operational SWMUs, AOCs, and Other RRSl RRS2 RRS3 RJ&port Assessment Tierl SLERA [CM Evaluation 

Area WMG Potential Release Sites Closure" Closure" Closure" (YIN) (YIN)· (YIN) (YIN) Conducted in CMS/FS 

SWMU 149 - Building 11-26 TNT 
- - X N Y Y N - -

Settling Pit 

WMG1 SWMU 150 - Building 11-12 TNT - - X N Y Y N X -
(continued) Settling Pit 

SWMU 60 - Landfill 9 - - X N Y Y N - -

SWMU 61 - Landfill 10 - - X N Y Y N - -

AOC 1 - Transformer Leak (Building - - X N Y Y N X -11-14A) 

AOC Bc - Building 11-l7 Solvent - - X N Y Y N X -
Leaks 

Unassigned SWMU -11-14 Hypalon 
Pond and Wastewater Line to the 11 Closuna ApproVl1d 1995 N N X -

Zone 11 14 Hypalon Pond 
(continued) 

SWMU B6 - 11-14 Solvent Storage - - X N Y Y N - -
Shed 

WMG2 SWMU 129a - HE Contaminated AdmilristratiVl1 Closuna ApproVl1d 2001 N N
Sludge Containers. Building 11-44 - -

Building 11-44 Wastewater Treatment Units: 

SWMU 117 - High Explosives Partial Closurtl ApprOVl1d 1994 Y N X -
Settling Tank 

SWMU liB - Equalization Basin Closuna Approwd 2002 N N X -
SWMU 119a -High Explosives 

Partial Closurtl ApprOVl1d 1994 Y N X -
Filters 

SWMU 120a - Carbon Filters Partial Closurtl Approwd 1994 Y N X -
SWMU 14B-Bui1ding 11-17 TNT - I - I 

X 
I 

N 
I 

y y N X -
Settling Pits 
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Table 1-1. Status ofCorrecdveAcdon Units atPantexPlant (condoued) 
~ "'," " .."':" .~,." ".,~""l'" 'l'~'" 

" 

,:.,' '" 
y ",:".,,~,.-; '.~, , ,h""'FiirtIl..n" , ~'~~> ':I-.'Ii ':;'''i~h ~,.~; ~ ",~.-' ,,,, 

" "lAtllidBd m" ,,'c C ',''(' '-.' 

Evaluation Included in Included in EcololPcal 
as Potantial Human EcololPcal Risk 
RadiololPcal Health Risk Assesnnant 

RF1 Site in Risk A ssessmant Ti.. l Requires 
Operational SWMUs, AOCs, and Other RRSl RRSl RRS3 RIRqon Assessmant Tier 1 

~~ ICM Evaluation 
Area WMG Potmtial Release Sites Closure" Closure" Closure" (YIN) (YIN). (YIN) Conducted in CMSIFS 

SWMU 3 - Drainage Ditch (Building - - X N Y Y N X -
WMG2 

11-44) 

(continued) SWMU 12 - Drainage Ditch Near 
Former 11-14 Pond - - X N Y N N X -

AOC Bd -Pad 11-22 Solvent Leaks - - X N Y Y N - -
AOC Be - Building 11-36 Solvent - - X N Y Y N - -Leaks 
AOC 7a  Building 11-36 Sulfuric - - X N Y Y N - --
AcidSoills 

SWMU 5-OB - Drainage Ditch - - X N Y Y N X -(Building 11-36) 

SWMU 111 and 112 -Building 11-36 
Administraliw C/ossuw ~T"UWd 200] N N - -Solvent Tanks 

SWMUl13-Ovmflowlfrom 
WMG3 Building 11-36 Collection - - X N Y Y N X -Zone 11 System/Sump I 

SWMU 114 -Building 11-36 
Administraliw C/ossuw ~pT"UWd 200] N N - -Scrubber System 

SWMU 115 -Building 11-36 Carbon 
Administraliw Clo61Uf1 ~pfV'llrld 200] N N - -Filter 

SWMU 116 -Building 11-36 Sludge 
Administraliw Clo61Uf1 ~proVlld 200] N N - --Filten 

SWMU 130 -Portable Waste Solvent 
CI06UTW ~roVlld 200] N N - - ITanks 

Unassigned - Former Leaching Bed 
North of Building 11-50 and West of - - X N Y Y N - --
Buildinll 11-36 
SWMU 13-FormerSolar X N Y Y N - --Evaporali on Pond (Building 11-51) - -
SWMU 5-09 - Drainage Ditch - - X N Y Y N - -

WMG4 (Buildings 11-17, 11-20, and 11-51) 

SWMU 5-11 Main Perimeter Ditch - - X N Y Y N - - I 

SWMU B1-Building 11-20 Solvent - - X N Y Y N - -
I

Storage Shed 
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Table 1-1. Status ofCorrediveActfon Units atPantexPlant (condoued) 
-" .... .' 

---------  --:-  .. - Further Included in 
Evaluation [neluded in [neluded in Ecological 
as Potential Human Ecological Risk 
Radiological Health Risk Assessment 

RFI Site in Risk Assessmmt Tier 1 Requires 
Op erational SWMlIs,AOCs,and Other RRSI RRSl RRS3 RJRepon Assessment Tier 1 stERA ICM Evaluation 

Area WMG Potential Release Sites Closure" Closure" Closure' (YtN) (yIN)· (YIN) (YIN) Conduded in CMS/FS 
SWMU 88 - 11-41 Compress or AdmillislraJivrl ClaSUTYI Approvtld 2003 N N --Buildinil Waste Accumulation 

WMG4 
Unassigned SWMU - Evaporation Pit - - X N Y Y N X -

(continued) 
Eut ofBay 3 (Building 11-20) 
Unassigned SWMU - Evaporation Pit 
South of Bay lllWest ofBay 6 - - X N Y Y N X -
(BuildiDil 11-20) 

Zone 11 
Unit IISWMU 79 - Container Storage 

- X - N Y' Y N - -11-7NPad (permitted Unit) 
(continued) 

SWMU 124 -Building 11-50 
Wastewater Treatment System 

Admillistralivtl CJOSUTYI Approvtld 2001 N N - -
Not in SWMU 134 - Building 11-29 Silver Admillistralivtl CJOSUTYI Approwd 2001 N N
WMG Recovery - -

AOC 3b -Zone 11 Former Boiler 
X N Y Y N

House Areas - - - -

Unassigned -Former 11-15Pond - - X N Y N N - -
SWMU 56 -Landfill 5 - - X N Y Y Y - -
SWMU 100 - Waste Accumulation 

Admi1lislraliw CkisW'fl Approvtld 2003 N NArea, Building 1242 - -
SWMU 103 - Former Battery Storage - - X N Y Y N -Area, Building 12-81 
SWMU 104 - Waste Accumulation 

Mmillistralivtl ClaSUTYI Approvtld 2003 N NArea, Building 12-82 -
SWMU 105 -Waste Accumulation Admi1listraliVfl Claslln ApproVfld 2003 N NArea, Building 12-84 - -

Zone 12 WMG5 SWMU 68a - Original Landfill - - X N Y Y N -
SWMU 135 - Leaching B ed, Building - - X r y y N - -12-44E 
AOC 7c - Building 12-64 Sulfuric - - X N' Y Y N X -Acid Spills 
UST #38 - Building 12-98 C/osuN! ApproVfld 1999 N N X -
UST #39 - North ofBuilding 12-84A C/osurv Approvtld 1999 N N X 

SWMU 5-06 - Drainage Ditch - - X N Y Y N X -(Buildings 12-44E and 12-81) 

SWMU 57 - Landfill 6 - - X r y y N X -
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Tahle 1-1. StatllJ ofCOITediveAction Uub atPaatexPlaat (coutlnued) 
c-""'''':'''~ le"""O' ~~:. , {i'~' '.'>':1fI'" '~' ""~ 

'·c· ~"':",}·"""·~~"~f--ii~'~' ·"....·.....·0" .,.~. ·';li'ii.ftIl.""" .~ ,' ;rAclii'liiihl' 
Evaluation lndudedin lndudedin Ecological 
as Potential Human Ecological Risk 
Radiological Health Risk A_ent 

RFI Site in Risk A_sment Tier 1 Requires 
Operational SWMU., AOC., and Other RRSI RRSl RRS3 RJRIIpoI'l. A_sment Tier 1 SLERA ICM Evaluation 

Area WMG PotentiolIW_ Sites Closure" Closure" Closure" (YIN) (Yf.N)" (YIN) (YIN) Conducted inCMSIFS 
AOC lOa - Building 1243A Pesticide - - X N Y Y N X Y(GW only)
Rinse Area 
AOC 13 -Former Cooling Tower in - - X N Y Y N X Y(GW only)Zone 12, Pad &; PiDinl!'Soil 
SWMU I - Drainage Ditch (Building 
12-m - - X N Y Y N X Y(GW only) 

Building 12-43 - WastewaterTrnlmentUoit 
SWMU 119b  High Explosives Partial CI06Ul'fI Appravtld i994 yt N N - -Filters 

SWMU 120b - ClII'bon Filters Partial Closurfl Appravtld i994 yt N N - -
SWMU 121 High E:a:plorives 
Setding Tank (soils Ilddressedin Partial Closurfl ApproWld i994 yt N N X -
S'W.MIJ' 122b) 
S'W.MIJ' 122a  Equalization Basin Partial Closurfl ApproWld 2003 yt N N - -(soils addressed in S'W.MIJ' 122b) 
S'W.MIJ' 122b -Building 12-24N - - X N Y Y N X Y(GWonly)
&; Buildinl! 12-43 Upland Soils 

Zone 12 WMG6f7 SWMU 123 - Concrete Sump &; X N Y Y N X Y(GWonly)Wastewater Treatment Unit - -
S'W.MIJ' 125 - Building 1243 BE 

~nistratiWI Clossutl Appf'CJWld 200i N N - -Contaminated Charcoal Boxes 

SWMU 126  Miscellaneous BE 
~nistratiWI Closun Appf'CJWld 200i N N - -Contaminated Waste Dumpsters 

SWMU 129b -BE Contaminated 
~nistratiWI Clossutl Approwd 200i N N - -Slud!!e Containers at Building 12-43 

SWMU 2 - Drainage Ditch (Building - - X N Y Y N X Y(GW only)1243) 
SWMU 5-04 -Building 12-19 and 12 - - X N Y Y N X Y(GW only)73 Drainlll(e Ditches 
SWMU 5..(15 - Drainage Ditch - - X N Y Y N X Y(GW only)
(BuildiDllB 12-21 &; 12-24) 
SWMU 5..(17 -Building 12-41 - - X N Y Y N X -Drainage Ditch 
SWMU 54 - Landfill 3 - - X N Y Y N X -
SWMU 55 - Landfill 4 - - X N Y Y N - -
SWMU 5-12a - Main Perimeter Ditch - - X N Y Y N X Y(GW only) 
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Table 1-1. Status of Corredive Action Units atPantex Plant (contJnued) 

RFI 
Op erational 

Area WMG 

,~ 

SWMUs, AOCs, and Other 
Potlllltial R2lease Sites 

RRSI 
Closure" 

RRSl 
Closure" 

RRS3 
Closure" 

Ful'tlier 
Evaluation 
as Potential 
Radiological 

Shein 
RI&!J1ort 

(YIN) 

Included in 
Human 
Health 
Risk 

Assessmllllt 
(Y/N)l> 

Included in 
Ecological 

Risk 
Assessmllllt 

Tier 1 
(YIN) 

Included in 
Ecological 

Risk 
Assessment 

Tier 1 
SLERA 
(YIN) 

ICM 
Conducted 

Raquires 
Evaluation 
in CMSIFS 

Zone 12 
(continued) 

WMG6n 
(continued) 

SWMU 96 - Waste Accumulalion 
Area BuilditUl 12-21 

AdmimSlra1lWl CJoswy, Appl"OVlld 2001 N N -
SWMU 97 - Waste Accumulation 
Area, Building 12-34 

CloS/l.TlII ApproWld 1999 N N -

SWMU 99 - Waste Accumulation 
Area. Building 12-41 

AdmimsLrotiWl ClosUI'f/ ApproWld 2003 N N - -
SWMU 137 -Building 12-41,Paint 
Shop Wastewater Tank 

AdministratiWI CIoSll.Tlll ApproWid 2003 N N -

WMG8 

SWMU 85 -MOCA Waste 
Accumulation Area, Building 12-16 

AdmillislratiWi CIoSUl'f/ ApproWld 2001 N N - -
SWMU 90 - Waste Accumulalion 
Area. Buildin2 12-9 

Admillislra:tiWl CIoSUl'f/ Appl"OVlld 2003 N N - -
SWMU 91 - Waste Accumulalion 
Area, Building 12-9 Solvent Storage 
Shed 

AdminisLrotiWI CloSll.Tlll ApproWld 2003 N N - -
SWMU 92 - Waste Accumulalion 
Area. Building 12-9 (outside) 

AdminiSlra1iWl ClosUl'f/ Appl"OVlld 2003 N N - -
SWMU 94 - Waste Accumulation 
Area. Building 12-R-13 (outside) 

AdminiSlra1iWl ClosUl'f/ ApproWld 2003 N N - -
SWMU 95 - Waste Accumul ali on 
Area, Building 12-18 (outside) 

AdmillislrotiWi CIoSIJTlII ApproWld 2003 N N - -
SWMU 102· Building 12-68 Batch 
Master, Northeast Comer 

AdminisLrotiw Clo6IJTlII ApproWld 1997 & 2003 N N - .. 

SWMU 108· Building 12-68 Batch 
Master 

Closu.rll ApproWld 1997 N N - -
SWMU 109 - Concrete Sump 
(Building 12-(8) - X - N N Y N X -
SWMU 110 -Building 12-68 
Electroplaling Waste Retention Basin 
(Moat) 

Closu.TlII ApproWld 1997 Y N - -
SWMU 5-03 - Drainage Ditches 
(Buildings 12-9, 12·10, 12-18, 12-(8) - X - N N Y N X -

SWMU 141 Classified Waste 
Incinerator 

AdminisLratiWI CloslJTlII ApproWld 2001 N N - .. 
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Table 1-1. Statui ofCorred.lveActlon Units at Pantex Plant (contlnned) 

haeZ006 Canwt:lbe M~ StIIdyIFt!IISiIJIIlII SIIuly 

RFI 
Operational 

Area 

,cc 

WMG 

,'" " 'Cle:" 

SWMUI, AOCs, and Other 
Potential Release Sites 

RRSl 
Closure' 

,W 

RRS2 
Closure' 

"',,!" 

RRS3 
Closure' 

':;;':, li'tirdiiir" 
Evaluadon 
asPotmtial 
Radiolog.i.cal 

Site in 
R/Rqol't 

(YIN) 

>~'" 
Includacl in 

Human 
Health 
Risk 

A_lIDmt 
(Yffl)' 

:,~, 

Included in 
Ecolog.i.cal 

Risk 
AssesllDent 

Tier 1 
(YIN) 

'tnclildaclbt ' 
Ecolog.i.cal 

Risk 
Assessmmt 

Tier 2 
SLERA 
(YIN) 

" 

ICM 
Conducted 

'" ..... 

Requires 
Evaluation 
in CMSIFS 

-

Zone 12 
(continued) 

WMG9 

AOC lOb -Building 12-51 Pesticide 
Rinse .Area - - X N Y Y N -
AOC 12 -Paint Shop AreIllSolventPit 
(Building 12-m) - - X N Y Y N - -
AOC 5 -Electriclll Equipment Bone 
Yard Neili' Building 12-5 - - X N Y Y N -
Unassigned 5W.MU  Capacitor Bank. 
Rupture - - X N Y Y N - -
5W.MU 5-02 - Drainqe Ditch 
(Buildil!lls 12-51, 12-61,12-110) - - X N Y Y N X -
5W.MU 93 - Waste Accumulation 
Area, Building 12-111 Paint Shop 
Area 

AdMlfistraliw CIosr.In ApproVflfl2003 N N - -
5W.MU 138 - Zone 12 Paint Shop 
SlIldblaster Collection Cone 

Ad".lIistratiw Closruw ApproVllld2001 N N -

WMGI0 

AOC 15 - DDT Release (Buil ding 12
35) - - X N Y Y N X -
AOC 6a - GllIIolioe Leaks at Building& 
12-35 

C106UrtI ApproVfIfl 1!)!)!) N N - -
UST¥I- BuildiI!ll12-5B Closurtl ApproVllld l!)!)!) N N X -. 
SWMU 5-01 - Drainqe Ditch(e&' 
(Buildil!ll' 12-5 and 12-5B) - - X N Y Y N X 

Unassigned - Concrete Sump (near 
Building 12-5B) - - X N Y Y N - -
5W.MU 89 - Waste Accumulation 
Area, Building 12-2 North Hall AdMIfistraliw Closruw ApproVllld2003 N N - -
5W.MU 131 -Portable Waste aJ 
Storaae Tanks (Building 12-35) 

AdMIfistraliw Closruw ApproVllld2001 N N - -

Not 
Assigned 

Unassigned-Building 12-1 Laundry 
Sump - X - Y N Y N - -
SWMU 98 - Building 12-38 Solvent 
Storage 

AdMIfistraliw Closruw ApproVllld2003 N N - .. 
5W.MU 101 - Waste Accumulation 
Area, Building 12-59 

AdMIfistraliw Closruw ApproVllld 2003 N N - -
5W.MU 136 - Subsurface Leaching 
Bed (Building 12-59) - - X N Y Y N X -
AOC1b -Building 12-4 Su1fiIricAcid 
Spill - X - N N Y N - -
UST#9 -Building 12-11E Closurtl .ApproVllld 2004 N N X -
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Table 1-1. StatUI ofCorrectlveAcdon Units atPantexPlant (continued) 

RFI 
Operational 

Area WMG 

c" 

SWMIJII, AOCs, and Other 
Potential Release Sites 

RRSI 
Closure' 

RRS2 
Closure' 

RRS3 
Closure' 

Further 
Evaluation 
as Potstial 
Radiological 

Site in 
R/RBlJOrt 

(YIN) 

Included in 
Human 
Health 
Risk 

Assessment 
(YIN). 

Included in 
Ecological 

Risk 
Assessment 

Tier 1 
(YIN) 

lndudedin 
Ecological 

Risk 
Assessment 

Tier 2 
SLERA 
(YIN) 

ICM 
Conducted 

Requires 
Evaluation 
in CMSIFS 

FTABumPits 
and Landfill 7 

Not 
Assigned 

AOC 11 - Fire Training Area Bum 
Pits - X t" yl' y N X -
SWMU 58 - Landfill 7 - X N Y Y N - -

Ditches and 
Playas 

WMGll 

SWMU 5-13a - West. Three Main 
Drainage Ditches to Playa 1 - - X N Y Y Y X -
SWMU 5-13b - Ccntcal. Three Main 
Drainage Ditches to Playa 1 - - X N Y Y Y - -
SWMU 5-13c - East. Three Main 
Drainage Ditches to Playa 1 - - X N Y Y Y - -
SWMU 6 -Playa 1 - - X Y Y Y Y - -
SWMU 80 - Container Slorage Area 
Conexes (1 ;2.3. and 4) in Zone 4 

Admi~ C/osu~ Approwd 2000 N N -

SWMU 82 - Nuclear Weapon 
Accident Residue Storage - - X Y Y _HWAR Y Y X -
SWMU 68b - Landfill 1 - - X Y Y Y N X -
SWMU 68c - Landfill 2 - - X Y Y Y N - -
SVS 1 - Denuded Area near Playa 1 - X - N N Y N - --

Miscc 
Units nol 
inWMGs 

AOC 2 - Main Eleclrical SubstaJion 
(4-28) C/o&1m Approvrld 1993 N N - -

SVS 4 - ad Pistol Range Actiw N N - -
SWMU 5-12b Perimeter Drainage 
Dilchfrom Zone 12 to SWMU 5-14 - X N Y Y Y - -

SWMU 5-14 - Drainage Ditch from 
Zone 1110 Playa 2 - - X N Y Y Y - -

SWMU 5-15a - Main Drainage Ditch - - X N Y Y Y - -from Zone 11 10 Playa 4 
SWMU 5-15b - Main Drainage Dilch - X N Y Y Y - -from Zone 12 to Playa 4 
SWMU 4 - Drainage Ditch (Building 
11-50) - - X N Y Y Y - -
SWMU 7 -Playa 2 - - X N Y Y Y - -
SWMU 9 -Playa4 No clow~ dedsioli N N Y Y - -
SWMU 10 - Panlex Lake - - X N Y Y Y - -
SWMU 140 - Old Sewage Treatmenl 
PI ant/Sludge Beds 
SWMU 5-10 - Drainage Ditches near 
the ad Sewll,ltc Treatm ent PI ant 

- X - N N Y Y X -
--------------

-- X - N N Y Y X 
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Table 1-1. Status orCorred:lveAction Units atPantex Plant (continued) 
'>, ", '" :',' :",," ,'<{A!, ;'," '< ~;; '~ii"W ,-~ 

-~rncbiltid'm' 

Enluation Indudedin Indudedin Ecolopcal 
as Potential Human Ecolopcal Risk 
Radiolopcal Health Risk Assessmant 

RFI Site in Risk Asses_ant Tier 2 Reqllires 
Operational SWMU., AOCs,and Other BRSl BRS2 RR83 RJRqoI"l Asses_ent Tier 1 SLERA ICM Evalllation 

Area WMG Potential Release Sites Clolll1re" Clomre" Clolll1re" (YlN) (YlN'l' (YIN) (YIN) Conducted in CMSfFS 
sw:MU s 14-27 - Explosive Bum Pads - - X Y Y _110 Y N X -(inc1udiruz wash racks) 

sw:MUs28-36 -Active Bum Trays Acaw N N - -
sw:MUs37-J14 -Burning Ground - - X Y Y N X -Landfills 
sw:MU. 45-46 -Explosive Bum Closun AppT'OVl/ld 2003 N N X -Cages 
sw:MU 47 - Chemical X N Y N

Burning Ground WMG13 BumlEvapot1llion Pits - - - -
sw:MU.4B-51 - Solvent Evaporation y_U
Pan. (pans closed, .oil. deferred to Closun Approvtid 2003 N N - -

Isw:MU 47 investigation) 
sw:MU 52 -BumRack.s and Flashing Closun Approwd 2003 N N X -

IPits 
Unaslligned sw:MU  Demonstration - - X N Y N X -Facilities 
sw:MU 8 -Playa 3 - - X Y Y Y - --
Unaslligned  Dumpster Area near FS - X - N N Y N - -11 
SVS 6 - Unnumbered Zone 7 

X N Y Y YLllldfills - - - -
sw:MU 65  Landfill 14 Administralil'll Closun Approvtid 2003 N N - -
sw:MU 53  Temporary High 
Explosives Burnmg(kound - X - N N Y Y X -
sw:MU 62  LIlldf"111 11 AdministratiMI Closun Appl'Ol'lld 2004 N N - -
sw:MU 64 -Lllldfi1l13 - I - I X I y I y Y N X -

Independent Misc. 
sw:MU 69  Firing Site 4 Acaw N NUnitlnot - -

Stet inWMGs sw:MU 11 - Surface Impoundment in 
Zone 5 (Building FS-l6) - X - N N Y Y X -
SVS 7a - Maga.r;ine Demolition Debris - - X N Y Y Y - -Landfill., Zone 4 
SVS 7b  Maga.r;ine Demolition - - X N Y Y Y - --Debri. Landfill., Zone 5 
sw:MU 63 -Landfill 12 - X - N N Y N X -
sw:MU 66  Landfill 15 - - X N Y Y Y -
sw:MU 70  Firing Site 5 C/osun Approvtid 1999 N N X -
sw:MU 71 -Firing Site 6 C/osun Approvtid 2()()() N N - -
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Table 1-1. Status of Correctlve Acdon Units at Pantex Plant (continued) 

Further fncluded in , 

Evaluation [neluded in [neluded in Ecological 
as Potential Human Ecological Risk 
Radiological Health Risk Assessment 

RFI Site in Risk Assessment Tier 1 Requires 
Operational SWMUs, AOCs, and Other RRSl RRSl RRS3 RJRepol't Assessment Tier 1 SLERA ICM Evaluation 

Area WMG Potential RsIease Sites Closure" Closure" Closure" (YIN) (yIN)" (YIN) (YIN) Conducted in CMS/FS 
SWMU 72 -Firing Site JO Acliw N N - -
SWMU 73 -Firing Site 15 Closure Approvrtd 2000 N N - -
SWMU 74- Firing Site 21 Actrnr N N . -. 
SWMU 75 • Firing Site 22 Acliw N N .. .. 
SWMU76-FiringSite 18 ildministratiw ClosuNJ Approvrtd 2001 N N - -. 
SWMU 77 • Firing Site 23, 

1ldministrati1lfl C/oSUf"II Approvrtd 2001 N N .-
FiltedExhaust System 
SWMU 78 - Firing Site 24, Concrete 

Actrnr N N - -Sump 
SWMU 81 - Mixed Waste Storage, 

Closure Approvrtd 199 J N N - .. 
Mag~e4·19 

SWMU 83 • Building 4-8, Container 
Storage Building. Asbestos Staging 1ldmi~ CJoSUTfI Approwd 2001 N N - .. 
Area 
AOC 6b - GasClline Leak at Building 

CJosure ilpprovrtd 1999 N N -.
16-1 
AOC 9 - Site· Wide, Underground 

ildministraJivo? Closure ilpprowd 200J N N .. .. 
Misc. Storage Tanks 

Independent 
Units not Unassigned SWMU - Unlined

Sites 
inWMGs Landfill (Firing Site \) ildmi~ CloSUl'rlilpprowd 2004 N N -

(continued) 
(continued) UnassignedSWMU • Landfill 18 

North ofFiring Site 10 
ildminiGlTaIiVII Cloflure ilpprowd 2004 N N .-

Unauigned SWMU - FS-20 UST Closul"fJ jjpprowd 1991 N N .. .
Permitted Unit 52  Magazine 4-46 Closurtl Approwd J998 N N .. -
Permitted Unit 53 -Mag~e 4·72 Acliw N N .. -
Permitted Unit 54  Magazine 4·74 Closure ilpprowd 1998 N N .. .. 
Permitted Units 8, 9, 10 & 11 • 
Container Storage A",as (Conexes Closure ilpprowd 2000 N N .. 
WM5, WM6, WMJ, & WM8) 
Permitted Units 36, 37, 38, & 39 Closure ilpprovrtd 1999 N N .. _. 
Permitted Unit 40 • Building 11-9 

Closure Approwd 2002 N N X .. 
StorllJ!e 
Permitted Units 46, 47, 48, 49 & 50 
Container Storage ~a (Conexes 

Closurtl Approwd 1998 N N
WMl-A, WM1·B, WM3-1. WM5-A, 
& WM5-B) 
SWMU 106· Waste Accumulation I X I I N I N Y N
Site at Building 16·1 - _. .. 
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Table 1-1. Statu. or CorrediveAcdon Unltl atPantexPlant (contlnued) 
r= ~'~·~:~;,-r.:i;~~f~-O:·. -"',."1; ~~~,(·~D~~1r.~.:~'\·>~' ~,.,,~~~~~~.~~~~ ~,.~~~~ <4r-~'~~""" ~Pu.ttl(eii4~> ....,.,......,:.,,"'..~dur.-~~ i~~"...._;,:u,..,,)I<t'~ '1JidifdB.t·b\"· .. "1·.,',·",,··"_, .... " . 

Evaluation Included in Indudedin Ecoloaical 
as PotBlltial Human Ecoloaical Risk 
Radioloaical Health Risk AssessmBllt 

RFI Site in Risk AllelllnBllt Tier 1 Requires 
Op erational SWMU.. AOCI, and Other RRSl RRSl RRS3 R/Rqon ASselllnBllt Tier 1 SLERA ICM Evaluation 

Area WMG PotBlltial Release Sites Closure' Closure' Closure' (YIN) (YIN). (YIN) (YIN) Conducted in CMSlFS 
SWMU 107 - Building 16-5, Admi1liGtralhw CloS1UW Approvtld 2003 N NFlammable Liquid Storage 
SWMU 127 -Miscellaneous 

Admi1liGtralhw Closww Approvtld 2001 N NNonhazardous Waste Dumpsters -
SWMU 128 - Portable HE Administraliw Closww Approvtld 2001 N N -Wastewater Tanks 

Misc, SWMU 132 - Vacuum Guulers Ad".1IiGtralhw Closww kprovtld 2001 N N -
Independent SWMU 133 - UST#30, Waste Oil 

Sites 
Units not 

Tank at Buildinl! 16-1 
C/oovrw Approvtld 1999 N N -

(continued) 
inWMGs 

SWMU 139 - Photo Processing (continued) 
Leaching Bed (Building FS-IO) - X - N N Y N -

SWMU 142 - Miscellaneous Hood Admi1liGtralhw C/oSIUW Approwd 2001 N N -and Filter Systems, 24 Buildings 
AOC 4 - Asbestos Installation (plant-

Administratiw CloslUW Approwd 2003 N N -wide) 
Unassigned SWMU - FS-22 Container Cloourw Approvtld 1999 
Gun Barrels 

-

-
-
-

-

-

-

'Closure status as approved through TCEQ RFIRappruvallelten. 
bgtes evalua1ed in lbslilnl HHRA 1Wport (B WXT PanlelrlSAlC, lOO6). 
'All or portions oflllis data induded in Exposure Area 
'These units WIn approved fordosure 10 RRS 3by TCEQ, However, TCEQagteedthese sites WIn only to be managed as a grDUlldwateruocerlaintylhrough agrouodwater-llDoitoringprogramto be established with consideration of 
Zone 10, These units WIn not required to be assessed in a baseline HHRA (TCEQ, l005), 
'Uncertain1ies associBled with mdionudides in Zone Il South arm addressed in 1he Bawilnl HHRA R/pon(BWXT PanteKlSAIC,lOO6), 
'Soils are evalua1ed as part ofSWMU lllb in the lbslime HHRA ltlport (B wxr PanIelrISAIC, lOO6). 
-Solids in sump were impacted with depleted Uranium; however, no release outside of the sump ot:aJrTed, 
lyrA 'MIS IIIrIher evalua1ed as a potential mdiologica1 site due to anOllBious resu1t for total U mnium and 'MIS 1:VoIlua1ed in the lbslZllnl HHRA lWpo1t (BWXT PantexlSAIC, lOO6), 
'PantexPiant portion of Bite inveBlipptionis colqllete, . 
AOC - Arm of Concern 
BG - Sitel:Vollua1ed inBIT71171gGrormd HHRAlWpo1t(BWXTPan1cK.lOO5a} 
CMS/FS - Cor=live Measure StudylFeasibility Study 
OW - Grouodwaler 
ICM - Interim Corrective Mlllsure 
NWAR - Sitel:Vollua1ed inNWARHHRA 1Wport (BWXT ~.lOO5b} 
RFI - RCRA Facility Inveslipption 
RRS - RiskRedw:lion 9andards 
su:RA - ScreeoingL.m Ecological Risk Assessmeot 
SWMU - Solid Wallie Malllgemeo1 Group 
WMG - Wallie Malllgemeot Group 
X - Denotes dosure status 
-- Not App1icabie 
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2.0 ENVIRONMENTAL SEllING 

Pantex Plant is located in Carsoo COlllty in the Texas Panhandle, approximately 17 miles (27 Ian) 
northeast of downtown Amarillo (Figure 1-1). Pantex Plant is bOlllded on the north by Farm-to-Market 
Road (FM) 293, on the east by FM 2373, and on the west by FM 683. To the south, USDOFlNNSA
owned property extends to within 1 mile of United States Highway 60. Texas Tech University (TTU) 
owns the land located south of, and contiguous to, the USDOFlNNSA-owned lands. 

The site consists of 10,177 acres (4,118 ha) owned by USDOEINNSA for Plant operations and 5,856 
acres (2,370 ha) leased from TTU as a safety and serurity buffer. This buffer area is managed by Texas 
Tech Research Farm (T1RF) and is used as rangeland and farmland. Part of the land is in the United 
States Department of Agrirullllre Conservation Reserve Program (CRP). TI'RF also uses approximately 
6,400 acres (2,590 ha) ofUSDOFlNNSA owned land for agrirullllral purposes. Industrial'lleratioos 
ocrur in the central portion of Pant ex Plant and encompass approximately 2,000 acres (809 ha) of 
USDOFlNNSA property. Pantex Plant's primary mission is to: 

• 	 Assemble nuclear weapons for the natioo's stockpile. 

• 	 Disassemble nuclear weapons being retired from the stockpile (including sanitization of 

components from di!mantled nuclear weapons). 


• 	 Evaluate nuclear weapons (to include the repair and retrofit of nuclear weapons in the stockpile). 

• 	 Devel'll, fabricate, and test chemical explosives and explosive components for nuclear weapons 
to support USDOFlNNSA initiatives. 

• 	 Provide interim storage for plutonium pits from di!mantled weapons. 

Pantex Plant is composed ofseveral functional areas, commonly referred to as numbered zones 
(Figure 1-1). These include a weapons assembly/disassembly area, a weapons staging area, an area for 
explosive development, a drinking water treatment plant, a sanitary wastewater treatment facility 
(WWIF), photo shops, vehicle maintenance areas, and administrative areas. Other functional areas 
include a utilities area for steam and compressed air, an explosive test-firing facility, a burning ground for 
thennally J1"ocessing (burning or flashing) explosive materials, and landfills; a portion is rurrently used 
only for storage. Overall, there are more than 400 ooildings at Pantex Plant. 

2.1 FAcn..ITY BACKGROUND 

Pantex Plant was constructed during World War II when a number of the Plant's areas were used to 
develop conventional ordnance and prowce high explosive (HE) compounds; 1NT was the primary HE 
J1"oduced. The Plant was deactivated after World War n and the entire in!tallation was sold to Texas 
Technological College (now TIU), subject to recall by the War Assets Administratioo. TTU used the 
area for agricultural purposes, such as cattle grazing and small grains production. Many of the original 
World War II buildings and structures (such. as blast walls and berms) remain at the site, and many ofthe 
World War II-era structures have historical significance. 

The United States Army Ordnance Corps reclaimed the site in 1951, for use by the Atanic Energy 
Commission as a nuclear weapons assembly facility. Portioos of the original conventional weapons plant 
were renovated, and new facilities were constructed for the manufacture of HEs (Le., High Melting 
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Explosive [HMX {cyclotetramelhylene tetranitramine} ] and RDX) used in nuclear weapons and for final 
assembly of the weapons. No radioactive materials have been processed at Pantex Plant to fulfill the 
Plant mission. 

Respcnsibility for Pantex Plant has transitioned among various Government agencies. The United States 
Army first used the Pantex OnDance Plant from 1942 to 1945. for loading conventicnal ammuniticn 
shells and bombs. In 1951. the Atcmic Energy Commission began to rehabilitate portions of the original 
Plant and construct new facilities for nuclear weapons operations. In 1974, the United States Energy 
Research and Developnent Adninimtion (ERDA) replaced the Atomic Energy Ccmmissicn and 
accepted responsibility for operating Pantex Plant. In 1977, USDOE took the place of the ERDA. In 
2000, a transition was made by USDOE to NNSA. 

Pantex Plant is a government-owned. contractoc-operated facility. USDOFlNNSA oversees operation of 
Pantex Plant through the Pantex Site Office, which repocts to the NNSA in Washington D.C. Mason It 
Hanger - Silas Mason Co., Inc. (MIlC) was the operating contractoc from 1956 to 2001. BWXT Pantex, 
LL.C. (BWXT Pantex) replaced MHC and began operations on Felruary I, 2001. 

Frcm 1991 to present, all envircnmental programs (Le., protection, mcnitoring, and restoraticn) have been 
under the operating contractor. The Environmental Projects and Operations Division of BWXT Pantex is 
responsible for investigation and cleanup of corrective action units. 

2.2 GEOLOGY AND HYDROGEOLOGY 

This section describes the environmental physical setting of Pant ex Plant including climate, geology, and 
water resources. 

2.2.1 Topography 

Pantex Plant is located in the Texas Panhan<D.e on the High Plains portion ofthe Great Plains 
Physiographic Province. This area is a broad, flat plateau that gently slopes east and south, and is known 
as the Llano Estacado (Spanish for "Staked Plains"). Topographic elevation aaoss Pantex Plant ranges 
from approximately 3,501 to 3,595 ft (1,067 to 1,096 m) above mean sea level (amsl), with an average 
elevation ofapproximately 3,554 ft (1,083 m) amsl (Table 2-1). The topography is relatively flat with 
slopes ranging from awroximately 0.00005 in upland areas to approximately 0.07 near closed drainage 
basins containing ephemeral lakes (known as playas). The average topographic slope aaoss the Plant 
area is approximately 0.006 (Table 2-1). 

2.2.2 Local Geology 

The shallow sub&Uface stratigraphy in the area ofPantex Plant is com}X'ised ofthe following geologic 
units (in order ofincreasing age offormation and depth below ground surface [bgsD: 

• Blackwater Draw Focmation (pleistocene Epoch) 
• Ogallala Formaticn (pliocene Epoch) 
• Dockum Group (Triassic Period) 
• Permian Quartermaster Formation (permian Period) where the Dockum Group is not present. 

The vertical dimensims ofthe geologic units are summarized in Table 2·1. More detailed infocmation 
regarding the local geology is presented in the Subsurface Modeling Report (BWXT Pantex, 2004c). 
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The Blackwater Draw, the uppermo~ hydrostratigraphic unit (HSU), consists of eolian silts and sands, 
with an awroximately 20-ft (6-m) thick lower mit composed of silty sand and caliche. The upper surface 
of the Blackwater Draw is defined by surface topography. Numerous depressions representing the playa 
basins are apparent on the land surface. These depressions range from a few feet to more than 46 ft (14 
m) in relief and from several humted feet to 1 mile (1.6 km) or more in diameter (ANL and BMI, 1995). 
Sediments beneath the playas contain thick secpences, roughly 16 to 60 ft (5 to 18 m) of lake sediments 
that are highly variable in lateral and vertical extent (Hovorka. 1995). The lake sediments intermingle 
with the Blackwater Draw sediments near the edges of the playa basins. The Blackwater Draw 
Formation and the availability of water control infiltration and recharge, especially to perched 
groundwater . 

Underlying the Blackwater Draw Formation is the Ogallala Formation. The Ogallala sediments consi~ of 
coarse-grained fluvial sequences that fill the floors ofpaleovalleys and fine upward from gravel to fme 
sand. The fining-upward secpences contain channel sands and gravels overlain by finer overbank 
deposits (Gustavson, 1994). Fine-grained eolian deposits overlie the coarse fluvial sediments. 
Regionally, the thickness of the Ogallala Formation ranges from a few feet to over 900 ft (274 m). A 
massive Caliche Cap'ock layer generally defines the top of the Ogallala Formation (and the base of the 
Blackwater Draw Formation); however, it is not continuous in extent below Pantex Plant. Where present, 
the Caprock layer consists ofa hard, dense, finely crystalline caliche. 

Underlying the Ogallala Formation is the Dockum Group. Where present, the Dockum Group is 
estimated to be approximately 200 ft (61 m) thick in the Plant area. The Dockum Group consists mostly 
of indJrated sediments, these include mud~ones, sil~ones, sand~ones, and minor conglomerates and 
clay~ones derived from fluvial, deltaic, and larustrine depositional sy~ems (Johns, 1989). Identification 
of the Dockum Group from the Ogallala Formation is more diffiwlt than the identification of the Permian 
Redbeds or the Quartermaster Formation. The Quartermaster Formatioo is made up of red shale or clay 
with san~one, dolomite, or gypsum. The Permian Redbeds have very low permeability values; 
therefore, there are limited permeable pathways between the Ogallala and Permian rocks (Nativ, 1988). 

2.2.3 Groundwater Resources 

The principal source ofgroundwater for the region is the Ogallala Aquifer, the primary unit of the High 
Plains Aquifer, comprising the highly permeable basal sediments of the Ogallala Formation throughout 
the Southern High Plains. The Ogallala Aquifer provides water for mmicipal water supplies. crop 
irrigation, live~ock q>erations, and indIstry, and is the sole water source for Pantex Plant. Groundwater 
used in the Plant area is discussed further in Section 3 of this report. 

The High Plains Acpifer has been developed extensively with moce than 96 percent of the total 
withdrawal used for irrigation (McGuire, 2004). During the year 2000, approximately 121,000 acre-ft of 
water were pumped from the acpifer in Carson County (pGCD, 2003). Approximately 97,300 acre-ft, or 
80 percent, were withdrawn for irrigation (pWPG, 2005). Because this volume of discharge greatly 
exceeds the amount ofrecharge, water levels in the acpifer are declining. According to the Panhandle 
Groundwater Conservation District (pGCD) the average water level in Carsoo County declined 31 ft (9.4 
m) from 1964 to 2004 (PGCD, 2004). Beneath the nocthem part of Pantex Plant, water levels have 
crq>ped more than 130 ft (40 m) since 1942, and are currently declining at rates greater than 1 ft (0.3 m) 
per year. 

Water level declines in the Ogallala Acpifer have resulted in "dry" areas of no saturation where the 
elevation of the bottom of the aquifer is locally high, such as in the areas to the immediate south and 
southeast of Pantex Plant as ~own in Figure 2-1. The development of local "ay' zones may isolate 
Ogallala Acpifer groundwater near Pantex Plant from the regional flow regime or otherwise alter local 
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flow patterns in the Ogallala Aquifer in a manner that would dimini!:b flow of Ogallala Aquifer 
groundwater away from Pantex Plant. 

The Ogallala A(Jlifer in Carson County was estimated to contain approximately 17.5 million acre-ft of 
groundwater in 1960 (Knowles, et al., 1984). In 2000, the volume in storage had declined to 
approximately 15.3 million aa-e-ft (pWPG, 2005). It is the stated goal of the PGCD to conserve and 
Il"eserve the limited supply ofgroundwater in the district, while maintaining the economic viability of all 
resource user groups. To meet this goal, the PGCD has instituted a conservation management policy to 
retain 50 percent of the 1998 groundwater supply in 2048 (pGCD, 2003). According to Groundwater 
Availability Modeling conducted as part of regional water planning, approximately 65 percent of the year 
2000 groundwater supply in Carson County is Il"ojected to remain in 2050 (PWPG, 2005). 

Regionally, the Ogallala A(Jlifer water table slopes from northwest to southeast, generally following the 
regional topographic surface. However, in the vicinity ofPantcx Plant the water table slopes from 
southwest to northeast (Figure 2-1) in response to extensive pumping from the City of Amarillo, Carson 
County well field located north of Pantex Plant. The well field consists of39 wells and Il"oduces an 
annual average ofabout 18 million gallons per day (MGD) (68.1 million liters per day [LpdD. The 
nearest of these wells to Pantex Plant is 2,100 ft (640 m) north ofthe Plant boundary. Pantex Plant 
pumps water from the Ogallala Aquifer at five water supply wells in the northeast section ofPantcx Plant. 
The combined average pumping rate is 0.72 MGD (2.7 million Lpd). 

Localized bodies of permed groundwater occur above the Ogallala A(Jlifer throughout the Southern High 
Plains (Mullican, et al., 1995). These localized zones occur where focused recharge from playa lakes has 
ponded on top ofan aquitard, referred to as the fine-grained zone (FGZ). Three primary areas of perched 
groundwater beneath Pantcx Plant are !:bown in Figure 2-2. The largest area of permed groundwater 
underlying Pantcx Plant is associated with natural recharge frOl11 Playas I, 2, and 4; treated wastewater 
dismarge to Playa 1; and historical releases to the ditmes draining Zones 11 and 12. Smaller areas of 
perched groundwater are associated with Playa 3 (near the Burning Ground) and Pratt Playa (near the 
northeast comer of Pant ex Plant). 

Perched groundwater does not dismarge to the surface, is not a source of drinking water for Pantex Plant:. 
nor is it used for any Pantex Plant industrial operations. Treated effiuent from the Perched Groundwater 
Pump and Treat System (pGPTS), and treated wastewater meeting Pantex Plant permitted dismarge 
requirements, is used fer subsurface irrigation onsite. BeC3lJSe it is the !:ballowest water-bearing zone in 
the area. it is the first groundwater unit affected by the migration of contaminants released frOl11 Pantcx 
Plant corrective action units. Units impacted by cOPes at the surface are separated from groundwater in 
either the perched groundwater or the Ogallala Aquifer by a 200- to 500-ft (61- to 153-m) thick 
unsaturated zone. Vertical flow between permed groundwater and the Ogallala Aquifer is limited by the 
FGZ. In areas where permed groundwater is present. a second unsaturated zone occurs between perched 
groundwater and the Ogallala Aquifer. Because ofthe thin saturated thickness of permed groundwater, 
flow in the permed groundwater is controlled by the topography ofthe FGZ and by localized sources of 
recharge, sum as Playa 1. As a result. groundwater flow directions in the permed groundwater vary 
spatially in response to local topography and recharge, and a perched flow divide ocrurs beneath the 
Plant. 
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Table 2-1. Vertical Dimension of Goologic Features Within Pantel:: Plant Boundarya 

lBidl Luw Averale" 
GeoIor,le Features feet meters feet meters feet meters 

Topographic Elevation 
(Top ofBlackwlterDraw Fommtion) 3594.6 1095.6 3501.2 1067.2 3553.6 1083.1 
Topographic Slope (ftJft) 0.07 0.D7 0.00005 0.00005 0.006 0.006 
Elevation ofBase ofBlackwater Draw Fonnation 
(Top ofOgallala Fonnation and Caprock Caliche) 3532.9 1076.8 3436.9 1047.6 3480.6 1060.9 

E1evationc Elevation of the Base ofthe Caprock Caliche 3522.4 1073.6 3426.3 1044.3 3470.5 1057.8 

Elevation of the Perched W Iter Table Surface 3321.9 1012.5 3257.4 992.8 3283.4 1000.8 

Elevation of the Top ofthe FGZ 3341.5 1018.5 3111.1 948.3 3277.5 999.0 

Elevation of the Base ofthe FGZ 3309.6 1008.8 3031.5 924.0 3226.3 983.4 

Top of Ogallala Water Table 3210.4 978.5 2677.2 816.0 3115.6 949.6 
Elevation of the Base ofthe Ogallala FOnDation 
(Top of the Doekum Group and Redbeds) 3152.4 960.9 2679.2 816.6 2895.9 882.7 
Depth bgs to Base ofBlackwater Draw Fonnation 
(Top ofOltallala Fonnation and Caprock Caliche) 105.0 32.0 33.6 10.2 72.9 22.2 

Depth bas to Base of Caprock Caliche 115.0 35.0 43.6 13.3 83.0 25.3 

Depth 
Depth bas to Perched Water Table Surface 297.9 90.8 195.1 59.5 256.7 78.2 

Depth bitS to Top ofFGZ 321.7 98.1 223J 68.1 276.0 84.1 

Depth bitS to Base ofFGZ 431.1 131.4 267J 81.5 327.1 99.7 

Depth bas to Oaallala Water Table Surface 507.5 154.7 343.5 104.7 437.9 133.5 
Depth bgs to Base ofOgallala Fonnation 
(Top ofthe Dockum Group and Redbeds) 888.9 270.9 390.9 119.2 657.6 200.4 
Thickness ofBlackwater Draw Fonnation 105.5 32.2 33.6 10.2 72.8 22.2 
Thickness of Caproek Caliche 23.2 7.1 0.5 0.2 7.1 2.2 
Saturated Thickness ofPerehed Groundwater 79.4 24.2 0.0 0.0 22.0 6.7 

Thickness Thickness ofFGZ 157.1 47.9 8.7 2.6 51.1 15.6 

Lower Oaallala Unsaturated Thickness 221.1 67.4 0.0 0.0 110.8 33.8 

Saturated Thickness ofOgallala Aquifer 406.2 123.8 29.0 8.8 219.7 67.0 
Thickness of Oaallala Fonnation (Total) 821.6 250.4 316.4 96.5 584.7 178.2 

I 
j 

! 

Note: Water surfa:e infonnation is based on April 2000 measurements caUeeled £rom monitorin~ investigation, municipal, private. IIld extraction wells (See Table 2·3 ofSubsur,foOll Mxitlilng 

/Wport [BWXT PIIltex, 2004e] for lia ofweUs induded). 

"Table taken from the SubsurfoOll Mxitlhng /Wport (BWXT PaoI!:x. 2004e). 

bAverages were calculated as the arithmetic meal of the interpolated surfa:es within the PanI:ex AInt boundary. 

'Eievltion data is above meln sealevel (1111s1). 
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2.2.4 SOU Characteristics 

The Pullman clay loam series predominately comlXises upland surface soils at Pantex Plant. Randall clay 
dominates the playa bottoms; Lazbuddie and Lofton soils occur on the playa bmches; and Pep and 
E&licado soils occur on the playa side slopes. Subsurface soils are considered part of the Blackwater 
Draw and Ogallala FOimations. 

2.3 METEOR.OLOGY AND CLIMATOLOGY 

The climate in the Texas Panhandle is typical ofcontinental interiors. It is mainly semi-arid. with mild 
winters and hot, dry summers and is characterized by large variations in daily temperature extremes, low 
relative humidity. and irregular rainfall ofmoderate amounts. ThundmtOIms occur approximately 49 
days per year and can prodJce tocnadoes (TIll. 1994). Pantex Plant is in awindy area and in a moderate
to high-hazard zooe for tocnadoes. 

Based 00 National Wcather Service (NWS) records, average annuallXecipitation for Amarillo is 19.9 in. 
(50.5 an). The average annual temperature is 57.1Of (13 .9'C) with a nOImallow temperature in January 
of21.2Of (-6'()cC) and a nonna! high temperature in July of91.7°F (33.2°C). Average wind speeds at the 
Amarillo NWS station are 13.1 mph (21.1 kph) based on a 33-yearperiod of record (BPXlMHC,1998a). 
The prevailing wind direction is from the south for May through SeItember and from the southwest for 
the remainder of the year (DOC, 1997). Analysis ofNWS meteorological data for 1990 indicates local 
winds were predominantly from the south and southwest directions approximately 41 percent ofthe time 
with an average wind !:peed of 13.42 mph (21.60 kph). The gross lake-9lIface evaporation rate averages 
73 in (185 cm)peryear, as measured from 1950 through 1975 (BPXlMHC,1997). 

2.4 SURFACE WATER. 

The principal surface water features ofthe Southern High Plains are the numerous shallow playas and 
!mall stream valleys or draws. Stream drainage patterns are poorly develq>ed because of the low relief of 
the plains. Streams occur as long. shallow <raws following the general slq>e of the land surface at widely 
!:paced intervals. The drainage areas of the streams and draws are limitedto narrow belts of land. Playa 
basins drain the larger, interfluvial areas and generally do not cmtribute runoff to streams. 

The perennial surface water feature closest to Pantex Plant is the Canadian River, located approximately 
17 miles (27 Ian) to the north. The river flows in a generally eastward direction into Lake Meredith, a 
constructed reservoir. Afew smaller streams are located south and east of Pantex Plant along the High 
Plains Escarpment. These streams are trirutanes of the Red River and include: 1) the Salt Fork of the 
Red River, apJroximately 20 miles (32 Ian) southeast of Pant ex Plant; 2) the Prairie Dog Town Fork of 
-the Red River, aplXoximately 25 miles (40 Ian) southwest ofPantex Plant; and 3) Sweetwater Creek, 
approximately 50 miles (80 Ian) east of Pantex Plant During flood evmts at Pantex Plant, 9lIface water 
may flow to offsite playas. rut runoff from Pantex Plant does nol flow into the Canadian River, Lake 
Meredith, or any ofthe !maller streams. 

Three playas are located at Pantex Plant (Figure 2-3). Playa 1 is mrth of Zone 12, Playa 2 is west
northwest ofZone II, and Playa 3 is included in the Burning Ground WMG. Playa 4 is located on TIll 
lXq>erty, south of Zone 11. A large playa basin is located on Pantex Lake lXq>erty, 2.5 miles (4 Ian) 
northeast of the Pantex Plant boundary. Other playas are presml in the area and each constitutes a 
separate <i"ainage basin with no 9lIface drainage outlets. Most surface water runofffrom Pantex Plant 
flows into the onsite playas. 
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2.5 ONSITE EcOLOGY AND LAND USE 

Pantex Plant lies 00 the Southern High Plains portioo of the Great Plains at an elevation of approximately 
3,554 ft (1,083 m). North of the Plant, the relatively flat plains become rolling breaks that form the 
escarpment above the Canadian River. The relatively flat plains are characterized by rolling grassy plains 
and numerous natural playa basins. There are more than 17,000 playas or ephemeral lakes in the Texas 
Panhandle; the lakes are usually less than 0.6 mile (1 krn) in diameter and receive water runoff from the 
Sllrrounding area. 

2.5.1 Onslte Land Use 

Four distinct types of land use (Figure 2-4) are identified at the Plant: 

• Operations 
• Cultivation 
• Wetlands 
• Grassland. 

Operational areas include active and inactive indumal areas. Active operational areas contain a medium
to-high density of buildings, roadways, storage facilities, parking areas, actively disturbed land (landfills 
and borrow pits), and heavier human utilization. Zones 4, 11, and 12 are enclosed by high security 
fencing; therefore, are subject to restricted access. Support facilities ocrur in Zones 10, 11, 12, the 
Burning Ground, frring ranges, and Firing Sites. The active operational areas are mowed and maintained 
in mortgrass prairie. Shrubs, trees, and watered lawns are present around some administrative buildings 
in the operational areas. Denuded areas are also maintained as a safety and serurity buffer for portions of 
the operational areas. The inactive operational areas contain mowed/maintained areas around the active 
operations, and are designed to serve as safety and security buffers in most cases. 

Agricultural (rultivation) lands owned by USDOF/NNSA at Pantex Plant and Pantex Lake (Le., not 
including the TI1J property) are managed by the TlRF through a Service Agreement that allows TTIJ to 
use the land for farming and ranching. Approximately 3,817 acres (1,545 ha) are available for rultivation 
and approximately 1,954 acres (791 hal are available for grazing. These areas are required to be managed 
in accordance with the Plant mission, including protectioo of the environment, safety, and health of 
employees and the public. and national security. The area available for grazing or farming under the 
Service Agreement with TID is mown in Figure 2-4. 

Wetland areas, Playas 1,2, and 3, are formally managed areas under the Integrated Plan/or Playa 
Mmagement at Pan/ex Plant (herein referred to as the Playa Management Plan) (BWXT Pantex, 2002c). 
The areas surrounding each of the playas are designated as Playa Management Units (PMUs). Under the 
Playa Management Plan, rotational cattle grazing is allowed to promote shcrtgrass prairie habitat. The 
goals of the Playa Management Plan include rultural resource management and protection, erosion 
control, shortgrass prairie Sllstainability, playa wetlands Jl"otection. and wildlife management and 
monitoring. As part of the Playa Management Plan, a buffer area was established around each playa to 
filter runoff from agrirultural and indumal operations, decrease sedimentation, and improve overall 
water quality in the playas. All cultivatioo practices were discontinued within the buffer area for each 
playa and the playa itself; however. managed grazing ocrurs infrequently to meet the above objectives 
and is included in the Playa Management Plan. These formerly cultivated areas were revegetated with 
native grasses in June 1996. Pantex Lake does not have a formally identified PMU; however. monitoring 
of resources at this playa is addressed in the Playa Management Plan. Pantex Lake differs from the 
PMUs by not having revegetated areas. 
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In addition to the agricultural land owned by USDOFJNNSA. mo!!t of the buffer zone leased from TIU is 
used foc agrirulture. The 8pIl"oximate 5,800-aae (2,347-ha) buffer zone includes rangeland used foc 
grazing cattle (including playas), a !mall poctim of farmland, and land set aside as part of the CRP. 
Under the tenns of the Service Agreement. Pantex Plant provides potable water from the Ogallala Aquifer 
to the TTRF foc watering of live!!tod:: and personal consumption. 

2.5.2 Vegetation 

The Southern High Plains area is semi-arid grassland with very few natural trees. The native vegetation is 
characterized as shortgrass Jnirie (USDOE, 1993); however, some ofthe native prairie has been cmverted 
to agrirultura1 aops, and almo!!t all has been affected by cattle grazing and early century cattle dives 
through the area. The rurrent !!tate ofthe altered!1bcrtgr'aSS Jnirie at Pantex Plant nmges fran unvegetated in 
the south-central indnmal regico. to avariety of ~es elsewhere msite (USDOE, 1996). 

Playa vegetation on the Southern High Plains varies from me playa to another and throughout the 
changing cmditions of the seasons. When water is prevalent within the basins, playa vegetation is 
usually composed ofemergent and sul:mergent aquatic species; however, as available water subsides, the 
species shift to semi-aquatic annuals. With little moisture present. playa vegetation is commonly made up 
of characteri!!tic upland species (Haukos and Smith, 1994). 

2.5.l Wetlands 

Although the playas are ephemeral water bodies often having water only seasonally, many playas meet 
the soils, hydrologic, and vegetation criteria for classificatim as wetlands. Playas 1, 2, 3, and 4, and 
Pantex Lake have been delineated as wetlands (HEC, 1995) and are closed basins. However, the playas 
are not subject to federal regulation under the Clean Water Act (CWA) (see Section 2.3.3 of the Slte-Wide 
ERA [BWXT Pantex, 2004bD. 

2.5.4 WIldlife 

As with mo!!t ofthe Southern High Plains, agrirulture and indug;ry have changed the biological resources 
and diversity at Pantex Plant. Land in the Te~Panhandle used for cultivated agrirultural pwposes does 
not suwort extensive populations of endemic, non-migratory wildlife. However, the Plant and Southern 
High Plains are hane to a diversity of wildlife which. varying by species, utilizes aopland, playa lakes, 
!1ba1grass prairie, and grasslands establi!1bed by the CRP. Many species feed in rultivated fields of the 
Plant and region, although remaining !1bortgrass prairie is critical foc endemic wildlife. Remaining 
undisturbed playas are "islands" ofwildlife habitat allowing the continued existence of many species 
(Diera.uf,1994; Haukos, 1995; Smith, 1994). The playas are the mo!!t ecologically !!table areas ofwildlife 
habitat and are aitical to the biodiversity of flora and fauna in the area (USDOE, 1996). 

A biological assessment of Pantex Plant was completed in April 1996 (BPXlMHC, 1996b), The 
assessment addressed the impacts of Plant operations 00 endangered or threatened species and species of 
concern that occur, may ocrur, or migrate through the area. The United States Fish and Wildlife Service 
(USFWS) awroved the asses!ment in May 1996, with the comment that it was "canprehensive and 
complete," The USFWS conrurred with the conclusion that continued Plant operatim is not likely to 
adversely affect any federally-li!!ted threatened oc endangered species (BPXlMHC, 1997). 

Additimally, several wildlife studies have been completed at Pantex Plant. forusing on mannnals, 
amphibians and rqtiles, birds, and invertebrates. Additional studies have been conducted to identify 
threatened oc endangered species, oc species that may be candidates for listing. Using the infonnatim 
gathered from these studies, tables have been compiled listing species known to ocrur, or potentially 
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ocrur, within the Pantex Plant area. These tables are found in Appendix A of the Site-Wide ERA WPA 
(BWXT Pantex, 20Mb). 

2.5.5 Threatened and Endangered Species 

The Endangered Species Act of 1973 authorized USFWS to lilt species that are in danger ofbecoming 
extinct and offers protection to these species and, in some cases. to a specific critical habitat that is 
essential for the survival of these species. In addition to federal designation, Texas maintains a list of 
species that are designated as endangered or threatened within the !tate. 

No areas on or near Pantex Plant are designated as critical habitats for thrcatened or endangcred species. 
Lilted and candidate animal species have been recorded onsite, and some candidate species are suspected 
to occur onsite. Table 2-2 presents all species that have recorded ocrurrences. aswell as those suspected 
to occur, and their !tate and federal status. 

Table 2-2. Endangered, Threatened, and Candidate Species and Species ofConclInl Known or Expected to 
Occur In the Vlclnl~ ofPant.ex Plant, Carson Coun~, Tex:as 

A 

Concern 
B 
B 

Concern 
B Concern 
C Conccm 

B Concern 'Threatened 

B Concem 

ea 

B 
B 
C 
C 

Not listed 
? Not listed 
? 

Concern 
Concern Notlisted 

B Coocem Not listed 

A - Presence ofArctic (£ American peregrine £pecies documented at Pantex Rant. 

B - Presence documented at Pantex Plllllt. 

C - Presence not documented at Pantex PllIIlt, 

7 - ~es!iOllal>1e Ilicord exists for Pmtex Plllllt 


2.5.6 Oltlcal Habitats 

According to the Biological Assessment ofthe Continued Operation ofPantex Plant andAssociaJed 
f:lorage ofNuclear Weapon Comp:ments (BPXlMHC, 1996b), no designated critical habitat foc 
endangered or threatened species is located on oc near Pantex Plant. This rmding is based on USFWS 
letter 2-12-95-1-267, dated November I, 1995, addressed to USDOElOffice of Amarillo Site Operations 
for Pantex Plant, Texas (USFWS, 1995). 
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2.6 OFFsITE LAND USE 

2.6.1 Land Use 'WIthin I 100Mlle Radius 

The predominant land use within a 100mile (16-km) radius of Pantcx Plant is agrirultural. Grazing is the 
predominant land use to the west and ncrthwest ofPantcx Plant. Cultivated land, with scattered pall::bes 
of grazing, predominates the areas immediately SlUTomding Pantex Plant and to the north, mrtheast, east, 
southeast., south, and southwest. Some industrial areas are located south and southwest of the Plant. The 
roly urban centers in this area are Highland Park Village to the southwest (on the outskirts of Amarillo), 
the town ofPanhandle to the east., and the town of Washburn to the south. Offsite land use within 10 
miles ofPantex Plant is mown in Figure 2-5. 

2.6.1.1 Fadlltles 

A 1995 survey identified 24 facilities including smools. daycare centers. nursing hemes. indistrial areas, 
grain elevatocs. reaeational facilities. and correctional facilities within the 100mile (16-km) radius (Burns 
&. McDonnell, 1995). To the east., one daycare facility, three schools. and two nursing homes are located 
in the town ofPanhandle; to the southwest, three smools and two daycare centers are located in or near 
Highland Park: Village. Outside of Fantcx Plant, whim currently (2005) employs approximately 3,700 
staff(Nester, 2005). the facility with the largest employment/enrollment is Iowa Beef Packing, Inc. (now 
Tyson Foods, Inc.), with 2,700 employees (Fantcx. 1998). The only reaeational facility within the 10
mile (16-km) radius of Pantcx Plant is a city park in the town of Panhandle that has a pimic area and 
playgromd. 

2.6.1.2 Wafer Supplies 

All water supplies identified within the 10-mile (16-km) radius of Pantex Plant were obtained from 
groundwater (Bums &. McDonnell, 1995). Most water supply wells in the area were completed in the 
Ogallala ACJlifer. Water is used for a-inking, irrigation, and livestockwatering. Three public water 
suwlies were identifiedwithin this area: 

• 	 Awell field foc the City of Amarillo consisting of 39 wells. 

• 	 Three wells for the town of Panhandle. 

• 	 The Pantex Plant water system consisting of five wells located on Pantex Plant that provides 
potable and industrial water suWly to Pantcx Plant, and potable and livestock water supply to the 
TIRF. 

In addition. individial system within the 10-mile radius ofPantcx Plant' s water system (TWDB, 2006) 
include: 

• 	 Awroximately 171 irrigation wells within the 10-mile radius of Pantex Plant's water system 
(TWDB, 2006). 

• 	 Awroximately 40 domestic wells have been installed within the lO-mile radius ofPantcx Plant's 
water system (1WDB, 2006). 
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2.6.1.3 Gardens and livestock 

Gardens grown for personal use are common within the 100mile (16-km) radius of Pantex Plant (Bums & 
McDonnell,1995). Wide varieties of vegetables are grown in these gardens; tomatoes, beans, and squaS:J. 
are among the most common. 

Raising beef cattle is one of the major land uses in the area. In 1995, the total number of beef cattle 
within a 10-mile (16-km) radius of Pantex Plant was approximately 41 ,000 (Bums & McDonnell, 1995). 
Very few dairy cattle were identified in the area, and no commercial dairy operations that provide milk or 
dairy products were found within the 100mile (16-km) radius. Poultry, swine, and sheep are also raised 
within the 100mile (16-km) radius for commercial and personal use. 

2.6.2 Land Use Within a 5O-Mfle Radius 

Infocmation presented on land use within the 50-mile (SO-km) radius is less detailed than that collected 
for the 1 O-mile (l6-km) radius. Current land use within the 50-mile (SO-km) radius of Pantex Plant is 
predominantly agricultural. The greatest portion of land is devoted to rangeland, most ofwhich is located 
along the Canadian River d-ainage to the north ofPantex Plant and to the south in the drainage ofthe 
tributaries of the Red River. Qopland, including both irrigated and dryland farming, accounts for the 
second largest land use. Carson County was ranked Sth among all Texas counties for production ofwheat 
and grain sorghum and 2Sth for production ofcom (Battelle, 1995). 

Commercial, residential, indistrial, institutional, and public lands comprise a small percentage ofthe total 
land uses within the 50-mile (SO·km) radius. Most commercial, residential, indistrial, and institutional 
land uses are associated with the towns and cities in the area; the largest ofwhich is Amarillo. Most 
urban-related and residential land uses are concentrated near Amarillo. Other major towns include 
Canyon, Pampa, Borger, and Dumas (Battelle, 1995; Bums & McDonnell, 1995). 

2.6.2.1 Agricultural Land Use Patterns 

The types of agricultural land within this area include rangeland, cropland, and CRP lands. Com, cotton, 
peanuts, socghum. sugar beets, and soybeans are the primary crops grown in the area during the summer. 
Oats and wheat are the primary crops grown in the area during the winter (Bums & McDonnell, 1995). 
Qops may be grown under d-yland oc irrigated conditions with irrigation water typically from the 
Ogallala Aquifer or from playas (Battelle, 1995). 

Only ten commercial gardens were identified within a 50-mile (SO-km) radius of Pantex Plant; most were 
relatively small operations, totaling only 25 acres (10 ha) altogether (Burns & McDonnell, 1995). Almost 
all of the commercial gardens are in the southwest and west-southwest quadrants. A variety of vegetables 
are grown in these gardens. In addition, a few small orchards of5 acres (2 ha) or less were identified 
Twenty cattle feed lots were identified within the 50·mile (SO-km) radius, the nearest located 
approximately 9 miles (14 km) to the southwest. Capacities of these facilities range from 600 to 6S,000 
head ofcattle. Four dairy operations were identified within the 50·mile radius, three to the southwest 
(SSW, SW, and WSW compass sectocs) and one to the west·northwest. 

2.6.2.2 Public Water Supplies 

Public water supplies serve communities, smoots, mobile home parks, and businesses. In 1995, 136 
(Ilblic water supplies were located within a 50-mile (SO-km) radius of Pant ex Plant (Bums & McDonnell, 
1995). Most of these suwlies are from wells completed in the Ogallala Aquifer; however, two surface 
water bodies also serve as public water supplies. Eleven cities including Amarillo, Borger, Brownfield, 
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Lubbock, Lamesa.. Levelland. Odonnell, Pampa, Plainview, Slatm, and Tahoka comprise the Canadian 
River Municipal Water Authority and obtain some of their water frcm Lake Meredith. The Greenbelt 
Reservoir, located approximately 45 miles (72 Ian) east-southeast ofPantcx: Plant, is the other snface 
water gJpply and is used by Donley County as a sole source a-inking water supply. 

2.6.2.3 Schools, Hospitals, and RecreatJon Fac1lltJes 

In 1995, 146 schools and nine hospitals were identified within the 50-mile (80-lan) radius (Burns & 
McDOimell, 1995). Of the nine hospitals, five are in the Amarillo area and are the closest to Pantex Plant. 
Recreational facilities within the 50-mile (80-lan) radius include several lakes, city paries, sports 
complexes, swimming pools, one state park. (palo Duro Canym State Park), and several national areas. 
The majority of recreational facilities are city parks. National facilities include Buffalo Lake National 
Wildlife Refuge, Alibates Flint Quarry Natimal Monument, and Lake Meredith National Recreation 
Area. Lake Meredith has swimming, fi!:bing, and water sports. Several lakes in the Amarillo parks have 
fi!:bing, and Greenbelt Reservoir has fishing and water sports. Lake McClellan was cry in 1995. 

2.6.2.4 Industrial Sites 

Currently (2005), Pantex Plant employs 3,730 persons, including management and operating cmtractcrs, 
USDOE and National Laboratory staff, cmsultants and oversight agency persomel (Nester, 2005b). This 
employment figure has remained relatively constant over the past 10 years. 

Pantcx: Plant is the major employer in Carson County, and is one of the largest employers within the four 
county region of influence that includes Carson, Armstrmg, Petter and Randall counties, and in the 
Amarillo metropolitan area. In 2001, Pantex Plant was ranked the third largest employer in the Amarillo 
metropolitan area. (BWXT Pantex, 2002<1) 

The largest numbers of industrial facilities are located in the Amarillo area in the west-southwest and 
southwest ccmpass sectors, and in the Borger area to the north-northeast. Within the 50-mile (SO-Ian) 
radius, a total of 49 grain elevators were found in all cx:cept two ccmpass sectors. 

2.6.2.5 BIg Game, Game BIrds, Small Game, and FIsh 

Big game in the area consists of mule deer, white-tailed deer, and pronghorn antelope. The Canadian 
River breaks, located 2 to 4 miles (3 to 6 Ian) ncrth of Pantex Plant, rep-esent the preferred habitat for the 
mule deer, white-tailed deer, and prmghcrn antelope. Deer and antelope have been sited within the Plant 
area, but these animals would not be expected to heavily utilize the upland areas gJITounding Pantex 
Plant. Game birds and other snall game include the northern bobwhite, ring-necked pheasant, prairie 
chicken, scaled quail, mourning dove, rabbit, sq.Iirrel, and turkey. 

Lake Meredith, Greenbelt Reservoir, and five lakes in the city of Amarillo contain fi!:b. Species 
harvested from Lake Meredith and Greenbelt Reservoir were chamel catfi!:b, white bass, snallmouth 
bass, largemouth bass, white crappie, and walleye. No harvest datawere available for the Amarillo lakes. 

2. 7 POTENTIAL HUMAN RECEPrORS 

This sectim gJmmarizes available information on potential human receptcrs at Pantcx: Plant and in the 
gJITounding area. Population data were obtained primarily from theRevi~dLand u~ Census, Pantex 
Plant (Bums & McDonnell, 1995) with gJpplemental information from the Environmental Information 
Documents (BPXlMHC, 1998a). 
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27.1 Onsite Population 

OJrrently (2005). Pantex Plant employs 3,730 persons. including management and operating cmtractors, 
USDOE and National Laboratory staff, consultants and oversight agency personnel (Nester. 2005b). This 
employment figure has remained relatively conlnnt over the past 10 years. 

27.2 Orrsite Population Within a 10-Mile Radius 

The residential population within a lO-mile (16-km) radius of Pant ex Plant, including the towns of 
Panhandle and Washburn that are just beyond the 10-mile cirrumference. was estimated at 4,816 in 1995 
(Bums & McDonnell, 1995). A summary of the population in cadI 22.5-degree compass sector within 
the 10-mile radius is given in Table 2-3. The largest number ofpeople are located in the east compass 
sector associated with the town of Panhandle (populatim of 2,353), and in the southwest and south
southwest compass sectors associated with Highland Park Village (populatim of 1,730) on the outskirts 
of Amarillo. 

Table 2-3. affsite Population Within a lO-Mlle Radius orPantex Plant 

,.,0 ;. cooipiUs S~Oi')I? ··'"t:t,f2',::~:, . ;.1,>,•. Populiill:lW;;;,.~"'&> 
N 8 

NNE 23 
NE 23 
ENE 37 

E (mc:ludes Panhandle, 1'01'.2,353)' 2,379 
ESE 19 
SE 17 

SSE 22 
S {includes Washb1ll1l. pop. 123)" 

~SSW 
SW 

WSW 69 
W 26 

WNW S 
NW 6 

NNW S 
Total Population 4,816 

'This city is just outside the 10-mi1e radius. but was included because it is part of the Emergency Planning 

Zone for Pantex Plant (Bums & McDonnell. 1995). 

b130 of the populalion ~ in Highland Park ViUlI8e. 

'1.600 of the populalion are in Highland Parlc ViUage. 


The nearest residences to Pantex Plant are located across the road from the Plant's northern boundary. 
The nearest two residences in cadI compass sector and their distances from Pantex Plant are given in 
Table 2-4. 

Table 2-4. Distance to Nearest Residences I'rom Pantex Plant 
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Table ~4. Distance to Nearest Residences trcm PaotexPI ..t (condoueel) 

"Distance from the cemer ofPlIltex Plant. 

Source: Burns & Ni:DOIltlell 1995. Table 1. 


2.7.3 OfJ'stte Population Within a 50-:MIle Radius 

The population within a 50-mile (80-Ian) radius ofthe Pantex Plant site was estimated at 269.916 in 1995, 
based on the Revised Land Use Census, Pantex Plant (Bums & McDoonell. 1995). The population by 
compass sector in 5-mile (8-km) increments is g..own in Table 2-5. 

Table 2-5. Of'fdte Population Within a 50-Mne Radius orPantex Plant 
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Table 2-5. OD'site Population Within a 50-MIle Radius of Pantex Plant (continued) 

~ 

II Sedu' 
I Dtnance~ In MBa 

.. 

G-! 6-10 , "-15 .' 16-20 21.:25 26-30 31-35 3640 41-45 46-50 

NW 6 0 83 116 152 241 343 423 370 272 

NNW 1 4 82 116 22A 300 277 349 12,433 2,099 

Radius Total 157 2,183 35,946 78,193 72,190 lS,618 15,471 2A,9S9 16,603 8,596 
P.uladon Total 269,916 

'Distance from the center of Pantex Plant. 
"Includes Panhandle. population of 2.353. 
'Includes Washburn, population of 123. 
s,urn: Burns & McDonnell 1995. Table 11. 

Within the 50-mile (80-km) radius, 18 popUlation centers were identified. The largest popllation center 
is Amarillo (1995 population of 157,615) located approximately 17 miles (27 Ian) southwest ofPantex 
Plant. Other major population centers include Pampa (1995 population of 19,959) approximately 36 
miles (58 km) east-northeast; Borger (1995 population of 15,675) approximately 23 miles (37 km) north
northeast; Dumas (1995 population of 12,871) approximately 42 miles (68 Ian) north-northwe~ Canyon 
(1995 population of 11,365) approximately 30 miles (48 km) southwest; and Panhandle (1995 population 
of 2,353) awroximately 11 miles (18 Ian) east (Bums & McDOOnell, 1995). 

2.7.4 Potential Future CondltJons 

This section disCllsses available infamation on potential future populations and land uses both onsite and 
within the 50-mile (80-km) radius. Information on future conditions is limited and should be considered 
speculative because many factors, such as the economy, will influence future types and locations of 
development. 

The popUlation at Pantex Plant is expected to remain stable since the mission of Pantex Plant will 
continue into the foreseeable future. Therefore, it is expected that management and operations personnel 
at Pantex Plant will remain at the current 3,700 personnel range, and land use at Pantex Plant will remain 
industrial. Furthermore, USDOEfNNSA fully intends to maintain the Pantex Plant as indJstrialland use 
under any potential agency mission. 

No future land use has been projected for the majority of the area within a 50-mile (80-Ian) radius of 
Pantex Plant (pantex, 1996). Based on the City ofArmnllo Planning Department Comprehensive Plan 
(City of Amarillo, 1989), future land use plans for Amarillo indicated approximately 6,000 acres (2,428 
ha) of new land would be needed to accorrnnodate a pO}Xllation of 200,000 (195,000 was forecasted for 
2005). The plan only sperulates on the location of this new development, and forecasts that two-thirds of 
this developnent would occur within the existing city limits and one-third would occur on land to be 
annexed into the city in the future (pantex, 1996). 
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Oga llala Wells 4 TlM)B Reported Measurements (Jan. 2\."()4) NBWXT 

+~ ISM COfr4)llarce Ran well • Ff'a" Measurements (A~ 20(4) 

Ii" Undeveloped ISM Well "'- Water Table Contours (feet) Pantex 
'$> Investigation Well C Area of limited Saturated Thickness 

Undeveloped I nvestig"tion Well CJ USDOEINNSA Property 0 1.000 2,000 Meters 

+ Dr/Investigation Well o Playas 
'.. Pantex ' .....tater S~ty Well 
'! ' Municlpat Well o 5.500 11,000 Feel 

Figure 2-1. Ogallala Aquifer Water LevEls at PanttN Plant, December 2004 
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Figure 2-2. Perched Groun4water Water Levels at Putex Plant. June 2003 
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Figure 2-4. Onsite IAmd Use It Patex Plant 
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Figure 2-5. Land Use Wldaln a lO-MUe Radius 
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3.0 CORRECTIVE ACTION UNITS AND CONSTmJENTS OF CONCERN 

Corrective action units (Figure 3-1) were included in the HHRAs and the Site· Wide ERA Report (BWXT 
Pantex/SAIC, 2005) based on RRS closure !talus. The RRRG and 30 TAC §335.551 thru 335.569 were 
used to determine closure ~s of each mit. Final closure !talus is documented in the TCEQ RFI 
approval letter dated AUgust 26,2005 (TCEQ, 2005). Closure to RRS 3 required inclusion of the units in 
a BRA and further evaluation in a CMS. RRS 2 and 3 clorures require evaluation of ri~ to ecological 
receptors. The results from the risk assessments identified coes to be ad<i'essed in this CMS/FS. The 
COCs identified and key considerations foc their evaluation within this CMSlFS are presented in this 
Section. 

Section 3 is ocganized as follows: 

• 	 Section 3.1 provides a rurnmary ofthe soil and groundwater COCs identified through completion 
ofri~ assessments at Pantex Plant. 

• 	 Section 3.2 provides an evaluation ofthe soil COCs and explains that soil COCs will be 
addressed through planned ICMs. and therefore, are not evaluated in the remainder of this 
CMS/FS. 

• 	 Section 3.3 provides an evaluation ofthe perched groundwater COCs, a summary ofthe extent of 
groundwater contamination, a summary ofthe key Plysical features of the perched groundwater 
flow system that must be considered in the evaluation of technologies and corrective measures, a 
summary ofsource abatement activities conducted at the Plant to address impacted media and to 
reduce or eliminate continued migration of COCs within or to the perched groundwater, and 
provides ca1rulated MSCs for the perched groundwater COCs. 

• 	 Section 3.4 provides a brief summary of treatability studies completed (or in progress) to evaluate 
effectiveness and potential foc implementation as a comprehensive or poction of a corrective 
measure for perched groundwater. 

3.1 IDENrIFICATION OF CORRECTIVE AcnON UNITS AND COCs CONSIDERED 

The riS<. assessments completed at Pantex Plant identifY COCs in the environmental media. The HHRAs 
(Section 1.3.3) defme coes as COPCs having an individual incremental lifetime cancer ri~ (ILCR) 
greater than 1.0E·06 andloc a hazard quotient (HQ) greater than 1.0, or substantially contributing to a 
rumulative riS<. greater than 1.0E·06 and/or a HQ greater than 1.0, unless weight of evidence factors 
indicate the COPC does not represent macceptable ri~. Five separate riS<. assessnents have been 
conructed for corrective action units at Pantex Plant to identifY COCs in environmental media at Pantex 
Plant. Three of the riS<. assessments did not identifY any coes in the environmental media associated 
with the assessments and require no further evaluation in this CMSIFS: 

• 	 FS·5 RiS<. Assessment (BPXl.MHC, 1999b) 
• 	 NWARHHRAReport(BWXTPantex,2005b) 
• 	 Site- WIde ERA Report (BWXT PantexiSAIC, 2(05). 

The following two risk assessments identified COCs in environmental media: 

• 	 Buming Ground HHRA Report (BWXT Pantex, 2005a) 
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• Baseline HHRA Rq:m1 (BWXT PantexlSAIC. 2006). 

Results from these two risk. assessnents are summarized below. 

3.1.1 Summary of BurnIng Q-ound mIRA Results 

The risk characterization identified areas ofthe Burning Ground that reSllt in unacceptable riskslhazards 
to ensite workers from exposure to soils. The COCs identified in soils at the Burning Ground include 
RDX. TNT. and 23SU (Table 3-1). 

Soil and soil gas copcs evaluated using fate and transport models were found to not impact onsite or 
offsite receptors evaluated foc the Ogallala A<pifer, and no Copcs were currently identified in the 
Ogallala A<pifer based on the current monitoring network. Evaluatien of the sporadic, non-trending 
detections of oomtituents in the Ogallala Aquifer that exceed RRS 1 indicated risk fran these detections 
is negligible. Therefore, no COCs were identified for the groundwater pathway. Analysis of 
volatilization of soil gas COPCS to the air resulted in values lower than conservative risk-based screening 
levels: therefoce. no COCs were identified for this pathway. Evaluation ofsoil particulate emissions from 
the Bwning Ground to the off site resident farmer were below acceptable target risk levels; therefore. no 
COCs were identified for this pathway. 

Although the risk. assessment does not indicate impacts to the Ogallala A<pifer, long-term monitoring will 
oontinue at and downgradient of the Burning Ground area (including Playa 3) to ensure that any potential 
future impacts to the Ogallala A<pifer would be detected and add"essed. This approach provides an 
additienallayer of censervatism intended to address uncertainties common to characterization and 
assessment of risk associated with historical releases. 

. 3.1.2 Summary of BaseUne HHRA Results 

The Baseline HHRA risk characterizations are based on an integration ofthe risk. dtaracterization reSllts 
and uncertainty analysis. The sites included in the Baseline HHRA. include: 

• Zone 10 
• Zone 11 
• Zone 12 (including Landfill 3 and SWMUs 5-12a and 5·13c) 
• FTA 
• Ditdtes (SWMUs 5.12b. 5-13a andb. 5-14. 5-15a.and b. and 4) 
• Playas 1. 2. and Pantex Lake 
• Landfills 1. 2.13,15. SVS 6, and SVS 7a and 7b. 

The Baseline HHRA evaluated potential risks fran COPCs in soil, soil gas. and groundwater to onsite 
receptors (industrial wocker and cens:ructionlexcavation wCl'ker) under current and future expoSlfe 
oonditions and to an offsite resident farmer under future exposure conditions. 

Evaluation of soil gas and groundwater indicated these media do not oontribute risk to ensite receptors; 

therefore, the identification ofCOCs foc onsite worker exposures was forused on COPCs identified in 

surface soil (0 to 2 ft bgs) and soil (0 to 15 ft bgs). Soil COCs for onsite wockers are Slmmarized in 

Table 3·1. This table identifies exposure areas with calculated risks exceeding the TCEQ and EPA 

acceptable target risk criteria and the COPCS contributing to any cumulative ll..CR>1.0E-06 or HI>I.0. 
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Evaluation of soil and soil gas indicated these media do not contribute risk to ofiSite receptors; therefore, 
the identification of COCs for offsite hypothetical resident farmer exposures was forused on current and 
future COPCs identified in perched groundwater and the Ogallala Acpifer. 

3.1.2.1 Summary of Baseline IrnRA COCs for Soli 

COPCs identified in surface soil (0 to 2 ft bgs) and soil (0 to 15 ft bgs) in the RFIRs for each ofthe 
zoneslWMGslcorrective action units were evaluated in the Baseline HHRA: 

• 	 Zone lOis an active operational area. No COCs were identified for soil at Zone 10. 

• 	 Zone 11 is an active operational area. Benzo(a)pyrene and dibenz(a,h)antbracene are identified 
as COCs in surface soil (0 to 2 ft bgs) at Grid Cell 22. Grid Cell 22 is located in the center of 
Zone 11 and includes a portion ofWMG 2 including AOC 8c and SWMUs 117, 118, 1198., 120a, 
and 148, and part of the Unassigned Former 11-15 Pond. Elevated concentrations of 
benzo(a)pyrene and dibenz(a,h)anthracene were detected in surface soil around SW:MUs 117 to 
120a (Building 11-44 Wastewater Treatment Units). 

• 	 Zone 12 is an active operational area located in the southeast portion of Pantex Plant. The 
southern half of Zone 12 (Zone 12 South) including SWMU 5-12a South, WMG 5, and the part 
ofWMG 6/7 west of SWMU 5-12a, is a highly restricted area. Serurity fences and security 
police officers prevent entrance by unauthorized personnel and outdoor movement by workers 
within the security fence is highly restricted Worker activity outside the Zone 12 South security 
fence is similar to other inactive operational areas at Pantex Plant. N"me areas were evaluated in 
Zone 12: SWMU 5-12a (North and South) and SWMU 5-13c, Landfill 3, WMG 5 and WMG 6/7 
west ofSWMU 5-123.. WMG 9, WMG 10, and SWMU 136. 

• 	 SWMUs 5-12a (North and South) and 5-13c comp:ise the main drainage ditch from the east side 
ofZone 12 to Playa 1. RDX was identified as a COC in surface soil at SWMU 5-12a South. 
RDX is a site-related contaminant and is wide-spread along this ditch; however, SWMU 5-12a 
South is accessed by Pantex Plant personnel even less than other ditmes because of its highly 
restricted location between the security fences on the eastern side of Zone 12; therefore, risks are 
overestimated in this area. In addition to addressing current COCs identified for the SWMU 5
12a South ditch, deed recordation may be required to address localized work that may ocrur for 
future workers. 

• 	 Grid Cells 2 and 10 are located adjacent to one another in the northern portion ofWMG 6/7 near 
the former Cooling Tower area. These three grid cells include AOC 13a and 13b, and SWMUs 1, 
5-04, and 97. Elevated concentrations of several PAHs are associated with a potential source area 
at the head ofSWMU 1 (Building 12-17 Drainage Ditch). Benzo(a)pyrene is identified as a COC 
in surface soil for Grid Cells 2 and 10. OtherPAHs [benzo(a)anthracene, benzo(b)fluoranthene, 
indeno(1,2,3-cd)pyrene] also contribute to elevated risk at this location, but were not retained as 
COCs. 

• 	 Grid Cells 17,18, and 19, located adjacent to one another in the central portion ofWMG 6/7, 
include AOC lOa and SWMUs 2, 122b, 123, and 5-05. TwoHEs (RDXand TN'!) and five 
PAHs [benzo(a)anthracene, benzo(a)pyrene, benzo(b)f1uoranthene, dibenz(a,h)anthracene, and 
indeno(I,2,3-c,d)pyrene] were identified as COCs in surface soil (0 to 2 ft bgs); TNT was also 
identified as a COC in soil (0 to 15 ft bgs). These COCs may have been associated with an 
elevated wastewater flume systern at SWMU 122b, that has now been removed 
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• 	 No COCswere identified at Landfill 3, WMG 9, WMG 10, or SWMU 136. 

• 	 FTA is an active cperational area covering approximately 4.25 acres. COPCs in soil at FTA do 
not present an unacceptable risk. and no COCs were identified. 

• 	 Playa 1, Playa 2, and Pantex Lake were each evaluated separately. COPCs in soil at the playas do 
not present an unacceptable risk. and no COCs were identified. 

• 	 The main ditches draining to playas (SWMUs 5-12b, 5-13a, 5-13b, 5-14, 5-15a, 5-15b, and 4) 
were each evaluated separately. Other small ditches located completely within a zoncIWMG 
SWMU were evaluated as part of that larger unit. Cumulative ILCR and In results were below 
TCEQ and EPA accqtable target criteria at all except SWMU 5-13a (with an In of 1.1). No 
COCs were identified at any ofthese ditches.. 

• 	 Seven landfills (Landfills I, 2, 13, 15, SVS 6, and SVS 7a and 7b) located outside the main zones 
were evaluated. CWnulative ILCR and In results were below TCEQ and EPA acceptable target 
criteria at Landfill 15, SVS 6, and SVS 7a and 7b. A cumulative ILCR of I.6E-06 was calculated 
for surface soil at Landfill 2; however, no COCs were identified at this landfill. COCS were 
identified at Landfill 1 and Landfill 13: 

o 	 Landfill 1was a general-purpose sanitary landfill located in the northeast portim of 
Pantex Plant, north of Playa 1. Benzo(a)anthracene, benzo(a)pyrene, 
benzo(b)f1uoranthene, and dibenz(a,h)anthracene were identified as COCs in surface soil 
(0 to 2 ft bgs). Lead was identified as a COCfor soil (0 to 15 ft bgs). An administrative 
cover is in place at Landfill 1; therefore, these ri!'ks only apply ifdte cover is di!!DJrbed 

o 	 Landfill 13, located in the west central. portion ofPantex Plant, was used for consfructim 
debris. Benzo(a)antbracene, benzo(a)pyrene, benzo(b)f1uoranthene, 
dibeoz(a,h)anthracene, and indeno(I,2,3-cd)pyrenewere identified as COCS at Landfill 
13. Landfill 13 is located in the impact zone of an active firing range and weapons 
training facility, therefore, no access is allowed without permission of the range master, 
so actual risks will be much less than assessed. 

COCs in soil are primarily PAHs, with HEs identified as COCs in Zone 12 at SWMU 5-12a South and 
SWMU 122b and lead (Pb) identified as a COC at Landfilll. ICMs, including permanent soil removal, 
have been conducted throughout Pantex Plant. Soil samples from locations where permanent soil 
removal has occurredwere not included in the HHRA dataset. At these locations, confinnatim data 
obtained after excavation were used in place of the removed samples. 

3.1.2.2 Summary or Baseline HHRA coes ror Groundwater 

The Baseline HHRA evaluated potential risks fre:m the groundwater pathway frc:m potmtial exposures 
msite and offsite. COCs identified in perched groWldwater are summarized in Table 3-2. 

3.1. 2.2.1 Onsite Groundwater 

The perched groundwater underlying Pantex Plant is not used fcr any purpose; therefore, onsite exposure 
to copcs in perched groundwater is not rurrentiy a complete pathway, ncr will it become complete in the 
future beC!lUse Pantex Plant will continue to control drilling and water usage. In addition, the Plant will 
record a restriction m the use of untreated perched groWldwater and drilling into and through perched 
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groundwater in the property deed, in accordance with the requirements foc closure to RRS 3 identified in 
30 TAC §335.566. Therefore, COPCs in onsite perched groundwater do not represent a risk to onsite 
receptors. 

Groundwater is pumped from the Ogallala Aquifer from five onsite production wells for potable and 
industrial use at Pantex Plant, as well as the watering of live&ock. No COPCs have been identified in the 
Ogallala Aquifer based on the rurrent monitoring well network. Uncertainties associated with detections 
above RRS 1were evaluated in the Baseline ID:IRA. and no risks were identified. Future exposure would 
require migration of COPCs from soil, soil gas, or perched groundwater to Pantex Plant prowction wells 
in the Ogallala Aquifer. however, subsurface fate and transport modeling indicates no COPCs will reach 
the Pantex Plant prowction wells within 1,000 years. 

3.1.2.2.2 Offsite Groundwater 

Offsite groundwater was assessed as a baseline condition [Le., in the absence of remediation or measures 
to control or mitigate risk. in accordance with 30 TAC §335.553(b)(2)]. Additionally, subsurface 
transport modeling did not consider reactive transport of the COPCS. 

All public and mo& private wells in the vicinity of Pant ex Plant are completed in the Ogallala Aquifer. 
however, one dome&ic supplyweU is completed in perched groundwater north of Pantex Plant. The 
(X"edominant flow directions of perched groundwater beneath Pantex Plant are south and southeast, as 
disrussed in greater detail in Section 3.3.1.1. COPCs are (X"esent in the perched groundwater offsite to the 
ea& and south of the Pantex Plant boundary. No private wells currently exi& in this area; therefore, 
offsite exposure to COPCs in perched groundwater is not currently a complete pathway. 

Perched GroWldwater East ofPan/ex Plant 

Although no public or private wells are rurrently completed in perched groundwater east or south of 
Pantex Plant, development of a (X"ivate well in the perched grOlmdwater immediately east of the Plant 
boundary in the near future could result in exposure to COPC concentrations similar to those rurrently 
measured in monitoring wells in this area. Therefore, risks were cpantified foc a hypothetical future point 
of exposure along the eastern boundary of Pantex Plant. 

COCs identified in perched groundwater east ofPantex Plant include seven lIEs (2-amino-4,6-DNT, 4
amino-2,6-DNT, 2,4-DNT, 2,6-DNT, l,3-dinitrobenzene, RDX. and TNT), one volatile organic carbon 
(VOC) (l,2-dichloroethane [DeAD, and one metal (bocon) in one or more wells. 

The primary source areas foc these COCswere Zone 12 (SWMU 5-12a [North and South], SWMU 5·13c, 
and WMG 6/7 west of SWMU 5-12a) and Playa 1. Landfill 3 (SWMU 54) is located in the same 
upgradient area as these sources, rut is not considered a viable source of COPC migration to perched 
groundwater because it is not associated with focused recharge. 

Hi&oric activities resulting in impacts to the perched groundwater have ceased at Pantex Plant (i.e., 
discharges to ditches, playas, and other areas offorused recharge have been discontinued). Numerous 
ICMs have also been implemented to reduce potential future impacts to perched groundwater. Measured 
groundwater concentrations at source areas are lower than in downgradient areas foc most COCS 
(including RDX) and trend analyses do not show ina-easing COC levels beneath or immediately 
downgradient of source areas. 
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Perched Groundwater at Pantex L:zke 

Pantex Lake is located beyood the extent ofpermedgroWldwaterunderlying Pantex Plant; however, 
perched groundwater does underlie Pantex Lake. Selenium and nitrate HQs are greater than 1.0 for a 
resident fanner exposed to coocentrations identified in one monitoring well at Pantex Lake. However, 
nitrate and selenium are not identified as COCs at Pantex Lake because their p-esence is likely related to 
agricultural practices in the area rather than past dismarges from Pantex Plant. 

Perched Groundwater South ofPantex Plant 

COCs ociginaling from Zone 11 and Zone 12 have also impacted permed groundwater south ofPantex 
Plant beneath TIU property at concentrations similar to or higher than in permed groundwater offsite to 
the east. Southerly groundwater flow beneath Zone 11 and 12 results in a more direct path to the south 
beneath TIU property. In addition to COCs occurring offsite to the east, copcs in perched groundwater 
offsite beneath TIU property include 1.3.5-trinitrobenzene and trimloroethene (TeE) at higher 
concentrations. Also, grotmdwater impacted by hexavalent chromium emanating from WMG 5 at the 
south end ofZooe 12 impacts permed grotmdwater ofisite to the south beneath TIU property. 
Perchlocate. tetramloroethene (PeE), and mlorofonn from Zone 11 also may impact perched 
groundwater offsite to the south beneath TIU property. No water supply wells rurrently exist in this 
area; therefore, offsite exposure to Copcs in perched groWldwater off site to the south is not currently a 
complete pathway because USDOEINNSA provides water to TIU under the terms of a formal service 
agreement. This pathway could become complete ifa well were placed in this area in the future; 
however, USDOEINNSA is currently pursuing an agreement with TIU to fonnally restrict the use of 
groundwater and future well <tilling in any TIU area that may be impacted by copcs. This agreement 
will ensure exposure pathways are eliminated and practices that could potentially contrioote to migration 
of copcs to the Ogallala Aquifer are controlled. 

OgalJaJa Aquifer 

The City of Amarillo operates a well field jmt north of Pantex Plant containing 39 wells completed in the 
Ogallala Aquifer; a number of private wells also are installed near Pantex Plant, as shown in Figure 3-2. 
Perched groundwater underlying portions of Pantex Plant is currently impacted, and copcs in perched 
groundwater may migrate to the Ogallala Aquifer by moving downward through the FGZ aquitard, or in 
areas where the FGZ becomes moce penneable. Thus, a hypothetical future grotmdwater scenario was 
evaluated foc ofisite receptors to the east using the Ogallala Aquifer. However, for this exposure pathway 
to be complete. Copcs in Pantex Plant media must migrate to the Ogallala Aquifer and then to an ofisite 
well location used for potable or agricultural supply. 

In accocdancewith 30 TAC §335.553(b)(2), future coocentrations in the Ogallala Aquifer were estimated 
using subsurface fate and tran~ort modeling. The modeling was condtcted as a baseline condition for 
evaluation of awropriate remedies in the CMSIFS, so the effects ofremediatioo. including the existing 
PGPTS. are not reflected in Ihe predicted Ogallala Aquifer groundwater coocentrations. Furthermore, the 
effects of sorption and degradation were mt considered in the risk calwlations for future conditions. 
However. degradatioo would likely be a significant factor in redtcing risk foc cocs that rec:pire a long 
time to ream concentrations above unacceptable risk levels in the Ogallala Aquifer. Finally, the effects of 
continued decline of water levels in the Ogallala Ac:pifer were not considered in the risk evaluation. 
Because the current sablrated thickness ofthe aquifer varies from zero to more than 100 ft in the area 
southeast ofPantex Plant and some saturated thickness is expected to remain, the decline would likely 
ooly affect the timing of potential impacts and size ofthe associated plume. ClnTent infonnatioo 
indicates some areas ofthe Ogallala Aquifer are already a-y beneath the southeastern extent of impacted 
perched groundwater, thus limiting the potential exposure in this area (water supply wells would not be 
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completed in this area rue to insufficient water availability). Any impacted perdIed groundwater 
readIing this a-y area could migrate to other areas of the Ogallala Aquifer that still contain water. 

Based on the conservative factors discussed above, for a hypothetical future well located just beyond the 
southeastern plant boundary, 2,4-DNT and RDX are identified as future COCs in the Ogallala Aquifer. 
As noted above, degradation would likely have a significant impact on 2,4-DNT concentrations; however, 
RDX ri~swould likely not be 9lfficiently reduced by the effects of degradation alone. No other COPCs 
exceed the ri~-based screening value (RBSV) at the point of predicted maximum concentration in the 
Ogallala Aquifer. 

Potential impacts to the Ogallala Aquifer from perched groundwater COPCS may occur in areas near the 
edge of perdIed saturation southeast of the Plant, where the FGZ becomes less resistant to downward 
flow. Maximum concentrations are predicted south ofthe Plant boundary on TIU property, beneath 
areas where the FGZ appears to be thinner and moce permeable than identified elsewhere beneath Pantex 
Plant. Potential impacts to the Ogallala Aquifer are predicted in a relatively short timeframe (within 
approximately 20 years) beneath TIU property where geologic data indicate the fine-grained zone is 
more permeable. COPCs predicted to reach the Ogallala A<J.lifer beneath TIU property must migrate 
northeast across the eastern Plant boundary to reach a hypothetical offsite point-of-expo91re. As a re91lt, 
predicted concentrations in the Ogallala Aquifer beneath TTU property are slightly higher and occur at 
910cter times in the future than predicted concentrations off site to the east ofPantex Plant. Offsite 
Ogallala Aquifer ri~s southeast of Pantex Plant were predicted within a 40· year timeframe foc a 
hypothetical resident farmer. Currently, only one private well is located in the area southeast of Pantex 
Plant where potential impacts are predicted in the 40-year timeframe. However, these predicted ri~s are 
not expected to actually affect the existing offsite groundwater well because data for this well (obtained 
after modeling) indicate the Ogallala Aquifer is dry in that area 

3.2 EVALUATION OF Son. COCs 

A 9lrnmary of the COCs identified in the HHRAs for direct contact with soil is contained in Table 3-1. 
Based on the re91lts ofthe HHRAs, voluntary ICMs are currently being implemented for the excavation 
of impacted soils located within Zone II, Zone 12, Landfill 1, Landfill 13, and the Burning Ground to 
address the risk to the inrustrial worker. Therefore, technologies to develop alternatives foc soil to 
address risk to the industrial worker at these units were not evaluated or discussed in this CMSIFS. The 
results of these voluntary ICMs and the effects on the re9llting risk to the inrustrial worker posed by the 
soil COCs identified in the HHRAs will be discussed in individual ICM clo91re reports for Zone II, Zone 
12, Landfill 1, Landfill 13, and the Burning Ground The final ICM clo91re reports will be provided to 
the regulatory agencies following implementation and evaluation of the impact of the voluntary corrective 
measures. The ICM closure reports will include a re-evaluation of ri~ to demonstrate the voluntary 
corrective measures 9lfficiently mitigate risk to the industrial worker. 

Risk was identified foc the construction worker in Landfill 1, Landfill 13, the Burning Ground, and Zone 
12. However, construction/excavation activities at Pantex Plant are restricted under the Pantex Plant 
Work Instruction (WI) 02.01.04.03.01, How to Obtain a Solid Waste Management Unit (SWMU) 
Interference Notification (BWXT Pantex, 2005c). If construction activities are deemed necessary, 
construction/excavation workers are required to wear proper personal protective equirment (pPE) that is 
appropriate for work performed within the potentially contaminated areas, in accocdance with the WI. 
With enfoccement of this WI, potential expo91re to soil COCs is controlled; therefore, the construction! 
excavation worker is protected A deed record is re<J.lired in accordance with 30 TAC §335.566, Deed 
Recordation for RRS 3, to provide future notification to others in the unlikely event that the property is 
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ever sold or transferred. Therefore, technologies to develop alternatives for soil to address ri~ to the 
construction worker at these units were not evaluated or discussed in this CMSIFS. 

Table 3-1. Summary of Human Health RIsk Assessment Results at Pmtex: Plant 

SWMUs 14-27 (Exposive Bum Pads) 
IIld SWMUs 37-44 (Bunmg Gromd 
Landfills) 

SWMUs 14-27 (Exposive Bum Pads) 

ce Satq)1ing Locltion inside 
Ground fencdine 

SWMUs 14-27 (Exposive Bum 

SWMUs 14-27 (Wash Rack within 
Explosive Bum Pads ) 

WMO 2: AOC 8c, SWMUs 117-12Oa, 
148, and part ofFormer 11·15 Pond 

Zone 12 South, Fonner Cooling Tower 
Arca WMO 617: AOC 13a and 13b; 
SWMUs 1, S-04, 11, and 97 

Zone 12 South, WMO 617: AOC lOa, 
SWMUs 2,I22b, 123, S.osb 

OUtside loop 
(kid 0012 

OUtside loop 
Grid Cdi13 

Iosideloop 
Grid Cdi18 

Grid Cdi17 

Outside loop 
GridCdi22 

Outside loop 
Grid Cc:lI23 

GridCdl2 

GridCdil0 

Grid Cdi17 

GridCdi18 

GridCdi19 

1NT 

RDX RDX 
1NT 1NT 

l38U 

238U 

RDX 

Benz:o(a)pyrcne 

Benz:o(a)pyrene 

TNT 
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Table l-L Summ.-y orHuman Health Risk Assessment Results at Pantex Plant (continued) 

General purpose 
LandfiD 1 (S\V.MU 68b) Lead 

north ofPlaya 1 
sanitary landfill 

Construction debris 
landfill in westLandfill 13 (SWMU 64) Benzo(a)pyreneceti:ral porti on of 
Pantex Plant 

'EaSll/me HHRA Report (BWXT PantexlSAIC. 2006) and the Burning Ground HHRA &port (BWXT Pantex. 200Sa). 

ilRiskJ COtIservali vely evaluated considering <itch lining ICM. 

COC • constituent ci concern 

-No COCsidentified 
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Table 3-2. Swnmary of ConstltDmts of Concern for Groundwater" 
!," ~ .• v: -',- ," ..~" ,~. ,''1':" "C "" '!" ":"CO.::;"" :": ',' ':"',"

Loeadon Potendal Source 

Current Perched Groundwatel' 
2,4.Dinitrotoluene (4.4E-04) (HQ =1.1) 


2.Amino-4,6.dinitrotolucne (l.lE-OS) (HQ = 23) 

Boron (HQ =loS) 

2,6.Dinitrotoluene (1.9E-OS)Offirite The primary source areas for these COCs are Zone 12 (SWMU S·12a 
East ofPantex 4.Amino.2.6.dinitrotolucne (6.1E-06) (HQ 12) RDX (6.SE-03) (HQ = 41) (North and South), SWMU S-13e,and WM06/7westofSWMUS· 
Plant boundary 12a) and Playa 1.l,2.Didtlorocthane (S.7E-OS) TNT (7.SE-OS) (HQ = 17) 

l,J·Dinitrobenzcne (HQ =1.2) 

Boron, 2.amino-4,6.dinitrotoluene, 4.amino.2,6·dinitrotoluene, l,2.diehloroethane, 1,J·dinitrobcnzene,2,4.dinitrotoluene, 2,6.dinitrotoluene. RDX, and TNT are also 
present in perched groundwater offsite to the south of the Plant boundary on the TIU property at c:onC:cUrations similar to those reported at the eastern boundary. Total

Offsite and hexavalent c:hromium, HMX, l,J.S.trinitrotoluene, TeE, and perdtlorate have also been detec:ted at the southern boundary but are not COCs at the easternSouth ofPantex 
boundary. Bee8Use Panta Plant supplies all water to the TIU property ac:c:ording to tcnns of a Scmc:e Agreement, no weUs c:um:ntly exist in this area; therefore, Plant 
offsite exposure to COPCs in perc:hed groundwater is not CWTentlya c:omplete pathway. USDOFlNNSA is pursuing an agreement with TIU to formally restriet 
groundwater usc in this area. 

Offsite at PlIIIlex None Retained
Lake 

Future Perched Groundwater" 

Boron (HQ = loS) 2,4.Dinitrotolucne (4.4E-04) (HQ = 1.1) 
bopac:tl to perched groundwater will persist in the future as residual2·Amino-4,6-dinitrotoluene (l.lE-OS) (HQ = 23) 2,6.Dinitrotoluene (1.9E-OS)Offirite pore water from past industrial wastewater releases drains from the 

East ofPantex 4-Amino-2,6-dinitrotoluene (6.1E-06) (HQ = 12) RDX (4.0E-03) (HQ =41) overlying partiaUy saturated fonnation. Potential future impac:ts are 
Plant boundary predic:tcd to c:ontinuc in the future, but at lower levels than thosel,2.Didtlorocthane (S.7E-OS) TNT (7.SE-OS) (HQ =1.7) 

CWTently observed in downgradient areas. 
l,J-Dinitrobcnzcne (HQ = 1.2) 

Boron, total and hexavalent c:hromium, 2..amino-4,6.dinitrotolucne, 4.amino-2,6-dinitrotolucne, l,2.dic:b10r0ethane, l,J-dinitrobenzcne, l,J,S.trinitrotoluene, 2,4· 
Offirite dinitrotoluene, 2,6-dinitrotoluene, HMX, RDX, TeE, and TNT present in perched groundwater offirite to the south ofthe Plant boundary arc also apeeted to pemst in 
South ofPantcx the future. Pcrc:b1oratc, tctrachlorocthene, and c:Norofonn from Zone 11 may also impac:t the pcrc:hed grounclwatcr on the TIU property to the south in the future. 
Plant USDOFlNNSA is pursuing an agrccmed; with TIU to formally restric:t groundwater use in this area. In the absenc:e ofthis agreement, risks would be similar to those 

reported offirite to the cast, ifa well is installed in the future. 
Offirite at PlIIIlex None Retained Lake 
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Table 3-2. Summary or Constituents or Concern for Groundwater (contlnued) 

Locatlon " COCs I Potential Source 

Future Ogallala Aquifor 

Onsite Production 
Wells 

Offsite at Pantex 
Plant 

None Retained 

2,4-dinitrotoluene (2.SE-06) IRDX (2.2E-04) (HQ =2.2) I COPCs in perched groundwater may migrate to the Ogallala Aquifer. 

Offsite at Pantex 
Lake 

None Retained 

'Eastllilltl HHRA lWport (BWXT PantexlSAIC. 2006). NWAR HHRA (BWXT Pantex. 200Sc), and the BUl'lIillg Ground HHRA (BWXT Pantex, 200Sb). 
b No domestic supply wells are currently completed in the area of perched groundwater impacted by COPCs, Current risks are calculated using current measured concentrations for a hypothetical future well 
completed in perched groundwater. 
'Future risks are calculated for a hypothetical future well completed in perched groundwater or the Ogallala Aquifer at the location ofmaximum offsite future concentration predicted using subsurface modelIng 
COC consti tuent of concern 
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3.3 EvALUATION OF GROUNDWATER coes 

As part ofthe grotmdwater evaluation, a fate and transport groundwater flow model was developed that 
forused on migration of COPCs to assess "potential adverse effects under fubJre conditions caused by the 
release ofcontaminants in the absence ofany actions to control oc mitigate the release" [30 TAC 
§335.553(b)(2)]. Re~lts of the ~bsurface tran!1Jort modeling indicate recqltor exposure to impacted 
groundwater is an incmtpletepathwayforFS-5, NWAR. Zone 10, Zone II, FTA, ditches, landfills, and 
the Burning Ground. Therefoce, groundwater does not contrirute to risk to receptors at these units. 

A level ofuncertainty is associated with the analysis of potential groundwater migration to the south at 
Zone 10. This tmcertaintywill be managed through a groundwater-monitoring program to be establi&ied 
with consideration ofZone 10. An uncertainty is also associated with the cooclusion that COPCs in 
perched groundwater at Zooe 11 will not migrate south ofPantex Plant within 1,000 years (Le., beneath 
TIU property) because little is known of the perched groundwater influence frmt Playa 4. Perched 
groundwater copcs have been detected in offsite perched groundwater in mooitoring wells located south 
of the Plant assigned to SWMU 5-15b (ditch). However, no suWly wells currently exist in this area. and 
USDOFlNNSA is currently pursuing an agreement with TIU to formally restrict the use ofgroundwater 
and future well drilling in any TIU area that may be impacted by COPCs. 

COPCs in perched groundwater beneath and downgradient ofZone 12 are the only significant potential 
source to the Ogallala Aquifer. The historical processes that re~lted in the formation of impacted 
perched groundwater no longer occur. Because the amotmt of recharge to perched groundwater has been 
greatly rewced, COPCs rurrently in soil and soil gas at Zone 12 are not significant sources foc future 
potential impacts to the Ogallala Aquifer southeast ofthe Plant. Mooitoring data beneath and 
immediately downgradient of source areas indicate stable or decreasing constituent concentrations in the 
perched groundwater. Soil and soil gas COPCs in Zooes 10 and 11 and other areas of the Plant are not 
significant sources to the Ogallala A(Jlifer because of the lack of recharge mechanisms, p:-esence of 
perched groundwater and the FGZ, and distance to a receptor locatioo in the Ogallala Aquifer. 

As discussed previously, p:-edictions offuture potential impacts to the Ogallala Aquifer were assessed 
tmder baseline cooditions, i.e., in the absence of remediation or measures to cootrol or mitigate rilie. in 
accordance with 30 TAC §335.553(b)(2). This baseline condition is used to evaluate the need foc 
remedial measures to be evaluated in this CMStFS. 

USDOFlNNSA has adOIted and implemented a proactive strategy to reduce the potential for copcs in 
perched groundwater to impact the Ogallala Aquifer. This strategy includes interim m~res ~ch as the 
PGPTS, remediation pilot studies such as a permeable reactive bamer and in .situ bioremediation, and 
institutional controls ~ch as use oftreated wastewater for irrigation instead of discharge to Playa 1 to 
reduce the continuing recharge to perched groundwater. Supporting information concerning groundwater 
resources, source locations, source abatement activities, and Innovative Technologies for Remediation 
Demonstration (lTRD) evaluations, as well as re~lts and conclusions of the RFIR and HHRA with 
respect to onsite and offsite grotmdwater are presented in the remainder of this section. 

3.3.1 Groundwat~ Strategy 

As noted in Section 2.2.3, three p:-imary areas ofperched grotmdwater occur beneath Pantex Plant. The 
largest area ofperched groundwater underlying Pantex Plant is associated with natural recharge from 
Playas 1. 2. and 4, treated wastewater discharge to Playa I, and histaical releases to the ditches draining 
Zooes 11 and 12. Smaller areas ofperched grotmdwater are associated with Playa 3 (near the Burning 
Ground) and Pratt Playa (near the northeast comer of Pantex Plant). Impacted perched groundwater south 
and east of Playa 1 includes the COCs that currently exceed regulatay limits or may exceed them in the 
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future. Key features of the perched groundwater flow system pertinent to corrective measures evaluation 
include: 

• Perched groundwater flow conditions 
• Depth to perched groundwater and saturated thickness 
• FGZ character 
• Perched groundwater flux across the FGZ. 

3.3.1.1 Perched Groundwater Flow Conditions 

Flow in the perched groundwater is governed by the topography ofthe FGZ and localized sources of 
groundwater recharge. The GroundwaJer RFIR (Stoller, 2004) noted that several depressions or possible 
paleochannels on the FGZ surface have been shown to be laterally continuous over relatively short 
distances (generally less than 0.5 mile). These fluvial channels are braided with one another or cross-cut 
by other channels; they fl'ovide no distinct control on groundwater flow. Instead, the general flow 
direction isthougbt to be Iile result of an overall south-southeast dip ofthe FGZ surface beneath the 
eastern portion of the Plant. This dip, along with perched groundwater mounding associated with 
infiltration of past industrial discharges in Playa 1, appears to have the most significant effect on flow 
direction. Figure 3-3 illustrates the south-southeast dip of the FGZ surface beneath the Plant. 

There is a prominent flow divide (Figure 3-4) that runs generally north and south through Playas 1 and 4. 
On the western side of the divide beneath much of Pantex Plant, perched groundwater flows westward, 
but the main perched groundwater does not extend beyond the western boundary of Pant ex Plant. On the 
eastern side of the divide, perched groundwater generally flows eastward towards the Plant boundary, 
with portions also flowing south onto TIU property. 

The flow divide is important in understanding both the results of the risk assessment and the evaluation of 
corrective measure alternatives. COCs in perched groundwater west of the flow divide have a much 
longer travel path to a potential point of exposure. As a result, many constituents identified in perched 
groundwater west of this flow divide are not retained as COCs, because travel times to potential points of 
exposure are in excess of 1,000 years. ICMs or other corrective measures implemented west of this flow 
divide will have less value than similar activities implemented east of the flow divide. 

3.3.1.2 Depth to Perched Groundwater and Saturated Thickness 

The depth to perched groundwater varies, and ranges from about 213 ft near Playa 1 to 280 ft at the 
southern edge beneath Texas Tech property. Figure 3-5 depicts the perched groundwater saturated 
thickness. Saturated thickness ranges from zero or no perched groundwater at the perched groundwater 
fringe to nearly 80 ft beneath Playa I, with an average saturated thickness of 22 ft. Most of the areas to 
the south and east of the Plant have saturated thicknesses ranging from 0 to 15 ft. Saturated thicknesses 
less than 10 to 15 ft are not amenable to groundwater extraction. The thin saturated thickness and depth 
to perched groundwater fl'esent a significant challenge to conventional pump and treat or other 
technologies relying upon hydraulics (to either remove impacted groundwater or to deliver amenanents). 

3.3.1.3 FGZ Otaracter 

The character of the FGZ has been documented in the Groundwater RFIR (Stoller, 2004) and in 
subsurface modeling efforts (BWXT PantexlSAIC, 2004). The FGZ consists of several fining upward 
sequences capped by 1to 2 ft clays. During the RFI, over 100 additional permeability measurements 
were collected from the uwer surface ofthe FGZ. Site investigation efforts during the RFI also identified 
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areas to the south and east ofthe Plant where the FGZ transitions into coarser-grained. more penneable 
materials. These areas ocrur near the extent ofperched groundwater saturation and are generally depicted 
in Figure 3-6. These transition areas are based upon the inaease in permeability at the top ofthe FGZ. 
ICMs or corrective measures implemented in these areas need to cmsider the potential impacts to flux 
across these areas to the underlying Ogallala Acpifer. Adding significant volumes ofamendment will 
increase hydraulic gradients and flux across the FGZ, unless efforts to remove a similar quantity of 
perched groundwater are implemented cmcurrently. 

3.3.1.4 Perched Groundwater Evolution and Flux 

The main perched groundwater covers an area of 14.85 square miles with a rurrent volume ofwater of 
approximately 15 billion gallons (BWXT PantexlSAIC, 2006). The modeling cOO1pleted for the Baseline 
HHRA indicated pre-Pantex Plant operatim perched groundwater volumes at approximately 8 billim 
gallons. The simulation of40 years ofPantex Plant operations, including the effects of significant 
discharges (frOO1 mid to late 1950s to mid to late 1990s) resulted in both the expansim and inaease in 
perched groundwater footprint and volume. Modeling results also indicate pore water retained in the 
vadose zone will continue to drain, increasing the perched groundwater volume to BpJroximately 17.5 
billion gallons over the next 150 to 200 years. The majority of drainage beneath source areas is Jredicted 
to occur within the next 50 to 100 years. As the volume ofperched groundwater increases, the flux of 
perched groundwater across the FGZ can also be expected to increase. Modeling results indicate the flux 
across the FGZ (from the entire perched groundwater footprint) will inaease from apJroximately 142 
gpm (currently) to 190 gpm (150 to 200 years into the future) as the volume of perched groundwater 
increases. In the southeast area ofthe Plant, including areas offsite to b<th the east and south, the flux 
across the FGZ increases frOO1 44 gpm to 62 gpm for the same time intervals. 

3.3.2 Extent of Contamination 

The Groundwater RFIR (Stoller, 2004) provides a complete discussion ofthe nature and extent ofCOPCs 
in perched groundwater. The Baseline HHRA identified nine COCs (seven lIEs: 2-amino-4,6-DNT; 4
amino-2,6-DNT; 2,4-DNT; 2,6-DNT; 1,3-dinitrobenzene; RDX; and TNT; one VOC: 1,2-DCA; and one 
metal: bocm) for perched groundwater south and east of Pantex Plant. Of these, RDX is the most 
Jrevalent COC in perched groundwater. The approximate extent ofRDX impacts in perched 
groundwater at Pantex Plant is shown in Figure 3-7. The highest cmcentratims ofRDX are observed 
south of the Plant boundary on ITO property and along the eastern Plant boundary. OIrrent 
concentrations observed near the known source areas (WMG 617, SWMU 5-13c, and Playa 1) are much 
lower. The lower cmcentrations near the source areas indicate influx ofRDX to the perched groundwater 
was much greater in the past, the observed nature and extent ofRDX impacts are a result of historical 
releases, and imJrovedwaste management practices have mitigated continuing influx ofRDX to the 
perched groundwater. 

Corrective measures Jresented in Section 7 of this document are evaluated based on the effectiveness of 
remediating RDX in perched groundwater. However, the presence not mly of the eight other COCs 
identified in the perched groundwater, but all perched groundwater COPCs are considered in the 
evaluation of the various alternatives. As a result, the selected alternative must add-ess HEs, metals, and 
VOCS simultaneously due to COIm1ingling of cmtaminant plumes. 

As!iIown in Figure 3-7, areas ofRDX-impacted perched groundwater occur offsite to both the south and 
east, in areas of low saturated thickness and adjacent to or overlying areas where the FGZ may be more 
permeable. Using water levels frOO1 June 2003. porosity of 0.40. and RDX initial conditions from the 
Baseline HHRA (BWXT PantexlSAIC, 2006), the volume ofperched groundwater impacted by RDX at 
concentrations greater than 7.7 J.tg!L (RRS 2 residential standard) is calculated at 4.45 billion gallons. 
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The volume of impacted perched grotmdwater (>7.7 jJgIL RDX) offsite to the south on TTU property is 
estimated at 250 million gallons; the calculated volume offsite to the east is 640 million gallons. Using 
these numbers, approximately 20010 of the impacted perched groundwater ocrurs off site to the south and 
east of Pantex Plant, in areas of low saturated thickness (generally less than 15 ft of saturated thickness). 

3.3.2.1 Source Locations 

The impacts from known historical source areas at the surface are still apparent in the perched 
groundwater beneath them. The primary sources of perched grotmdwater COPCs ocrurred in Zone 12, 
the ditches draining Zone 12, and Playa 1 (BWXT PantexlSAIC, 2006). Complete historical migration 
pathways for HEs, metals, and VOCs resulting in impacts to perched grotmdwater have been identified 
for Zone 12. Runoff pathways from Zone 12 include the SWMU 5-13 ditch draining to Playa 1 and the 
SWMU 5-12b and 5-15b ditches draining to Playa 4. The only active pathways to perched groundwater 
are gaseous diffusion and leaching at ditches and Playa 1 as residual contamination in the subsurface 
continues to drain to tmderlying perched grotmdwater. 

Examination ofthe current distribution of COPCs associated with the source areas in Zone 12 suggest 
ongoing impacts, but at a reduced level compared to historical cooditions. The majority of COPCs 
exhibit higher concentrations downgradient from the source areas. Therefore, coocentrations reaching the 
perched grotmdwater must have been historically higher than those currently observed. The time frame 
for these continued, but lower, impacts to the perched groundwater is approximately 50 to 100 years, 
based on the predicted time frame for drainage of historical discharges from the vadose zone above the 
perched grotmdwater. 

The source areas for HEs, metals, and VOCs, as evaluated in the fate and transport groundwater flow 
model, are more fully described below. 

3.3.2.2 HJgh Explosives 

The main source ofHEs in Zooe 12 was the Building 12-43 wastewater treatment tmit in WMG 6/7 
(SWMU 122b) and associated industrial wastewater discharges. Industrial wastewater discharges entered 
the SWMU 2 and 5-05 ditches that connect with the SWMU 5-12a main ctainage ditch for Zone 12, then 
ctained to the SWMU 5-13c ditch, and finally drained to Playa 1. The water provided the ctiving force 
for REs to leach into the subsurface. Industrial discharges that released constitumts to the ditches were 
discontinued in the late 1980s. Four HE compounds (HMX, RDX, 1,3,5-trinitrobenzene, and TN1), 
detected in both soil and perched groundwater, have complete histocicalleaching pathways to the FGZ, as 
identified through soil sampling. aher HE compounds detected in perched grotmdwater beneath Zone 12 
either reached the groundwater as a result ofwastewater discharges or are degradation byproducts of 
other HE compounds. Fifteen HE compounds were detected in perched groundwater beneath and 
downgradimt of Zone 12. The HE plume ocrurs bmeath a large portion of Zone 12 and extends south 
and east of Zone 12 beyond the Pantex Plant property line and to the north beyood Playa L The extmt of 
the HE plume is affected by radial flow from Playa 1 and is indicative of sources in Zone 12, along the 
SWMU 5-12a and 5-13c ditches, and Playa 1. Noo-contact cooling water and condensate discharges to 
the ditches were eliminated by 1999. Source locations for perched groundwater HEs evaluated in the 
Baseline HHRA include: 

• WMG6I7 
• SWMU 5-13c ditch 
• Playa 1 area. 
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3.3.2.3 Metals (Inorganlcs) 

Six metalslinocganics (boron. cyanide. total dlromiUITl, hexavalent dtromium. nickel, and strmtium) are 
identified in perched groundwater resulting from Zone 12 activities. The six metalslinocganics have 
histocically leached to the perched groundwater similar to REs. The metalslinorganics were included in 
industrial wastewater discharged to the ditches and ultimately to Playa 1. Total chromium and hexavalent 
dtromium originate from dtromate solutions that were added to cooling tower water to control algae 
growth. In addition to metals on the eastern side ofZme 12, a hexavalent chromium plume originates 
from WMG 5 in southern Zone 12, where ditches were used to convey discharges to Playa 4. This 
dtromium plume is localized to a !mall source area. indicating the ditch was not a major contriootor to 
this plume. Source locations for perched groundwater metals evaluated in the Baseline HHRA include: 

• 	 WMG6I7 
• 	 SWMU 5-13c ditch 
• 	 Playa I area 
• 	 AOC 13 (Former Cooling Tower). 

3.3.2.4 VOCs 

VOCs are migrating by gaseous diffusim to perched groundwater beneath Zone 12. Historical VOC 
migration pathways include leaching and runoff. VOCs in soil gas have been detected at WMG 617, 
WMG 10, and SWMU 136. Five compounds (1,2-DCA. trichlorofluoromethane, Freon-I 13, TCE, and 
chloroform) exceed their RRS I action levels (ALs). Oher VOCs have been detected in groundwater at 
levels below R.RS I. The WMG 617 VOCS originated from the SWMU 122b HE wastewater processing 
facility. The SWMU 136 VOCs originated from a chemicallabocatory and dry well. The WMG 10 
VOCS originated from awastewater sump near the old vehicle maintenance facility. Histocical runoff 
pathways from VOC source areas in Zone 12 to Playa 1 no longer exist. The extent of VOCS in perched 
groundwater indicates discharges to Playa 1 were not a main contributor to the perched groundwater VOC 
plumes. The main contriootors were soil gas and point source discharges to drywells, sumps. and 
possibly ditches. Industrial discharges to these point sources and the ditches have been eliminated. 
Source locatims for perched groundwater VOCs evaluated in the Baseline HHRA include: 

• 	 AOC 13 Former Cooling Tower area 
• 	 WMG6I7 
• 	 WMGI0. 

3.3.3 Source Abatement 

Several types ofICMs have been, and continue to be, conducted at Pantex Plant to eliminate exposure 
pathways to QlITent onsite workers and groundwater, minimize exposures to offsite rece(tors, and 
minimize impacts to the enviromnent (Le.• tran!i.poct through the ditches to the playas or through the soil 
colunm to groundwater). ICMs completed at Pantex Plant include excavations, landfill administrative 
covers. deactivatim and decommissioning (0&0). ditch lining. biocemediation/ozme pilot system 
installation and monitoring, SVE systems. and PGPTS installatim, expansion. and continuing operation 
(Stoller. 20Mb): 

• 	 Excavations: During RFI effocts to delineate COPC extent, "hot spot" locationswere identified 
and ICMs albsequenUy cmducted. ICMs generally included excavation and removal ofnear
alrface soils impacted above RRS 2 ALs. Soil samples were collected and analyzed from all 
excavations to conftrm the effectiveness of the removal action. 
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• 	 AdmlnIsttatlve Landfill Covers: Admini&rative maintenance covers were constructed over 
several landfills (Landfills 1, 2,3, 12, and 13) to eliminate fugitive rust emissions, promote 
runoff rather than infiltration, and eliminate COPCs in runoff. 

• 	 D&D: Facilities at Pantex Plant that are no longer being used undergo D&D. In 2003, the Old 
Sewage Treatment Plant (OS1P), the HE synthesis complex, including Building 11·36, and the 
Building 12-10 HE fl"eparation complex underwent D&D. Plans for removal ofother unused 
facilities are ongoing. 

• 	 Dltdt lining: Ditches are lined to reduce infiltration from natural runoff in the industrial zones 
of the facility. Recently, two ditches were lined: SWMU 5-05 and SWMU 2 located in WMG 6/7 
in Zone 12. 

• 	 BioremedlatlonlOzone Pilot Sy!Um Installatlon and Monitoring: The in situ HE 
Biodegradation Expansion Site was con5tructed in 2001. The expansion site was designed and 
built as a larger pilot-scale demonstration ofthe in situ nitrogen gas injection technique for 
treatment of HE in the shallow, unsaturated soils at SWMU 122b. Rates of degradation were not 
sufficient to continue the demonstration and the system was converted to ozone injection in 2004. 
Rates of degradation through oxidation ofHEs induced by the ozone appear to be greater than 
observed through the bioremediation efforts. Monitoring of the effects ofozone injection is 
continuing. 

• 	 SVE: SVE is an in situ unsaturated (vadose) zone soil remediation tedmology in which a varnum 
is applied to the soil to induce the controlled flow of air and remove volatile COPCs from the 
soil. Construction of a full scale SVE system for the former Building 11-36 area was completed 
and became operational in June 2005. An SVE system is also located at the Burning Ground. 

• 	 PGPTS: The PGPTS is located southeast ofZone 12. The system was installed in 1995 and 
updated several times (most recently in 2006) and rnrrently consists of 52 extraction wells and 5 
injection wells. The system is designed to remove impacted perched groundwater, precipitate out 
the hexavalent chromium, remove HEs and VOCs by pumping the water through granular 
activated carbon (GAG, and re-inject the water into the perched groundwater. The system treats 
awroximately 7.5 million gallons of water per month, and has treated over 459 million gallons as 
ofMarch 2006. A conveyance line was constructed in 2005 to allow discharge of the treated 
water from the PGPTS to the new subsurface irrigation system installed as part of the Pantex 
Plant WWTF upgrades. Also, modeling simulations ofcorrective measure altematives present in 
this CMSIFS considered the PGPTS before addition of the three most recent extraction wells; i.e., 
with 49 extraction wells and 5 injection wells. 

In addition to these source abatement activities, Pantex Plant improved waste handling practices in 
accordance with the Pantex Plant Hazardous Waste Permit (HW-50284) and, beginning in the late 1980s, 
eliminated the release of industrial wastewater discharges to the ditches. Figure 3-8 presents a timeline 
summarizing the history of discharges from Zone 12 to the ditch system and Playa 1. During Cold War 
q>erations, inrustrial fl"ocess wastewaters were discharged directly to the ditches that were used to carry 
water from effiuent sources (inrustrial wastewater, treated sanitary wastewater, cooling water discharge, 
and stormwater runoff) at Pantex Plant to Playas 1, 2, and 4. The majority of the wastewaters from the 
fl"oduction facilities and their supporting operations were generated on the east side of Zone 12, flowed 
into the eastern ditch system, and either infiltrated into the ditch soils or flowed into Playa 1. The volume 
of wastewater discharged on the east side averaged approximately 224,000 gpd up to an estimated 
maximum of 314,000 gpd (Ramsey et al., 1995). Wastewater from operations in Zone 11 produced 
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relatively small amotmts of wastewater (66,000 gpd average to a maxinmm of 95,000 gpd) that entered 
the Zone 11 ditch system. but most infiltrated into the ditch soils rather than flowing to the playas. Most 
of the Zone 11 discharge was released to Playa 1 throogh the SWMUs 3, 12, and 5-13a ditches, with 
smaller amoonts entering the ditches that lead to Playas 2 and 4. The high volume oftreated and 
tmtreated wastewater discharge, primarily from Zone 12 with smaller amotmts from Zone II, that entered 
Playa 1 and its ditch system, created the impacted portion of the main perched grotmdwater beneath 
Pantex Plant. Other smaller srurce areas (e.g., FTA. WMG 10, SWMU 136, evaporatim pits in Zone 11) 
contribute to the perched groondwater, but impacts are localized in extent. 

Discharges ofuntreated industrial wastewater to the ditch system were eliminated in the 1980s to 
implement imJroved environmental controls and to comply with permit requirements. During the 1990s, 
the Plant began redJcing the discharge of treated wastewater to the ditches, and by 1999 even nm-contact 
cooling water and condensate discharges to the ditches were discontinued (MHC, 2000). Since 1999, 
wastewaters have been discharged to the sanitary sewer system and directed to the Pantex Plant WWIF. 

Until 2005, treated effluent from the WW1F was released into a ditch approximately 350 ft frcm Playa 1. 
Flow in the other ditches since 1999 has comprised mly stocmwater runoff and infrequent releases of 
potable water related to maintenance and testing of the Plant's fire protection systems. 

A new 9lbsurface irrigation system for the beneficial reuse oftreated wastewater has been con&tructed 
and routine discharge to Playa 1 has been eliminated. With the elimination ofregular discharge to the 
playa. Playa 1 is expected to once again be an ephemeral water body. The reduction or elimination of 
discharge to the ditches and Playa 1 has eliminated the primary ctiving force for further movement of 
COPCs throogh the ditches and Playa 1 soils, as well as the driving force that caused the expansion ofthe 
perched groundwater to its current extent. The effects of reduced wastewater discharge were cmsidered 
in the evaluation offuture grotmdwater plume movement. 

3.3.4 l\fedIa-SpecIf1c Concentrations 

Under RRS 3. MSCs can be derived using site-specific informatim for land use and associated potential 
receptors, but these cleanup values rrrust cmsider multiple contaminants within the medium and expo91re 
to nwltiple contaminated media, when necessary. Media cleanup requirements tmder RRS 3 also allow 
the use of long-term site controls (e.g.• institutional a engineering controls) to attain regulatay 
compliance. 

The risk-based MSCs for groundwater are the MCLs (when available). which are promulgated by the Safe 
Drinking Water Act. Otherwise, groundwater MSCs are calOllated by dividing the target ri:k level by the 
tmitrisk value (URV) establistled in theHHRAs (doC1D11ented in Appendix H of the Baseline HHRA 
Report [BWXT PantexJSAIC, 2006]) without adjustment. Due to the presence ofmultiple chemicals, the 
target risk level is adjmted to en91re the OJrnulative cancer risk does not exceed 1.0E-04 and the fIT does 
not exceed 1.0. A target risk level of 1.0E-05 for carcinogens and 0.1 fa nmcarcinogens accounts for the 
potential fa OJrnulative effects. This is cmsi!:tent with the development ofRRS 2 MSCs, as the primary 
risk driver for groondwater (RDX) is a Class C carcinogen, which is calculated at a 1.0E-5 risk level for 
RRS 2 MSCs. For COCswith both cancer and nmcancer endpoints, both cancer and noncancer MSCs 
are calculated; whichever yields a lower value is retained as the MSC. The offsite resident farmer is the 
mly receptor and the resulting MSCs fa the COCs identified in Table 3-2 are summarized in Table 3-3. 
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.Jiuu2006 Corrective Measure SfIIdJYF~ Stu4P 

Table 3-3. Ride-Based Groundwater Media-Specific Concmtrations 

I~\~~ch~";';'" ~;"~" :~"'~yj~~'1.~ 
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5.0E.Ql 
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5.00E.Q3 
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\l;~.1 
5.00E.Q3 

v';'~l1iv~:~)~1'r'i"'<.< /:}:,J,. 

9.2E.Q3 

".:lAY' 

2.0E.Ql 

r:~ 

l,3.Dinitrobcnzcnc .. 7.6E+02 .. l.3E.Q4 l.3E-04 NC 3.65E.Q3 

2,4-Dinitrotolucnc l.6E-02 39E+Ol 6.37E.Q4 26E-03 6.37E.Q4 C l.OOE.Q3 

2,6.DinitI"otolucnc l.6E-02 7.7E+Ol 6.37E.Q4 1.3E.Q3 6.37E.Q4 C l.OOE·03 

2-Anino-4,6-<initrotolucnc 2.7E-D4 5.4E+02 3.71E.Q2 1.9E.Q4 19E.Q4 NC 6.10E·03 

4-Amino-2,6-cinitrotolucnc 2.6E-04 5.2E+02 3.89E.Q2 1.9E.Q4 19E.Q4 NC 6.10E.Q3 

Boron .. 9.0E.Ql .. 1.lE'{)1 l.1E.Ql NC 3.29E+OO 

RDX 24E.Q3 2.4E+01 4. 15E.Q3 4.2E-03 4.15E.Q3 C 7.74E.Q3 

TNT 6.8E-04 l.5E+02 l.46E·02 6.7E-04 6.7E.Q4 NC 1.83E·02 

• Media-specific concentration (MSC) based on MCL when available. oc the lowest MSC developed from a chemical-specific HQ of 0 1 for 
non carcinogens and chemical-specific ILCR cf 1.0E-OSfoc carcinogens, 
- not applicable 
AL - action level 
C - MSC based on cancer endpoint 
COC - constituent cf concern 
MCL - MSC is the maximum contaminant level 
NC - MSC based on noncancer endpoint 
RRS - ri sk reduction standard 
URV - unit risk value 

3.3.5 Summary of COCs Requiring Evaluation in Perched Groundwater 

Ri!:k characterization results from the Baseline HHRA Report (BWXT PantexiSAIC, 2006) identified nine 
COCs as posing a potential ri!:k to an offsite receptor. Because groundwater remediation will require 
remediation of the perched groundwater within Pantex Plant boundaries, the onsite perched groundwater 
was re-evaluated to identify all COPCs that will need to be addressed through a treatment option in this 
CMSIFS. 

The evaluation of data for perched groundwater in this CMSIFS assumed a current land use scenario 
(inwstrial). Based on this evaluation, 1,3,5-trinitrobenzene, hexavalent dlromium, total dlrornium, TCE, 
and TNT will be included with the nine COCs previously identified in the Baseline HHRA as posing 
potential ri!:k to an offsite receptor. Thus, the following 14 COCS will need to be addressed for treatment 
options within this CMSIFS: 

• 1,2-DCA 
• 1,3,5-Trinitrobenzene 
• 1,3-Dinitrobenzene 
• 2,4-DNT 
• 2,6-DNT 
• 2-Arnino-4,6-DNT 
• 4-Arnino-2,6-DNT 
• Boron 
• Orrorniurn (hexavalent) 
• Orrorniurn (total) 

• HMX 
• RDX 

• TCE 
• TNT. 
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3.4 TREATBILITY TEsTING 

BWXT Pante:x: has completed and is cmtinuing to conduct numerous laboratory bendr scale and field 
treatability studies to evaluate potential tedmologies for the remediatim ofperched groundwater. 
Appendix A Jl"ovides a summary ofselected treatability testing completed to date. Large areas of thin 
«IS ft) perched groundwater saturation are impacted Conventimal pump and treat tedmology is not 
feasible in these areas. Technology screening (IT and Stoller, 2000) identified hydraulic barriers, reactive 
barriers, in sit" plume treatment, and monitored natural attenuation (MNA) as potential approadres for 
areas of thin saturation. The technologies retained for further cmsideratim include: 

• 	 Hy<raulic barrier using vertical wells for groundwater injection 

• 	 Hy<raulic barrier using vertical e:x:traction wells in areas less than 15ft thick 

• 	 Reactive barrier using vertical or horizontal wells and either dremical oxidatim, enhanced 
bioremediation, or dremical redJctim Jl"ocesses 

• 	 Groundwater extraction, ex .sit" treatment, and reinjectim with vertical or horizmtal wells 

• 	 In sit" chemical oxidation 

• 	 In sit" chemical reduction 

• 	 In sit" enhanced biodegradatim 

• 	 MNA. 

The treatability studies dorurnented in the Draft Final Implementation Repm ofRemediation Technology 
Screening andTreatability Testing ofPossible Remediation Technologiesfor the Pantex Perched Aquifer 
(IT and Stoller, 2000) focused on in situ dremical oxidation using potassium perrnanganate, in sit" 
enhanced bioremediation, and MNA. Dorurnentation offield treatability testing ofin .situ dremical 
oxidation and MNA sampling are Jl"esented, almg with bench scale labocatory studies. Two additional 
field treatability studies are ongoing consisting ofin situ redox manipulation to create a permeable 
reactive barrier (MKM et al, 2005), and in sit" enhanced bioremediatim (Llano-Permian EnVironmental 
et al., 2006). 

Baseline sampling foc these studies indicate oxidizing to slightly redJcing conditions e:x:ist within the 
perched groundwater flow system. MNA sampling results yielded an average dissolved oxygen level of 
8.7 mgIL. Nitrate was present in all water samples, and dissolved iron was not detectable in any well. 
ORP ranged from 188 to 261 mV. This corr~onds to slightly reducing conditions. 

Background sampling for the in .situ bioremediation pilot study detected dissolved oxygen ranging from 8 
to 9 mgIL. ORP was in the range of 120 to 200 mV indicating slightly oxidizing cmditions at the 
beginning ofthe study. Background sampling for the in situ reactive barrier by injection of sodium 
dithionite solutim indicated pH of 7.5 to 7.6, dissolved oxygen at 9.8 to 10 mgIL. and ORP ranging from 
·21.5 mV to ·302.9 mV. Pre-injection sulfate concentratims averaged 31.3 mgIL. 

Results from eadr of these evaluations indicate the tedrnologies mows potential for remediatim of 
perched groundwater. However, nme by themselves will be effective at remediating the entire perdred 
groondwater. 
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4.0 	 IDENTIFICAnON, SCREENING, AND DEVELOPMENT OF 
CORRECTIVE MEASURE ALTERNA nVES 

This section describes options and technologies that were considered for remediation of perched 
groundwater at Pantex Plant, and surrnnarizes the screening process used to select candidate options and 
technologies as viable alternatives for flEther evaluation. Section 4.1 presents the informational sources 
reviewed to compile the initial list of potential remedial technologies and process options. Section 4.2 
presents a discussion of the initial screening process and a summary of the screening results for the 
remedial technologies and process options. 

4.1 IDENTIFICATION OF TECHNOLOGIES 

Several online sources of remedial technologies and information were reviewed to en9..Jre the 
identification and screening of available conventional and innovative remedial technologies and process 
options. The following websites, in addition to previous Pantex Plant reports, comprise the primary 
SOlEces reviewed to compile the list of potential remedial technologies and process options: 

• 	 Federal Remediation Technologies Roundtable (FRTR): Remediation Technologies Screening 
Matrix and Reference Guide, Version 4.0, online: http://www.fitr.gov/matrix2ltop page.bunI 

• 	 Superfund Innovative Technology Evaluation (SITE), online: http:/twww.epa.gov/ORD/STIE 

• 	 Remediation and Characterization Innovative Technologies (REACH IT), online: 

http://www.e.pareachit.org 


• 	 Hazardous Waste Cleanup Information (CLU-IN), online: http://clu-in.org 

• 	 GrOlmd-Water Remediation Technologies Analysis Center (GWRTAC), online: 

http://www.gwrtac.orgtDefault.htm 


• 	 Strategic Environmental Research and Development Program (SERDP), online: 

http://www.serdp.org/generaJ 


• 	 Center for Public Environmental Oversight (CPEO): Technology Tree, online: 

http://www.cpeo.orgitree.html 


These SOlEces provide an extensive listing of conventional and innovative remedial technologies, process 
descriptions, and process applicability and limitations. 

The term "remedial technology" refers to general categories of technologies (e.g., biological treatment 
and chemical/physical treatment). The term "process options" refers to specific processes within each 
remedial technology type (e.g., bioventing, bioremediation, and phytoremediation are process options for 
biological treatment) . 
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4.2 INITIAL SCREENING OF TECHNOLOGmS 

Prior to the development of remedial alternatives, the potentially applicable remedial technologies were 
screened to eliminate those remedial technologies and (X"ocess options that may be infeasible to 
implement due to inherent limitations for the site-specific COCs and conditions, or would not achieve the 
remedial action objectives within a reasonable timefrarne or cost. The impact of site, waste, and 
technology characteristics on the effectiveness, implementation, and cost of each technology established 
the basis for consideration in corrective measure alternatives in this CMSIFS. 

Site characteristics are site-specific factors that limit or favor use of a technology. Technologies that are 
unfavorable for application under existing conditions at Pantex Plant are eliminated from further 
consideration. The following elements are considered in the evaluation of limitations imposed by site 
characteristics: 

• Accessibility 
• Utility and resource availability 
• Surface topography 
• Geology and hydrogeology 
• Climate. 

Waste characteristics are COC and/or media characteristics that limit or favor the use of a technology. 
Technologies that are unfavorable for application to the COC/media combination at Pantex Plant are 
eliminated from further consideration. The following elements are considered in the evaluation of 
limitations imposed by waste characteristics: 

• Ability to meet required cleanup levels for COC/media combinations 
• Volume of material requiring remediation 
• Vertical extent of contamination 
• COC/matrix complexity. 

Technology characteristics are factors inherent in the technology that limit or favor its use for remediation 
at Pantex Plant. Technologieswith constraints that significantly limit the implementation at Pantex Plant 
are eliminated from further consideration. The following elements are considered in the evaluation of 
limitations imposed by technology characteristics: 

• Ability to comply with regulatory requirements 
• Protection of human health and the environment during and after remediation 
• Reduction of toxicity, mobility, or voh.DTle 
• Permanence of remediation results (useful life) 
• Maturity and commercial availability of the technology 
• Established performance in full-scale operation treating materials similar to site wastes 
• Cost. 

The remainder of this section presents the results of the screening of the remedial technologies and 
(X"ocess options for perched groundwater (Section 4.2.1). 

Table 4-1 presents a summary of the remedial technologies and process options initially identified as 
candidates to remediate perched groundwater at Pantex Plant, including the standard No Action 
alternative. Those technologies eliminated by the screening process are shaded in gray in the table; those 
considered further during the development of alternatives are not shaded. 
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4.2.1 InItlal Screening of Remedial Technologies and Process Optlons for Groundwater COCS 

Several remedial teclmologies and process optioos initially compiled were removed as potential remedial 
candidates due to site characteristics and the specific COCs to be adctessed. 

Localized bodies of perched groundwater occur below portions of Pant ex Plant at dqths ranging frcm 
approximately 190 to 300 ft.. The perched groWldwater exceeds the maximum proven application depth 
for several of the remedial technologies and process options initially compiled. Due to limitatioos 
associated with applicatioo depth. the following remedial technologies and Jrocess cptions were removed 
from further consideration: 

• Vertical engineered barriers 
o Deep soil mixing (DSM) 
o Geosynthetic memocane 
o Jet grouting 
o Sheet pile 
o Slurry walls 
o Soil freezing 

• Collection trenches 
• In situ phytoremediation. 

Flow between perched groundwater and the Ogallala A<Jlifer is limited by the FGZ. Therefore, due to the 
potential foc aeating a pathway between the perched groundwater and Ogallala Aquifer, the use of 
hydrofracturing enhancement was removed from coosideratioo. 

As noted in Section 3.3, perched groWldwater COCS include various HEs (e.g., RDX, TNT), metals 
(bocon, hexavalent chromium, and total chromium), and VOCs (TCE and 1,2-DCA). Due to the potential 
hazards associated with thermal treatment ofHEs, in situ thermal treatment technologies and ex situ 
separatioo by distillation were removed from further consideration. 

The remainder of this section presents the initial screening of potential remedial technologies for perched 
grrundwater. 

4.2.1.1 Land Use Controls 

This sectioo describes the basis foc evaluating land use controls as an alternative for Jreventing exposure 
to perched groundwater. 

4.2.1.1.1 Description 

Land use controls are generally institutional controls or engineered controls that are used to limit human 
activities at oc near a contaminated site, or to ensure effectiveness of the remedial actioo when COCs 
remain oosite at concentrations above a standard that would allow unrestricted use of the site. 

Institutional Controls 

Institutiooal mechani!ms to recocd and preserve land and resrurce use constraints and to provide safety 
have been used extensively throughout the United States. Examples of institutional controls include 
structure use restrictions, land use restrictions, natural resource restrictioos, well restriction areas, deed 
restrictions, deed notices, property purchases, restrictive covenants, declaration of enviroomental 
restrictions, and infocmation distribution. 
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Engineered Controls 

Engineered controls include capping or closing abandoned wells to redIce the potential for adverse 
effects on human health by reducing opportunities for unnecessary direct contact with contaminated 
materials. 

4.2.1.1.2 &reeniniFactors 

This section describes the impact of site. waste. and technology characteristics on the effectiveness and 
implementation of land use control technologies for consideration in this CMSIFS. 

Institutional Controls 

Site Otaracterlstlcs: Site characteristics would not limit the use of institutional controls. 

Waste Characteristics: Institutional controls alone would not meet cleanup objectives. The volume and 
vertical extent of contamination would not limit the use of institutional controls to supplement selected 
corrective action technology. 

Technology Characteristics: Institutional controls are expected to provide protection of human health 
by limiting perched groundwater use. However. institutional controls alone would not reduce the toxicity. 
mobility. or volume of COCs in groundwater. 

Institutional controls are retained as possible technologies to supplement selected corrective measure 
alternatives. 

Engineered Controls 

Site Otaracterlstlcs: Site characteristics would not limit the use of engineered controls as a remedial 
technology. 

Waste Characteristics: No partirular group of constituents is targeted by engineered controls. 
Engineered controls alone would not meet cleanup objectives. 

Technology Characteristics: Fencing and barriers are constructed using existing equipment and 
methods. Engineered controls can effectively limit human traffic and potential exposure. However. 
engineered controls alone would not reduce the toxicity, mobility. or volume of COCs in groundwater. 

Engineered controls are retained as possible technology to supplement selected corrective measure 
alternatives. 

4.2.1.2 Monitoring 

This section describes the basis for evaluating monitoring as an alternative for perched groundwater. 

4. 2.1.2.1 Description 

Monitoring is the collection, analysis. and inte:rp-et:ation of analytical results from environmental samples. 
The information collected is used to determine COC status or measure matrix properties. Groundwater 
samples are collected and analyzed for COCs to assess changes to concentration and migration. 
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4. 2.1.2.2 Screenin~ Factors 

This section describes the impact of site. waste, and tedmology characteristics on the effectiveness and 
implementation ofgroundwater monitoring as an alternative for consideration in this CMSlFS. 

Site O1aracterlstics: Site characteri~icswouldnot limit environmental monitoring. 

Waste Characteristics: Waste characteri~cswould not limit the use of environmental monitoring. 

Technology Characteristics: Environmental monitoring is not a remedial action, but may be used to 
select a remedial action or determine the effectiveness of an alternative. Environmental monitoring is 
implemented using establi5bed methods. 

Monitoring is retained to assist with COC control during remedial activities and to track. performance of 
the corrective measure alternative after corrective action objectives are met. 

4.2.1.3 Containment 

This section describes the basis for evaluating containment ofperched groundwater as a remedial 
alternative. 

4. 2.1. 3.1 Description 

The containment option considered for the perched groundwater addressed in this CMSIFS is a hycraulic 
barrier. Ahycraulic barrier is created by using extraction wells to form a lined cone of depression, or 
injection wells to reverse groundwater flow. 

4.2.1.3.2 Screening Factors 

This section describes the impact ofsite. waste, and tedmology characteristics on the effectiveness and 
implementation ofhydraulic barriers for consideration in this CMSlFS. 

Site O1aracterlstics: Site characteri~ics could limit the use of hydraulic barriers as a remedial 
technology. The relatively discontinuous tranlmissive zones and depth to perched groundwater would 
make designing and insta.l.ling an effective hydraulic barrier difficult and costly. In addition, hydraulic 
barriers are diffiwlt to maintain in areas with a saturated thidmess of less than 15ft. 

Waste Characteristics: Groundwater containment technologies are applicable to a wide range of 
groundwater con~tuents. The use ofhydraulic barriers alone would not meet cleanup levels. 

Technology Characteristics: Using injection wells, hydraulic barriers can increase the saturated 
thickness for effective capture in a well field and is effective in combination with other technologies. 
This type ofvertical barrier must be keyed into a lower confining layer. Arelatively long and deep 
vertical barrier would be required to contain the larger area ofthe plume in the perched groundwater at 
the Pantex Plant boundary. Groundwater containment technologies generally are intended to minimize 
direct contact with impacted groundwater and/or reduce the mobility of coes by imposing a physical 
barrier. These tedmologies cannot rewce the volume or toxicity ofthe coes. Health and safety risks 
are minimized by elimination of the need to extract groundwater and/or excavate soil. 

Hydraulic barriers are retained as a possible remedial technology, although they may be difficult to 
maintain. 
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4.2.1.4 Removal 

This section describes the basis for evaluating removal ofperched groundwater as a remedial teclmology. 

4.2.1.4.1 Description 

Groundwater removal involves the removal ofgroundwater COCs through extraction. Removal of 
groundwater would reduce offsite COC migration. and reduce or eliminate the ri!iK of migration to the 
deeper Ogallala Aquifer. Vertical wells and horizontal wells are two methods for perched groundwater 
removal considered in this CMS/FS. 

Vertical Wells 

Vertical wells are oriented perpendicular to the land surface and are designed to remove groundwater 
from aquifers or perched water zones. 

Horizontal Wells 

Horizontal wells are constructed with the screened interval parallel to the land surface and are designed to 
remove groundwater from aq..tifers or perched water zones. 

4.2.1.4.2 Screening Factors 

This section describes the impact ofsite, waste, and technology characteristics on the effectiveness and 
implementation ofgroundwater removal for consideration in this CMS/FS. 

Vertical Wells 

Site Otaracterlstlcs: Site characteristics would not limit the use of vertical wells as a remedial 
alternative. 

Waste Characteristlcs: Groundwater removal technologies are applicable to a wide range of 
groundwater COCs. 

Technology Characteristics: This well-establi!bed technology is commercially available from many 
sources. The depth of the perched groundwater does not restrict the use of vertical wells; however. 
vertical wells have a limited capture area and may require a substantial well network which directly 
impacts capital cog:. The size of the capture area will depend on the hydraulic troperties of the aq..tifer, 
including the hya81llic conductivity and thickness ofthe aq..tifer, as well as the characteristics of the well, 
the pumping rate. and duration ofpumping. In addition, low saturated thickness limits the available 
aawdown and yield ofvertical wells. Groundwater extraction through vertical wells followed by ex situ 
treatment would help to reduce the toxicity, mobility. and volume of impacted groundwater. 

Vertical wells are retained for ftuther evaluation. 

Horizontal Wells 

Site Otaracterlstlcs: Site characteristics could limit the use of horizontal wells as a remedial 
technology. Placement of the horizontal well would be difficult due to the depth to groundwater coupled 
with the thickness of the saturated layer along the leading edge of the perched ground water zone 
(approximately 5 to 15 ft). 
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Waste Characteristics: Groundwater removal technologies are applicable to a wide range of 
groundwater coes. 

Tochnology Characteristics: Horizontal wells using conventional directional drilling techniques have a 
maximum proven application depth of 235 ft bgs. Apotential option for in&alling hocizontal wells would 
be through the use of drilling techniques used in the oil/natural gas industIy, which have been proven at 
much greater depths. Careful monitocing and guidance of <tilling direction and progress is required with 
horizontal in&allations. Fewer hocizontal wells may be re<Jlired cOl11pared to vertical wells because 
horizontal well screens Jrovide greater 9.lrface area in contact with the impacted groundwater. The well 
installation would require 9.lbstantial drilling setback distances to achieve design depth and cOl11plction. 
capital costs for the installation of horizontal wells are high and groundwater recovery rates are difficult 
to estimate. In a<k:lition, horizontal wells are often difficult to develop due to the difficulty associated 
with baddilling annular space. Groundwater extraction through horizontal wells followed by ex situ 
treatment would help to reduce the toxicity, mobility. and volume of impacted groundwater. 

Horizmtal wells are retained for further evaluation. 

4.2.1.5 Biological Treatment (In SiIu) 

This section describes the basis for evaluating in situ biological treatment ofperdted groundwater as a 
remedial technology. 

4.2.1.5.1 Description 

In general, in situ biological treatments are methods oftreating subsurface coes in groundwater without 
being brought to the surface. In situ biological treatment options are directed toward the groundwater and 
soil miaoorganisms (e.g., bacteria or ftmgi) that grow and use COCs directly as a food and energy 
source, destroy COCs through co-metabolic reactims. or through the use ofselect plant species to 
sequester and destroy COCs. The rate at which microorganisms degrade coes is influenced by: 

• Specific COCs present 
• Temperature 
• Oxygen 9.lpply 
• Nutrient supply 
• pH
• Availability ofthe constituent to the microorganisn 
• Concentratim ofthe coes (high concentrations may be toxic to the microorganism) 
• Presence ofsubstances toxic to the miaoc:rganisn (e.g., merwry) 
• Inhibitocs to the metabolisn ofthe coes (FRTR. 2005). 

A variety ofin situ biological processes are available to treat groundwater present in the saturated zone. 
These include enhanced biodegradation and MNA. Each ofthese technologies and their process options 
are described below. 

Enlrmced Biodegradation 

Enhanced biodegradation is an innovative teclmology that stimulates indigenous or inoculated 
microorganisns within the groundwater to degrade organic cOl11pounds by enhancing the groundwater 
environment through one oc a combination of the following: 
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• Bioaugmentation 
• Nitrate enhancement 
• Oxygen enhancement with air f:ilarging 
• Oxygen enhancement with hydrogen peroxide 
• Co-metabolic treatment. 

Aerobic bioremediation utilizes oxygen (i.e., electron acceptor) and nutrient amendments to enhance the 
aerobic microbial communities to convert organic COCs (i.e., electron oonor and food/energy source) to 
carbon dioxide, water, and microbial cell mass. Oxygen is typically introdlced by injection of clean 
water mixed with the select nutrients and dissolved oxygen. Hydrogen peroxide has also been used as an 
oxygen source. 

Anaerobic bioremediation is typically conducted by injecting a carbon source such as acetate, lactate, or 
molasses. As these substrates break down, hydrogen is released and acts as an electron donor for 
microbial reductive biodegradation. In the absence ofoxygen, the organic COCs act as the electron 
acceptor. Organic COCs are metabolized to methane, carbon dioxide, and hydrogen gas. 

Bioaugmentation involves the use of f:ilecifically selected bacteria cultures, substrates, and/or nutrients 
designed to increase the degradability oftarget compounds such as chlorinated aliphatic hydrocarbons. 
Nitrate enhancement involves circulating solubilized nitrate throughout groundwater contamination zones 
to provide an alternative electron acceptor for biological activity and enhance the rate of degradation of 
organic COCs. Development of nitrate enhancement remains at the pilot scale. This technology 
enhances the anaerobic biodegradation through the addition of nitrate (FRTR. 2005). 

Oxygen enhancement with air f:ilarging. also called biosparging, involves the injection of air below the 
water table to increase the groundwater oxygen concentration and enhance the rate of biological 
degradation of organic COCs by naturally-occurring microbes. The ease and low cost of installing small
diameter air injection points allows considerable flexibility in the design and construction of a 
remediation system. Oxygen enhancement with air sparging is typically used in conjunction with SVE or 
bioventing to enhance removal of the volatile component under consideration (FR1R 2005). 

During oxygen enhancement with hydrogen peroxide, a dilute solution ofhydrogen peroxide is circulated 
through the groundwater to increase the oxygen content of groundwater and enhance the rate of aerobic 
biodegradation of organic COCs by naturally-occurring microbes. 

Co-metabolic degradation of organic COCs may occur under both aerobic and anaerobic conditions. Co
metabolic biodegradation reactions degrade organic COCs using enzymes or cofactors that are 
fortuitously lYoduced during microbial metabolism of another compound (EPA. 1998a). The addition of 
methane or methanol supports methanotrophic activity, whidl has been demonstrated effective to degrade 
dllorinated solvents (e.g., vinyl chloride and TCE) by co-metabolism (FRTR, 2(05). 

:MJnitored Natural Attenuation 

:MNA is a remedial approach which includes natural physical, chemical, or biologicallYocesses to reduce 
the mass, toxicity, mobility, volume, or concentration ofCOCs in soil or groundwater. Prior to 
implementing :MNA, modeling and evaluation of COCs degradation rates and pathways is re(Jlired. The 
!Yimary objective of site modeling is to demonstrate ifnatural processes of degradation will reduce COC 
concentrations below regulatory standards or ri9c-based levels before potential exposure pathways are 
completed In addition, long-term monitoring must be conducted throughout the process to confmn that 
degradation is proceeding at rates consistent with meeting cleanup objectives. 
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4. 2.1. 5.2 Screenini Factors 

This section describes the impact of site, waste, and tedmology characteristics on the effectiveness and 
implementation of eam in situ biological treatment technology for coosideration in this CMS/FS. 

Enhanced Bioremediation 

Site Otaracterlstlcs: Site maractcristicswould not limit the use of enhanced bioremediation as a 
remedial tedtnology. 

Waste CharacterlstJcs: Enhanced biodegradatioo techniques have been mccessfully used to remediate 
groundwater with nonhalogenated VOCs, nonhalogenated semi-volatile ocganic compounds (SVOCs), 
pesticides, and other crganic chemicals. Nitrate enhancement has primarily been used to remediate 
groundwater containing benzene, toluene, ethylbenzene, and xyIenes (BTEX). This technology has 
shown effectiveness in reducing hexavalent dtromium to dtromium (ID), whim is less mobile, less 
soluble, and less toxic. In addition, anaerobic microbial degradation has been shown to be effective foc 
degrading nitroaromatics in groundwater; however, enhancement of conditioos reCJ.Iired to sustain 
anaerobic conditioos at the depths and the area required at Pantex Plant have not been demoostrated. 
Successful demonstrations of TNT, RDX. and HMX degradatioo are reported in literature. Incomplete 
biotransformatioo of nitroaromatics could lead to the formation of toxic bYJrOOuds that are more mobile 
in the environment than their parent compounds; therefore, the process must be monitoced. 

Technology Characteristics: The use of enhanced bioremediatioo would help to reduce the toxicity and 
volume of COCs; however, riEk. of increasing COC mobility and leaming of constituents into 
groundwater is a concern. Costs associated with enhanced bioremediatioo systems are low to moderate. 
Variables affecting the cost are the nature and depth ofthe COCs, use ofbioaugmentation andlor 
hydrogen peroxide or nitrate addition, and groundwater pumping rates. These technologies may be 
classified as long-term tedtnologies, which may take several years for plume cleanup (FRTR. 2(05). 

Enhanced bioremediation is retained foc further evaluation as a possible remedial tedtnology based on 
mccessful demonstrations of effectiveness in treating HEs and other site COCs. 

J.fJnitoredNatumJ Attenuation 

Site Otaracterlstlcs: Site maracteristics would not limit the use of MNA as a remedial alternative. 

Waste CharacterlstJcs: MNA is typically applied to VOCs. SVOCs, PAHs, and fuel hydrocarbons. 
Additiooallaboratory and field analysis would be required to verify that indigenous microbial 
communities are capable of degrading HEs. 

Technology Characteristics: Loog-term modeling and monitoring is required to track. COC migration. 
degradation, and cleanup status. Institutional andlor engineered cootrols may be necessary to enmre 
sh<.rtJloog-term protectiveness. Looger time frames may be required to achieve remediation objectives 
compared to active remediation. The vertical extent and volume of COCs would not limit the use ofthis 
remedial tedtnology. 

MNA is retained for further evaluatioo as a possible remedial technology. 
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4.2.1.6 Pbyslcal/Otemlcal Treatment (In Slbt) 

This section describes the basis for evaluating in situ physicallmemical treabnent of perched groundwater 
as a remedial technology. 

4. 2.1. 6.1 Description 

Physical/memical treatment uses the physical properties ofthe COCs or the medium to chemically 
convert, separate, or contain the COCs. Physical/chemical treatment is typically cost-effective and can be 
completed in silort time periods (in comparison to biological treatment). Ecplipment is readily available 
and is not engineering- or energy-intensive. Treatment residuals from separation temniques will recplire 
treabnent or disposal, whim will add to the total project costs and may require permits. 

Available in situ physical/chemical treatment temnologies include: 

• Air sparging 
• Bioslurping 
• Chemical oxidation 
• Dual Phase Extractioo (OPE) 
• In-well air stripping 
• Passive/reactive treabnent walls. 

Air Sparging 

In situ air sparging is a temnology in whim air is injected through an aquifer. Injected air traverses 
horizontally and vertically in mannels through the soil column. creating an underground stripper 
removing COCs (e.g., VOCs) by volatilization. The injected air containing the volatile COCs is passed 
through a vapor extraction system to remove the generated vapor phase cootamination. This in situ air 
sparging is designed to operate at high flow rates to maintain increased contact between groundwater and 
soil, and strip more groundwater by sparging. Oxygen added to perched groundwater and vadose zone 
soils can also enhance biodegradatioo of coes below and above the water table (FRlR 2005). 

Biosiurping 

Bioslurping is the adaptatioo and application ofvacuum-enhanced dewatering technologies to remediate 
hydrocarbon-contaminated sites. Bioslurping involves the simultaneous application of vacuum enhanced 
extraction/recovery, vapor extraction, and bioventing to address light nonaqueous-phase liquid (LNAPL) 
contamination. Vacuum extraction/recovery is used to remove free prodJct aloog with scme 
groundwater; vapor extraction is used to remove high volatility vapors frcm the vadose zone; and 
bioventing is used to enhance aerobic biodegradation in the vadose zone and capillary fringe (Miller, 
1996). 

Chemical Oxidation 

In situ groundwater treatment by memical oxidatioo is the use ofchemical additives to inruce a mange 
of valence or degradatioo of coes by adjusting the electrical potential of the solution. Common 
oxidizing agents include ozone, hydrogen peroxide, sodium persulfate, and potassium permanganate. 
Oxidants are introduced to the area of groundwater through vertical or horizontal injection wells with 
forced advection to rapidly move the oxidant into the subsurface (FRT&. 2005). 
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An in situ chemical oxidation treatability m.rdy using potassium pennanganate was conducted at Pantex 
Plant (Sectioo 5.7). Itwas detennined that it is feasible to treat HEs with potassium pennanganate at 
Pantex Plant. 

Dual Phase Extraction 

DPE is a high vacuum syaem applied to simultaneously remove various combinatioos ofcontaminated 
groondwata- and vapor from the subsurface. Product separation from the extracted water may be 
necessary prior to disposal or recycling of the product. As a result of the removal of sub&.antial q.lantities 
ofwater during dual pumping opa-ations. onsite wata- treatment will nonnally be required 

In-Well AirS/riJPing 

Air is injected into a double-screened well, lifting the water in the well, and forcing it out the uppa
screen. Simultaneously, additional water is drawn in the Iowa- screen. Once in the well, VOCs in the 
groundwata- are transfa-red frcm the dissolved phase to the vapor phase by air bubbles. The air rises in 
the well to the wata- surface wha-e vapors are drawn off and treated by a SVE system. The partially 
treated groondwata- is forced into the vadose zooe, and the IX'ocess is repeated as water follows a 
hydraulic circulation pattern or cell that allows Cootinuous cycling ofgroundwata-. As groundwater 
circulates through the treatment system in situ, COC concentrations are gradually reduced. 

PassiveIReactive Treatment Walls 

Passive/reactive treatment walls. also known as penneable read.ive barria-s (pRBs), allow the passage of 
wata- while causing the degradation or removal of COCs. PRBs are installed across the flow path of a 
plume, allowing the wata- portion of the plume to passively move through the wall. These barria-s 
IX'ohibit the movement of COCs by employing as zero-valent metals, melators, socbents, or microbes. 
The COCs are eitha- degraded or retained in a concentrated fonn by the barrier mata-ial. The wall could 
IX'ovide pennanent Cootainment for relatively benign resirues or provide a decreased volume ofthe more 
toxic COCs for subseq.lent treatment. 

An in situ treatability m.rdy using sodium dithionite is being conducted at Pantex Plant (Section 5.14). 
Results of an initial bench scale Study indicated that the use of a memical reructant to reduce naturally
ocrurring iroo oxide phases in sediments shows great promise as a treatment for the permed groundwater. 
The sediment can be reduced to achieve considerable reruction/oxidation capacity, and RDX is quickly 
degraded in these reduced sediments (pNNL, 2001). 

4. 2.1. 6.2 Screeninu Factors 

This section describes the impact ofsite, waste, and tedlnology charactmstics on the effectiveness and 
implementation of cam in situ physicaVchemical treatment tedlnology for consida-ation in this CMSIFS. 

Air~ng 

Site Olaracterlstlcs: Site maracta-istics would not limit the use of air sparging as a remedial 
technology. 

Waste Characteristics: Air sparging is effective for removing aa-obically degradable or volatile 
constibJmts, specifically VOCs and petroleum hydrocamoos. The low volatility ofnitroaromatics limits 
the effectiveness of air sparging, and it is ineffective in the treatment of metals. 
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Technology Characteristics: This technology is mo!t effective for VOCs, while the primary COCs at 
Pantex Plant are heavy metals and HEs. Airflow through the saturated zone may not be uniform, 
requiring extensive airflow modeling before implementation. Air sparging has demonstrated sensitivity 
to minute penneability changes, which can result in localized stripping between the sparge and 
monitoring wells (FR1R, 2005). 

Air sparging is eliminated from further evaluation as a remedial technology based on the inability to treat 
REs and dissolved inorganics. 

Bioslu1ping 

Site Oiaracterlstlcs: Site characteristics would not limit the use of bioslurping as a remedial technology. 

Waste Characteristics: Bioslurping can be successfully used to remediate groundwater with petroleum 
hydrocarbon constituents. However, for HEs and dissolved metals, it is a relatively ineffective 
technology. 

Technology Characteristics: Operation and maintenance (O&M) during bioslurping ranges from 
several months to several years depending on site-specific conditions. Low temperatures have been 
reported to slow the rate of remediation. Bioslurping can be a co!t-effective in situ remedial technology, 
which simultaneously accomplishes LNAPL removal and groundwater/soil remediation in the vadose 
zone. 

Bioslurping is eliminated from further evaluation as a remedial technology based on the inability to treat 
REs and dissolved inorganics. 

Chemical Oxidation 

Site Oiaracterlstlcs: Site characteristics would not limit the use of chemical oxidation as a remedial 
technology. 

Waste Characteristics: Chemical oxidation may be used for the removal of nitroaromatic compounds in 
liCJ.lid streams. An onsite treatability !tudy utilizing potassium permanganate showed successful 
treatment of REs at Pantex Plant. Olemical oxidation is ineffective for treating and/or removing metals. 

Technology Characteristics: In situ chemical oxidation is a well-established remediation technology 
viable for mass reduction in source areas, as well as for plume treatment. Limiting factors of chemical 
oxidation include handling large quantities of hazardous oxidizing chemicals due to the oxidant demand 
of the target organic chemicals and the unproductive oxidant conswnption of the formation. Some COCs 
may be resistant to oxidation (FR1R, 2(05). 

Olemical oxidation is retained for further evaluation as a possible remedial technology. 

Dual Phase Extraction 

Site Oiaracterlstics: Site characteri!ticswould not limit the use ofDPE as a remedial technology. 

Waste Characteristics: DPE is typically used to remove VOCs, SVOCs, and fuels from groundwater 
and soil. Waste characteri!ticswould not limit the use ofDPE as a remedial technology. 
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Technology Characteristics: OPE for fluidlvapor treatment is generally combined with bioremediation, 
air sparging, er bioventing when the target constitnents include long-chained hydrocarbons. Use ofOPE 
with these tedmologies may Slorten the cleanup time at a site. OPE may also be used with fllmp and 
treat tedmologies to recover groundwater in higher-yielding aquifers. OPE re<pires both water treatment 
and vapor treatment, resulting in added equipment capital and operation costs (FR1R, 2005). 

OPE is retained fer further evaluation as a possible remedial technology. 

In- Well Air StrigJing 

Site Otaracteristlcs: Site characteristics would not limit the use of in-well air stripping as a remedial 
technology. 

Waste Characteristics: The target constitnent groups for air stripping are halogenated VOCs, SVOCs, 
and fuels. 

Technology Characteristics: In-well air stripping is a cmventional remedial technology. The duration 
of in-well air stripping is Slcrt- to long-term, depending on comtitnent concentrations, Henry's Law 
constants of the constitnents, the radius of influence, and site hydrogeology. In general, in-well air 
strippers are mere effective at sites cmtaining high cmcentrations of dissolved constitnents with high 
Henry's Law constants. Fouling of the ~em may ocwr by infiltrating precipitation containing oxidized 
constitnents. In-well air stripping may not be efficient in sites with strong nabJral flow patterns. For 
effective in-well treatment, the constitnents must be adequately soluble and mobile, allowing transpcrt by 
the circulating groundwater. 

In-well air stripping is eliminated from further evaluation based on the inability to treat HEs and dissolved 
inorganics. 

Passive/Reactive Treatment Walls 

Site Otaracteristlcs: Site charactcristicswould not limit the use of passive/reactive treatment walls as a 
remedial tedmology. However, due to the deIXb to groundwater, hydraulic installation of the PRB would 
be required. 

Waste Characteristics: Target cmstitnent groups for passive treatment walls are VOCs, SVOCs, 
explosives, and inerganics. The technology may be less effective in treating s<me fuel hyctocarbons. 

Technology Characteristics: Passive treatment walls are generally intended for lmg-term operation to 
control migration ofCOCs in groundwater. Passive treatment walls may lose their reactive capacity, 
requiring replacement of the reactive mediLDn, or their permeability may decrease due to precipitation of 
metal salts. Biological activity may also limit the permeability of the passive treatment wall. 
Constructability presents a potential concern for installation of treatment walls at depths of 300 ft bgs 
(FR1R, 2005). 

Passive/reactive treatment walls are retained for further eva1uatim. 

4.2.1.7 Biological Treatmmt (Ex'SIIll) 

This section describes the basis for evaluating ex situ biological treatment of perched groundwater as a 
remedial alternative. 
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4.2.1.7.1 Description 

Ex Jitu biological techniques are destruction techniques applied to extractedlJXlmped groundwater, which 
are directed toward stimulating the groundwater/soil microbial populations to grow and use the COCs as a 
food and energy source by creating a favorable environment for the microorganisms. Generally, this 
means providing some combination of oxygen, nutrients, and moisture, and controlling the temperature 
and pH. Sometimes. microorganisms adapted for degradation of the specific con&'ituents are applied to 
enhance the process. 

There are two types of ex situ biological treatment technologies that will be forused on for consideration: 
bioreactors and constructed wetlands. 

Bioreactors 

A bioreactor is a technology that involves the extraction of groundwater, which is subsequently put into 
contact with microorganisms (in attached or suspended growth) to act as biological reactors to degrade 
COCs. Nutrients are often added to the bioreactors to support the growth of microorganisms. The 
microbial population may be derived either from the COC source or from an inoculum of ocganisms 
specific to a COC. 

In suspended systems. such as activated sludge, fluidized beds, or sequencing batch reactors, groundwater 
is circulated in an aeration basin where a microbial population aerobically degrades organic matter and 
produces CO2• H20. and new cells. The cells form a sludge, which is settled out in a clarifier, and is 
either recycled to the aeration basin or disposed. In attached growth systems (Le., upflow fIXed film 
bioreactors. rotating biological contactors, and trickling filters), microorganisms are e!;tabli~ed on an 
inert support matrix to aerobically degrade water COCs. The trickling filter consists of a bed of highly 
permeable media. a water distributor, and an under<tain system. Wa!;tewater is dimbuted over the tcp of 
the filter bed through which wastewater is trickled The organic COCs in wa&.ewater are degraded by the 
microorganisms attached to the filter medium. 

Constructed Wetlands 

Constructed wetlands use natural geochemical and biological processes inherent in an artificial wetland 
ecosy!;tem in order to accumulate and remove metals. explosives, and other COCs from influent waters. 
The process can use a filtration or degradation process. Although the technology incorporates principal 
components of wetland ecosystems. including organic soils. microbial fama, algae, and vascular plants, 
microbial activity is responsible for mo&. of the remediation. Influent water with explosive residues or 
other COCs flows through and beneath the gravel surface of a gravel-based wetland The wetland, using 
emergent plants, is a coupled anaerobic-aerobic sy&.em. The anaerobic cell uses plants in concert with 
natural microbes to degrade the COCs. The aerobic cell, also known as the reciprocating cell, further 
improves water quality through continued exposure to the plants and the movement of water between cell 
compartments (FRTR, 2005). 

4.2.1. 7.2 SCreening Factors 

This section describes the impact of site, waste, and technology characteristics on the effectiveness and 
implementation of each ex Jitu biological treatment technology for consideration in this CMSIFS. 
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Bioreactors 

Site Otaracterlstlcs: The site conditions would not inhibit the use ofbioreac:tors, ex:cept low ambient 
temptnbJres significantly decrease biodegradation rates. resulting in longer cleanup times or increased 
costs for heating. 

Waste Charactedstlcs: Bioreactors are used primarily to treat SVOCs. fuel hydrocarbons. ex:plosives, 
and any biodegradable organic material. The process may be less effective for sane pesticides. 
Successful pilot-scale field studies have been conwcted on sane halogenated compounds. sum as 
pentachlocophenol (pCP), mlorobenzene, and dimloro-benzene isomers. Bioreactocswith cometabolites 
are used to treat polychlocinated biphenyls (PCBs), halogenated VOCs. and SVOCs in extracted 
groundwater. Very high COC concentrations may be toxic to microocganisms and reqJire special design 
approaches. 

Technology Characteristics: Bioreactocs are awell-developed, long-term technology that has been used 
foc many decades in the treatment of municipal and industrial wastewater. However, mly in the past 
decade have studies have been ped'ormed to evaluate the effectiveness of bioreactors in treating 
groundwater and leachate fran hazardous waste sites. The process may take up to several years. 
Bioreactoc equipment and materials are readily available. As with other pump and treat technologies, 
time needed to clean up is dependent upon subsurface conditions and the rate of desocption ofCOCsfrom 
subsurface materials. Startup time can be slow iforganisms need to be acclimated to the wastes; 
however, the existence ofcultures that have been }Ieviously adapted to specific hazardous wastes can 
decrease startup and detention times. Costs are highly dependent on the COCs and their concentrations in 
the influent stream. Biological treatment has often been found to be more economical than carbon 
adsorption. 

Bioreactors are retained as a possible remedial technology. 

Constructed Wetlardr 

Site Otaracterlstlcs: Colder conditions slow the rate at which the wetland/microbial popdatim is able 
to break down COCs. In additim, temperature and flow fluctuations affect wetland function and can 
cause a wetland to display inconsistent COC removal rates. 

Waste Characteristics: This tedlnology has the ability to acrumulate and remove metals, ex:plosives. 
and other coes from influent waters. For ex:ample, the United States Army Cocps ofEngineers 
(USACE) is demonstrating a gravel-based wetland ~em at Milan Army Ammunition Plant through the 
Environmental Security Tedlnology Certification Program. The gravel-based system has been effective 
at degrading TNT and RDX. with a total nitrobody concentratim of 10,000 parts per billion (PPb). 
Analyses indicate degradation due to the rise and fall of daughter JrOducts. TNT is rewced to less than 2 
ppb. The demonstratim had been operational since June 1996 (ESTCP, 1999). 

Technology Characteristics: Wetland treatment is a lmg-term technology intended to operate 
continuously for years, but its long-term effectiveness is not well known. Wetland aging may be a 
}Ioblem. which may contribute to a decrease in COC removal rates over time. The cost of building an 
artificial wetland varies considerably from project to project. and may not be financially viable foc many 
sites. Aheavy flow of incaning water can overload the removal mechanisms in a wetland, while a dry 
~ell can damage plants and severely limitwetland function. Study results indicate heavy metal removal 
efficiency can approach the removal efficiency ofchemical }Iecipitation treatment plants. Because 
wetland removal processes are primarily microbial. the technology can be developed with traditional 

4-15 



Jtuu2006 

(rocess engineering approaches. Laboratory studies can indicate whether remediation is possible, while 
bendI-scale experiments can determine the proper loading and reactor design. 

Ifplanned and maintained (roperly, treatment wetlands can provide groundwater wastewater treatment 
fCf' the impacted water, and also (romote water reuse. wildlife habitat. and public use benefits. 
Potentially harmful environmental impacts (sudI as the alteration of natural hya-ology, introduction of 
invasive species. and the dhruption of natural plant and animal communities) can be avoided by 
following (roper planning, design, construction, and operating tedIniques. 

Constructed wetlands are retained as a possible remedial technology. 

4.2.1.8 Pbystcal/Otemlcal Treatment (EX SIJu) 

This section describes the basis for evaluating ex situ physical and chemical treatment ofgroundwater as a 
remedial tedInology. 

4. 2. J. 8. J Description 

Ex situ physical/chemical tedInologies treat perdIed groundwater that has been pumped above ground 
surface, using the physical Cf' dIemical properties of the COCs or medium to destroy (Le., chemically 
convert), separate, Cf' contain the COCs. Physical/chemical treatment is typically cost-effective and can 
be completed in short time periods (in comparison with biological treatment). Equipment is readily 
available and is not engineering- or energy-intensive. Treatment residuals from separation techniques 
will require treatment or disposal, whidI will add to the total project costs, and may require permits. 

Available ex situ physical/dIemical treatment separaticn technologies include: 

• Adsorption/absorption 
• Advanced oxidation (rocesses 
• Air stripping 
• GAClliquid-phase carbon adscrption 
• Ion exdIange 
• Precipitation/coagulation/flocculation 
• Separation 
• Sprinkler irrigation 
• Ultraviolet (UV) oxidation (a destruction tedInology). 

Adsorption/AbSOrption 

Adsorption mechani5rns are generally categorized as physical adsorption, chemisorption, or electrostatic 
adsorption. Weak molecular forces. such as Van dec Waals forces. provide the driving force fCf' physical 
adsorption, while a dIemical reaction fcrms a chemical bond between the compound and the surface of 
the solid in dIemiscrption. Electrostatic adsorption involves the adsorption of ions through Coulombic 
forces. and is normally referred to as ion exchange, whidI is addressed separately in the ion exdIange 
modules. In liquids, interactions between the solute and the solvent also play an important role in 
establishing the degree of adsorption (FRTR. 2005). 

The most commcn adsorbent is GAC. Other natural and synthetic adsorbents include: activated alumina, 
forage sponge, lignin adsorption, scrption clays, and synthetic resins. 
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Activated alumina is a filter medium made by treating aluminum ore so it becomes porous and highly 
adsorptive. Ad.ivated alumina will remove a variety of COCs, including excessive fluoride, arsenic, and 
selenium. The medium requires periodic cleaning with an awropriate regenerant such as alum oc acid in 
ocder to remain effective (FR1R. 2005). 

Forage sponge is an cpen-celled cellulose sponge incorporating an amine-cmtaining chelating polymer 
that seled.ively absocbs dissolved heavy metals. The polymer is intimately bonded to the cellulose to 
minimize physical separatim from the supporting matrix. The ftmctimal groups in the polymer (i.e., 
amine and carboxyl groups) provide seled.ive affinity for heavy metals in both cationic and anionic states, 
preferentially forming complexes with transition-group heavy metals (FRTR. 2(05). 

Lignin adsorptionlsocptive clays are used to treat aqueous waste streams with organic, inorganic, and 
heavy metals. The waste stream is treated due to the molecular adhesion of the COCs to an adsorptive 
surface (FRTR. 2005). 

S}'Ilthetic resins are more expensive than GAC, oot can be designed to achieve higher degrees of 
selectivity and adsorptim capacity for certain compounds than activated carom. Resins are typically 
regenerated using acids, bases, or organic solvents instead ofthermal methods, so they are better suited 
foc thermally unstable compounds such as explosives, and are resistant to deactivation due to the 
adsorption ofdissolved solids. Additionally, resins tend to be moce resistant to abrasion than GAC, 
increasing their service life (FRTR. 2(05). 

Advanced Oxidation Processes 

Advanced oxidation processes, including UV radiation, ozme, and/oc hyd'ogen peroxide are used to 
destroy organic COCs as water flows into a treatment tank. Ifozone is used as the oxidizer, an ozone 
destruction unit is used to treat collected offgases from the treatment tank and downstream units where 
ozone gas may collect or escape. 

UV oxidation is a destruction process that oxidizes ocganic and explosive cmstituents in wastewater by 
the addition of strong oxidizers and irradiation with UV light. OXidation of target COCs is caused by 
direct reaction with the oxidizers, UV photolysis, and through the synergistic actim of UV light in 
combination with ozone and/or hydrogen peroxide. Ifcomplete mineralization is achieved, the fmal 
products ofoxidation are carbon dioxide, water, and salts. The main advantage ofUV oxidatim is that it 
is a destructim process, as opposed to air stripping or carbon adsocption. for which COCs are extracted 
and cmcentrated in a separate {ilase. UV oxidation processes can be configured in batch or continuous 
flow modes, depending m the flow rate under consideration (FRTR, 2(05). 

UV photolysis is the process by which chemical bonds of the COCs are broken under the influence ofUV 
light. Products ofphoto-degradatim vary according to the matrix in which the process occurs, but the 
complete cmversion of an organic COC to carbon dioxide, water, etc., is not probable (FR1R. 2005). 

Air Strijping 

Air stripping is a full-scale technology in which VOCs are partitioned frOOJ. extracted groundwater by 
greatly increasing the surface area of the water exposed to air. Types ofaeration methods include packed 
towers, diffused aeratim, tray aeration, and spray aeration. 

Air stripping involves the mass transfer of volatile constituents frOOJ. water to air. For groundwater 
remediation, this process is typically conducted in a packed tower or an aeration tank. 
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The typical packed tower air stripper includes a spray nozzle at the top of the tower to distribute water 
over the packing in the column, a fan to force air comtercurrent to the water flow, and a sump at the 
bottom of the tower to collect remediated water. Auxiliary equipment that can be added to the basic air 
stripper includes an air heater to imJrove removal efficiencies; automated control systems with sump 
level !:.Witches and safety features, such as differential pressure monitocs, high sump level !:.WitciJes, and 
explosion-Jroof components; and air emission control and treatment systems, such as activated carbon 
mils, catalytic oxidizers, oc thermal oxidizers. Packed tower air strippers are installed either as 
permanent installations on concrete pads, or on a !Kid or a trailer. Aeration tanks strip volatile 
compounds by bubbling air into a tank through which water flows. Afocced air blower and a distribution 
manifold are designed to ensure air-water contact without the need for any packing materials. The baffles 
and multiple units ensure adequate residence time foc striWing to occur. Aeration tanks are typically sold 
as continuously operated skid-mounted units. The advantages offered by aeration tanks are considerably 
lower profiles (less than 6 ft [2 m] high) than packed towers (15 to 40 ft [5 to 12 m] high) where height 
may be a problem. and the ability to modify perfocmance or adapt to ciJanging feed composition by 
adding oc removing trays or chambers. The discharge air from aeration tanks can be treated using the 
same technology as packed tower air discharge treatment. 

G4CILiquid-Phase Carbon Absorpion 

GAC or liquid-phase carbon adsorption is a full-scale technology in which groundwater is pumped 
through one or more vessels containing activated carbon to which dissolved organic constituents adsorb. 
When the concentration of COCs in the effiuent from the bed exceeds a certain level, the carbon can be 
regenerated in place, removed and regenerated at an offsite facility, or removed and disposed. GAC is a 
granular media., apJroximately the size of medium-fme sand. Adsorption by activated carbon has a long 
histocy ofuse in treating municipal, industrial, and hazardous wastes. 

The two most common reactor configurations for carbon adsorption systems are the fixed bed and the 
pulsed or moving bed. The fixed bed configuration is the most widely used foc adsorption from liquids. 
Pretreatment for removal of suspended solids from streams to be treated is an important design 
consideration. Ifnot removed, suspended solids in a liqJid stream may accumulate in the column, 
causing an increase in Jressure drop. When the pressure drop becomes too high, the accumulated solids 
must be removed (e.g., by badcwaSting). The solids removal process necessitates adsorber downtime and 
may result in carbon loss and disuption of the mass transfer zone (FRTR. 2005). However, shutdowns 
can be mitigated by the installation of a back-up system. 

Ion Exchange 

Ion exchange is a full-scale technology in which ions are removed from the aqueous phase by the 
exchange of cations or anions between the COCs and the exchange medium. Ion exchange materials may 
consist of resins made from S}'I1thetic organic materials that contain ionic functional groups to which 
exchangeable ions are attached. They also may be inorganic and natural polymeric materials. Liquids are 
passed over a resin bed where ions (Le., cations and anions) in the resins and in contaminated materials 
are exchanged After the resin capacity has been exhausted, resins can be regenerated foc re-use (FRTR. 
2005). 

Precipitatiorv'CoagulationiF/occulation 

Precipitation of metals has long been the primary method of treating metal-laden industrial wastewaters. 
As a result of the success of metals precipitation in such applications, the technology is being considered 
and selected for use in remediating groundwater containing heavy metals, including their radioactive 
isotopes. In groundwater treatment applications, the metal Jrecipitation process is often used as a 
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tretreatment for other treatment tedmologies (e.g., chemical oxidation or air stripping) where the 
tresence of metals would interlere with the other treatment processes (FRTR. 2(05). 

Metals trecipitation from water involves the conversion of soluble heavy metal salts to insoluble salts that 
will trecipitate. The trecipitate can then be removed from the treated water by physical methods such as 
clarification (settling) andlor filtratien. The process usually uses pH aqjustment, additien of a chemical 
trecipitant, and flocrulatien. Typically, metals precipitate from the solution as hydroxides, sulfides, or 
carbenates (FR TR. 2005). 

Separation 

Separation processes seek to detach COCs from their medium (e.g., groundwater). Ex situ separatien of a 
wISe stream can be performed by many processes, including filtrationlultraflltrationlmicrofiltration, 
freeze aystallization, memocane pavaporation, and reverse osmosis. 

Fihration is the physical process ofmechanical separatien based on particle size whereby particles 
suspended in a fluid are separated by forcing the fluid through a porous medium. As fluid passes through 
the medium, the suspended particles are trapped en the surface ofthe medium and/or within the body of 
the medium. Ultrafiltrationlmicrofiltration occurs when particles are separated by forcing fluid through a 
semipenneable membrane. Only the particles whose size is snaller than the openings of the membrane 
are allowed to flow through (FRTR. 2005). 

Freeze crystallization processes remove purified solvent from solution as frozen crystals. When a 
solution containing dissolved COCs is slowly frozen, water ice crystals form on the surface and the COCs 
are concentrated in the remaining solution. The ice crystals can be separated. waSted, and melted to yield 
a nearly pure water stream (FR'IR. 2005). 

Membrane pervaporation is a process that uses permeable membranes that preferentially adsorb VOCs 
from water. Water first passes through a heat exchanger, raising the water temperature. The heated water 
then enters the pavaporation module, containing membranes composed ofa nonporous organophilic 
polymer (similar to silicone rubber) formed into capillary fibers. VOCs diffuse by vacuum from the 
membrane-water interlace through the memocane wall. Treated water exits the pavaporation module, 
while the organic vapors travel from the module to a condenser where they return to the liquid phase 
(FR'IR. 2005). 

Reverse osmosis is an ex situ treatment teclmology for contaminated water that involves using a semi
permeable memocane to produce a clean water stream and a smaller volume ofa concentrated solution of 
contaminants. 

sprinkler Irrigation 

SJXinkler irrigatien is a relatively simple treatment technology used to volatilize VOCs from wastewater. 
The process involves the tressurized distribution ofVOC-laden water through a standard sprinkler 
irrigation system. Sprinkler irrigation transfers VOCs from the dissolved aqueous phase to the vapor 
phase, whereby the VOCs are released directly to the atmosphere (FR'IR. 2005). 

4.2.1.8.2 Screenine Factors 

This section describes the impact ofsite, waste, and tedmology characteristics on the effectiveness and 
implementation ofex situ physical/chemical treatment technology for censideratien in this CMSlFS. 
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Adsorptiorv'Abso1plion 

Site Otaracterlstlcs: The site conditions would not limit this technology. 

Waste Characterlstlcs: The target constituent groups for adsorptiooJabsorptioo processes are most 
ocganic constituents and selected inorganic coostituents from liquid and gas streams. Activated alumina 
can remove fluoride and heavy metals. The forager sponge is specifically used to remove heavy metals. 
Lignin adsorption/sorptive clays treat organic, inorganic, and heavy metals within aqueous waste streams. 
Synthetic resins are useful for thermally unstable compounds such as explosives me to the noo-thermal 
regeneration requirements of the resins. Water-soluble compounds and small molerules are not adsorbed 
well (FR1R 2005). 

Technology Characteristics: Adsorption/absorption (rocesses have a long history of use as treatment 
for mtmicipal, industrial, and hazardous waste streams. The concepts, theory, and engineering aspects of 
the tedmologies are well developed They are proven tedmologies with dorumented performance data. 
Contaminated media often require treatment/disposal as hazardous wastes if they cannot be regenerated 
Costs are high if used as the (rimary treatment on waste streams with high COC coocentratioos. 
Adsorption (rocesses are not practical where the content of the absorbable hazardous substance is so high 
that very frequent replacement of the absorbent unit is necessary (FR1R 2005). 

Adsorption/absorptioo (rocesses are retained to supplement a selected ex situ corrective action 
alternative. 

Advanced Oxidation Processes 

Site Otaracterlstlcs: There are no limitations for using this technology due to the site conditions. 

Waste Characterlstlcs: A majority of these applications are for groundwater with petroleum products or 
with a variety of inmstrial solvent-related organics such as TCE, dichloroethene (DeE), trichloroethane, 
and vinyl chloride. When UV/ozooe is used on VOCs such as trichloroethane, the constituents may be 
volatilized (e.g., "stripped") rather than destroyed. They would then have to be removed from the off-gas 
by activated carbon adsorption or catalytic oxidation. This technology is also effective in degradation of 
explosives, such as mono-, di-, and trinitrotoluene; however, it is less effective for RDX and HMX. UV 
oxidation is ineffective in metals removal. 

Technology Characteristics: UV oxidation is an innovative groundwater treatment technology that has 
been used in full-scale groundwater treatment applicatioo for more than 10 years. Currently, UV 
oxidation processes are in operation in more than 15 full-scale remedial applications. Wide ranges of 
sizes ofUV oxidatioo systems are commercially available. The aqueous stream being treated must 
(rovide for good transmission ofUV light (high turbidity causes interference). This factor can be more 
critical for UV/hydrogen peroxide than UV/ozone. Turbidity does not affect direct chemical oxidation of 
the COCs by hydrogen peroxide or ozooe. 

The duration of O&.M for UV oxidation depends on influent water tumidity, COC and metal 
concentrations, existence of free radical scavengers, and the required maintenance intervals on UV 
reactors and quartz sleeves. The aqueous stream to be treated by UV oxidation sbould be relatively free 
of heavy metal ions (Jess than 10 mgIL) and insoluble oil or grease to minimize the potential for fouling 
of the cpartz sleeves. Costs may be higher than competing tedmologies due to the purchase ofUV 
oxidation reactors and their energy requirements. Additional costs associated with UV oxidation include 
handling and storage of oxidizers, which require special safety precautions (FR1R 2005). 
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Advanced oxidation processes are retained to supplement a selected ex situ corrective action alternative. 

Air Strijping 

Site Otaracterlstlcs: The site conditions wruld not limit the use ofthe air stripping technology. 

Waste Characteristics: Air stripping is used to separate VOCs from water. It is ineffective for 
inorganic COCs. Generally. organic cemprunds with Henry's Law constants greater than 0.01 
atmospheres. m3/mol are considered amenable to stripping. Some compounds that have been 
successfully separated from water using air stripping include BTEX. dIlorocthane. TCE, DCE, and PCE. 

Technology Characteristics: Air strippers can be operated continuously or in a batch mode where the 
air stripper is intermittently fed from a collection tank. The batch mode ensures consistent air striwer 
perfonnance and greater energy efficiency than continuously operated units because mixing in the storage 
tanks eliminates any inconsistencies in feed water compositioo. Modifying packing configurations 
greatly increases removal efficiency. Air stripping equipment may be installed permanently, or as a 
packaged, transpatable system. Consideration should be given to the type and amrunt of packing used in 
a tower. Process energy costs are high, and increase ifCOCs have low volatility at ambient temperature, 
resulting in the need foc preheating of the groundwater. Off-gases may require treatment based on mass 
emissioo rate. 

Arecent innovation is the low-profile air striwer that is offered by several commercial vendors. This unit 
packs a number oftrays in a very mnall chamber to maximize air-water contact while minimizing space. 
Because ofthe significant vertical and hocizontal space savings, these units are increasingly being used 
for groundwater treatment. The potential exists for inorganic (e.g., iroo greater than 5 parts per million 
[ppm], hardness greater than 800 ppm) or biological fouling of the equipment. requiring p-elreatment or 
periodic column cleaning (FRTR. 2005). 

Air stripping is retained to suwlement a selected ex situ cm-ective actioo alternative. 

GranulatedActivated Carbon/Liquid-Phase Carbon Ab301pIion 

Site Otaracterlstlcs: Site conditioos would not limit the use ofthis technology. 

Waste Characteristics: The target. constituent grrups for carbon adsorptioo are hy<:tocarboos, SVOCs, 
and explosives. Limited effectiveness may be achieved on halogenated VOCs and pesticides. GAC is a 
non-destructive technology that displaces constituents from one media to another. Spent GAC from the 
treatment ofgrrundwater cootaining explosives is recycled by an offsite finn, in accocdance with Federal 
and state regulations. Liquid-phase carbon adsorption is effective for removing COCs at low 
concentrations Oess than 10 rngIL) from water at nearly any flow rate, and for removing higher 
concentrations of COCs from water at low flow rates (typically 0.5 to 1 gpm [2 to 4 LprnD. 

Technology Characteristics: Adsorption by activated carbon has a long history ofuse as a treatment foc 
municipal, industrial. and hazardrus waste streams. The concepts. theory, and engineering aspects of the 
technology are well develq>ed. It is a proven technology with documented perfonnance data. 
Groundwater treatment with liquid-phase GAC would be relativdy simple to implement at Pantex Plant. 
Packaged systems are readily available frem reliable vendors in the marketplace. The presence of 
multiple COCs can impact process perfonnance. Single compooent isotherms may not be applicable for 
mixtures. Bench tests may be conducted to estimate carbon usage for mixtures. Modification of GAC, 
such as silicone- impregnated carbon, cruld increase removal efficiency and extend the length of 
q>eration. It may also be safer to regenerate. Carbon adsorptim is particularly effective for polishing 
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water discharges from other remedial technologies to attain regulatory compliance. CaIbon adsorption 
systems can be deployed rapidly, and COC rernoval efficiencies are high. Logistic and economic 
disadvantages arise from the need to transport and decootaminate spent carboo. The duratioo of GAC is 
usually short-term; however, if concentratioos are low enough. the duratioo may be loog-term. The 
dlration of O&M is dependent on constituent type, concentration, and volume; regulatory cleanup 
requirements; and metal coocentrations (FRTR, 2005). 

GAC is retained to supplement a selected ex situ corrective action alternative. 

Ion Exchange 

Site Characteristics: Site maracteristics would not limit the use of ion exchange as a remedial 
technology. 

Waste Characteristics: 100 exmange can remove dissolved metals and radionuclides from aqueous 
solutions. Other compounds that have been treated include nitrate, ammonia-nitrogen, and silicate. 

Technology Characteristics: Factors affecting the design of an ion exchange system include the 
presence of oil and grease, COC concentratioo, exchange capacity ofthe resin, suspended solids, metals, 
oxidant content, inorganic ions in groundwater, and pH ofthe groundwater. Oxidants in groundwater 
may damage the ion exchange resin. Wastewater is generated during the regeneration step and will 
require additional treatment and disposal. 

Ion exchange is retained to supplement a selected ex situ corrective action alternative. 

PrecipitationiCoaguJationiFloccula1ion 

Site Characteristics: Site maracteristics would not limit the use of 
precipitation/coagulatioo/flocculation as a remedial technology. 

Waste Characteristics: Precipitation is used mainly to convert dissolved ionic species into solid-phase 
particulates that can be removed from the aqueous phase by coagUlation and filtratioo. Remedial 
application of this technology usually involves removal of dissolved toxic metals and radionuclides. 
Depending on the process design, sludges may be amenable to metal recovery. 

Technology Characteristics: Precipitation ofheavy metals as the metal hydroxides or sulfides has been 
practiced as the prime method of treatment for heavy metals in indlstrial wastewater for many years. 
Bench-scale treatability tests should be condlcted to determine operating parameters and characteristics 
(Le., reagent type and dosage, optimum pH, retention time, flow rate, temperature, mixing recp.1irements. 
flocculent [polymer] selection, suspended solids, precipitate settling and filtration rates, and sludge 
volume and characteristics). The treated groundwater may require pH adjustment. The precipitatioo 
process may generate toxic sludge requiring proper disposal. 

Precipitation/coagulation/flocculation is retained to supplement a selected ex situ corrective actioo 
alternative. 

Separation 

Site Characteristics: Site maracteristics would not limit the use of separation techniques as rernedial 
alternatives. However, adequate space is recp.1ired for some separation techniques (i.e., distillation and 
freeze aystallization). 

4-22 



.JiuuZOO6 

Waste Characteristics: The target constituent groups for ex situ separation processes are VOCs, 
SVOCs, pesticides, and suspended particles. Solvents may be recovered for reuse. 

Technology Characteristics: Membrane pcrvaporation and freeze aystallizatioo are limited to only 
aqueous wa5te streams. The presence of oil and grease constituents may interfere with these processes by 
decreasing flow rate. Space must be adequate for freeze aystallizatioo treatment systems. In freeze 
crystallization, eutectic mixtures form as solutions become more concentrated; feed stream must be dilute 
enough to accomplish significant volume reduction before a eutectic mixture fcnns. 

Separation tedmicp.1es are eliminated from further evaluation due to wa5te characteristics. 

Sprinkler Irrigation 

Site Olaracterlstlcs: Site maracteristics would not limit the use of sprinkler irrigation as a remedial 
alternative. 

Waste Characteristics: Sprinkler irrigatioo can be utilized for any COC that readily transfers from the 
dissolved phase to the vapor phase (e.g., VOCs). The target constituent groups for sprinkler irrigation are 
VOCs, SVOCs, fuels, explosives, and pesticides. 

Technology Characteristics: Metals in wa5tewater cannot be treated. Regulatory approval may be 
diffiwlt to obtain because of the potential of direct release for coes to the atmosphere. Ponding of 
wastewater may result from heavy irrigation. The performance of sprinkler irrigation may be affected by 
temperature. As Clean Air Act requirements increase, this tedmology may beccme obsolete. 

Spinkler irrigation is retained to supplement a selected ex situ corrective actioo alternative. 

4.2.1.9 Disposal and Handling 

This section describes the basis for evaluating disposal and handling methods for permed groundwater as 
a remedial technology. 

4.2.1.9.1 Description 

Disposal and handling methods for groundwater provide tedmology needed to manage the perched 
groundwater after its extraction and its eventual disposal after treatment. 

Available disposal and handling temnologies include: 

• Onsite disposal 
• Offsite disposal 
• Deep well injectioo 
• Handling 
• Beneficial reuse. 

Quite DispoJnl 

Onsite disposal options include discharge to surface water and re-injection. Bam option is an effective 
method for the discharge oftreated water. 

4-23 



.huu ZOO6 

Offsite Disposal 

Offsite disposal ofgroundwater includes two methods including either discharge to a Publicly Owned 
Treatment Works (pO'IW) or other disposal facility. Either method would consist of using tanker trucks 
to transport either treated or untreated water to the facility for disposal. • 

Deep Well Jnjection 

Deep well injection is a Iicpid waste disposal technology where treated or untreated Iicpid waste is placed 
into geologic formations which have no potential to allow migration of COCs into potentia] potable water 
aquifers. A typical injection well consists of concentric pipes, which extend several thousand feet down 
from the surface level into highly saline, permeable injection zone(s) confined vertically by impermeable 
strata (FR1R, 2005). 

Handling 

Onsite and offsite disposal requires waste materials to be transported to the selected disposal facility. The 
transportation options for hauling untreated groundwater offsite involve the individual or combined use of 
tanker trucks and railcars from the site to the selected disposal facility, or construction and use of a 
pipeline from the point of extraction and collection to the disposal point. Onsite handling options include 
the use of tanker trucks, or construction and use of a pipeline from the point of extraction and collection 
to the disposal point. 

Beneficial Reuse 

Beneficial reuse options for treated groundwater include reclamation/recycle/reuse alternatives such as 
land spraying/irrigation. In 2005, one beneficial reuse option for treated groundwater was implemented 
through design and in!!ia1lation of a conveyance line to the subsurface irrigation system that also received 
treated wa!!iewater from the Pantex Plant WWTF. 

4.2.1.9.2 Screening Factors 

This section describes the impact of site, waste, and technology characteristics on the effectiveness and 
implementation of disposal and handling technicpes for extracted groundwater for consideration in this 
CMSIFS. 

Onsite Disposal 

Site Otaracterlstlcs: The site conditions do not limit the use ofonsite disposal methods. 

Waste Characteristics: Pretreatment for COCs would be necessary before groundwater could be 
discharged to surface water or re-injected to the perched groundwater. 

Technology Characteristics: Implementability for onsite disposal will depend upon the requirements 
for permits. A permit from the National Pollutant Discharge Elimination System (NPDES) is not 
required for discharge to surface waters; however, the substantive requirements of a permit must be met. 
Operational costs would be relatively low for either method of disposal. 

Onsite disposal is retained 
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Offsile Disposal 

Site Otaracterlstlcs: Site conditions do ntX limit the use of offsite disposal methods. 

Waste CharacterIstics: Pretrealment for certain COCs may be required before untreated grolD1dwater 
could be discharged to a P01W or other facility, ifthe P01W cannot handle specific untreated water. 
Otherwise. criteria for selecting an offsite facility would require the ability to handle the coes in the 
groundwater. 

Technology Characteristics: Offsite disposal ofgroundwater to a P01W or other wastewater disposal 
facility is an easily implemented optim. However, the co!'is for offsite disposal can be moderate to high, 
iftreatment is required, and can vary depending on the transport distance to the nearest facility. 

Ofi'site disposal is retained. 

~ep WeU Iryection 

SIte Otaracterlstlcs: Site characteristics may limit the use of deep well injection as a remedial 
alternative. Site assessment and aquifer characterizatim are required to determine suitability ofthe site 
forwastewater injection. 

Waste CharacterIstics: The target constituent grrups for deep well injection are VOCs, SVOCs, fuels, 
explosives, and pesticides. However, existing permitted deep well injection facilities are limited to a 
narrow range of specific wastes. 

Technology Characteristics: Groundwater containment technologies generally are intended to minimize 
direct cmtaet with untreated groundwater and/or reduce the mobility of coes by imposing a physical 
barrier. These technologies cannot, however, reduce the volume er toxicity ofthe coes. Injected wastes 
must be compatible with the mechanical compments of the injection well system and the natural 
formation water. A waste generator may be required to perform physical, chemical, biological, or thermal 
treatment fer removal ofvarious COCsor constituents from the waste to modify the IfIysical and 
chemical character of the waste to assure canpatibility. Waste streams containing organic coes above 
their solubility limits may require p"etreatment before injection into awell. Extensive assessments must 
be completed prior to receiving approval fran regulatory autherity (FR1R. 2005). 

Deep well injection is eliminated as a potential remedial alternative because of the diffirulty of 
implementation and limited availability of injection facilities. 

Handling 

Site Otaracterlstlcs: Tanker trucks are effective rue to their adaptability to site and route conditions. 
Pantex Plant does have two rail spurs, so rail cars are implementable. The need for the cmstruction of a 
pipeline(s) for the transport of grrundwater from a point of collection to the msite or offsite disposal 
point would be limited by site cmditions. 

Waste CharacterIstics: Containers on trucks. rail cars, or piping need to be resistant to the coes in the 
groundwater in order to transpcrt safely. Waste would have to be manifested and a licensed transporter(s) 
secured 

Technology CharacterIstics: Trucks are limited by their holding capacity and snorter haul distances due 
to safety concerns. The use of rail cars is limited by proximity to rail service lines or spurs. Rail cars are 
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also more effective for longer haul distances. Transport by the way of truck from the site to the spur may 
be needed. The cost of transporting wastewater by truck would be moderate to high. depending on 
distance of haul. The cost of obtaining permits and transporters would be high. The initial cost of 
installing the pipelines would be moderate. 

Trucks, rail cars, and pipelines are retained. 

Beneficial Reuse 

Site Otaracterlstlcs: The site conditions do not limit the use of beneficial reuse options. 

Waste Characteristics: Pretreatment for COCs would be necessary before groundwater could be reused 
onsite for indlstriallagricultural purposes. 

Technology Characteristics: Technology characteristics would not limit beneficial reuse options. A 
system is currently in place at Pantex Plant. 


Beneficial reuse is retained as a technology to dispose of treated groundwater. 
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Treatment 
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Table 4-1. Identification and Screming ofRmtedial Technologies and Process Options for Perched 

Groundwater (continued) 


(continued) 

Trca1mcnt (Ex Situ) Biological Trca1mcnt 

Shading denotes options that were screened out from further consideration. 
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5.0 TREA TABILITY STUDIES 


This sectim describes site-specific treatability studies at Pantex Plant regarding remediation ofexpected 
COCs. Infamation from these studies, including the results and cmclusions, were considered in the 
identification and evaluation ofremedial technologies and corrective measure alternatives for perdJ.ed 
groundwater in this CMSIFS, and in the selection ofvoluntary ICMs conducted at Pantex Plant. 

5.1 	 BIODEGRADATION OJ! HEs AND IN SI1T1 COMETABOLISM OJ! CHLoRINATED SOLVENTS 

(NITROGEN INJECITON) 


Research efforts m the biodegradation ofHEs. :pecifically to determine ifHMX and RDX could be 
aerobically biodegraded, were initiated by BWXT Pantex in the :pring of 1995. The researdJ. was 
concbcted by a joint venbJre between the personnel from Texas A&M University and TIU, and was 
Jresented in Biodegradation 0/High Exp/os;ves andIn Situ Cometabolism o/Chlorimied Solvents 
(Nitrogen Injection) October 1995 Annual Report (Autenrieth. et aI., 1995). 

Soil samples obtained frcm borings in the vicinity of Zone 12 were used to develcp an indigenous 
population ofmicroocganisms with prior eKposure to HMX and RDX. The results of the study Stowed no 
significant biodegradatim of HMX and RDX. In addition, soil coce samples did not yield aerobic 
microorganisms capable ofdegrading the nitroaromatic compounds. Furthermore, the researdJ. sugge!ts 
microorganisms capable ofbiodegrading HMX and RDX must be isolated from sites with recent 
contamination. The study recommended additimal researdJ. to be conducted to determine nutritional 
requirements foc metabolizing HMX and RDX. 

Additimal research was conducted by the Texas A&M University and TTU research team to study in situ 
.aerobic degradatim by baaerial cometabolism of TCE in growdwater. The results ofthe laboratory 
study Stowed good biotransfonnation of TCE by phenol- and methane-degrading bacteria. However, in 
situ demonstrations of methanotroplic transfonnation of TCE Stowed only moderate TCE degradatim 
efficiency. Phenol-degraders were shown to moce effectively degrade TCE. 

5.2 	 BIODEGRADATION OJ! RDX 

A Report on Biodegradation 0/Hexahydro-1, 3, 5-triniiro-1, 3, 5-triamine (RDX) (Hallgarth and 
Autenrieth, 1996) described the results of a laboratCl)' study conducted to simulate and dJ.aracterize RDX 
degradatim that may occur within the aerobic layers ofsoil. The results ofthe study indicated RDX 
degradation in the p-esence of oxygen is possible, oot at a high cost. The researchers found large 
cpantities of carbon yield anoxic conditions favorable for increasing the RDX utilization rate. However, 
p-oviding adequate amowts of a carbon source during field implementation would be cost Jrooibitive. 

The authocs noted a need to add an exterior nitrogen source based m low specific growth rates 
encountered during kinetic rate eKpcriments. At high concentratims ofRDX, both growth and RDX 
utilizatim were found to be inhibited. The study recommended the use ofperiodic nitrogen source 
additim for culbJre maintenance. 
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5.3 IN SrruBIOREMEDIATION OF TCE-CONTAMINATED GROUNDWATER 

The overall goals of the laboratory studies described in A Reporl on In-Situ Bioremediation ofTCE
Contaminated Groundwater at Pantex: Laboratory Feasibility Studies (Morley and Speitel, 1996) were to 
conruct an initial feasibility assessment for in situ bioremediation of TCE in perched groundwater at 
Pantex Plant and to evaluate and compare laboratory methods. Since TCE can be degraded aerobically by 
cometabolism. it was necessary to determine if suitable aerobic bacteria are present in perched 
groundwater, and if so, the extent to which the organisms can degrade TCE. 

The initial bacterial densities were estimated by using plate counts in aquifer cuttings. Two different 
methods ofbiostimulation were used to increase the indigenous populations of two types of bacteria 
known to cometabolize TCE: methanolrophs and phenol degraders. Biostimulation is the addition of 
substrates, nutrients, and oxygen to saturated aqUifer material to increase active populations. Aquifer 
sediments were sampled from well PTX06-1012, located south of Zone 11. Headspace bottles and test
tube microcosms were the two methods used for biostimulation because of the limited availability of 
sediment from the perched groundwater. The plate counts of the biostimulated bacteria populations for 
both methods were performed and compared to the initial estimates. The stimulated sediment from both 
methods was then used in two TCE biodegradation studies to determine the rate and extent of TCE 
conversion to carbon dioxide and other end products. The two studies consisted of a batch hypovial test 
and test-tube microcosms. 

The results presented in the report are as follows: 

• 	 For both biostimulation methods, plate counts confmned that these indigenous bacteria increased 
in popUlation. 

• 	 The two degradation studies reported that TCE was degraded by both methods following zero
order kinetics. 

• 	 Biodegradation of TCE occurred only under certain conditions. The addition of supplemental 
nutrients (nitrogen and/or phosphorus) was necessary for biostimulation of bacteria in perched 
groundwater sediments. 

• 	 The greatest TCE losses occurred in sediments that had been stimulated with phenol degraders 
and supplemental nutrients. Both degradation studies Slowed that indigenous phenol degraders 
could cometabolize TCE at appreciable rates; however, methanotrophs cannot cometabolize TCE. 

Bioremediation of TCE in groundwater may be a feasible option as indicated by the results. 

The report provided the following recommendations for continued research: 

• 	 Otaracterization of toxicity rue to additional constituents at the site, including HEs and heavy 
metals. 

• 	 Determination of specific nutrient requirements (e.g., nitrogen and/or phosphorus) and the 
optimal form and concentration that Slould be added. 

• 	 Optimization ofthe oxygen source (e.g., dissolved air, dissolved oxygen, or peroxides) and 
delivery method. 
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• 	 OJXimization ofsubstrate concentrations and awlication methods to stimulate indigenous phenol 
degraders. but to prevent biofouling ofthe injection points. 

• 	 Assessment of the potential for low rates of intrinsic biocemediation of TCE in perched 
groundwater, including the availability of aromatic compounds, naturally-occurring methane, oc 
other primary substrates for cometaboli!m of TCE, and limitations posed by oxygen and rrutrient 
availability. 

• 	 Field studies to determine the actual response of indigenous organi!mS, and the ability to inject 
and mix nutrients into perched groundwater. 

5.4 	 INvESTIGATION OF GROUNDWATER RECIRCULATION FOR IHE REMOVAL OF RDX FROM 
PANTEX PLANT PERCHED GROUNDWATER 

This study, as presented in the Investigation ofGroundwater RecircuJationfor the RenwvaJ ofRDXfrom 
the Pan/ex planJ Perched Aquifer (Boles. et al., 1998), included a two-phased approach: afield tracer test 
and modeling of the res.dting field data. Specific objectives included: 

• 	 Field Tracer Test 

o 	 Design of the hydraulic and chemical aspects of the tracer test for implementation within 
the existing Zone 12 treatability system 

o 	 Installation of the necessary plumbing and e(Jlipment foc the tracer test at the Pantex Plant 

o 	 Perfonnance of the tracer test. 

• 	 Modeling Phase 

o 	 Determine the flow characterization of the perched groundwater 

o 	 Estimate the retardation ofRDX 

o 	 Evaluate the removal of RDX from perched groundwater with the dual-phase extraction 
system 

o 	 Evaluate the use of groundwater recirrulatim to enhance the extraction ofRDX from 
perched groundwater. 

The report concluded the following: 

• 	 The design and installatim of the injection system into the existing treatability system was 
successful. 

• 	 Because of the short test duration, the tracer test demonstrated oceakthrough ofbromide and HE
free effluent at only one of the three extraction wells. 

• 	 The field test kits for RDX analysis did not provide adequate results to be used to estimate RDX 
retardation using the groundwater models. 
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• 	 Based on the evidence presented from the tracer te~ and modeling, at least two stratigraphic 
layers are present within regions of perched groundwater. 

• 	 Hy<i"aulic conductivity is the parameter with the mo~ substantial effect on the transport of 
constituents in perched groundwater. 

• 	 The linear sorption coefficient (K~ for RDX in perched groundwater in the Zone 12 area was 
e~imated at 0.050 L/kg using the groundwater flow and transport models. With this K.i value, the 
retardation coefficient for RDX was calculated as 1.4. 

• 	 This type of pump and treat ~em provides an effective means of removing Significant amounts 
ofRDX from perched groundwater at Pantex Plant. 

The report recommended further removal ofRDX from perched groundwater at Pantex Plant using this 
technology. It also recommended further inve~gation to verify that other compounds. such as HMX and 
VOCs, are removed by this technology. 

5..5 BIOREMEDlATION OF RDX IN nil VADOSE ZoNE BENEATH PANTEX PLANT 

The report on Bioremediation ofRDX in the Vadose Zone BeneaJh the Pamex planJ (Shull, et al., 1999) 
presented the fmdings ofa study conructed to determine ifmicroorganisns present in the soils at Pantex 
Plant could degrade RDX and, ifso, how this process could be enhanced. The objectives of the study 
were as follows: 

• 	 Determine if indigenous soil organisms are capable ofRDX biodegradation. 

• 	 Determine the impact of electron accertor availability and nutrient addition on RDX 

biodegradation. 


• 	 Determme the extent ofRDX mineralization (Le., conversion to inorganic carbon) during 

biodegradation. 


• 	 Estimate the kinetics ofRDX biodegradation to provide information for mathematical fate and 
transport modeling. 

The study was conructed on unsaturated soils obtained from Zone 12. Batch techni<pes using 14C_RDX 
chemicals were developed to investigate RDX degradation under aerobic, anoxic, and microaerobic 
conditions. The results of the study showed microorganisns indigenous to Pantex Plant soil in the vadose 
zone in Zone 12 degraded RDX to a significant extent under anoxic and microaerobic cooditions. To 
create these conditions in the vadose zone, the injection of either an inert gas or highly degradable organic 
substance would be re<pired. The addition of phosphorus had little effect on the removal rate ofRDX. 
except in microaerobic and anoxic experiments with organic carbon. 

The report provided the following recommendations for continued research: 

• 	 Modification of methods to eliminate RDX partitioning problems between ether and water. 

• 	 Because significant accumulation of water-soluble intermediates was observed, these 

intermediates mould be identified to determine if they are an environmental concern. 
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• 	 Olaracterization oftoxicity effects of high concentrations ofHEs. 

• 	 Detennination of delivery method to aeate anoxiclmicroaerobic conditicns in the vadose zcne. 

• 	 Oftimization of substrate concentrations and application methods to stimulate indigenous RDX 
degraders. 

• 	 Field !itUdies to detennine the actual re5ponse of indigenous bacteria and the ability to aeate 
optimal conditions. 

• 	 Studies to detennine HMX degradation since HMX is frequently present with RDX 

5.6 	 IMPLEMENrATION OF REMEDIATION TECHNOLOGY SClU!ENING AND TREATABILITY TESTING 
OF PossmLE REMEDIATION TECHNOLOGIES FOR P ANTE X PLANT PERCHED GROUNDWATER 

This study was conducted to identify possible ways to treat groundwater at Pantex Plant. During the 
evaluation. data gaps were identified that limited a full evaluation ofthe candidate technologies. 
Treatability !itUdies were pcrfocmed to fill certain data gaps. The Draft Final ImJiemenJation Reporl of 
Remediation Technowgy ScreerBng and Treatability Testing ofPossible Remediation Technowgies for 
the Pantex Perched Aquifer (Potassium Permanganate) (IT and Stoller, 2000) desaibed the eff<rts, 
identified remaining needs, and provided recommendations to further advance and support the alternative 
evaluation and selection process foc perched groundwater. 

The tecimology screening identified the following potential technologies as viable options for treatment 
of perched groundwater: 

• 	 Hyaaulic barriers 
• 	 Reactive barriers 
• 	 In situ plume treatment 
• 	 MNA 

To fill data gaps required in evaluating these technologies, the following treatability studies were 
completed: 

• 	 In situ chemical oxidation using potassium pennanganate (KMn04) 
• 	 In situ enhanced biocemediation 
• 	 MNA 

Treatability !itUdy results show KMn04 effectively treated RDX. HMX. TNT, and DNT to levels below 
RRS 2 aiteria. The enhanced biocemediaticn laboratory treatability testing indicated HE compounds 
could be effectively treated in groundwater to below RRS 2 criteria tmder either aerobic or anaerobic 
conditions. Anaerobic results indicated degradation ofHEs tmder both ncn-methanogenic and 
methanogenic conditicns with a supplemental carbon source. 

Finally, the results from the MNA treatability study indicated conditicns in perched groundwater might be 
amenable to natural biological degradation ofRDX Furthennoce, RDX transfonnation products 
moncnitrosoamine (MNX), dinitrosoamine (DNX), and trinitrosoamine (TNX) are present in the 
groundwater, indicating RDX degradation may be ongoing. 
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5. 7 FEASIBILITY OF INSrroREoox MANIP1JLATION OF SUBSURFACE SEDIMENTS FORRDX 
REMEDIATION AT P.ANTEX PLANT 

This labocatory study was conducted to assess RDX abiotic degradation by dtemically reduced sediments 
and other geodtemical aspects of the application of this technology to perdted groundwater at Pantex 
Plant. The results from the study, presented in Feasibility ofIn Situ Redox Manipulation ofSubsuiface 
Sedimentsfor RDX Remediation at Pan/ex (PNNL, 2001) show the sediments can be rewced to achieve 
considerable rewctionloxidation capacity. In addition, the results indicated RDXwas rapidly degraded 
(I.e., within minutes) to at least the fourth degradation product in batdt studies using abiotic reduced 
sediments. 

5.8 	 CONCEPI'UAL Dl;PWYMENT SCENARIOS FOR INSlTUREMEDIATiON OF THE SOUTHEAST 
PERCHED GROUNDWATERPLUMEATP.ANTEXPLANT 

O:mcepuaJ Deployment Scenarios for In Situ Remediation ofthe Southeast Perched Aquifer Plume at 
Pan/ex Plant (Acpifer Solutions. 2002) was prepared in conjunction with other ongoing efforts by the 
USDOE Technical Advisocy Group managed by the 11RD workgroup. DeveloIXllent ofthe deployment 
scenarios for in situ remediation of the southeaEt perched groundwater plume was intended to provide a 
starting point for further disaJssion and testing related to how the technologies may be used, and the 
capabilities and cost of the technologies. During the evaluation, data gaps were identified which would 
limit a full evaluation of the candidate tedtnologies. 

The technology screening identified the following technologies as viable options for treatment of perched 
groundwater: 

• In situ reductionloxidation manipUlation (lSRM) 
• Anaerobic in situ biocemediation (lSB) 
• Otemical oxidation using KMn04. 

For the purpose of determining areas of the site that are generally applicable to each tedtnology, three key 
COPCs were considered: hexavalent chromium, RDX, and TCE. Eadt of the technologies evaluated 
holds advantages for application in specific areas of the site, and all the technologies may be ap(l"q>riate 
for at least limited application as part of an overall remediation ap(l"oach for the Pantex Plant perched 
groundwater. ISRM using sodium dithionite can effectively treat hexavalent dtromium, TCE, RDX, and 
others. but RDX requires further testing to determine the conditions to prevent partial transformation to 
RDX by-products. Areal treatment using anaerobic ISB is capable of treating hexavalent chrcmium, 
TCE, RDX, and other COPCs. Otemical oxidation using KMn04 is effective in the treatment ofRDX 
and TCE, but it is not amenable to treatment of hexavalent dtromium. 

Remaining technology data gaps for these technologies include: 

• Passive reactive barrier using ISRM 

o 	 Optimal treatment zone residence time, sodium dithionite injection requirements, and 
optimal injection well spacing are undetermined. 

o 	 Additional follow-on natural attenuation or enhanced biological treatment needs are 
undetermined 



• 	 Areal treatment using anaerobic ISB 

o 	 Site-~ecific microbial corrnnunity and populations across the perdted grwndwater are 
undetermined 

o 	 Status ofnatural microbial Jrocesses across the perched groundwater is undetennined. 

o 	 Subsurface microbial reaction kinetics, amendment injection requirements, and optimal 
well ~acing are undetermined. 

• 	 Otemical oxidation using KMn04 

o 	 Long-term persistence and reaction kinetics of KMn04 in the subsurface are undetermined 

o 	 KMn04 injection requirements, radius of influence, and optimal injection well ~acing are 
uncertain. 

The following pilot studies have been perfonned in the perched groundwater since this treatability study 
to gain a better understanding offactocs such as well ~acing, radius of influence, residence time of 
injected amendments, etc.: 

• 	 Pilot study conwcted in February 2004 to investigate ISRM. A description and results ofthe 
study are included in Section 5.14. 

• 	 Pilot study to investigate anaerobic ISB began in AUgust 2005. A descripjon of the study is 
included in Section 5.13. The results were not available to include in this report. 

• 	 No pilot study is planned for dtemical oxidation using KMn04 • 

5.9 	 ExPANSION OF 1HE INSITU HE BIODEGRADATION SYSTEM IN SHALLOW SUBStJll'FACE SOIL 
ATSWMU122B 

The objective ofthis Jroject was to plan, design, and implement an expansion of the existing in sit., 
biodegradation tedtnology developed by TTIJ in parmer5bip with USDOE's 11RD Program. The 
objectives and results of this project were described in Expansion ofthe In :it., HE Biodegradation 
System in ShaJ/.qw SJlbsurfrxe Soil at SWMU 122b at the Pan/ex Plant, Im]iementation Report (Caldwell, 
2002). The ~ecific objectives ofthe project include: 

• 	 Expand the existing in sit., biodegradation syg.em. 

• 	 Reduce soil concentrations ofHEs in sit., at selected locations by injecting humidified nitrogen 
generated by a nitrogen generatioo syg.em that utilized membrane filtratioo to generate oxygen 
gas and oxygen depleted (nitrogen ridt) air into the target soil volume to create an anaerobic 
atmo~here and encourage indigenous facultative and anaerobic microbial populatioos to 
metabolize HEs. 

• 	 Improve cost data and operation tedtniqIes that could apply to the implementation of the 

tedtnology elsewhere. 
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• 	 Provide data 00 the effectiveness of HE biodegradation and resulting breakdown proructs. 

• 	 Integrate the existing system and the expansioo seamlessly. 

The results ofthe system expansion indicated no significant trends were observed to signify the system 
had been effective at achieving the goal of reducing the cootarninant concentratioos to below RRS 1 
levels. The !rudy did &low the conditions created by the system to be cooducive for biodegradation of 
HE compounds. In additioo, the report indicated the study successfully created a low oxygen 
environment in the target soil area. 

Soil analysis for HEs indicated no awarent trend in changes in concentration from pre-treatment to six 
months of operation. Results of nitrate/nitrite soil samples &lowed no apparent trends with regard to 
increases or decreases in concentration from pre-treatment to post-treatment. Microbial deoxyribooucleic 
acid results from bacteria in the soils collected ruring pre-treatment and post-treatment were also 
inconclusive with regard to indications of biodegradation of the HE compounds. 

5.10 EvALUAll0N OF THE PGPTS AND ASSOCIATED WELL FIELD 

The objective was to perfonn a critical !rudy of existing data and thus evaluate the effectiveness of the 
PGPTS and associated well field located near Zone 12, as presented in Evaluation ofthe Perched 
Groundwater Pump & Treat System andAssociated Well Field (Rainwater, et al., 2003). This !rudy 
included review of design and implementatioo documents that described the planning and construction of 
the PGPTS, as well as O&M reports that record the operational history of the system. The primary 
purpose of the PGPTS is to serve as an ICM to determine the effectiveness and efficiency of the pump 
and treatment processes for perched groundwater. 

The PGPTS became operatiooal in September 1995 to demonstrate collection and treatment of 
groundwater containing HEs and VOCs (e2M, 1995). The PGPTS was expanded as of October 2000 to 
45 operational extractioo wells, nine injection wells, GAC treatment, and chemical 
precipitationlmicrofiltratioo (CPM) pretreatment. At the time ofthe study, 36 extraction wells pumped 
directly to the GAC treatment, and nine wells pumped to the CPM system. 

The results and conclusions of the report are as follows: 

• 	 The current treatment processes are effective in removing the target HEs and chromium from the 
influent waters; almost 250 million gallons of contaminated water were successfully collected and 
treated through April 2003. 

• 	 The heterogeneous and relatively thin layer of perched groundwater limits the effectiveness of the 
extraction and injection well field for hy<hulic containment. 

• 	 Operatiooal histories of the extraction wells show that most ofthe wells operate less than 75 
percent of the time and at flow rates far below the capacities of the installed pumps. 

• 	 Most of the pumps in the extraction wells are over-sized when compared to the capacity of the 
ac.pifer to transmit water, and it is also possible that siltation has occurred in some wells. 

• 	 Some injection wells have experienced decreasing capacity and surface leakage. 
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• 	 There has not yet been enough travel time to allow significant reductions in plume 

coocentrations. 


• 	 Perched grOlmdwater has been impacted offsite. and the current ICM is not extensive enough to 
pull back that contamination. 

Based 00 this review, the following reccmmendatioos were made: 

• 	 All wells that are not on the Supervisory Control and Data Acquisition (SCADA) system should 
be incorporated so times ofoperation can be tradced 

• 	 Extraction wells that are not operating at least 75 percent of the time shruld be checked for 
siltation within the wen screens and resizing ofpwnps for more coostant operation. 

• 	 Existing or temporary rressure transwccrs in extraction wells can be used to perform recovery 
tests to estimate local hydraulic conductivity values. 

• 	 Incoosistencies and qJestions in the well logs for all extraction and injection wells must be 
clarified where possible. 

• 	 Hyd'aulic analysis of the flow conditions between the extraction wells and treatment systems 
must be perfonned to estimate head reqJired from the extractioo well pumps. 

• 	 Injection wells mould be tested and serviced to recover flow capacity. 

• 	 Ongoing nwnerical modeling efforts mould refme predictions of system performance. 

Consideration ofexpansion ofthe ICM to include other contaminated zones ofperched grrundwater both 
oosite and offsite can ocrur after the recommended maintenance activities for the existing wells. 

5.11 BENCH TESTING FORINSrroOzONE OXmAnoN OF HEs 

The Bench TestingJor In Situ Omne Oxidation ofHigh Explosives, Final Report (Comfort, 2004) 
rresented results of a study to determine the efficacy of ozone to degrade and mincfaJ.ize RDX. In 
additioo, the study evaluated aerobic biodegradation following partial ozonation ofan RDX solution.' 

Solution trials showed 2 percent (wlw) ozone was effective in mineralizing 80 percent ofRDX in 
solution, provided some Pantex Plant soil was present to buffer the solution. Results from the evaluation 
of partial ozooation indicate ozooe-generated RDX prowcts were much more biodegradable than 
untreated controls. The products ofRDX ozonation appeared to stimulate biodegradation ofnative RDX 
The report concluded the use ofozooe as a remedial treatment ofthe cootaminated vadose zone is 
feasible. 

5.12 BIOREMEDIATION OF HE SOILS AT THE BmlNING GROUND 

This treatability study began in July 2005. QPL,lnc., was contracted to perfonn bioremediation within 
three areas at the Buming Ground identified as having elevated levels ofHEs and barium (presumably 
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barium nitrate). The following paragraphs summarize the objectives and plan for the project as they 
existed before implementation. 

The objectives of this project are to: 

• 	 Provide the information necessary to perform a voluntary corrective action by bioremediation of 
HE- and barium-contaminated soils within the three project areas. 

• 	 Remediate to a depth of 2 ft soils contaminated with REs and barium to concentrations below the 
soil-to-air-ingestion (SAI)-MSC ALs for the respective analytes in the area of concern. 

QPL, Inc. developed a strategy to bioremediate the constituents in the HE-contaminated soils to 
concentrations below the SAl-MSC ALs based on a review of analytical data and information provided 
by BWXT Pantex. QPL Inc.'s bioremediation treatment consisted of an aqueous solution of naturally
occurring soil microbes and nutrients applied directly to contaminated soils. The bioremediation 
microbes were grown onsite. Following a growth period of approximately two days, the bioremediation 
ocoth was stabilized to a pH of 9 to 10 to reruce barium leachability and applied topically to the project 
areas. Flame retardant tarps were placed over the treatment areas to prevent moisture loss and facilitate 
microaerophillic environments. Because of the high concentrations of REs and barium in the areas, a 
total of ten or more treatments were planned for the affected sites to achieve the goal of reducing HE 
concentrations to levels below their respective SAl-MSCs. Historically, QPL, Inc., reports TNT and its 
metabolites degrade first, followed by RDX. and then HMX. Total nitrobodies u5iJally average between a 
1 to 2 percent reruction daily based on laboratory bench scale results. 

5.13 	 IN Srru GROUNDWAIER BIOREMEDIATION SYSTEM Pn..OT STUDY (JANUARY 2006 DRAFT 
REPoRT) 

The I1RD group evaluated a number of in situ remediation technologies that destroyed groundwater 
contaminants in place within perched groundwater and, as a result, wrote a report entitled, Co11CepUal 
Deployment Scenariosfor In Situ Remediation ofthe Southeast Perched Aquifer Plume (Aquifer 
Solutions, 2(02). This report (Section 5.10) identified three promising technologies, including ISB. 
BWXT Pantex (Aquifer Solutions, 2005) selected a group of three companies to: 1) design a pilot-scale 
anaerobic ISB system at Pantex Plant to treat HE contamination in the southeast perched groundwater 
plume; 2) build the ISB system; and 3) operate and maintain the ISB system. The project will expand the 
bench scale to a pilot scale field demonstration oflSB. The objective of this project is to gain a better 
understanding ofhow to manage the southeast plume of impacted perched groundwater through 
bioremediation by rerucing contaminant toxicity, improving implementability, reducing operational 
costs; and increasing the short- and long-term effectiveness of the treatment. 

This proj ect began in August 2005. The subcontractors provided a detailed description of the: 

• 	 Remediation technique and method of implementation at the site 
• 	 Determination of the size and defXh of the areas to be remediated 
• 	 Treatment durations and frequencies 
• 	 Awroximate break-down times for the COPCs at each location 
• 	 Recommended confirmation-sampling frecpencies. 

The primary COCs for the ISB are HEs (Jrimarily RDX and HMX), halogenated organics (TCE and 1,2
DCA), and hexavalent chromium. The ISB pilot scale system will be designed for areas within the 
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perched groundwater that have 15 it of saturated thidrness er less. ISB involves the use of indigenous 
microorgani!ms to degrade contaminants in the sub!mface. The process gena-ally involves enhancement 
of the sub!mface mhrobial processes by injection of nutrients (nitrogen and phosphorus) and by 
maintaining appropriate reduction/oxidation and dissolved oxygen conditions. One advantage of this 
teclmology is that the amendments injected <bring the process are fairly benign. ISB tedmology can 
potentially involve eitha- anaa-obic or aa-obic mi(l"obial processes. While TCE and hexavalent 
dlromium are only treated using anaerobic ISB, testing has shown that RDX and otha- HE ccmpounds 
can potentially be degraded anaa-obically or aerobically. Anaerobic ISB is considered the preferred 
treatment because it will treat HEs, hexavalent dlromiwn, and TCE, and because it does not re<pire the 
con~t addition of dissolved oxygen. Howeva-, mi(l"obially mediated reductive ISB treatment of 
COPCs follows diffa-ent mechani!ms for diffa-ent COPCs. 

To date, the key data gaps existing for ISB at Pantex Plant include: 

• 	 Assessing geodlemical conditions and microbial popUlations to achieve oJXimal groundwater 
treatment 

• 	 Determining the type and quantity of amendments required to adlieve groundwata- treatment 

• 	 OIaracterizing the biodegradation kinetics sufficiently so that the process can be managed in .situ 
to ensure complete biological treatment 

• 	 Documenting that the biodegradation does not result in any harmful, persistent transformation 
products and that mineralization ofHEs occurs. 

The ISB pilot project construction activities included well installation, injection of the amendment, and 
real time monitoring ofthe ISB field pilot area during injection. A total of 13 monitoring and injection 
wells were installed. Baseline groundwata- sampling was completed on Octoba- 11-14, 2005. The ISB 
treatment system pilot study was establi!bed by injecting an amencment consisting of concentrated 
Newman Zonelll amendment and water obtained frcm a nearby Pantex Plant fire hydrant into six wells 
<bring December 1-14, 2005. The Newman Zone® amendment was a ooffa-ed nonionic formulation that 
contained 50 percent salad grade so}bean oil by volume, 4 percent sodium lactate, 1 percent sodium 
bicarbonate, and the remainda- consisting ofwater and a proprietary, unspecified amount ofnonionic 
surfactants. Ovaall, a total volume of 163,500 gallons of solution, comprised of 7,800 gallons of 
Newman Zonelll amendment mixed with wata-, was injected into the six treatment wells. 

The results and conclusions of the report are as follows: 

• 	 Six wells wa-e injected with the ISB amendment instead of nine wells, resulting in the total target 
injection volume for each well remaining the same, but the Newman Zone® amencment in water 
became more concentrated. 

• 	 The in(l"eased concentration allowed for greata- availability of carbon donor per kg of soil and 
tha-efore a greater chance fer success to create and maintain strongly reducing conditions to 
support anaerobic biodegradation. 

• 	 The injection flow rates were observed to be variable and Iowa- than anticipated <be to Iowa
than expected aquifer hydraulic conductivity. The observed injection rates for five of the six 
wells wa-e 10 to 90 percent less than expected and gena-ally de(l"eased with time . 
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• 	 ReSllts from aquifer hy<bulic testing performed during the injectioo proceE..'<ii reflect the high 
degree ofgeologic heterogeneity in the ISB test area 

• 	 Direct amendment distribution was coofrrmed by the presence of the amendment observed in 
select monitoring wells. 

• 	 The amencinent may migrate in grolUldwater over the months following injection. As the 
amencinent ferments, releasing volatile fatty acids and dher fermentation products, these readily 
bio-available electron dooors will also be transported some distance away from the initial zone of 
amendment emplacement. 

Based 00 this review, the recommendatioo was made that the ongoing project O&M' activities and results 
will determine the overall effectiveneE..'<ii of the ISB technology for COPC treatment, and the potential need 
for periodic reinjection of amendment. 

5.14 INSrruPRB FOR PERCHED GROUNDWAIER PILOT 

The Design and Build the In-Situ Source Control Interim Corrective Measures for the Pan/ex Perched 
Aquifer project began in February 2004 (BWXT Pantex, 2oo5d). The primary project tasks included 
design of a pilot scale in situ ozone oxidation system to treat residual HEs in the vadose zone beneath 
SWMU 122b and design of a pilot scale in situ PRB using sodium dithi ooite to provide source control for 
the southeast plume ofperched groundwater adjacent to Zooe 12. The overall o~ective of the in situ 
permeable reactive barrier was to create an immobile dtemically-reducing zone in the perdted 
groundwater that would serve as a potentially loog-Iasting reactive barrier zone for the treatment of 
COPCs. 

The ICM reactive barrier was constructed as a pilot-scale system with an overall length (perpendiwlar to 
groundwater flow) of approximately 60 ft and a width (in the directioo of flow) of approximately 40 ft. 
Field construction of the reactive barrier involved injection of 165,000 gallons of dithionite solutioo (with 
a potassium carbonate buffer) into two wells, and the subseqJent withdrawal of 175,000 gallons of 
reacted fluids. Injection into the treatment wells occurred over a period of seven days in February 2005. 

Results of this treatability study are as follows: 

• 	 The dithiooite injection flow rates, preSSJres, and observed radius of influence met the project 
goals. 

• 	 Olemically reducing conditioos were established within an approximate 27·ft radius around each 
injection well. and substantial treatment overlap was obtained between the injection wells. The 
reSllts indicate that an injection well spacing larger than 30 ft Could possibly be coosidered for 
future wock. although potentially at the risk of reduced intensity and uniformity of the chemical 
reduction treatment. 

• 	 Labocatory analyses ofgrolUldwater samples indicated all three primary COPCs were rewced by 
dithiooite. 

o 	 Initial RDX concentrations ranged from 210 to 440 J.lg/L. RDX was not detected after 
treatment. 
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o 	 TCE concentrations ranged from 0.76 to 4.3 J.1.gIL initially, but TCE was present in only 
one sample after treatment at 0.57 Jlg/L. 

o 	 Initial chromium concentrations ranged from 26 to 94 J.1.gIL~ but chromium was present in 
only one sample after treatment at 2.1 Jlg/L. 

• 	 The initial post-treatment groundwater samples likely represent a mixture of the injected fluids 
with ambient groundwater. It is expected to take three to six months foc a poce volume of 
groundwater not affected by the injection Jrocess to migrate through the reactive barrier. 

The post-treatment groundwater analytical results showed an increased concentration of SOl11e metals 
including arsenic, antimony, cacmium, cobalt, manganese, potassium, magnesium, sodium, iron, and 
zinc. Post-treatment concentrations of arsenic and antimony exceeded RRS 2 criteria. Post-treatment 
concentrations of arsenic ranged from 30.7 to 43.2 jlg/L (exceeding the RRS 2 standard of 12 J.1.gIL), and 
the post-treatment antimony concentrations ranged from 4.9 Jlg/L to 20.8 J.1.gIL (exceeding the RRS 2 
standard of 15 Jlg/L). Furthermore, post-treatment groundwater analytical results for pH, sulfate, iron, 
sodium; and manganese exceeded EPA's secondary maximum contaminant levels (SMCLs). Because 
these immediate post-treatment samples were strongly influenced by the injection process and the 
immediate dtemica1 reduction reactions, additional monitoring will be needed to assess the long-term 
effects of the reactive barrier on metals concentrations. 

Because the reactive barrier treatment relies on passive groundwater movement, at least several months of 
monitocing will be required to assess the overall barrier performance in recbcing cope concentrations. 
Results of the pilot scale study will be evaluated to determine the effectiveness ofISRM for treatment of 
the southeast perdted groundwater contaminant plume and will form the basis for the full-scale design 
requirements, ifproven feasible for treatment of impacted perdted groundwater at Pantex Plant. 
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6.0 EVALVAnON CRITERIA AND RANKING SYSTEM 

This section presents the criteria for evaluation of the corrective measure alternatives, describes each, and 
presents the system foc ranking the effectiveness of each alternative in meeting the criteria. Section 6.1 
presents the nine criteria identified in the RCRA Corrective Action Plan (EPA, 1994) for assessing 
alternatives to address perched groundwater. Section 6.2 presents the ranking system implemented foc 
each alternative that allows comparison to the others. 

The assessment of corrective measure alternatives, conducted using the evaluation criteria and ranking 
system described below. is presented in Section 7. Of the nine criteria, the frrst four are considered 
essential; the remaining five criteria are factors to be considered when weighing alternatives. 

6.1 EVALUATION CRITERIA 

Each remedial alternative must be evaluated against requirements in the RCRA Corrective Action Plan 
(EPA, 1994) and 30 TAC §335.562, Remedy Evaluation Factorsfor RRS 3 to ensure this CMSIFS 
provides information of sufficient quality and quantity to justify the selection of a remedy. 

In addition, CERCLA contains nine evaluation criteria [40 CFR 300.430(e)(9)(iii)] that must be used to 
judge each alternative. These nine criteria are grouped as two "threshold criteria," five "primary 
balancing criteria," and two "modifying criteria." The threshold criteria consist of (1) protection of 
human health and the environment, and (2) compliance with ARARs. Compliance with ARARs is 
covered in Criteria 2 through 4, listed below. The five primary balancing criteria are listed below as 
Criteria 5 through 9. The two modifying criteria, State Acceptance and Community Acceptance, are 
completed through issuance of the proposed plan foc public review and comment. 

The nine criteria used to evaluate the alternatives in this CMSIFS are: 

1. Protection ofhuman health and the environment 
2. Attainment of media-specific cleanup standards 
3. Control of source releases 
4. Compliance with applicable standards for waste managernent 
5. Long-term reliability and effectiveness 
6. Reduction in toxicity, mobility, or volume of waste 
7. Short-term effectiveness and safety 
8. Implementability 
9. Cost. 

6.1.1 Protection of Human Health and the Environment 

Protection of human health and the envirooment is a critical factor in determining suitability of the 
corrective measures. Each alternative is discussed in terms of its ability to achieve and maintain mort
and long-term protection. 

6.1.2 Attainment of Media-Specific Cleanup Standards 

Each proposed rernedy must meet the applicable cleanup standards presented in Section 3. Media
specific cleanup standards were considered in the development of the extent and technical approach for 
each alternative. An estimate of the time required to meet the standards by each alternative is discussed 
under this criterion. 
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6.1.3 Control or Source Releases 

Soorce releases are to be cootrolled as much as reasonably possible; therefae, a key objective ofan 
appro(.l'iate remedy is to prohibit additional adverse effects on the environment by eliminating further 
releases. To amieve this objective, some alternatives combine source controls with other measures. 
Alternatives were developed to cover a range ofsource cootrol options. 

6.1.4 CompUance with AppUcable Standardsror Waste Management 

Under this criterion, each alternative is evaluated in tenns of its ability to comply with all applicable ~ 
and federal regulations for management ofwastes. 

6.1.5 Long-Term ReUabUity and Effectiveness 

The expected long-term reliability and effectiveness of cam alternative is evaluated giving consideration 
to the risks and effects offailure, whether the technology (or combination oftechnologies) has been used 
effectively under similar cira.un&ances, and whether the alternative is sufficiently flexible to deal with 
tmcootrollable changes (e.g., weather). This criterion addresses the useful life ofaltemative components 
and associated O&:lY: issues. 

6.1.6 Reduction In Toxicity, MobUlty, or Volume or Waste 

This criterioo addresses the ability ofan alternative to eliminate or sub&antially reduce the toxicity, 
mobility, or volume of contamination. The type and quantity of residual contamination is also assessed 
tmder this criterion. 

6.1.7 Short-Term Effectiveness and Safety 

Short-tenn effectiveness adcresses the protection ofwakers and the community during implementation 
of a remedial action. Potential safety factors considered under this criterion include fire, explosion, 
exposure to hazardous substances, and potential threats associated with treatment. excavation, transport. 
and disposal or containment ofwaste material. 

6.1.8 ImplementabUlty 

This criterioo includes the degree of diffirulty associated with implementing a remedy. Infonnation 
considered when evaluating implementability includes administrative activities, comtructability, 
operational reliability, availability ofequipment and speciali&s needed to comtruct the remedy, and time 
necessary for implementation. 

6.1.9 Cost 

The relative cost of each alternative is presented and includes engineering. site preparation, construction, 
materials, labor, disposal, annual O&M co&s, and multiple other factors, as appro(.l'iate. Cost estimates 
are based on reference manuals, historical costs, vendor <potes, and engineering estimates. 
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6.2 ExPLANATION OF RANKING SYSTEM 

The following section explains the ranking system used for comparison of the alternatives. This 
comparison uses the nine evaluation criteria as the basis for the asses!illent. 

1. 	 Protection of Hnman Health and the Environment: This criterion is ranked using a "yes" or 
"no." "Yes" indicates both short-term and long-term protection is achieved using the technology 
or option. "No" indicates either short-teon or long-term protection (or both) is not achieved and 
the technology or option does not meet the criterion. 

2. 	 Attainment of Media-Specific Cleanup Standards: This criterion is defined as the overall 
remedial action objective of reducing risk to a receptor. It can be achieved by meeting the MSC 
limits or by removing the pathway for exposure through use of long-term site controls (i.e., 
institutional or engineering controls). This criterion is ranked using a "yes" or "no." "Yes" 
indicates the technology or option can attain acceptable cleanup standards identified for each unit. 
"No" indicates the goals will not be attained. 

3. 	 Control of Source Releases: This criterion is ranked using a "yes" or "no." "Yes" indicates the 
technology or option results in containment of the contaminants. In cirrumstanceswhere there is 
little or no potential for contaminants to migrate because of existing barriers or constraints or 
natural attenuation, containment is not required and consequently the criterion is given a "yes" 
with a footnote indicating the rationale. "No" indicates the technology or option does not result in 
containment of contaminants that have the potential to migrate from the release site. 

4. 	 ComplIance with Applicable Standards for Waste Management: This criterion is ranked 
using a "yes" or "no." "Yes" indicates the technology or option results in attainment of all 
awlicable standards in addition to the cleanup goals. "No" indicates the standards cannot be met 
using the specified technology or qJtion. 

5. 	 Long-Term Reliability and Effectiveness: This criterion is ranked using a scale of 1 through 5. 

• 	 "1" indicates the technology or alternative offers no long-teon reliability or effectiveness for 
the specific unit and COCs. 

• 	 "2" indicates the technology or alternative offers some long-teon reliability or effectiveness, 
but requires continuous maintenance to sustain the protection or may potentially degrade over 
time. 

• 	 "3" indicates the technology or alternative offers a moderate level of long-term reliability or 
effectiveness, oot requires periodic maintenance to sustain the protection or may potentially 
degrade over time. Some uncertainty is associated with the ability of the technology or 
alternative to sustain long-term integrity or protection. 

• 	 "4" indicates the technology or alternative offers an acceptable level of long-teon reliability or 
effectiveness, oot requires some periodic maintenance to sustain protection or may potentially 
degrade over time. 

• 	 "5" indicates the technology or alternative offers a high level oflong-term reliability or 
effectiveness, requires little to no maintenance to sustain the protection, and exhibits a low 
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potential for degradation ofthe protection over time. High confidence is associated with the 
ability of the technology or alternative to smtain long-tenn integrity or protection. 

6. 	 Reduction In ToxId~, MobW~, or Volume or Waste: This criterion is ranked using a scale of 
1 through 5. 

• 	 "I" indicates the teclmology offers no reduction in toxicity. mobility. or volume ofthe COCs. 

• 	 "2" indicates the technology or alternative offers redJctim in only one ofthe three objectives, 
and a high degree of uncertainty is associated with the implementability and potential ~ccess 
of the technology or alternative. 

• 	 "3" indicates the technology or alternative offers redJctim in at least two of the objectives. 
and a moderate level of uncertainty is associated with the implementability and potential 
success of the technology or alternative. 

• 	 "4" indicates the technology or alternative offers redJctims in all three objectives, but some 
uncertainty is associated with the ability of the technology or alternative to sustain long-tenn 
integrity or protection. 

• 	 "5" indicates the technology or alternative offers redJctims in all three objectives, with a high 
level of certainty based on proven implementation of the technology or alternative. 

7. 	 Short-Term Effect1veness and Safety: This criterion is ranked using a scale of 1 through 5. 

• 	 "1" indicates the teclmology implernentation presents an unacceptably high level of risk 
during implernentatim that cannot be mitigated using reasmable safety and protectim 
measures, or mOIMerm risk is high because no actim will be taken. 

• 	 "2" indicates the teclmology implementation presents unacceptably high risks that can be 
mitigated only by implementing safety and protective rne~res. 

• 	 "3" indicates the technology implementation presents moderate oot unacceptable risks that can 
be mitigated by implementing indJstry standard safety and p-otective m~es. 

• 	 "4" indicates the technology implementation presents little risk and, as ~ch. requires minimal 
additional safety and protective practice beymd that normally required for a similar activity in 
an uncontaminated site. 

• 	 "5" indicates the technology implementation presents very little risk and, as ~ch, requires no 
additional safety and protective practice beymd that normally required for a similar activity in 
an uncontaminated site. 

8. 	 ImplementabWty: This criterion is ranked using a scale of 1 through 5. 

• 	 "1" indicates the teclmology implementation is unproven and extremely difficult under site 
conditions, or equipment required for implementation is not available. 
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• 	 "2" indicates the tecimology implementation is proven only in pil<t-scale tests and may be 
difficult under site conditions, or elJlipment required for implementation is only in 
development or diffirult to obtain or maintain. 

• 	 "3" indicates the tecimology implementation is proven for at the field scale level and presents 
some difficulty under site conditions, or equipment relJlired for implementation is under 
development or may be diffirult to obtain. 

• 	 "4" indicates the tecimology has been employed at similar sites with little diffirulty and with 
good results. 

• 	 "5" indicates the technology has been employed under similar conditions with little diffirulty 
and proven success. 

9. 	 Cost: Rather than provide a relative ranking for co!t, the present value for each alternative is 
listed in the ranking matrix to allow direct comparison of the co~ for each alternative. 
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7.0 ASSESSMENT OF GROUNDWA'fER CORRECTIVE MEASURE ALTERNATIVES 

This sectim identifies several corrective measure alternatives that were evaluated to determine the 
recommended alternative. All the alternatives were evaluated to determine if the alternative could 
achieve remedial action objectives and meet the nine evaluatim criteria discussed in Section 6. The 
approach for conducting the evaluation is defined and the results are summarized in this section. 

Five alternatives were evaluated against the nine criteria to determine the recommended alternative: 

(1) No Action 
(2) Monitored Natural Attenuation (MNA) 
(3) Existing Pump and Treat with MNA. 
(4) EnhancedPlUTIp and Treat with MNA. and 
(5) Targeted Treatment with MNA 

The evaluatim of each ofthe alternatives against the nine criteria is summarized in section 7.3 

The No Action alternative, natural attenuation, was determined to be inadecpate for further consideratim 
since it will not achieve protectim ofhuman health and the environment (one ofthe thre!tlold criteria) or 
meet the remedial action objectives. Therefore, Alternative 2 - MNA was selected to serve as the 
baseline foc cemparison with the other alternatives. The selected cocrective measure(s) must achieve the 
following remedial actim objectives (1) prevent potential for exposure to impacted perdied groundwater 
and (2) minimize potential for migration ofCOCs frem perched groundwater to the underlying Ogallala 
Aquifer. Modeling simulations were used to aid in the evaluatim of each ofthe alternative's ability to 
meet the remedial actim objectives; detailed descriptions ofthe simulations are presented in Appendix A. 

Following evaluation ofthe five alternatives to determine if the remedial action objectives could be 
achieved, additionaJ simulations were condtcted to combine the strengths of eadi aJternative and arrive at 
a recommendation. The recommended aJternative (see Section 7.5) consists of monitored natnraJ 
attenuation with enhanced pump and treat, and continued pursuit and periodic reevaluation oftargeted in 
situ. treatment in the Fine-Grained Zone Transition Area. as disQlssed in Section 3.3.1.3. Details of the 
assessnent are presented in the remainder of this section and provide the technical and practical 
considerations that are the basis ofthe recommendation. 

7.1 ALTERNATIVE DEVELOPMENT 

RernediaJ technologies were identified and described in Sectim 4. The following process options frem 
Sectim 4 have been retained for use individually, or in combination, in the development of aJternatives 
for perdied groundwater: 

• Land use controls 

o Engineering controls (fences) 
o InstitutionaJ controls (land use and deed restrictims) 

• Containment (hychulic barriers) 

• Removal (vertical extraction wells, horizmtal extraction wells) 
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• 	 In situ biological treatment (enhanced bioremediation, natural attenuation) 

• 	 In situ chemical treatment (advanced oxidation, reductive degradation and dechlorination) 

• 	 Ex situ physical/chemical treatment (adsorption/absorption processes, ion exchange, GAC, 
pumping). 

After analysis of these technologies, alternatives were developed based on experience gained at Pantex 
Plant through treatability studies, ICMs, ongoing analysis of the existing PGPTS, groundwater modeling 
(Appendix A), site knowledge, and professional engineering judgment. 

The following alternatives are evaluated for the impacted portions of the perched groundwater: 

• 	 Alternative 1: No Action 
• 	 Alternative 2: MNA 
• 	 Alternative 3: Existing Pump and Treat with MNA 
• 	 Alternative 4a: Enhanced Pump and Treat using Horizontal Extraction Wells with MNA 
• 	 Alternative 4b: Enhanced Pump and Treat using Vertical Extraction with MNA 
• 	 Alternative 5: Targeted Treatment with MNA. 

All of the alternatives include long-term groundwater monitoring, except Alternative 1. 

7.2 MODELING OF ALTERNATIVES 

Modeling simulations were conducted to evaluate the primary remedial action objectives of reducing or 
eliminating the flux of water from the perched groundwater in the southeast area to reduce the potential 
for COCs to be transported to the Ogallala Aquifer. Alternatives were evaluated using a two dimensional, 
single layer model (SLM) that simulates flow and transport within the saturated portion of the perched 
groundwater flow system only. As ~ch. the SLM represents a screening level tool, which provides a 
consistent framework for comparison of the different alternatives under consideration for remediation of 
perched groundwater. However, the model does not calculate leakage ofperched groundwater through 
the lower model boundary; therefore, the model cannot simulate the spatial, vertical flux of perched 
groundwater through the FGZ to the underlying Ogallala Aquifer. 

Baseline simulations of COPC migration through the FGZ foc the Baseline HHRA Report (BWXT 
PantexiSAIC, 2006) were conducted using a Focused Transport Model (FTM) refined to better represent 
transport processes in the area of interest. The FlM was a three-dimensional variably saturated flow and 
transport model based on the BIOF&T3D simulator and was used to simulate transient migration of 
COPCs as~ing steady-state flow of groundwater. Modeling simulations for this CMSIFS must account 
foc transient changes to groundwater flow caused by the effects of the remediation systems under 
evaluation; therefore, the FlM is not suitable. BIOF&T3D variably saturated models constructed to 
address coupled simulation of transient flow and transpoct processes, such as dewatering alternatives foc 
perched groundwater, were not available at the time the CMSIFS was conducted because of the 
complexity associated with refming the sitewide model domain and balancing computational speed with 
the ability to accurately represent fate and transport of the COCs. The fully three-dimensional transient 
coupled flow and transport BioF&T3D model, which simulates flow from the land surface to the bottom 
of the Ogallala Acpifer over an approximately 17-square mile area (slightly greater in areal extent than 
the main perched groundwater) is in progress and expected to be functional in the ~er of 2006. The 
model will account for changes in both the perched groundwater and Ogallala Aquifer over time. 
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The SLM used to evaluate the alternatives is documented in Appendix A. The model calculates the 
lateral flux ofperched groundwater through general head boundaries sinrulated near the reserved extent 
ofperched groundwater. This flux is analogous to the theoretical vertical flux ofperched groundwater 
through the FGZ to the underlying Ogallala Aquifer. By as:mning that lateral flux through the model 
boundaries is equal to perched groundwater flux to the Ogallala Aquifer, alternatives can be evaluated and 
compared based on the change in water oc mass flux leaving the lateral model boundaries. The SLM is 
not intended for calculatim of ~atial vertical flux through the FGZ underlying perched groundwater. 
Further, the SLM was calibrated so the calculated water flux out of the model boundaries matches the 
vertical flux through the FGZ calculated by the three-dimensional variably saturated flow and tran~ort 
model. Therefore, the lateral flux ofwater and mass out ofthe general headboundaries in the SLM 
trovides a relative (surrogate) measure of the volumetric water and RDX mass flux to the underlying 
Ogallala Aquifer. and is the primary metric for evaluatim of different potential alternatives. 

The general head boundaries that ring the simulated perched groundwater flow sygem (Figure 7-1) have 
been divided into segments (referred to as reaches) foc further refmement of the assessment ofthe 
alternatives, as desaibed below: 

• 	 Reach 0: This reach rqJresents the entire simulated perimeter ofthe perched groundwater flow 
system with the excqJtion ofReaches 1 through 4. Flux through this r~ach corresponds to the 
total predicted water and mass flux out ofthe perched groundwater flow system along the 
southern boundary we~ ofReach 1. along the we~ern model boundary, and along the ncrthern 
and emern model boundaries north of Reach 4. 

• 	 Reach 1: This reach rqJfesents the southern boundary (lateral extent) ofthe perched groundwater 
flow system correspmding to the location where risk assessment modeling efforts predicted the 
initial and mo~ significant migration of impacted perched groundwater through the FGZ. Reach 
1 is the most critical reach foc ccmparison ofRDX mass flux and volumetric water flux out of 
perched groundwater among the various scenarios. 

• 	 Reach 2: This reach. located em and adjacent to Reach I, represents the southeast-most extent of 
the perched groundwater flow sy~em. 

• 	 Reach 3: This reach, located nocth and aqacent to Reach 2, retresents the eaern boundary 
(lateral extent) ofperched groundwater east ofZme 12. 

• 	 Reach 4: This reach, located north and adjacent to Reach 3, rqJfesents the eastern boundary 
(lateral extent) ofperched groundwater northem ofZone 12 and southem of Playa 1. 

Five suites ofmodeling scenarios, totaling 38 separate simulations, were completed to evaluate the 
remedial potential of No Action, MNA, MNA with the exi~g PGPTS, MNA with enhanced 
groundwater extraction using horizontal or vertical wells, and MNA with biodegradation enhancements. 
Results from the simulations were analyzed and the scenarios that provided the great~ redlction of mass 
leaving the model boundaries and greatest extractim of cmtaminant mass from perched groundwater 
were developed into alternatives. Table 7-1 Ii~ 11 key sinrulatims identified in Appendix A as being 
illustrative ofthe various remedial action ftrategies. In this section, modeling re91lts documented in 
Appendix A are examined to 9lpport evaluation ofcorrective measure alternatives I, 2, 3, 4a, 4b, and 5. 
Table 7-1 documents the model runs corre~mding to these alternatives: 

• 	 Alternative 1: No Action cocrespmds to Model Run 2 

• 	 Alternative 2: MNA cOCfespmds to Model Run 2 
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• Alternative 3: 	 Existing Pump and Treat with :MNA corresponds to Model Run 8 

• 	 Alternative 4a: Enhanced Pump and Treat Using Horizontal Extraction Wells with :MNA 
corresponds to Model Run 22 

• 	 Alternative 4b: Enhanced Pump and Treat Using Vertical Extraction Wells with:MNA 

corr;Sponds to Model Run 35 


• Alternative 5: 	 Targeted Treatment with :MNA corresponds to Model Run 38. 

Table 7-1 also provides a summary of the RDX mass exiting the perched groundwater or degrading for 
each of the key simulations. The RDX distribution in the perched groundwater flow system was imported 
directly from the FTM model representation of the RDX distribution as presented in the Baseline HHRA 
(BWXT PantexlSAIC, 20(6). RDX concentrations were detennined from trend analysis ofgroundwater 
data collected frem perched groundwater investigation wells from 1999 through 2003. If a statistically 
significant trend existed at a given well, then the last reported value for the well was used, otherwise, a 
95% UCL was calculated from data for each individual well (the lesser of the 95% UCL or maximum 
reported value were used in this case). The resultant RDX concentration data was used to depict the 
distribution ofRDX in perched groundwater. The RDX mass was estimated using this distribution, 
observed perched groundwater levels from June 2003 (with porosity of 25%), and representative 
parameters (described in Appendix A). The initial RDX mass estimated for modeling is 4,780 kg in the 
perched groundwater and 5,350 kg in soil for a total initial mass in the system oflO,130 kg. 

In addition to the aforementioned modeling simulations, alternatives for further reducing future 
stonnwater recharge in the onsite ditches and playas were evaluated (see Appendix A) and detennined to 
be of potential use for improving the effectiveness of reducing the volume of perched groundwater over a 
long period of time, i.e., decades. While some benefit could be derived from such alternatives, priority 
was given to assessing the alternatives that actively addressed the perched groundwater, and therefore, the 
alternatives for rerucing future stonnwater recharge were not considered further in this analysis. 

7-4 



JlllU2006 CtIt'IY!ctlve MellSlln Sbuly/FeasibiIJIry Sbuly 

Table 7-1. Summary of Selected Modeling Results 
" ,>c' .... "~ " "~,!,"'" '~"';l:1?:~"""" "'''',')1'"".; '.;, r' v '''-:'' ' ':~ ~''''<':''~' .•"'!'t" ;;"'~' ',,,' , 

E stlrnated Mass Exltln~Pft'ched Groundwater (kl) Estimated Mall 
ToW DeeII)' Throup Extracted by Active 

Alternative All Reaches Reach 1 Half-Lifea (ka) Remediation (k&) 
Number Ibm Description 30 years 150 years 30 years 150 years 30 years 150 years 30 years"· 

Baseline non-reactive transport simulation 
None 1 for companson to risk assessment 2,340 3,3~0 1,0~0 1,311 0 0 -

modelinR results 
1&2 2 Natural Attenuation 2010 2770 14~0 1740 4,880 6,290 -

3 Natural Attenuation, reduced recilarRe 1870 24~0 1,373 1,621 4,690 ~ 820 -
~ 

Pump and treat, existing system with 
1,420 2,010 1,107 1,301 3.910 4,940 2,560injection, Natural Attenuation 

3 8 
Pump and treat, existing system, no 

710 990 ~8O 670 3,130 4,120 2,800injection, Natural Attenuation 
4a 22 Pump and treat, existing system, no 

injection, plus six horizontal wells, Natural 360 ~10 270 330 2,470 3,330 3,130 
Attenuation 

23 Pump and treat, existing system, no 
injection, plus 8 horizontal extraction 360 480 26~ 31~ 2,380 3,160 3,160 
wells, Natural Attenuation 

24 Pump and treat, existing system, no 
injection, plus 8 horizontal extraction 

380 ~10 282 3~0 2,430 2,960 3,340
wells and reduced recharge, Natural 
Attenuation 

2~ Pump and treat, existing system, no 
injection, plus 10 horizontal extraction 380 490 276 32~ 2,370 3,1~0 3,160 
wells, Natural Attenuation 

4b 3~ Pump and treat, existing system, no 
injection, plus 8 lines ofvertical extraction 100 160 80 100 1,660 2,180 4,310 
wells, Natural Attenuation • 

~ 38 MNA with TBrReted Treatment 370 720 110 190 6.940 8,140 -
"Total decay through half-life is the sum of decay in water and decay in soil. 
"Total RDX mass in water is estimated based on the initial RDX concentration in water at each model grid cell multiplied by the volume of water in each model grid cell as determined by the June 2003 
measured water levels and porosity of 25%. The initial RDX concentration distribution is the same as that used in the Baseline mIRA. The corresponding mass in soil is calculated using the R.i, ultimately 
yielding [(Mass_soil) = 1.12 * (Mass_water)). Initial RDX mass in the system is 4,780 kg in water for all simulations, and 5,350 kg in soil for reactive simulations (10,130 kg total initial mass for reactive 
simulations). 
'All SLM modeling scenarios included an initial3-year transient calibration period in which 916 kg ofRDX were removed via the existing pump and treat system, and this mass is included in the total mass 
extracted numbers reported here for Runs 5, 8, 22, 23, 24, 25 and 35. 
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The original design of the existing PGPTS included re-injectirn of treated groundwater to promote flow 
of impacted percited groundwater to the extraction wells for removal (Figure 7-2), i.e., the focus of the 
design was to maximize the contaminant mass removal rate. The system continues to operate with some 
injection of treated effluent according to this design, although many of the original injectirn wells have 
been replaced because of decreasing capacity and surface leakage as described in Evaluation ofthe 
Perched Groundwater Pump & Treat System and Associated Well Field (Rainwater, 2003). Dea:easing 
capacity of injection wells continues to affect qleration of the existing PGPTS, leading to questions about 
the long-term reliability of injection. Additionally, lower head in the percited groundwater resulting from 
the elimination of injection will redJce the driving vertical flow gradient across the FGZ. Therefore, the 
selected alternatives do not include re-injection of treated water into percited groundwater. 

To illustrate the effects of eliminating injection, Model Runs 5 and 8 (described in Table 7-1) simulated 
qleration of the existing PGPTS with and without injection of treated effluent. Run 5 includesre
injection of treated groundwater, however, Run 8 does not. The simulated mass exiting the model 
boundaries is significantly less in Run 8 than in Run 5. Therefore, the potential for downward migration 
of impacted percited groundwater is also much less, greatly reducing the potential for impacts to the 
Ogallala Aquifer. Because the reduction in potential impacts to the Ogallala Aquifer (i.e., less RDX mass 
exiting the perched groundwater flow system through the model boundaries) is the primary metric for 
alternative evaluation, re- injection of treated groundwater was not included in any alternatives evaluated 
in this section. 

The model results shown in Table 7-1 represent an evaluation ofalternative comparison using a consistent 
framework. The model results and field results will differ, p-imarily due to the simplifications used to 
a:eate the sa:eening model. The model assumptions and limitations are discussed in Appendix A The 
main assumptions for interpreting the model results for CMS remedial alternative evaluation are: 

• 	 The SLM only simulates the saturated portirn of the perched groundwater, where the saturated 
thickness is currently greater than 0.5 ft. This is the most mobile portion of the RDX impact and 
!:hows the greatest reduction in the amount of mass flux, when controlled. However, thiswill 
underestimate the total mass of RDX present. and any effects that the vadose zone or FGZ have 
on extending the time to reaching target levels from continued leaching and dual porosity effects. 
Results presented refer only to the modeled portion of the system. The results presented below 
are best case, as the screening model cannot account for the effects of residual RDX leaching into 
the flowing portion ofthe perched groundwater system, or the rebound effects from the dual 
porosity nature of the FGZ. Times to reach the target levels are therefore deemed as no-sooner 
than times. Actual times to reacit target levels will be longer. 

• 	 SLM uses a grid spacing of l00-ft. and !mailer models and analytical solutions are used to 
develop the zones of influence of pumping wells in the thinner portions of the percited 
groundwater. These rates are then upscaled into the SLM. When the aquifer thickness decreases 
to the same relative value as the local undJlations in the surface of the FGZ, the flow directions 
are controlled more directly by perched groundwater levels and the FGZ topography. 
Exploratory boreholes are planned to aid in identifying the top of the FGZ, and injection wells 
will be installed on the high points and extraction wells in the lower areas. While the SLM will 
!:how excellent capture. in the field there can easily be zones where the water flows past the 
recovery systems. Also. the effect of changes in conductivity above the FGZ. or leakage through 
the FGZ, can have basically the same result on the water table surface. This will complicate the 
results of operation of extraction and injection systems through water table measurements alone. 

• 	 SLM uses the widely awlied first-order biodecay rates (half-lives) approach to simulate the 
natural or enhanced destruction of the RDX These processes are known. among other aspects. to 
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be a simplification ofthe actual microbial processes and are redox zone dependent. The effective 
half-life in the field may change with time and location, as a result of other actions taken to 
remediate the groundwater. 

7.3 ALTERNATIVE EVALUATION 

The alternatives are evaluated on their ability to meet the remedial action objectives and amieve the nine 
aiteria defined in Section 6. All altanatives are then compared using the scoring system outlined in 
Sectioo 6. 

The overall remedial action objectives for perched groundwater are: 

• 	 Remove or prevent exposure to permed groundwater containing COCs that pose a ri~ to human 
health in excess ofILeR of 1.0E-05 andfor an HQ> 0.1. 

• 	 Eliminate or minimize migratioo of permed groundwater containing COCs at coocentrations 
exceeding acceptable risk values oifsite and to the Ogallala Aquifer. 

The remedial action objectives can be met either by eliminating the exposure pathway through the use of 
loog-term site controls or by treating impacted groundwater to the coocentratioo limits established for 
eam COC in Section 3. Table 7-2 presents the COCs and MSCs that apply to both the Plant boundary 
and oifsite locations. 

Table 7-2. Pen:hed Groundwater Con.tituentJ or Concan and Medla-Sped8c Concentration IJmits 

COC - constituent of concern 
MSC - media-specific concentration limits 
C - MSC based on cancer endpoint 
NC - MSC based on noncancer endpant 
MCL - MSC is the maximum comammant level 
'MSC based on chemical-specific HQ of O.t and chemical-specific ILCR of 1.0E-05 
for carcinogens (See Table H-tt in Appendix H ofBWXT Pantel!, 2006) 
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RDX has been selected as an indicator constibJent for the nature and extent of all other constibJents in 
perched groundwater at Pantex Plant foc this repm. RDX is the primary COC identified in the Baseline 
HHRA Report (BWXT PantexlSAlC, 2006). Generally, RDX has the greatest extent and highest 
concentrations in perched groundwater of any of the COCs. Therefore, the SLM results and mass 
removal rates are discussed only for RDX, because similar performance is expected for other COCS. 

7.3.1 Alternative 1: No Action 

Under this alternative, no active measures would be implemented to reduce or contain contamination in 
perched groundwater (Le., current pump and treat activities would be discontinued and no additional 
measures would be taken to mitigate continued migration of COCs). Naturally-occurring processes 
(sorption, degradation, and di~ersion [mixing.D are included (but not monitoced) in the modeling 
completed for this scenario. The current monitoring program would also be discontinued under this 
alternative. Pantex Plant would continue to restrict use of perched groundwater onsite; however, there 
would be no restrictions on off site use. 

Protection or Human Health and the Environment. Because Pantex Plant would continue to restrict 
onsite use of perched groundwater, the No Action alternative would provide foc onsite protection of 
human health. However, migration of impacted perched groundwater and potential risks to offsite 
receptors would continue. 

Attainment of Media-Specific Oeanup Standards. Attainment of media-specific cleanup standards at 
property boundaries would not occur within 30 years under the No Action alternative. In addition, no 
action would be taken to eliminate exposure pathways. 

Control or Source Releases. Sources of perched groundwater impacts at Pantex Plant consisted of 
histocic discharges to the ditches, playas, and soils at SWMUs. as documented in the cocresponding 
RFIRs. Pantex Plant discontinued industrial wastewater discharges to ditches and playas and completed 
ICMs for contaminated soils at the Plant. Trend analysis in perched monitoring wells near and beneath 
source areas has shown static oc decreasing concentrations (as documented in the BaseJine HHRA Report 
[BWXT PantexiSAlC, 2006D. indicating controls implemented at release areas have been effective at 
reducing impacts to perched groundwater. 

Compliance with Applicable Standards for Waste Management. The No Action alternative would 
not result in the generation of waste to be managed. 

Long-Term RellabWty and FJTectJveness. Restricting onsite use of perched groundwater is expected to 
be reliable in the fubJre, provided Pantex Plant continues site control. The model mows an estimated 
mass of2,770 kg of RDX exiting the perched groundwater zone after 150 years under this alternative. 

Reduction In Toxidty, Mobility, or Volume or Waste. No active measures are taken to reduce 
contaminant toxicity, mobility, or volume under this alternative. Nahn"ally-occurring processes including 
sorption, degradation, and di~ersion (mixing) act to reduce mobility and toxicity. 

Short-Term Effectiveness and Safety. No additional health risks to workers or the community would 
occur because no remedial actions would be implemented. The model shows an estimated mass of2,010 
kg of RDX exiting the perched groundwater zone after 30 years. 

ImplementabWty. Implementation of the No Action alternative would require termination of the 
existing PGPTS and cancellation of the monitocing program and any additional planned remedial 
activities for perched groundwater. 
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Cost. No cost is associated with this alternative. 

7.3.2 Alternad-re 2: MNA 

Alternative 2. MNA, is similar to the No Action alternative; however, under this alternative long-tenn 
monitoring will be completed. Under this alternative, no active measures would be implemented to 
reduce or contain contamination in permed grOlmdwater (Le.• rurrent pump and treat activities would be 
discontinued and no additional measures would be taken to mitigate continued migration ofCOCs). This 
alternative relies on natural attenuation to reduce COC concentrations. Sampling completed as part of an 
MNA assessment (completed by IT and Stoller [2000D identified RDX degradation products in perched 
grrundwater. R.e!illts from this study (Appendix A) indicated that natural attenuation was ocrurring. but 
rates were not determined. NatnraI attenuation processes included in this alternative include sorption. 
degradation, and dispersim (mixing). The current monitoring Jrograrn would remain in place to monitor 
natnraI attenuation. Pantex Plant would continue to restrict use of perched grooociwater onsite. This 
alternative was developed to provide a baseline for comparison levaluation of other alternatives. 

Ten additional monitoring wells (two in the perched groundwater and eight in the Ogallala Aquifer) 
would be added to the current network to better characterize the concentration and migration of 
contaminants in the perched groundwater and to monitor the Ogallala Aquifer. Long-tenn monitoring of 
perched groundwater and the Ogallala A<pifer would include grrundwater elevation mea9lrements and 
periodic sampling and analysis to determine COC concentrations. 

The ten additional monitoring wells are shown in Figure 7-3 and their locations are described below. 

• 	 Three of the Ogallala Aquifer and one of the permed grooociwater wells wruld be located ea!t of 
the Plant on private agrirulturalland 

• 	 One Ogallala Aquifer well would be located on TTU property 

• 	 One permed grrundwater well is located in the southwest corner of the site 

• 	 Fwr Ogallala Aquifer wells would be located farther north on Pantex Plant. 

Prot.ectlOl1 or Human Health and the Environment. Because Pantex Plant would continue to restrict 
onsite use of perched groundwater. the MNA alternative would provide for onsite Jrotection ofhuman 
health. However, migration of impacted perched grrundwater and potential risks to offsite receptm 
would continue. 

AttatnmentofMedIa-Spedfic Oeanup Standards. Attainment ofmedia-specific cleanup standards at 
JrOperty booodaries would not occur within 30 years lBlder the MNA alternative. In addition. no action 
would be taken to eliminate expoSlD"e pathways. 

Control or Source Releases. Sources ofperched groundwater impacts at Pantex Plant consisted of 
histocic discharges to the ditches, playas, and soils at SWMUs, as documented in the cCITesponding 
RFIRs. Pantex Plant discontinued industrial wastewater discharges to ditmes and playas and has 
completed ICMs for contaminated soils at the Plant. Trend analysis in permed monitoring wells near and 
beneath source areas has shown static or deaeasing concentrations (as documented in the Baseline HHRA 
Report [BWXT PantexlSAIC, 2006]) indicating controls implemented at release areas have been effective 
at reducing impacts to perched groundwater. 
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Compliance with Applicable Standards for Waste Management. Any investigative derived waste 
(IDW) generated rnring installation of the new monitoring wells would be handled in accordance with 
establi91ed BWXT Pantex operating procedures for waste management. 

Long- Term Reliability and Effectiveness. Restricting onsite use of perched groundwater is expected to 
be reliable in the future as Pantex Plant continues to maintain site control. Long-term effectiveness of 
natural attenuation is uncertain; degradation rates used were estimated from available site data. but have 
not been quantified at the site (although RDX degradation products have been detected in MNA sampling 
[IT and Stoller, 2000D. The degradation rate used in the modeling was estimated from site-specific 
information (see Appendix A). The estimated rate is at the low end (slow rate) of publi91ed literature 
values for observed RDX degradation. At 150 years, a total of 2, 770 kg ofRDX is estimated to have left 
the perched groundwater, with 1,740 kg of that mass leaving through Model Reach 1. 

Reduction in Toxicity, Mobility, or Volume or Waste. No active measures are taken to rernce 
contaminant toxicity, mobility, or volume under this alternative. Natural attenuation (l"ocesses result in 
an estimated reduction in RDX mass at 30 years of 4,880 kg, with 6,290 kg at 150 years. This equates to 
approximately 48% of the initial mass in the modeled portion of the system being degraded in 30 years, 
and 62% ofthe initial mass in the modeled portion of the system being degraded in 150 years under 
MNA. 

Short-Term Effectiveness and Safety. As shown in Table 7-1, at 30 years, an estimated mass of2,010 
kg of RDX has left the perched groundwater, with 1,450 kg of that mass leaving through Model Reach 1. 
No additional health ri~s to workers or the community would occur because no remedial actions would 
be implemented. 

Implementabillty. Implementation of the MNA alternative would require termination of the existing 
PGPTS and cancellation of additional planned remedial activities for perched groundwater. 
Implementation of this alternative, including installation of the ten new monitoring wells, could be 
completed in less than one year. 

Cost. The estimated direct cost to implement Alternative 2 for the perched groundwater zone at Pantex 
Plant is $2,289,000. Thirty year O&M costs are estimated to be $12,212,000 for groundwater monitoring. 
These costs are detailed in Appendix B. 

7.3.3 Alternative 3: Existing Pump and Treat with MNA 

This alternative uses institutional controls to limit exposure to perched groundwater COCs. The current 
PGPTS would remain in use for 30 years (Figure 7-2); however, no additional remedial actions would be 
undertaken to treat, contain, or remove perched groundwater containing COCs. Model runs 5 (with 
reinjection) and 8 (no reinjection) (Table 7-1) demonstrate that rumulative RDX mass exiting the perched 
groundwater zone can be reduced by over 50 percent ifextracted groundwater is not re-injected after 
treatment. For this reason, this alternative does not include re-injection of extracted groundwater. 
Instead. the treated groundwater would be beneficially reused for irrigation in onsite and offsite locations 
that would not contribute to recharge of the perched groundwater. All land proposed fcc this irrigation is 
agricultural land rurrently under or available for cultivation. Natural attenuation processes are considered 
in the evaluation of this alternative. 

Components of this alternative include: 

• Continued use of the current PGPTS for 30 years with no re-injection 
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• 	 Natural attenuation processes 

• 	 Current groundwater monitoring wells augmented by the in&.allatioo of two perched groundwater 
mooitoring wells and eight Ogallala Aquifer mooitoring wells (Figure 7-3) 

• 	 Imtitutional controls to restrict use of perched groundwater onsite and oifsite to the south and 
east of Pant ex Plant. 

Additiooal cootrols would be added to rurrent Pantex Plant operational restrictions (e.g., natural resource 
use restrictions, well restrictioo areas, deed restrictions, deed notices, and restrictive covenants). These 
controls would likely be in place for the foreseeable future or until groundwater COCs have been reduced 
below MSCs. Implementatioo of 5lJch institutiooal cootrols would involve the EPA and the TCEQ. 

Use of the existing 52 vertical extractioo wells would continue. Extracted groundwater would be 
II"ocessed in the existing aboveground treatment plant and sent to the new irrigation system. The 
irrigation system would consist of an onsite retention basin and an aboveground spray irrigatioo system 
located either oosite er offsite. The five injection wells would be plugged and abandoned or converted for 
use as mooitoring wells. 

The existing aboveground treatment plant includes GAC vessels providing 500-gpm capacity to remove 
HE compounds and a 150-gpm capacity ion exchange module for the removal of chromium. Treated 
effluent is wrrenUy sent to the injection wells or to the Pantex Plant WWIF for 5lJb5lJrface irrigation. 
Effluent discharged to the WWIF fer irrigatioo mu& also be treated to remove beroo and chromium to 
MSC levels. The wrrent sy!:tem includes a 150-gpm ion exchange module fer the removal of beroo. The 
treatment plant typically II"ocesses between 150 and 250 gpm from the current extraction wells but not all 
of this flow goes through all three treatment vessels. The average flow rate for a given month has ranged 
from no flow to approximately 300,000 gpd with an average flow rate of approximately 160,000 gpd 
(BWXT PantexiSAIC, 2004). Modeled pumping rates (average rate over 1m 5 years) from the system 
begin at 196 gpm (282,200 gpd [average rate over f.m 5 years of pumpingD, but drop to 85 gpm 
(122,400 gpd) by the end ofthe simulated 30-year pumping period The crop in flow rates reflects the 
reduction in perched groundwater flow to extraction wells as the saturated thickness decreases over time. 
Flow rates resulting frem the eliminatioo of re-injection are uncertain and may call fer an upgrade to the 
ioo exchange mowles for the removal of chromium and beroo. 

Protection or Human Health and the Environment. This alternative would minimize human expo5lJre 
to COCs in perched groundwater both oosite and offsite. Overall, protection of human health would be 
adequate as long as the administrative controls are effectively implemented through public notification, 
maintained, and enforced. However, the Ogallala Aquifer would remain at risk for the future because of 
potential vertical migratioo of COCs. 

AttaInment of Media-Specific Oeanup Standards. Alternative 3 does not rewce COC concentrations 
in perched groundwater to media-specific cleanup &andards within the 30-year RCRA evaluation period. 
However, applying institutional controls to restrict use of perched groundwater will protect potential 
receptors from expo5lJre to COCs in perched groundwater. Therefore, the overall remedial objective 
would be met. 

Control or Source Releases. Sources of perched groundwater impacts at Pantex Plant consisted of 
histeric discharges to the ditches, playas, and soils at SWMUs, as documented in the ccrrespooding 
RFIRs. Pantex Plant discontinued industrial wa!:tewater discharges to ditches and playas and has 
completed ICMs for contaminated soils at the Plant. Trend analysis in perched monitoring wells near and 
beneath source areas has shown static or decreasing coocentratioos (as doCUOlented in the Baseline HHRA 
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Report [BWXT Pantex/SAlC, 2006D indicating controls implemented at release areas have been effective 
at reducing impacts to perched groundwater. 

Compliance with Applicable Standards for Waste Management. The PGPTS would continue to 
operate under the standards and recpirements set forth in the Compliance Plan (TCEQ, 2003d). The 
treated groundwater would continue to be tested to monitor for attainment of applicable standards for 
irrigation. GAC and ion exchange resins would be returned to the suwliers for regeneration, as needed. 
Any investigative derived waste (IDW) generated during installation of the new monitoring and 
extraction wells would be handled in accordance with established BWXT Pantex operating procedures for 
waste management. 

Long-Term Reliability and ElTectiveness. Operational records for the existing PGPTS show the system 
has successfully removed contaminants from perched groundwater within the Plant boundaries, although 
the system has not been in operation long enough to allow significant reductions in plume concentrations. 
As ofMarch 2006, the PGPTS has treated 459 million gallons ofperched groundwater with a aJITent 
monthly treatment average of 9 to 11 million gallons. Continued maintenance ofthe current PGPTS, 
such as carbon filter replacement and pump change out, ::bould keep the system operating effectively. 
Replacement parts are readily available and relatively easy to install. 

As shown in Table 7-1, significant long-term reduction in RDX mass exiting the perched groundwater 
flow system is predicted due to the lowered perched water levels and hydraulic gradients. removal of 
RDX by the extraction wells, and natural attenuation. At 150 years, a total of 990 kg of RDX is estimated 
to leave the perched groundwater, with 670 kg of that mass leaving through Model Reach 1. This is 
approximately 64% more effective than :M.N"A alone. However, operation of the current PGPTS does not 
eliminate continued offsite migration of COCs. Therefore, this alternative relies on institutional controls 
to prevent exposure to offsite perched groundwater. 

Reduction in Toxldty, Mobility, or Volume or Waste. This alternative uses the existing PGPTS and 
natural attenuation to reduce the toxicity, mobility, and volume of COCs in perched groundwater. Data 
from historical operation ofthe existing PGPTS and transport simulations were used to estimate mass 
removal rates for this alternative. The PGPTS with no re-injection removes an estimated 2,800 kg of 
RDX over the 30-year period of operation, significantly reducing the potential for future RDX impacts to 
the Ogallala Aquifer. This equates to approximately 31% of the initial mass in the modeled portion ofthe 
system being degraded in 30 years, and 41% of the initial mass in the modeled portion of the system 
being degraded in 150 years. 

This alternative reduces the volume ofwater leaving the perched groundwater flow system by 25% (806 
million gallons) in 30 years. The model-predicted volume ofgroundwater extracted over 30 years of 
pumping is 1.83 billion gallons. Travel times to the boundaries are increased. allowing more time for 
degradation, and the volume ofperched groundwater leaving the southeast area is reduced by 1.5 billion 
gallons (an average reduction of 9.4 gpm) over the 300-yearperiod ofsimulation. 

Natural attenuation processes result in an estimated reruction in RDX mass at 30 years of3,130 kg with 
4,120 kg at 150 years. The RDX mass reduction results from lowered perched water levels and hydraulic 
gradients, removal ofRDX by the extraction wells, and from natural attenuation. The reruction in water 
levels and hydraulic gradients also increases travel time, thus providing more time for natural attenuation 
processes to occur. 

Short-Term Effectiveness and Safety. Only limited new construction is associated with this altemative; 
therefore, short-term implementation risks are low. The use ofPPE and safe operating procedures would 
prevent adverse effects to personnel during installation of the ten monitoring wells and subsequent 
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sampling activities. The existing PGPTS would cmtinue operation under this alternative following the 
establiSied operating (rocedures at Pantex Plant. Plant personnel are familiar with well drilling activities 
and operation ofthe treatment system equipment and (rocesses. Work plans and safety plans wruld be 
(repared prior to installing the new monitocing wells and would be followed during constructim to 
minimize safety risks. 

At 30 years, a total of 710 kg ofRDX is estimated to leave the permedgrotmdwater. with 580 kg ofthat 
mass leaving through Model Reach 1. This is approximately 65% more effective than MNA alone. 

Implementabm~. Under 30 TAC §335.l67(d), ownersfoperators ofpennittedfacilitiesmust implement 
corrective actions beymd the facility boundary, tmless the owner/operator can demonstrate that gaining 
the necessary pennission to undertake corrective action was not possible because the landowner denied 
site access. In alm instances, TCEQ can pursue additional actims to gain access to property that is key 
to protecting lruman health and the environment. Therefore, placing administrative cmtrols on the offsite 
(roperties and installing additional mmitoringwells offsite is expected to be implementable; In additim, 
no technical difficulties are anticipated in establiSiing or maintaining the monitlX'ing program and access 
controls. 

Implementation of institutimal controls and installatim of the new monitoring wells is expected to take 
me year to complete. Operatim of the PGPTS will continue for 30 years. 

Cost. The estimated direct cost to implement Alternative 3 for the perched groundwater zone at Pantex 
Plant is $3,193,000. Thirty year O&M costs are estimated to be $39,517,000 for operation of the existing 
PGPTS and groundwater monitocing. The cost estimate assumes that the existing treatment system is 
adequate to handle the flow from the extractim wells after re-injection has been terminated. Because the 
extraction rates are uncertain, it may be necessary to upgrade the ClITent system to handle the additimal 
water recpiring treatment for irrigation. Costs for upgrades to the current treatment system are included 
in the cost estimates for Alternatives 4a and 4b in Appendix B. 

7.3.4 Alternative 48: Enhanced Pump and Treat using Horizontal Extraction Wells with MNA 

Under this alternative, six hocizontal wells would be installed to reduce the amotmt ofwater in the 
existing permed grotmdwater. This actim would decrease both the hocizontal gradients driving water 
flow along the FGZ and reduce the vertical gradients that result from the mrunding of the perched water 
00 the FGZ, as well as the corresponding fluxes of water and COCs. The reduction in water levels and 
gradients redlces groundwater flow rates and increases travel times, providing more time for nabJral 
attenuation processes to occur. Redlcing the permed water that exists 00 the FGZ will reduce the total 
volume ofwater available foc transport to the lower Ogallala Aquifer Fonnation. This alternative redlces 
the volume ofwater bI.t does not significantly redlcethe residually held COCs contained in the soil 
moisture after the water drains from the vadose zone or the FGZ. The presence ofthe residual COCs in 
the vadose zone and in the FGZ (including the diffused poction) could reallt in a long tail and rebound 
effect of COCs even after a significant amount of the perchedwater is removed. Horizontal wells would 
be placed in areas of greater saturated thickness and/or high concentration ofRDX (Figure 7-4), and 
conditions conducive to the installation exist. The existing groundwater extraction wells wruld continue 
to be used, but treated grrundwater wruld not be re-injected. Instead, the treated groundwater would be 
reused for irrigation in msite and offsite locations that would not contrioote to recharge of the perched 
grrundwater. All land proposed foc this irrigation is agricultural land currently under oc available for 
cultivation. All wells would operate for 30 years. Natural attenuation processes are included in this 
alternative. 
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Components of this alternative include: 

• 	 Installation of six horizontal extraction wells (Figure 74) 

• 	 Continued use of the current groundwater extraction wells for 30 years with no re.injection 

• 	 Expansion of the existing treatment system 

• 	 Current groundwater monitoring wens augmented by the instanation of two perched groundwater 
monitoring wells and eight Ogallala Aquifer monitoring weIls (Figure 7-3) 

• 	 Institutional controls to restrict the use of perched groundwater onsite and offsite to the south and 
east of Pant ex Plant 

• 	 Natural attenuation processes. 

Design production rates for the horizontal wells are 100 gpm each, dropping off sharply after 5 years (as 
discussed in Appendix A). The average flow rate for the 6 horizontal wells predicted during the first 5 
years is 265 gpm and drops to 84 gpm during the last 5 years ofthe 30-yearperiod ofpurnping simulated. 
The average flow rate for the 52 existing extraction weIls lIedicted during the first 5 years is 96 gpm and 
crops to 54 gpm during the last 5 years of the 30-yearperiod of pumping simulated. Modeling results for 
the horizontal well near Playa 1 (reach #10 of Figure 74) indicates this well removes by far the greatest 
volume of water with an average pumping rate of 103 gpm for the period of simulation. Horizontal wells 
at reach 11 and reach 12 (Figure 74) have modeled rates of 13 gpm and 24 gpm, respectively, over the 
30-year period of simulation. The average model-predicted flow rates for the entire extraction system is 
265 gpm over the 30-year period of operation. 

As illustrated in Figure 7-4, three horizontal wells (at reach 13, reach 14, and reach 15) are in areas ofthin 
saturation offsite to the south and east of the Plant. Modeled flow rates from these wells are much less 
and average 1.6 gpm, 0.1 gpm, and 0.8 gpm, respectively. By volume, !he flow rates from these three 
wells were less than 2% ofthe total volume ofgroundwater extracted by the 6 horizontal wells over the 
30-year period of simulation. Exploratory borings to identify optimal locations (greatest saturated 
thickness and most conductive perched groundwater matrix) could enhance proruction rates from areas of 
thin saturation. 

The treatment plant can easily be modified by adding additional ion exchange and carbon canisters in the 
early years ofremediation and decreasing the number as remediation continues. The cost estimates were 
based on an average extraction rate of 50 gJIt1 per well for 30 years, for an additional 300 gpm (432,000 
gpd). The average daily flow rate for a given month from the existing extraction system has ranged from 
no flow to approximately 300,000 gpd, with an average daily flow rate of apiioximately 160,000 gpd 
(BWXT Pantex/SAlC, 2004). The current flow from the existing extraction system is roughly 300,000 
gpd with a monthly treated volume at 9 to 11 million gallons. The current PGPTS consists of GAC 
vessels providing a 500-gpm capacity to remove the HE compounds. The system also includes 150-g(lIl 
ion exchange morules for the removal of chromium and boron. The cost estimates were based on treating 
an average of450 gJIt1 for chromium and boron. The capacity of the existing GAC system appears 
adequate to handle the additional 300 gpm from the ne\N horizontal wells. 

No re-injection of treated groundwater would occur; consequently, an estimated average of 590,000 gpd 
(160,000 gpd from the existing 52 extraction wells and 430,000 gpd from the horizontal wells) of treated 
groundwater would be disposed through the use of a new irrigation system. The irrigation system would 
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consis:. oftwo onsite retention basins and an abovegroond SJl'8Y irrigation sys:.em located either onsite or 
offSite. 

Proted.lon or Human Health and the Environment. This alternative would minimize human exposure 
to coes in perched groundwater both msite and offsite. Overall, protection ofhuman health would be 
adequate as long as the administrative controls are effectively implemented through public notification 
(posting of signs), maintained, and enforced. This alternative enhances treatment of the onsite perched 
groundwater, but would not capture COCs that have migrated offsite, noc would it fully C8.{.tUre COCs 
currently onsite dIe to the inability to create a 100010 effective hydraulic containment in this ccmplex: 
hydrogeologic setting. Thus, the Ogallala Acpifer would remain at risK for the future because of potential 
continued horizontal and eventual vertical migration of offsite COCS. 

Attainment or Media-Specific aeanup Standards. Alternative 4a is not expected to reduce COC 
concentrations in perched groundwater to media-specific cleanup standards within the 30-year RCRA 
evaluation period, nor will it attain 100% effective C8.{.tUre of COCs that are migrating from the site 
and/oc have already migrated offsite. However, applying institutional controls to restrict use of perched 
groundwater will protect potential receptors frcm exposure to coes in perched groonciwater. Therefore, 
the overall remedial objective would be met for the perched groundwater, however the flux of coes to 
the Ogallala Aquifer would continue at a redIced rate, and subsequent migration could still occur. 

Control. or Source Releases. Sources of perched groundwater impacts at Pantex Plant consisted of 
histocic discharges to the ditches, playas, and soils at SWMUs, as documented in the cocrespmding 
RFIRs. Pantex Plant discontinued industrial was:.ewater discharges to ditches and playas and has 
completed ICMs for contaminated soils at the Plant. Trend analysis in perched monitoring wells near and 
beneath source areas has shown static or dea-easing cmcentratims (as docwnented in the Baseline HHRA 
Repol1 [BWXT PantexlSAlC, 2006D indicating controls implemented at release areas have been effective 
at reducing impacts to perched groondwater. 

CompUance with AppUcable Standards ror Waste Management. The PGPTS would operate under 
the standards and requirements in the Compliance Plan (TCEQ. 2003d). The treated groundwater would 
continue to be tes:.ed to mmitor attainment ofapplicable s:.andards for irrigation. GAC and ion exchange 
resins would be returned to the suppliers foc regeneration. as needed. Any IDW generated during 
installation ofthe new mmitoring and extraction wells would be handled in accocdance with established 
Pantex: Plant operating procedures for waste management. 

Long-Term ReIIabUlfy and FJfecdveness. Operational records foc the ex:isting PGPTS show that the 
sys:.em has successfully removed contaminants from perched groundwater within the Plant boundaries 
although the system has not been in operatim long enough to allow significant reductions in plume 
concentrations. As ofMarch 2006, the PGPTS has treated 459 million gallons of perched groundwater 
with a currently monthly treatment average of 9 to 11 million gallons. Continued maintenance of the 
current PGPTS, such as carbon filter replacement and pump change out, should keep the system operating 
effectively. Replacement parts are readily available and relatively easy to install. 

Because perched groundwater is basically a slowly recharged mound ofwater located on top ofa low 
permeability FGZ, plume concentrations in this setting will only redIce if cleaner water is introduced into 
the sys:.em or ifthe coes decay. Hence, this is a lxdk water removal approach, as opposed to what is 
typically envisioned when placing recovery wells for remediating groundwater plumes in regional 
aquifers. The addition ofhorizmtal wells to the areas of greates:. perched saturated thickness will 
enhance overall treatment effectiveness through moce rapid removal ofthe permed grotndwater. The 
additim of six horizmtal wells reduces water levels. hydraulic gradients (both laterally within perched 
groundwater and vertically through the underlying FGZ). and groundwater volumes within the perched 
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groundwater. As shown in Table 7-1, significant long-tenn reduction in RDX mass exiting the perched 
groundwater flow system regjlts from lowered perched water levels and hydraulic gradients, removal of 
RDX by the extraction wells, and from natural attenuation. The reduction in water levels and hycraulic 
gradients also increases travel time, thus providing more time for natural attenuatioo (l"ocesses to occur. 
At 150 years, a total of 510 kg ofRDX is estimated to leave the perched groundwater, with 330 kg of that 
mass leaving through Model Reach 1. This is approximately 82% more effective than MNA alone. 

Potential offsite migration and downward movement of COCs will be mitigated, but not entirely 
eliminated Therefore, this alternative relies on institutional controls to (l"event exposure to offsite 
perched groundwater. 

Reduction In Toxldty, MobUUy, or Volume or Waste. This alternative relies on the enhanced pump 
and treat system with horizontal wells and natural attenuation to reduce the toxicity, mobility, and volume 
of COCs in perched groundwater. Future impacts to the Ogallala Aquifer are minimized by forusing 
extraction in the areas of greatest saturated thickness and highest RDX coocentrations in perched 
groundwater. Horizontal wells at Reach 14 and Reach 15 (shown on Figure 7-4) are key to early 
dewatering and would be operated at maximum capacity for as loog as the fonnatioo yields the increased 
extraction rates. Operatioo of the groundwater pump and treat system with no re-injection plus six 
horizontal wells removes an estimated 3,130 kg of RDX over a 30-year period of operatioo. 

This alternative reduces the volume of water leaving the perched groundwater flow system by 44% (1.4 
billion galloos) in 30 years (detailed in Appendix A). The model-predicted volume ofgroundwater 
extracted over 30 years of pumping is 4.2 billion gallons. Travel times to the boundaries are increased, 
allowing more time for degradatioo, and the volume of perched groundwater leaving the southeast area is 
reduced by 2.3 billion gallons (an average reduction of 14.6 gprn) over the 300-year period ofsimulatioo. 
The extraction of groundwater near Playa 1 reduces the perched groundwater mound, and thereby reduces 
the upgradient hycraulic head (water that would migrate from the mound and continue to transport RDX 
within the perched groundwater and potentially vertically across the FGZ) decreasing vertical and lateral 
gradients within the perched groundwater flow system beneath and downgradient of Playa 1 (includes the 
RDX plume south and east of Playa 1). 

Natural attenuation processes regjlt in an estimated recl1ctioo in RDX mass at 30 years of 2,470 kg, with 
3,330 kg at 150 years. This equates to approximately 24% of the initial mass in the modeled portion of 
the system being degraded in 30 years, and 33% of the initial mass in the modeled portion ofthe system 
being degraded in 150 years. This mass removed is a result of the overall decline in perched groundwater 
levels and hydraulic gradients, resulting in longer travel times for RDX migration to extractioo well 
locations, providing less mass flux and more time for natural attenuatioo. 

Short-TeI'm ElTectiveness and Safety. The use ofPPE and safe operating procedures would prevent 
adverse effects to personnel during installation ofthe six horizontal wells and ten monitoring wells and 
gjbsequent sampling activities. The existing PGPTS would continue operation under this alternative 
following the established q:>erating procedures at Pantex Plant after the installation of the new wells. 
Plant personnel are familiar with wen drilling activities and operation of the treatment system equipment 
and processes. Work plans and safety plans would be prepared prior to installing the new system of wells 
and would be fonowed during construction to minimize safety ri!!ks. 

As discussed in Appendix A, this alternative effectively removes an estimated 3,130 kg ofRDX from the 
flow sy:tem, significantly reducing the potential for future RDX impacts. At 30 years, a total of 360 kg 
of RDX is estimated to leave the perched groundwater, with 270 kg of that mass leaving through Model 
Reach 1. This is ap(l"oximately 82% more effective than MNA alone. 
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Implementabutty. The herizontal wells must be completed in the saturated interval just above the FGZ. 
As 9Iown in Table 2-1, the depthto the FGZ ranges fran 224 to 322 ft with an average depth of276 ft 
bgs. To reach this depth, the herizontal well must be completed through the fme-grained silts and clays of 
the Blackwater Draw Fonnation (on average 76 ft thick), the caprod<:. calime (on average 7ft thick) and 
the fine-grained eolian sands and silts that comprise most of the upper Ogallala Aquifer Fcrmatioo 
sediments (on average 193 ft thid<:.). The sediments immediately above the FGZ are a canbination of 
sand with gravel lenses. Some areas (e.g., near Playa 1) will have significant thickness of perched 
groundwater above the target locatioo, so the location ofthe screen elevation to the FGZ is not as critical 
as in the thinner areas of the perched groundwater. Other locatioos may have as little as a few feet of 
saturated thickness. In these areas the uncertainty in the location of the FGZ and the ability to install the 
well accurately (or even install awell) at these depths is uncertain, as no documented example of this 
being performed at these depths to the required level of accuracy in similar materials has been found. 
Sane of the known and potential is!lleswith implementatioo include: 

• 	 Maintaining drilling fluid in the sand and gravel lenses during drilling will be dimwit. A dual 
coostant head boundary of fluid (fluid reservoir at each end ofthe bore hole) could be used. It is 
uncertain whether <tilling fluid circulation could be maintained and an excessive amount of 
drilling fluid may be needed, creating a mobilization ofRDX away fran the intended locatioo of 
the screen or possibly across more penneable areas of the FGZ. 

• 	 In the areas of greater saturated thicknesses, such as near Playa I, a bentonite/canposite drilling 
fluid can be used. and horizontal well development can be expected to be relatively easy using 
cooventional methods. In the fringe areas of the perched groundwater, well development will be 
mere diffiwlt and may require use of a biodegradable fluid. Unless the horizootal borehole is 
properly developed. the drilling fluid will act as a seal surrounding the well screen. However, 
biodegradablClbiopolymer <tilling fluids are less effective at maintaining an open hole and 
reducing horizontal frictioo, so the drill casings may become stnck. and reqIire abandonment in 
place. This has been documented to have occurred at sites in sand at lesser depths and screen 
lengths envisioned fer this applicatioo. Well development tedlniques that are common in the 
water suWly or oil engineering fields will be difficult to apply in the thin water areas ofthe 
permed graJDdwater. 

• 	 The angularity of the soils is unknown; thus, the sleeve friction fer computing the size of the 
eqIipment and the required strength of the well coostruction materials is not well known at this 
time. The complex, detailed drilling design will require as!llmptioos to specify equipment and 
material load factors, in additioo to the type ofdrilling fluid that can be used to penetrate the 
observed heterogeneity in the subsurface geologic materials. 

• 	 The target depth ofthe well is on the order of 230 ft near Playa 1 to 290 ft near the extent of 
permed groundwater south of Zone 12. The radius of curvature ofthe well constructioo material 
must not be exceeded at either the entry point or the exit point to avoid pipe crimping. The angle 
of entry also must not be exceeded for certain types of installation equipment. This can greatly 
extend the total length of the well. At an entry angle of 10 degrees, awell length of3,324 ft is 
required to ream a depth of 290 ft. Including an additional 500 ft of screen and 3.324 ft fer re
surfacing of the horizontal well, and the total length ofwell bore for a single horizm.tal well is 
7,148 ft. FoUowingthis same method. the total length ofwell bore would be 5,772 ftfer a well 
depth of 230 ft. One benefit of horizontal wells over vertical wells is the length ofwell screen 
relative to the total bering length. A 290 ft vertical well can have a boring to screen ratio of 2% 
or less in areas where the perched groundwater is 6 ft or less. Horizontal wells can have screen to 
boring ratios on the order of 7 to 90/0 (assuming a 500 ft long screen). 
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• 	 The topographic surface of the FGZ is not precisely known and varies from location to location. 
As a result, a horizontal well could potentially be installed above the primary water-bearing zone 
in areas where the saturated thickness ofthe penned groundwater is thin. Furthermore, the FGZ 
is a series ofupward fming sequences, not a single homogeneous unit, and groundwater may be 
flowing in several layers above and somewhat within the FGZ materials. This appears to be 
particularly true in the area southeast of Zone 12. Therefore, it will be necessary to install a 
series of boreholes along the proposed path of the horizontal well to more acrurately identify the 
surface of the FGZ locally. 

• 	 Various methods ofmonitoring the location ofthe drill head are available, and gyroscopic 
methods can be used after intillation to accurately determine the location of the borehole. 
Accurately steering the head of the drill bit during installation likely will be a challenge. In the 
thin portions ofthe perched groundwater, the hocizontal well should be sloped to some extent to 
promote water movement within it to the extraction pumps. Ifthe FGZ unwlates, then installing 
aworkable screen may be impossible. The combination of the variability/uncertainty of 
installing the well screen accurately with the uncertainty in the FGZ surface and system 
hydraulics could result in an installation that is unusable for its intended purpose in the thinner 
portions of the perched groundwater. Installing a horizontal well deeper in the FGZ to act as a 
localized drain may inadvertently perforate the FGZ and create a preferential pathway/conduit to 
the deeper Ogallala Aquifer sediments. The inability to precisely log such a bocehole wring 
drilling. or not install it in the correct location (oc human/mechanical error) wring installation 
would make a condition diffirult to detect (or repair), and the lack of monitoring wells in the 
Ogallala Aquifer in the direction of subsequent potential flow paths would complicate the 
deployment ofan early warning monitoring system ~ould this condition of a FGZ breach be 
suspected 

• 	 Although horizontal wells are easy to operate, siltation may ocrur. Several techniques are 
available for removing the silt from hocizontal wells. One such technique is facilitated if the 
equipment that is in the well is designed to remove easily. This application consists of a pipe-in
pipe design. The inner pipe being a flow control tube that could be removed as needed for 
maintenance purposes. It should also be noted that any flushing of the well screen would 
introduce water to the perched groundwater matrix. 

• 	 The insta1lation ofhorizontal extraction wells in areas of thin saturation and low predicted yield 
would require well installation as essentially a sump. Modeling results indicate that three of the 
six wells simulated would exhibit low production rates dropping below 1 gpm and less than OJ 
gpm on average for much of the 30-year period of simulation and remove <2010 ofthe total 
volume ofperched groundwater predicted to be extracted Exploratory bocings would aid in 
identifying the areas of higher yield and the FGZ surface, and may be necessary to adequately 
locate the horizontal extraction wells to minimize the number of low yielding wells installed. 

The necessary equipment and specialists are available to install and operate a hocizontal well extraction 
system. Larger rigs used in the oil industries would likely be most awropriate for this application. 
Construction of all components of this alternative would occur on Pantex Plant. The excep:ion to this 
would be if spray irrigation were made available to adjacent landowners, in which case appropriate access 
agreements would be required. 

Under 30 TAC §335J67(d), owners/operators ofpermitted facilities must implement corrective actions 
beyond the facility boundary, unless the owner/operator can demonstrate that gaining the necessary 
permission to undertake cocrective action was not possible because the landowner denied site access. In 
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sudI instances. TCEQ can pUISJe additional actions to gain access to property that is key to protecting 
human health and the environment. Therefore, placing administrative cootrols on the oifsite properties 
and installing monitoring wells Ilffsite is expected to be implementable. 

Implementation of deed restrictions and government controls to restrict use ofthe perdIed groundwater, 
installation ofthe ten new monitoring wells. and installation ofthe retention basins. extraction wells, and 
treatment system upgrades is expected to take one year to c(JTlplete. However, this time could be 
extended by up to one year to gather pre-design infCl111ation SldI as locating the FGZ with accuracy and 
to complete the detailed horizontal well design. It is assumed that the system will operate foc 30 years. 

Cost. The estimated direct cost to implement Alternative 4a for the perdIed groundwater at Pantex Plant 
is S15,629,OOO. This cost assumes no new buildings are necessary and no additional labor is required to 
q>erate the treatment sy!item. Thirty year O&M costs are estimated to be S89,693,OOO foc operation of 
the enhanced PGPTS and environmental monitoring. The costs are higher for this altemative than for 
Alternative 4b due to the increased volume ofwater that will be extracted and treated The co!it efitimate. 
Appendix B, includes the cost oftreatment system upgrades to handle the additional flow from the 
horizontal extraction wells. Because the extraction rates are uncertain, it may be necessary to further 
upgrade the system beyond that which has already been included. It is reasonable to assume that the 
syfitem could be further expanded and that the treatment system upgrade costs provided could be 
increased to cover the additiooal water requiring treatment for irrigation. 

7.3.5 Alternative 4b: Enhanced Pump and Treat using Vertical Wells with MNA 

Under this alternative, the existing PGPTS would continue to q>erate, rut would be expanded by the 
additioo of eight lines of extraction wells. totaling 87 additional wells to enhance or maximize RDX mass 
removal (Figure 7-5). The lines of extraction wells, covering di&tances between 1,880 and 2,980 ft in 
length. would be located to promote distal plume dewatering with vertical wells near areas ofpotential 
outflow ofRDX to the Ogallala Aquifer (see Figure 7-5). Well spacing would be set to enSlre cone of 
influence overlap with adjacent extractioo wells. as practicable. The vertical wells would signifi~tly 
reduce the amount ofwater in the exi!iting perdIed groundwater. This action would decrease both the 
horizontal gradients <tiving water flow along the FGZ and reduce the vertical gradients that result from 
the mounding ofthe perdIed water on the FGZ, aswell as the cocresponding fluxes ofwater and COCs. 
Reducing the perdIed water that exists on the FGZ will rewce the total mass ofwater available foc 
transport to the Ogallala Aquiferformatioo. This alternative reduces the volume ofwater but does not 
significantly reduce the residually held COCS contained in the soil moime, after the water chins from 
the vadose zone. or in the FGZ. The presence of the residual COCs in the vadose zone and in the FGZ 
(including the diffused portion) could result in a loog tail and rebound effect of COCs even after a 
significant amount ofthe perdIed water is removed. Natural attenuatioo trocesses are included in this 
alternative. 

Treatment foc the extracted perdIed groundwater would be expanded to handle approximately 200,000 
gpd of additiooal groundwater (based on an average extraction rate of 1.5 gpm for 87 wells for a total of 
130 gpm). The average flow rate for all 87 wells predicted wring the first 5 years is 1.2 gpm and <tops to 
0.5 gpn during the last 5 years of the 30 year period ofpllllping simulated. The average flow rate foc the 
52 exi!iting extraction wells tredicted during the tint 5 years is 97 gpm and <tq>s to 53 gpm during the 
last 5 years ofthe 30-year period ofpumping simulated. As illustrated in Figure 7-5, a number of vertical 
wells are shown in areas ofthin saturation offsite to the south and east ofthe Plant. Flow rates from 35 of 
these wells are less than 0.1 gpm on average foc each 5-year interval simulated in the model. For 
comparisoo, 0.1 gpm is 144 gallons per day oc 1,577,880 galloos over a 30-year period, and seven ofthe 
exi!iting extraction wells had predicted flow rates that were also less than 0.1 gpm. By volume, the flow 
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rates from the 35 wells were less than 5% of the total volwne of groundwater extracted by the 87 new 
wells over the 30-year period of simulation. 

For the purposes of cost estimating, it was assumed that the extracted groundwater would cmtain 
drromium, HE, and organic compotmds that would require both the ion exchange module and GAC 
treatment. The average daily flow rate for a given month from the existing extraction system has ranged 
from no flow to approximately 300,000 gpd, with an average daily flow rate of approximately 160,000 
gpd (BWXTPantexiSAIC, 2004). The current flow from the existing extractim system is roughly 
300,000 gpd with a monthly treated volume at 9 to 11 million gallms. The current PGPTS cmsists of 
GAC vessels providing a 500-gpm capacity to remove the HE compounds. The system also includes 150
gpm ion exchange modules for the removal of chromium and boron. Under this alternative the capacity 
of the chromium and borm treatment processes would be doubled to handle an additional 150 gpm. The 
capacity of the existing GAC system, 500 gpm, appears to be adequate to handle the additional 150 gpm 
from the new vertical wells. 

No re-injection of treated groundwater would occur; cmsequently, an estimated average of360,000 gpd 
(160,000 from the existing extraction wells and 200,000 from the new wells) of treated groundwater 
would be disposed through the use of a new irrigation system. The irrigatim system would consist of two 
retentim basins comtructed near the east edge ofPantex Plant property and an aboveground spray 
irrigation network. The treated groundwater would be beneficially reused for irrigation in onsite and 
offsite locations that would not contribute to recharge of the perched groundwater. All land proposed for 
this irrigation is agricultural land currently under or available for cultivation. 

Components of this alternative include: 

• 	 Installatim of 8 lines ofvertical extraction wells, totaling 87 additional wells (Figure 7·5) 

• 	 Continued use of current extraction wells with no re-injection for 30 years 

• 	 Expansim of existing treatment system 

• 	 Current groundwater monitoring wells augmented with the installation of two additional 

monitoring wells in the perched groundwater and eight additional monitoring wells in the 

Ogallala Aquifer (Figure 7·3) 


• 	 Deed restrictions and other institutional controls to restrict the use of onsite perched groundwater 
and the oifsite perched groundwater to the south and east of Pant ex Plant 

• 	 Natural attenuation processes. 

Protection or Human Health and the Environment. This alternative would minimize human exposure 
to COCs in the perched groundwater both onsite and offsite. Overall, protection ofhurnan health and the 
environment would be adecpate as long as the administrative controls are effectively implemented 
through public notification and are maintained. This alternative enhances treatment of the onsite perched 
groundwater, but would not capture COCs that have migrated offsite, nor would it fully capture COCs 
msite due to the inability to create a 1000/0 effective hydraulic containment in this complex hydrogeologic 
setting. Thus, the Ogallala Acpifer would remain at risk for the future because of potential continued 
horizontal and evenbJal vertical migratim of offsite COCs. 
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Attainment of Medla-Spedfic Oeanup Standards. Alternative 4b is not expected to achieve media
Epecific cl eanup standards within the 30-year RCRA evaluatien period. Applying institutienal centrols to 
restrict use ofthe perched groundwater will protect potential recqtors fhm exposure to coes in the 
groundwater. Thus, the overall remedial objective would be met. 

Control of Source Releases. Sources of perched groundwater impaas at Pantex Plant consisted of 
histocic discharges to the ditches, playas, and soils at SWMUs. as oocumented in the cocrespending 
RFIRs. Pantex Plant discontinued industrial wa.s.ewater discharges to ditches and playas and has 
completed [CMs for contaminated soils at the Plant. Trend analysis in perched monitoring wells near and 
beneath source areas has shown static or decreasing cencentratiens (as oocumented in the Baseline HHRA 
Report [BWXT PantexiSAlC, 2006]) indicating controls implemented at release areas have been effective 
at reducing impacts to perched groundwater. 

Compllance with Appllcable Standards for Waste Management. The PGPTS would operate under 
the standards and requirements set forth in the C01"Uance Plan (TCEQ, 2003d). The treated 
groundwater would be tested to monitor foc attainment of applicable standards for irrigatien. Any IDW 
generated during installation of the new menitoring and extradion wells would be handled in accordance 
with BWXT Pantex operating procedures for waste management. In additien, GAC and ion exchange 
resins would be returned to the suppliers for regeneration, as needed. 

Long-Term RellabUlty and FJTect1veness. Operational records for the existing PGPTS show the system 
has successfully removed contaminants from perched groundwater within the Plant boundaries. although 
the system has not been in operation leng enough to allow significant reductions in plume concentrations. 
As ofMarch 2006, the PGPTS has treated 459 million gallons of perched groundwater with a rurrenUy 
monthly treatment average of 9 to 11 millien gallens. Continued maintenance of the current PGPTS, 
such as carbon filter replacement and pump change out, mould keep the system operating effedively. 
Replacement parts are readily available and relatively easy to install. 

Plume cencentrations in this setting will only be rewced ifcleaner water is introduced into the perched 
system or if the COCs decay, since the perched groundwater is basically a slowly recharged mound of 
water located en tq:> of a low penneability FGZ. As diswssed in Appendix A. there is a significant long
term redudion in mass exiting the perched groundwater flow system resulting from mass removal through 
JllITlP and treat and natural attenuation. The addition of87 vertical wells rewces water levels, gradients 
(both laterally within the perched and vertically across the underlying FGZ), and flow volumes within the 
perched groundwater flow system. The reduction in water levels and hydraulic gradients increases travel 
time, thus providing more time for natural attenuatien processes to occur. As mown in Table 7-1, at 150 
years of simulation, a total of 160 kg ofRDX is estimated to leave the perched groundwater, with 100 kg 
of that mass leaving through Model Reach 1. This is approximately 94% more effective than:MNA 
alone. 

Reduction In Toxldty, MlbUlty, or Volume of Waste. This alternative relies on the enhanced pump 
and treat system with more vertical wells and natural attenuation to reduce the toxicity, mobility, and 
volume of coes in perched groundwater. The enhanced groundwater pump and treat system with no re
injedion plus 87 vertical wells in 8 lines would remove an estimated 4,310 kg RDXover the 30 year 
period of operation. This increase in mass removed is a result of the addition ofmore extradien wells in 
areas of RDX-impacted perched groundwater. 

This alternative reduces the volume ofwater leaving the perched groundwater flow system by 37% (1.18 
billion gallens) in 30 years (detailed in Awendix A). The model-predicted volume ofgroundwater 
extracted over 30 years of pumping is 2.6 billien gaIlens. Travel times to the boundaries are increased, 
allowing more time for degradatien, and the volume ofperched groundwater leaving the southeast area is 
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reduced by 2.1 billion gallons (an average reduction of l3.1 gpm) over the 300-year period of simulation. 
The extraction of groundwater within the footprint of the RDX plume rernces the hydraulic head, 
decreasing vertical and lateral gradients within the permed groundwater flow system within and 
downgradient of the extraction wells. 

Natural attenuation processes reSllt in an eg;imated rediction in RDX mass at 30 years of 1,660 kg and 
2,180 at 150 years. This equates to approximately 16% of the initial mass in the modeled portion of the 
syg;em being degraded in 30 years, and 22% of the initial mass in the modeled portion of the syg;em 
being degraded in 150 years. 

Short-Term EffecUveness and Safety. Operation of the enhanced PGPTS rapidly reduces the mass 
leaving the system compared to other alternatives. Based on the model, this altemative removes an 
estimated 4,310 kg of RDX from flow syg;em in 30 years, significantly rerncing the potential for future 
RDX impacts. At 30 years, a total of 100 kg of RDX is eg;imated to leave the permed groundwater, with 
80 kg of that mass leaving through Model Ream 1. This is approximately 95% more effective than MNA 
alone. 

This alternative is expected to pose low-to-moderately low risks to construction workers. The use of PPE 
and safe operating procedures would prevent adverse effects to personnel rnring in~lIation of the 87 
extraction wells and the ten new monitoring wells. The existing PGPTS would continue under this 
alternative following the established operating procedires at Pantex Plant. Plant personnel are familiar 
with well drilling activities and have condicted several treatability studies that used similar equipment 
and processes. Work plans and safety plans would be prepared prior to installing the new system of wells 
and would be followed during con~ction to minimize safety risks. 

ImplementablUty. Con~ction of components of this alternative would occur both on and off BWXT 
Pantex Il"operty. Con~ction of onsite components would be readily implementable. Con~ction of 
offsite components would require appropriate access agreements. Local workers with approIl"iate skill 
levels to con~ct the basin, in~ll wells, and upgrade the treatment system are available. The necessary 
equipment and materials are also readily available. 

Under 30 TAC 335.167(d), owners/operators ofpermitted facilities must implement corrective actions 
beyond the facility boundary, unless the owner/operator can demonstrate that gaining the necessary 
permission to undertake corrective action was not possible because site access was denied by the land 
owner. In Slch in~ces, TCEQ can pursue additional actions to gain access to Il"operty that is key to 
Il"otecting human health and the environment. Therefore, placing administrative controls on the ofi'site 
Il"operties and ing;aJling additional extraction and monitoring wells ofi'site is expected to be 
implementable. In addition, no technical diffirulties are anticipated in establishing or maintaining the 
monitoring Il"ognun and access controls. 

The installation of vertical extraction wells in areas of thin saturation and low predicted yield (less than 
0.1 gpm on average) would require well installation as essentially a sump. Several ofthe current PGPTS 
ru.rrentlyoperate at less than 0.1 gpm. with thewell cycling on and off depending upon the available 
water within the well. Modeling results indicate that 35 of the 87 wells simulated would exhibit 
Il"oduction rates less than 0.1 gpm on average and remove <5% of the total volume of perched 
groundwater to be extracted. Exploratory borings would aid in identifying the areas of higher yield and 
the FGZ swface, and may be necessary to adequately locate the additional wells to minimize the number 
of low yielding wells installed. 

Implementation of deed restrictions and other ing;ibJtional controls to restrict use ofthe perched 
groundwater, installation of the ten new monitoring wells, and installation of the retention basins, 
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extraction wells, and treatment system upgrades is expected to take two years to canplete. It is assumed 
that the system will operate for 30 years. 

Cost. The estimated direct cost to implement Alternative 4b for the penned groundwater zone at Pantex 
Plant is $11,286,000. Thirty year O&M costs are estimated to be $63,326,000 for operation ofthe 
mhanced PGPTS and environmental monitoring. This cost 8.$Umes no new buildings are necessary and 
no additimallabor is required to operate the treatment system. The cost estimate, Appendix B, includes 
the cost of treatment system upgrades to handle the additimal flow from the vertical extractim wells. 
Because the extraction rates are uncertain, it may be necessary to further upgrade the system beymd that 
whim has already been included. It is reasonable to assume the system could be further expanded and 
that the treatment system upgrade costs provided could be increased to cover the additional water 
requiring treatment for irrigation. 

7.3.6 Alternative 5: Targeted Treatment with MNA 

This alternative Jl"ovides targeted in .situ treatment along the south and east fringes ofthe permed 
groundwater at Pantex Plant. Several in situ remediation tedlnologies, in various stages of study, are 
rurrently being investigated at Pantex Plant. These technologies include mhanced anaerobic 
bioremediatim, PRBs using either sodium dithionite (Na2S204) or calcium polysuJfide (caSs), and 
memical oxidation using potassiwn permanganate (KMn04)' As noted in Appendix A. extensive 
research has been conducted both atPantex Plant and other United States sites that demmstrates the 
effectiveness of the technologies proposed in this alternative. 

Figure 7-6 illustrates the location for the in situ treatment. This location was selected to treat an area 
upgradient ofReach 1 (Jines 1 through 4 on Figure 7-6) and to treat permed groundwater migrating 
ofi'site to the southeast (lines 5 and 6 m Figure 7-6) towards Reames 2 and 3. Reach 1 represents the 
area where the greatest impacts to the Ogallala Aquifer could ocwr, as predicted in the risk assessm.ent. 
The area treatment upgradient ofRead:ll reflects uncertainty in the locatim of the more permeable 
portion of the FGZ (refer to Figure 3-6 f(l'·the approximate location where the upper surface of the FGZ 
becomes more permeable) and the desire to mitigate any potential COC migratim to the underlying 
Ogallala Aquifer. The line oftreatment for the southeasterly migrating permed groundwater targeted the 
second-most critical area ofJl"edicted future impacts to the Ogallala Aquifer. 

The main treatment technology evaluated in this alternative is anaerobic ISB. Anaerobic ISB will be 
evaluated in eam criterion subsectim and evaluated in the comparative analysis section. Additimal 
infocmatim is still being gathered at the site for the application of sodiwn dithionite and calcium 
polysuJfide; thus, the informatim required to conduct complete 30-year cost analyses for these treatment 
technologies is not available. The locations and distribution ofthe treatment zones reflect an uncertainty 
in where the FGZ becomes more penneable relative to the RDX plume location. As notedJl"eviously, it 
is difficult fran water table measurements alone to determine whether a change in hydraulic concbctivity 
(I' ina-eased leakage is Jl"esent. The conceptual design errs on the side of conservatism. by treating an 
RDX area, as cpposed to along only a single line. Following discussion and evaluatim of the anaerobic 
ISB alternative, specific infocmation on PRB technologies and memical oxidation is Jl"esented f(l' 
comparism to the anaerobic ISB technology. 

Anaerobic In situ Biomneciation 

In this alternative, six lines of regularIY-!l'aced vertical injection wells located at or near local highs in the 
FGZ would be installed as shown in Figure 7-6. ANewman Zonelll amendment cmsisting offood-grade 
soybean oil, sodium lactate, sodium bicarbonate. and Jl"q>rietary nm-ionic surfactantswould be injected 
into the subsurface and would ferment to provide an anaerobic environment for recbctive biodegradation 
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of COCs. The amendments would be injected every six months (based upon field treatability testing and 
flow model results) into all six lines of injection wells for a dlration until the RDX in this zone is 
remediated, which is estimated for costing purposes to be the first ten years, based on travel time 
estimates in these areas. Based on particle tracking, it is anticipated that after ten years of injection the 
groundwater south of lines 1 and 5 would be effectively treatect therefore, for years 11 through 30, only 
the northern-most lines (lines 1 and 5, totaling 69 wells) would receive injections every six months. The 
injections would occur over a Stort period of 2-3 days, and would rely on temporary increases in head and 
radial flow away from the wells to distribute the amendment around and between the injection wells. 

The ISB system would also include five lines of vertical extraction wells to maintain a balanced flux 
across the treatment zone. The extraction of groundwater would help to minimize the potential for 
increased flux across the FGZ associated with amendment injection and enhance groundwater circulation. 
The alternative proposes to remove the same amount of fluid as injected Because of mixing with the 
oment water fluxes, the water extracted will consist of part of the injected fluids and part existing 
perched groundwater. 

Prior to the installation of injection and extractions wells. exploratory borings would be advanced to 
accurately determine the depth of the FGZ. The exploratory borings would be placed approximately 50 ft 
apart and information obtained from the borings would be used to install the injection and extraction well 
screens at the correct dq:ths. The goal is to inject into the higher elevations of the FGZ and extract from 
the lower areas. Since the bioremediation flooding is intended to distribute remediating fluids throughout 
the zone, and enhance degradation of RDX within the zone, 100010 capture is not needed in these areas. 
This is an advantage over a water extraction only system as the complexities and heterogeneities would 
make 100%water flux capture practically impossible to reliably achieve. 

The injection and extraction wells would be spaced on averagel00 ft apart and installed to an approximate 
depth of280 ft using 4-inch diameter polyvinyl chloride (PVC) for injection wells and 6-inch diameter 
PVC for extraction wells. Well screens would be 4-inch or 6-inch stainless steel for injection and 
extraction wells, respectively. The injection wells would be injected with amendments up to a volume of 
30,000 gallons per well; however, due to subsurface heterogeneity, injection and extraction rates would 
be variable and tuned per well during start-up testing. Injection rates would proceed at the highest rate 
accepted at eadt injection well-head for a sufficient duration per injection cycle to emplace the specified 
volume of amendment. 

A new building would be constructed to house mixing e(JJipment for preparation of the amendments. A 
permanent infrastructure (Le., piping manifolds) would be built to allow periodic injection of 
amendments. For cost estimating purposes, itwas assumed that re-injection ofamendments would occur 
every six months for 30 years. The proposed re.injection sdtedlle is based on results of current ISB 
studies at Pantex Plant that indicate effectiveness of amendments decline after 3-4 months following 
injection (Aquifer Solutions, Inc., April 2006). 

The extraction rates are expected to proceed at a sufficient rate and dlration to maintain the pre-existing 
hydraulic gradient at the well-head until an equal amount of water equal to the volume injected each cycle 
is removed. An estimated 12 million gallons of amendments would be injected and extracted per year for 
the first 10 years. For years 11 through 30, the estimated volume to be injected and extracted is 2.1 
million gallons per year. Approximately 33,000 gpd of extracted groundwater would be treated using 
carbon and ion exchange for the first ten years and 5,700 gpd for years 11 through 30. Approximately 
33,000 gpd of extracted groundwater would be treated using carbon and ion exdtange. The treated 
groundwater would not be re-injected. Instead, the treated groundwater would be beneficially reused for 
irrigation in onsite and offsite locations that would not contribute to redtarge of the perched groundwater. 
The new irrigation system would consist of a retention basin constructed near the east edge of Pant ex 
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Plant property and an aboveground spray irrigatim network. All land IX"<1>osed for this irrigation is 
agricultural land rurrently under er available for rultivation. 

Pelformance mmitoring would be conducted to assess amendment movement through grOlmdwater, 
subsurface conditions, and COC destruction. Performance monitoring could be perfonned monthly for 
the first two years ofsystem operation. Thereafter, monitoring could be perfonned every six months fer 
the remainder ofthe 30-year operation period. Perfonnance monitoring would be completed using the 
extraction wells or existing mmitoring wells. 

The PGPTS would be turned offfer this altemative. Natural attenuation processes are included in this 
alternative; therefore, the current groundwater monitoring system for COCS is assumed to be in place. 

Components ofthis alternative include: 

• 	 Installatim of approximately 406 exploratory borings used to locate the FGZ to ensure acrurate 
placement ofthe injection wells. 

• 	 Installatim of six lines of vertical injection wells, totaling 203 wells, to deliver amendments that 
will enhance indigenous miaobial degradation ofcontaminants at the fringes of the perched 
groundwater plume (Figure 7-6). 

• 	 Installatim of approximately 360 exploratory borings used to locate the FGZ to ensure acrurate 
placement ofthe extraction wells. 

• 	 Installatim of five lines ofvertical extractim wells, totaling 178 wells, to maintain the hydraulic 
gradient in the injection area. 

• 	 Treatment ofthe extracted groundwater using the existing treatment system cmsisting of carbon 
filtration and ion exdJange units. 

• 	 Current groundwater monitoring wells augmented with the installation of two additional 
mmitoring wells in the perched groundwater and eight additional monitoring wells in the 
Ogallala Aquifer (Figure 7-3). 

• 	 Deed restrictions and other institutional controls to restrict the use of onsite perched groundwater 
and the offsite perched groundwater to the south and east ofPantex Plant. 

• 	 Natural attenuation processes. 

Protection or Human Health and the Environment. While ISB and natural. attenuation results in 
significant cmtaminant reduction, continued migratim is expected. Therefore, this alternative relies on 
deed restrictions to restrict use of both onsite and offsite perdJed groundwater. Overall protectim of 
human health and the environment would be adequate as long as the administrative controls are 
effectively implemented through plblic notification (posting signs) and are maintained 

Attalnment of Media-Specific Oeanup Standards. Alternative 5 is expected to treat the southern and 
southeastern portions of the plume and minimize further offsite migration; however, it does not adJieve 
media-specific cleanup standards within the 30-year RCRA evaluatim period. Applying institutimal 
controls to IX"0hibit use of the perdJed groundwater will protect potential receptors from exposure to 
contaminants in the groundwater. Thus, the overall remedial objective would be met. 
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.ltute 2006 Corrective Measure Studp'FeasibiJiIy Study 

Control of Source Releases. Sources of perched groundwater impacts at Pantex Plant consisted of 
histcric discharges to the ditches, playas, and soils at SWMUs, as oocumented in the corresponding 
RFIRs. Pantex Plant discontinued industrial wastewater discharges to ditches and playas and has 
completed ICMs for contaminated soils at the Plant. Trend analysis in perched monitoring wells near and 
beneath source areas has shown static or decreasing concentrations (as oocumented in the Baseline HHRA 
Reporl [BWXT Pantex/SAIC, 2006D indicating controls implemented at release areas have been effective 
at reducing impacts to perched groundwater. 

Compliance with Applicable Standards for Waste Management. The PGPTS would continue to 
operate under the standards and recpirements set forth in the Compliance Pian (TCEQ, 2003d). The 
treated groundwater would continue to be tested to monitcr for attairnnent of applicable standards for 
irrigation. GAC and ion exchange resins would be returned to the suppliers for regeneration, as needed. 
Any IDW generated during installation of the new monitoring and extraction wells would be handled in 
accordance with established Pantex Plant operating procedures for waste management. 

The injection wells, which are considered to be Qass V wells by the TCEQ, will require permitting for 
underground injection control. Per TCEQ 331.11 (0), Class V wells include "aquifer remediation wells, 
temporary injection points, and subswface fluid distribution systems used to iryect nonhamrdous fluids 
into the subsurface to aid in the remediation ofsoil andgrowu1water." Additionally, TCEQ 331.3(a) 
states that "the construction ofan injection well, the conversion ofa well into an injection well, and the 
use or operation ofan injection well isp-ohibited unless authorized by an injection well penni!, order, or 
rule ofcommission." TCEQ 331. 7(a) further requires that all injection wells and activities be authorized 
by pennit. 

Issuance of a penn it for underground injection requires that an injection well inventory be submitted to 
the TCEQ prior to construction of the wells. The mechanical integrity of the wells and the ability to 
lX"event pollution are also required. 

Long-Term Reliability and Effectiveness. Research suggests, and pilot studies perfonned at Pantex 
Plant support. that ISB would be effective in reducing contaminant concentrations in the perched 
groundwater. As discussed in Appendix A. approximately 800/0 of the initial mass in the system is 
estimated to be removed in this alternative. At 150 years of simulation, a total of 720 kg ofRDX is 
estimated to exit the perched groundwater, with 190 kg of that mass leaving through Model Reach 1 and 
330 kg leaving through Reach 4. This is approximately 77% more effective than MNA alone. 

The long-term reliability of anaerobic ISB is uncertain due to subsurface heterogeneity and the ability to 
distribute the amendment evenly in the target area. Also, the affects of the geochemical environment on 
amendment effectiveness are uncertain. 

Reduction in Toxidty, Mobility, or Voiume of Waste. Targeted treatment results in an estimated 
reduction in RDX mass of 6,940 kg and 8,140 kg at 30 years and 150 years, respectively. This equates to 
degradation of approximately 69% of the initial mass in the modeled portion of the system in 30 years and 
800/0 degradation in 150 years. The volume of water leaving the perched groundwater flow system is not 
significantly affected relative to the MNA alternative. Treatability studies demonstrate that each of the 
treatment technologies considered for the targeted zones has the potential to mobilize metals. In situ 
treatment using oxidation has the potential to mobilize hexavalent chromium and result in elevated 
manganese. In situ treatment using reduction has the potential to mobilize arsenic and strontium. In each 
case, the mobilization of metals has been transient, with elevated concentrations occurring post 
amendment injection, then declining to near pre-amendment injection levels through time. 
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Short-Term Errectlveness and Safety. Degradatioo rates used foc targeted treatment are e&imated from 
available site data, but have not been mea9lred directly at the site under site-specific cooditions; thus. 
there is some uncertainty in the estimated mass removed. Degradation rates used in the modeling are at 
the low end (slow rate) foc areas not targeted for treatment relative to published literature values. The 
half·life of RDX represented for the targeted treatment zooes in the model (10 days) is within the range 
detennined from treatability te&.ing. but is still subjective and carries a great degree ofuncertainty. As 
disrussed in Appendix A. at 30 years. a total of 370 kg ofRDX is e&imated to exit the perched 
groundwater, with 110 kg and 190 kg ofmass leaving through Model Reaches 1 and 4. respectively. The 
mass moving through Reach 1 in the first 30 years is lowest foc this MNA plus targeted treatment relative 
to the alternatives evaluated. This is approximately 82% greater removal than with MNA alooe. 

In situ biotreatment will require the construction of a nutrient makeup facility that may pose low-to
moderate risks to consruction wolkers. The use ofPPE and safe operating procedures would prevent 
adverse effects to personnel during installation of injection. extraction. and monitoring wells. The 
anaerobic ISB amendment solution is non-hazardous and should not pose ri!iks to wolkers. The extracted 
groundwater would be treated using carbon and ion exchange units following the established operating 
JX'ocedures at Pantex Plant for the exi&.ing treatment system. Plant personnel are familiar with well 
ctilling activities and have cooduded several treatability studies that used similar equipment and 
JX'0cesses. Wock plans and safety plans would be prepared JX'ioc to installing the new system ofwells and 
would be followed wring coostruction to minimize safety risks. 

Implflllentablllty. The nutrient makeup facility. injectioo well netwoik, and injectioo and extractioo 
wells would be readily implementable. The necessary equipment and materials are readily available. 
Each location ofthe bioremediation system will be started up and tuned separately; using techniques 
similar to those described in the pilot study reports (Llano Permian et al .• 2006). Ifthis alternative is 
implemented, design optimization analysis will be conduded. Awendix A discusses some of the oJtions. 
including screening runs that consist ofhigher flow rates with greater well spacing. resulting in fewer 
wells overall. The cost estimate is JX'epared using reliable infomlation based 00 a proven field 
application. Design optimization can refine and imJX'ove the expected cost within the limits of the system 
constraints. Due to the heterogeneity in the perched groundwater flow conditioos and uncertainty in the 
locations where the FGZ becomes more permeable. explocatory borings would be used to identify the 
optimallocatioos for injection and extraction wells, and to minimize the area to be treated. 

Under 30 TAe §335.167(d). owners'operators ofpcrmittedfacilities must implement corrective actions 
beyood the facility boundary, unless the owner/operator can demonstrate that gaining the necessary 
permissioo to undertake cocrective action was not possible because the landowner denied site access. In 
such instances. TCEQ can pursue additional actions to gain access to property that is key to protecting 
human health and the environment. Therefore. placing administrative cootrols on the offsite properties 
and installing additional monitoring wells ofi'site is expected to be implementable. In addition, no 
technical diffirulties are anticipated in establishing oc maintaining the mooitoring program and access 
controls. 

Implementation of deed restrictions and government controls to restrid use ofthe perched groundwater. 
installation ofthe ten new monitoring wells. and installation ofthe retention basin, irrigation system, 
extraction wells. and injection wells and initial !Urt-up is expected to take two years to complete, ifthe 
field wolk and design is perfocmed coocurrently and consruction resources are available. It is assumed 
that the system will operate for 30 years. During this time. the research that is rurrently being cooduded 
00 the degradation of RDX will be regularly reviewed, and the system designed with intent to incorporate 
modular compooents and flexibility in operation and system modification. This approach would facilitate 
leveraging of scientific advances to minimize the need for recoostruction. to the extent practicable. 
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Cost. The estimated direct cost to implement Alternative 5 for the perched groundwater zone at Pantex 
Plant is $45,267,000. Thirty year O&M costs are estimated to be $616,504,000 for operation ofthe 
injection and extraction wells and environmental monitoring. 

The cost estimate assumes that the existing treatment system is adequate to handle the flow from the ISB 
wells. Because the extraction rates are uncertain, it may be necessary to upgrade the ament system to 
handle the additional flaw. Costs for upgrades to the current treatment system are included in the cost 
estimates for Alternatives 4a and 4b in Appendix B. 

Alternative Modifications. The following subsections discuss the differences in this alternative !!bould 
PRBs using either sodium dithionite (Na2S204) or calcium polysulfide (CaSs) or chemical oxidation using 
potassium permanganate (KMn04) be implemented instead of anaerobic ISB. The system components 
for these alternate tedmoiogies are generally the same as described for the anaerobic ISB technology; 
however certain operating criteria may be different, sum as the number ofexploratory borings, the 
number and type of injection and extraction wells, the amount of amendment injected, etc. Specific 
operating criteria for each tedmology are presented in Table 7-3. 

Due to several uncertainties associated with these treatment technologies, alternatives using these 
technologies were not quantitatively evaluated for the 30-year operations period Costs for memical 
oxidation were calrulated for 30 years; whereas. only one unit period of injection was assumed for the 
reactive barrier modifications. Uncertainties and disadvantages ofthese technologies are briefly 
disrussed at the end of each subsection. 

Permeable Reactive BaJrier with Sodium Dithionite 

In this alternative, a high pH-buffered sodium dithionite solution would be injected into the subsurface 
and would create a PRB that would utilize existing iron in the aguifer to reduce the naturally-occurring 
iroo in the subsurface to the Fe2 

+ valence !!tate. The reduced Fe2 
+ then would act as a rewctant to achieve 

in situ treatment of contaminants. The PRB would act in a passive mode. Emplacement ofthe PRB 
would involve injection of the sodium dithionite into a linear array ofvertical wells. 

The linear layout of injectioo and extraction well lines in this alternative would be the same as that 
described for the anaerobic ISB alternative as !!bawn in Figure 7-6. Additionally, borings advanced for 
the injection and extraction wells would be used to accurately determine the depth of the FGZ. and 
informatioo obtained from the borings would be used to install the injection well screens at the correct 
depths. Because of its short half-life, the use of sodium dithionite requires the setup ofa dense linear well 
array, and it is anticipated that injection wells would be installed 30 ft apart. For cost estimating 
purposes, the injection wells are assumed to be installed to a depth of 280 ft using 4-inm diameter 
stainless steel. 

The system would inject amendments up to a volume of40,000 gallons per well. Injection would be 
variable per well as described for the anaerobic ISB tedmology. Uncertainty is high regarding the need 
for reinjection, so for cost estimating purposes, ooe injection was assumed. An estimated 27 million 
gallons of amendments would be injected in the first injection cycle. A total of 340 monitoring wells 
would be installed downgradient of the injection wells and staggered between them at 60 ft spacings to 
monitor the performance ofthe amendments. Further evaluation would be needed in the design phase to 
determine if extraction of groundwater is necessary for this technology. 
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Table 7-3. Basis orEsdmate for AlternatJ:ve 5 Co..: MNA with Targeted. Treatment 
'., \' :;w 7 I", ."'" ,-., "":" ,~.,. '~F : c, .L 

~ic:' -" ''!Ji'~ "'''''!'1''',:''w,' ":' ,,',':'.'!" 
r:·'" '. 

Chemical Oxldadon 
AnaerobIc hI.rltII Permeable Reac:d.ve BarrIer PermeableReac:d.ve Burler uslnl Potassium 

CrIteria Bloremedladon with Sodium DitItlonlte with ClIldum Polysulftde Per~anlanate 
ExplOl'atC117 Borin,s to 

406 679 340 
406

IdentU) FGZ (lnJed:lon 
(approx. c:vcry SO ft) 

(Every 30 ft, tag the FGZ and directly (Every 60 ft, tag the FGZ and directly 
(approx. every SO ft)WeDs) install the i~ection wells) install the injection wells) 

203 (69)' 
679 340 203 (69t 

lDJed:lon WeDs (280 ft deep, 4·in diameter, 
(280 ft deep, 4·in diameter, 55) (280 ft deep, 4-in diameter, PVC) 

(280 ft deep, 4·in diameter, 
PVC with SS screens) PVC with SS screens) 

WeDSpadn& 100 ft 30 ft (ugection wells) 60 ft (mjection wells) 100 ft 

lDJed:lon Rate and Volume' 30,000 gallwell 40,000 gallwell 2S,ooo gal/weD 30,000 gal/well 

Re-lnJed:lon Frequency every 6 months NA NA every 6 months 

Amendment Concentradon 
Approx. S% by volume of 

O.9S'Yo Na &.104 29%CaSj 0.S%KMn0 4
Newman's Zone amendment 

ExplOl'atC117 Borinp to 360 360
IdentU) FGZ (Extraction 

(approx. every SO ft) NA NA 
(approx. every SO ft)

WeDs) 
178 (69)' 178(69)' 

Extraction WeDs (280 ft deep, 6·in diameter, NA NA (280 ft deep, 6·in diameter, 
PVC with SS screens) PVC with SS screens) 

Extraction Rate and Volume' 30,000 gallwell NA NA 30,000 gal/weD 

Performance Mooltorinc 
340 monitoring wells would be installed 170 monitoring weDs would be installed 

Usc extraction weDs downgradicnt ofthe injection wells and downgradient ofthe injection wells and Usc extraction wells 
Network staKKcred between them at 60 ft spaeinKs staKKcred between them at 120 ft spaemKs 

Performance Mooltorinc Monthly for years 0-2, Monthly for years 0-2, Monthly for years 0·2, Monthly for years 0·2, 
Samplln& Frequencf every 6 months for years 3·30 every 6 months for years 3-30 every 6 months for years 3 -30 every 6 months for years 3 ·30 

Performance Mooltorln& VOCs, explosives, metals, VOCs, explosives, metals, general VOCs, explosives, metals, general VOCs, explosives, metals, 
Samplln& Puameters general chemistry chemistry chemistry general chemistry 

• 

NA -The uncertainty is high regarding the need to re-inject in the future, The volume injected is not projected to increue the vertical migration rate significantly; therefore. no extraction wells are needed 
'After 10 years. only the northern-most line of injection and extraction wells would be used. i.e .• for years 11 through 30. 69 injection and 69 extractions wells would be used 
"Injection IIIld extraction rates would be variable per well. Injection rlltes would proceed lit the highest rate accepted at each injection well-head for a s1lfFicient duration per injection cycle to emplace the 
specified volume of amendment. ElIttaction rates are expected to proceed lit a sufficient rate and duration so as to maintain the pre-existing hydraulic gradient at the well-head until an amount ofwater equal 
to the volume injected each cycle is removed. 
<Sampling may occur for longer than 30 years; however:. a 30-year lampling period was used for comparative cost analysis. 
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Due to its Ebort half-life, the use of sodium dithionite is less likely to have as great a radius of influence as 
calcium polysulfide, discussed next. It is also uncertain if the natural subsurface iron used in a PRB 
system can be "recycled'~ therefore, the use of a PRB with sodium dithionite to treat the southeast 
groundwater plume at Pantex Plant may be best applied in conjunction with another treatment technology 
(Aquifer Solutions, Inc., 2006). Additionally. the use ofsodium dithionite, which is caustic and has a pH 
of II, would require the use of a higher level ofPPE than would be needed for the anaerobic ISB 
technology. 

As Ebown in Appendix B, the estimated direct cost to implement a permeable reactive barrier using 
sodium dithionite in the perched groundwater zone at Pantex Plant is $108,070,000. Thirty year O&M: 
costs are estimated to be $100,937,000. 

Permeable Reactive Barner with Calcium Polysuljide 

The application of this technology is similar to the PRB ~tion described above that utilized sodium 
dith ionite. However, in this scenario, calcium polysulfide would be used in the reciJction of the naturally
ocOlrring iron in the subsurface. When mixed with water, polysulfide would dissociate to form bisulfide 
(HS") and aqueous hyctogen sulfide (H2S (aq»' The sulfide could react directly with the Cr~+ to form a-3 

+. 

Alternatively, the sulfide could reduce Fe3 
+ present in the aquifer to Fe2 

+. Calcium polysulfide has a 
looger half-life (1-1.5 months) than sodium dithionite, thus, calcium polysulfide would likely be effective 
over a longer time frame and treat a larger area ofgroundwater than would sodium dithiooite. 
The linear layout of injection well lines in this alternative would be the same as that described for the 
anaerobic ISB alternative as shown in Figure 7·6. Borings advanced for injection wells would be used to 
aCOlrately determine the depth of the FGZ, and information obtained from the borings would be used to 
install the injection well screens at the correct depths. 

Because calcium polysulfide is more stable than sodium dithiooite and has the potential to create a larger 
reactive zone downgradient of the injection wells. the injection well spacing would be increased to 60 ft 
for implementation ofthis technology (Acpifer Solutions, Inc., 2006). The exploratory borings for the 
injection wells would be placed approximately 60 ft apart, and it is anticipated that injection wells would 
be installed 60 ft apart directly at the location ofthe exploratocy borings following identification ofthe 
FGZ. The injection wells would be installed to a depth ofapJX"oximately 280 ft using 4-inch diameter 
PVC. 

The system would inject amendments up to a volume of25,OOO gallons per well. Injectioo would be 
variable per well as described for the anaerobic ISB technology. Uncertainty is high regarding the need 
for re-injection, so for cost estimating purposes, one injection was assumed An estimated 8.5 million 
gallons of amendments would be injected in the first injection cycle. Atotal of 170 monitoring wells 
would be installed downgradient ofthe injection wells and staggered between them at 120 ft spacings to 
monitor the performance ofthe amendments. Further evaluation would be needed in the design phase to 
determine if extraction of groundwater is necessary for this technology. For this evaluation. extraction of 
perched groundwater has not been included because the volume ofwater injected to create the barrier (0.5 
gpm over the 30-year period of treatment) is significantly less than the volume of water exiting the 
perched groundwater flow system (estimated at 44 gpm in the southeast area). 

As with the PRB ~tion using sodium dithionite, it is uncertain if the natural subsurface iron used in a 
PRB system can be "recycled"; therefore, the use of a PRB with calcium polysulfide to treat the southeast 
groundwater plume at Pantex Plant may be best applied in conjunction with another treatment technology 
(Aquifer Solutions. Inc., 2006). Additiooally, calcium polysulfide is corrosive in its concentrated form, 
but the application of a dilute solution is within a normal pH range. Workers are advised to use face 
Ebields and gloves when handling a concentrated solution of calcium polysulfide. 
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As mown in Appendix B, the estimated direct cost to implement a permeable reactive barrier using 
calcium polysulfide in the permed groundwater zone at Pantex Plant is $22,240,000. Thirty year O&.M 
costs are estimated to be $52,321.000. 

Chemical Oxidation using Potassium Permanganate 

In this alternative, potassium permanganate solution would be injected into the subsurface and chemical 
oxidation reactions would degrade the target compounds. The active oxidant species used in this 
technology would be (Mn04')' 

The linear layout of injection and extraction well lines in this alternative would be the same as that 
described foc the anaerobic ISB alternative as mO\Vn in Figure 7-6. Explocatory borings would be 
advanced to acrurately determine the depth ofthe FGZ and reduce the uncertainty associated with 
subsurface geologic heterogeneity. Information obtained frcm the borings would be used to install the 
injection and extraction well screens at the correct depths. The exploratocy borings for both the injection 
and extraction wells would be placed aprroximately 50 ft apart. 

As with the chemical oxidation ted'anology, injection and extraction wells would be spaced 100 ft apart. 
Amendments would be injected up to a volume of 30,000 gallons per well. The amendments would be 
injected every six months into all six lines of injection wells until the RDX in this zone is remediated, 
whim is estimated foc costing purposes to be the first ten years, based on travel time estimates in these 
areas. Based on particle tracking, it is anticipated that after ten years of injection the groondwater south 
of lines 1 and 5would be effectively treated; therefoce, for years 11 through 30, only the northern-most 
lines (lines 1 and 5, totaling 69 wells) would receive injections every six months. The injections would 
ocrur over a shoct period of 2 to 3 days, and would rely on temporary inaeases in head and radial flow 
away from the wells to distribute the potassium permanganate fluid around and between the injection 
wells. An estimated 6 million gallons of amendments woold be injected and extracted in the first 
injection cycle. The extraction of groondwater would help to minimize the potential for inaeased flux 
across the FGZ associated with amendment injection and enhance groundwater circulation. The 
alternative proposes to remove the same amoont of fluid as injected Because ofmixing with the current 
water fluxes, the water extracted will consist of part injected fluid and part existing groundwater. 
Extracted groondwater would be treated using carbon and ion exmange. The treated groundwater would 
not be re-injected. Instead, the treated groundwater would be beneficially reused foc irrigation in onsite 
and oifsite locations that would not contribute to recharge ofthe permed groundwater, as described in the 
ISB alternative. 

It is possible that follO\Ving a period ofpotassium permanganate solution injection, a period of clean 
water injection would occur to plsh the oxidant out to a greater distance. The chemical oxidation system 
would also include five lines ofvertical extraction wells to maintain a balanced flux across the treatment 
zone. The extraction ofgroundwater would help to minimize the potential for increased flux across the 
FGZ associated with amendment injection and enhance groundwater circulation. The a1temative 
Jroposes to remove the same amount offluid as injected. Because ofmixing with the rurrent water 
fluxes, the water extracted will consist ofpart ofthe injected fluids and part existing permed 
groundwater. 

The use of potassium permanganate may result in the clogging of injection wells and piping systems by 
MnO:! solids generated by the reaction of residual potassium permanganate in extracted groundwater. 
Potential oxidation ofmetals that are either naturally-occurring or are COC co-contaminants may also be 
possible. Oxidation ofmetaIs to a more soluble valence state has been documented as a transient effect in 
field treatability studies (Le. if oxidation to ~ [IT and Stoller, 2000D. Such results would be 
detrimental to groundwater remediation effocts. Additionally. extraction ofgroundwater treated with 
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potassium perrnanganate may be hazardous because of the caustic nature of the treatment compound and 
because the extracted groundwater may contain 0-6+. 

As shown in Appendix B, the estimated direct cost to implement chemical oxidation using potassium 
perrnanganate in the perched groundwater zone at Pantex Plant is $45,267,000. Thirty year O&M costs 
are estimated to be $136,475,000. 

7.4 ALTERNATIVE ANALYSIS 

The alternatives in this CMSIFS were evaluated based upon their respective abilities to reduce the 
predicted migration ofRDX-impacted perched groundwater to the underlying Ogallala Aquifer and to 
prevent exposure to untreated perched groundwater onsite and offsite, i.e., remedial action objectives. 
Each altemative includes controls/measures that break the pathway for potential exposure to impacted 
groundwater. Alternative I - No Action, requires deed recordation and institutional controls to break the 
pathway, but does nothing to mitigate perched groundwater, nor its predicted future migration. MNA also 
does nothing to actively mitigate impacted perched groundwater nor its predicted future migration, but 
does include monitoring to ensure the processes of natural attenuation, in conjunction with institutional 
controls, prevent exposure to impacted groundwater. The effects of natural attenuation are ongoing and 
are included in each alternative evaluated. Alternatives 3 and 4 (4a and 4b) rely upon pump and treat to 
remove perched groundwater and reduce to the extent possible the future migration of impacted perched 
groundwater to the Ogallala Aquifer through a combination ofdewatering and enhanced RDX mass 
removal. The pump and treat alternatives largely target areas where saturated thickness is sufficient to 
support long-term (30 years) perched groundwater removal. Alternative 5, with targeted treatment, 
focuses the corrective measure in areas ofthin saturation to the south and southeast, where the most 
significant potential impacts to the Ogallala Aquifer are predicted. 

In addition to meeting remedial action objectives, the alternatives were evaluated to determine if they met 
the nine criteria identified in Section 6. In Table 7-4, the alternatives are scoced on ability to meet the 
fust four threshold criteria using a "yes" or "no". Alternatives are scored on ability to meet the remaining 
five general decision factors using a scale of 1 to 5. The rationale for the scoring of each alternative is 
described in detail in the remainder of this section. 
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Table 7-4. Alt.emadve Analysis 

Yes Yes 3 4 3 3 13 

Yes Yes 5 4 5 4 18 

Yes Yes Yes 3 5 3 4 ,000 15 

'Costs are at a %etO discounted rite and are rwnded to the nearest thousand. 
"Meets MSCs only through the use of institutional controls. 

7.4.1 Alternative 1 - No Action 

The No Action alternative, Alternative 1, does not meet all four ofthe essential aitaia. The alternative 
does not include active measJres to rewce or contain contaminants, nor does it include measures to 
Jl"event future exposures. The alternative does not prevent potential exposure to perched groundwater in 
the short term. Therefore, Alternative 1 could not meet the remedial action objectives. Modeling results, 
as documented in Appendix A, provide an estimate of the amount of mass ofRDX and volume ofwater 
leaving each model boundary reach over the time of the simulation. Based on these modeling results, 
Alternative 1 snows a significantly higher mass exiting the perched groundwater compared to any other 
alternative. For these reasons, the alternative scored low on the long-term protectiveness, snort-term 
effectiveness, and reduction of toxicity, mobility, and volume criteria. While the alternative would be 
easy to implement, it is not expected that this alternative would meet agency or public approval. There 
are no costs associated with this alternative. 

7.4.2 Alternative 2 - Monitored Natural Attenuation (MNA) 

The MNA alternative, Alternative 2, does not meet all four ofthe essential criteria. The MNA alternative 
contains monitoring ofgroundwater: otherWise, this alternative is the same as Alternative 1. The 
alternative does not include active measures to reduce or contain contaminants, nor does it include 
measures to prevent future exposures. The alternative does not prevent potential exposure to perched 
groundwater in the snort term. Therefore, Alternative 2 could hot meetthe remedial action objectives. 
Modeling results, as dorumented in Appendix A. provide an estimate ofthe amount ofmass ofRDX and 
volume ofwater leaving each model boundary reach over the time of the simulation. The alternative 
scored low on the long-term protectiveness, snort-term effectiveness, and reduction oftoxicity, mobility, 
and volume criteria. While there is minimal construction and the alternative would be easy to implement, 
it is not expected that this alternative would meet agency or public approval. Costs associated with this 
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alternative are minimal compared to the other alternatives. Capital costs ($2,289,000) and long-tenn 
O&M costs ($12,212,000) are lowest with this alternative. 

7.4.3 Alternative 3 - Existing Pump and Treat with MNA 

Alternative 3, Existing Pump and Treat with MNA, does not reduce average concentrations in the perched 
groundwater to MSCs in the 30-year RCRA evaluation period, but achieves the overall remedial action 
objective by using access restrictions, land use controls and deed recordation to (l'event potential 
exposure to perched groundwater. BWXT Pantex has implemented numerous process changes and ICMs, 
(i.e., discontinued discharge of (l'ocess water to the ditches and soil ICMs) to control potential migration 
of contaminants present in the soils beneath Pantex Plant. Using the existing PGPTS with no re-injection 
will continue to control downward flux of water responsible for the movement ofcontaminants. 
Therefore, Alternative 3 could meet the remedial action objectives. 

The PGPTS would continue to operate in compliance with all applicable waste management regulations. 
This alternative ranks lower than the enhanced pump and treat alternatives because over twice as much 
RDX is expected to exit the perched groundwater than by enhancing the current pump and treatment 
system with additional vertical or horizontal extraction wells. This alternative was given a 2 for reduction 
oftoxicity, mobility, and volume because it is estimated to remove 2,800 kg ofRDX ruring 30 years of 
operation, which is the less than the other active remediation alternatives. The short-term safety risks are 
low-to-moderate, because minimal construction would occur; however, this alternative scored a 2 for 
!iIort-term effectiveness because almost twice as much mass would be exiting the perched groundwater in 
30 years compared to alternatives 4a, 4b, and 5. The current PGPTS rapidly reruces the average 
concentration exiting the perched groundwater flow system in the first 30 to 35 years compared to 
Alternatives 1 and 2. but average concentrations still exceed MSCs and rebound slightly before declining. 
The alternative scored well for implementability because access restrictions could be imposed quickly and 
no additional construction is recpired. Capital costs ($3,193,000) and long-tenn O&M costs 
($39,517,000) are lower than the other active remediation alternatives. 

7.4.4 Alternative 4a - Enhanced Pump and Treat using Horizontal Wells, with MNA 

Alternative 43, Enhanced Pump and Treat using Horizontal Wells, with MNA relies on access 
restrictions, land use controls, and deed recordation to prevent potential expos.ure to perched groundwater 
thereby (l'otecting human health and the environment and meeting MSCs. As with Alternative 3, this 
alternative builds upon source control measures that have been implemented at Pantex Plant. The 
extracted groundwater would not be re-injected which significantly reruces the potential for further 
downward migration of contaminants. Therefore. Alternative 4a could meet the remedial action 
objectives. 

The enhanced PGPTS would continue to operate in compliance with all applicable waste management 
regulations. This alternative scored higher 1han Alternative 3 for long-tenn reliability and effectiveness 
because the mass exiting the perched groundwater in 150 years is reduced by over 40 percent with the 
addition of six horizontal wells. This alternative is estimated to remove 3,130 kg of RDX in 30 years of 
active extraction. This mass falls between the mass removed in Alternatives 3 and 4b, with 2,800 kg and 
4,310 kg respectively, and was given a score of 4 for reducing the toxicity. mobility, and volume of 
contaminants because of its effectiveness in reducing the rate of potential migration of COCs to the 
Ogallala Acpifer. The extraction of groundwater near Playa 1 enhances 1he long term effectiveness of 
this alternative by reducing the upgradient hydraulic gradient and thereby rerucing the potential future 
migration of impacted groundwater in areas downgradient of the playa. Alternative 4a reduces the 
average concentration exiting the perched groundwater flow system in the frrst 30 years more effectively 
than the previous alternatives; therefore, this alternative was given a 3 for short-term effectiveness. This 
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alternative scores low on the implementability criterioo we to several potential installation diffirulties. 
One ofthe primary concerns with imta.lling horizontal extraction wells in areas of lower saturated 
thickness is that the location of the FGZ is not known with precision. Further inve5tigation would be 
required to ascertain the locatioo of the FGZ to minimize the risk. of installing a horizontal well through 
the FGZ or above the primary flow zone within the permed groundwater. If in!:tallation is feasible, 
horizontal well ted1nology is often Jreferred over vertical wells due to their expected life-cycle cost 
savings and ease of operation. The capital cost ofthis alternative is $15,629,000 and O&M costs are 
$89,693,000. Total costs ($105,322,000) are higher for Alternative 4a than 4b because the volume of 
extracted water requiring treabnent is greatest under this alternative. 

7.4.5 Alternathe 4b - Enhanced Pump and Treat using Vertical WeDs, with MNA 

Alternative 4b, Enhanced Pump and Treat using Vertical Wells, with MNA also relies on access 
restrictions, land use controls, and deed recordation to protect human health and the environment and to 
meet the overall remedial actioo objectives. As with Alternatives 3 and 4a, this alternative wilds upon 
source control measures that have been implemented at Pantex Plant. The extracted groundwater would 
not be re-injected whim significantly rewces the potential for further downward migration of 
contaminants. Therefore, Alternative 4b could meet the remedial action objectives. 

The enhanced PGPTS would continue to operate in compliance with all applicable waste management 
regulations. It is estimated that the mass ofRDX that would exit the permed groundwater under this 
alternative is lower than any other alternative in the 30 and 150 year time periods; therefore, Alternative 
4b was given a 5 for long-term reliability and effectiveness and short-term effectiveness. Based on 
modeling results, this alternative reduces contaminant mass by an estimated 4,310 kg allowing it to SCCI'C 

high (4) among the alternatives for toxicity, mobility, and volume reduction, second only to Alternative 5 
whim removes 8oo" ofthe initial mass in the system in 150 years. This alternative scores well, 4 points. 
for the implementability criterion because BWXT Pantex has experience with in!:talling and operating 
vertical extraction wells. The capital cost of in!:talling 87 wells ($11,286,000) and the O&.M costs for 
operating the enhanced pump and treat system for 30 years ($63,326,000) are both lower than 'the costs 
for the other enhanced pump and treat alternative, Alternative 4a. 

7.4.6 Targeted In SiIIl Treatment with :MNA 

Alternative 5, Targeted In Situ Treatment with MNA, also relies 00 access restrictions, land use cootrols, 
and deed recordation to protect human health and the envirooment and to meet the overall remedial action 
objectives. This alternative receives a 3 for long-term reliability and effectiveness because both enhanced 
(IllllP and treat alternatives rewce the mass exiting the perched groundwater by a greater percentage in 
the long-teon. However, by accelerating decay, this alternative removes 69% ofthe initial mass in the 
system in 30 years and 8oo" in 150 years and is therefore given a 5 for toxicity, mobility, and volume 
reduction. This alternative scores a 3 for short-teon effectiveness because it reduces the mass exiting the 
perched groundwater in the short-term by a mass awroximately the same as Alternative 4a. The nutrient 
makeup facility, injection well network:, and injection and extraction wells would be readily 
implementable at Pantex Plant so Alternative 5 is given a 4 for impiementability. The capital cost is 
nruch higher than the other alternatives at $45,267,000 due to the large area ofthinly saturated permed 
groundwater treated O&M costs are also extremely high, at $616,504,000 because ofthe number of 
reinjections Jroposed. 
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7.5 RECOMMENDED ALTERNATIVE 

As detennined through evaluation ofthe alternatives presented in Sections 7.3 and 7.4, key features ofthe 
site geology and hya-ogeology greatly affect the applicability of technologies and necessitate a 
combination of alternatives to best amieve the RCRA and CERCLA requirements for the remedies. 
Sectim 7.5.1 describes these key features and the basis for the recommended alternative. Section 7.5.2 
describes the compments of the recommended alternative and rationale for its selection. 

7.5.1 Basis for Recommended Remedial Action/Corrective Measure Altef'native 

Key features of the site that govern perched groundwater flow (Section 3.4) mu& be recognized in the 
final alternative recommendation. The groundwater mound and greatest saturated thickness beneath and 
adjacent to Playa 1 represents an area where extraction of high volumes of perched groundwater maybe 
achievable. Reduction of this mound will significantly reduce the upgradient hydraulic head driving the 
continued migration of impacted perched groundwater. Because of the slope on the FGZ surface and the 
extent of impacted permed groundwater (especially the large areas ofthin saturatim offsite to the south 
and east), the additional extraction near Playa 1 alone would not be sufficient. Similarly, the variability in 
the FGZ surface and heterogeneity of perched groundwater sediments necessitates exploratory boreholes 
wring the design phase to identify the optimum locations for permed grOlmdwater extraction. 

Permeability variations in the saturated media indicate areas ofhigher hydraulic conductivity capable of 
supporting long-term extraction adjacent to lower yielding areas. Understanding this heterogeneity is key 
to appropriate selection of the remedy and effective system design. 

With the above information in mind, the recommended alternative mu& include elimination of re
injection of treated perched groundwater in the current PGPTS and enhance the extraction capability of 
the current system with additional wells utilizing exploratory boreholes to guide placement. The 
recommended alternative will amieve the remedial action/corrective measure objectives by: 

• 	 Stabilizing, containing and/or reducing the migration of impacted permed groundwater southeast 
ofthe Plant, downgradient ofthe southea comer ofthe Plant, because COCs (primarily RDX) in 
this area comprise the primary potential threat to the Ogallala Acpifer based on predictive 
modeling. 

• 	 Reducing the volume of water moving through the perched groundwater flow system. The 
permed groundwater represents the primary mechanism for mass transport ofperched 
groundwater COCs. Alternatives that are effective in reducing the volume of water moving 
through perched groundwater, will also rewce the potential for migration ofCOCs from perched 
groundwater to the Ogallala Aquifer. Reduction ofperched groundwater flow and RDX mass 
flux across Reach 1 is most critical based upon observed site conditions and predictive modeling. 

• 	 Reducing the upgradient driving head. Impacted permed groundwater currently occurs at the 
extent of saturation, beyond the influence of the existing PGPTS. Alternatives that reduce the 
upgradient a-iving head will reduce the rate of mass flux out of the perched groundwater flow 
system; potentially to the point where mass is bound or trapped within the underlying partially 
saturated media above the Ogallala Acpifer. 

• 	 Providing for cmtinued evaluatim and targeted implementatim of innovative in situ treatment 
technologies to mitigate impacted perched groundwater with the greatest potential to migrate to 
underlying Ogallala Acpifer. 
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As discussed in Section 7.3, both Alternatives 4a and 4b are more effective than Alternative 3 at reducing 
the mass exiting the perched groundwater over the next 30 to 150 years. Based on the SLM, hocizontal 
extraction wells (Alternative 4a) and vertical extraction wells (Alternative 4b) bo1h dewater the perched 
groundwater flow syltem, but several implementability issues exist with installing horizontal wells. Of 
(.I'imary concern is the level of detailed infocmation available for the locatioo of the FGZ in the areas 
being considered and the risk of installing a horizootal well through the FGZ; thus, providing a 
(.I'eferential pathway to the Ogallala Aquifer. 

Alternative 4a includes the installation ofsix new hocizontal extraction wells. However, simulated 
punping rates foc 3 of those wells (modeled in areas ofthin perched groundwater) rC(.l'esented less than 
20/0 of the total flow extracted. suggesting that explocatory borings would be needed to (.I'ovide specific 
infocmatioo to determining how best to install the wells to enhance the flow rates in these areas, oc if 
horizontal wells in thinlY-salln"ated areas are even viable. In this case, the number of wells could be 
reduced to 3 or less depending upon the results of the explocatory borings. The single hocizontal well * 

near Playa 1 accountsfoc 72% ofthe volume ofperched groundwater removed by the 6 horizontal 
extraction wells modeled 

Alternative 4b included 1he installation of 87 new vertical extraction wells. However, pumping rates for 
35 of those wells were less than 0.1 gpm on average and less than 5% of the total flow extracted, 
suggesting that exploratory bocings will (.I'ovide the means for reducing the total number of additional 
vertical extraction wells. In this case, the 87 new wells could be reduced to 52 new wells or less 
depending upon the results of the exploratory borings. To further illustrate the point, only 15 ofthe 
vertical wells in alternative 4a had average pumping rates exceeding 1 gpm for the 30.year period of 
simulation, accounting for 720/0 of the volume ofperched groundwater removed 

Several well placement designs for extraction wells &lOuld be developed and considered. Uncertainties 
and costs associated with installatim ofhocizontal wells for the site specific conditions at Pantex can be 
offset with the installation ofvertical wells. The most effective and efficient design will be selected and 
implemented, and could be supplemented with me or more in situ technologies. 

7.5.2 Descrlptioo of Recommended Alternative 

The recommended alternative is based 00 extensive research, investigatioo, sampling, analyses, 
treatability studies, interim corrective measures such as the perched groundwater punp and treat system, 
engineering judgment and fate and transport modeling conducted by Pantex Plant over the past 20 years. 
In response to community and regulatory concerns expressed during past and recent fllblic meetings on 
groundwater beneath and near Pantex, the recommendatioo focuses 00 (.I'oted:.ing the Ogallala Aquifer 
from future impact and increasing the reliability of future detection monitoring in the Ogallala AqJifer, as 
the remedial action objectives. 

The recommended alternative will eliminate re-injection of treated perched groundwater in the current 
PGPTS and enhance the extractim capability ofthe current system with additiooal wells utilizing 
explocatory boreholes to guide their placement. The recommended alternative targets enhanced RDX 
mass removal through installatim of vertical extraction wells within the footprint of the RDX plume and 
reduction of upgradient perched groundwater driving head through groundwater extraction near Playa 1. 
Vertical wells will also be located at the leading e~e ofthe RDX plume in the southeast area to contain 
further migration. Figure 7-7 depicts the components ofthe recommended alternative, which are 
(.I'esented as follows: 

• Continued use of the current groundwater extractioo wells for 30 years, with no re.injection 
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• 	 Installation of 25 new vertical extraction wells to enhance extraction of perched groundwater 

• 	 Expansion of the current treatment system to handle 590,000 gpd 

• 	 Irrigation of crops with treated groundwater 

• 	 Current groundwater monitoring wells augmented with the installation of two additional 
monitoring wells in the perched groundwater and eight additional monitoring wells in the 
Ogallala Aquifer (Figure 7-3) 

• 	 Deed restrictions and other institutional controls to restrict the use of onsite perched groundwater 
and the offsite perched groundwater to the south and east of Pant ex Plant 

• 	 Natural attenuation processes. 

The vertical wells near Playa 1 may be installed as one or more horizontal wells. This determination will 
be made at the design stage. The proposed number and location of extraction wells were selected based 
upon the best performance (highest groundwater extraction rates) predicted for wells simulated in 
Altematives 4a and 4b. The location ofthe 52 existing PGPTS extraction wells are also shown on Figure 
7-7 as those wells would continue in operation for the 30 years of active remediation. Pumping rates in 
four ofthe existing wells were increased based upon predicted yield and ongoing efforts to enhance 
overall groundwater extraction through system upgrades. 

The primary goal of the nine vertical extraction wells included southeast of the Plant (Figure 7-7) is to 
stabilize and contain the migration of impacted perched groundwater. This line of wells will cover a 
length of~2,400 feet perpendirular to groundwater flow. 

Average pumping rates for the 30-year period ofoperation are shown in Table 7-5. The predicted average 
pumping rate for the existing PGPTS ranges from 150 gpm in the first 5 years to 63 gpm in the last 5 
years. The vertical wells near Playa 1, remove the greatest q.Jantities of water over the 30-year period of 
simulation. Predicted pumping rates for the 25 new vertical extraction wells have been subdivided in 
Table 7-5 to distinguish between the 9 vertical wells installed to stabilize southeast perched groundwater 
migration and the 16 other vertical wells installed to enhance the extraction rates. The data in Table 7·5 
indicate a decline in predicted yield over time from each group ofextraction wells, as expected 

The cumulative pumping rate over the first 5-year period averages 553 gpm. This rate exceeds the current 
carbon treatment capacity of the PGPTS (500 gpm) and the capacity forming the basis ofengineering 
considerations applied for alterative costing for Alternative 4a (590,000 gpd or 410 gpm), which had the 
highest long.term average pumping rate for the alternatives considered. Uncertainty in actual well 
production rates justifies not planning expansion of the PGPTS beyond the upgrades proposed in 
Alternative 4a. However. if actual production significantly exceeds the 500-gpm capacity ofthe existing 
PGPTS. then expansion of the system or implementation of skid-mounted treatment units would be 
considered. The predicted average rate wring the fIrSt 5 years of system q>eration assumes that all 
extraction wells begin operation at the same time and produce as much water as possible, as soon as 
possible. Ifthe wells are installed and operated in this fashion. then expansion ofthe existing PGPTS will 
be necessary to accommodate the increased flow predicted over the fIrSt 5 years ofalternative 
implementation. After the first 5 years, the predicted flow rates drop below the current capacity of the 
existing system. 
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To avoid expanding the existing treatment system to acccmmodate 5 years of increased production, 
perched groundwater extraction from the extractim wells within the main RDX plume (south and ea:t of 
Playa 1) should be implemented fi.11t. These extraction wells are nearest the areas where the FGZ is more 
permeable, located within perched groundwater having highest RDX levels, and reaJlt in the most 
significant near tenn reduction in RDX migration. The wells near Playa 1 should then be brought on line 
and increased over time to make up any capacity not being met and eventually extrad a volume similar to 
that predided in Table 7-5. 

Table 7-5. Summary of Avt'l"age Predicted Pumping RaWs over 5-year Pt'I"lodl ror 30 ye."1 of 

Act:1veExtntcdon (wtlts &rein gallonl per minute). 


Eliminating re-injection of treated groundwater aJbstantially improves the performance of the existing 
PGPTS for reducing potential cae migratim to the Ogallala Aquifer (compare Runs 5 and 8 in Table 7· 
1). Eliminating re-injection reduces the hydraulic gradient., which slows down the groundwater velocity, 
and the rate ofCOC migration. This reaJlts in more time for natural attenuation to ocrur. Furthermoce, a 
two- to three-fold reduction in mass of coes exiting the perched groundwater can be achieved by 
enhancing the existing PGPTS with no re-injection. For these reasons, the injection wells for the existing 
PGPTS are not included on Figure 7-7. The original design of the existing PGPTS included re-injectim 
of treated groundwater to lXomote flow of impaded perched groundwater to the extractim wells for 
removal (Figure 7-2). The system continues to ~erate with some injection oftreated effluent accocding 
to this design, although many of the original injection wells have been replaced because of decreasing 
capacity and surface leakage as described in Evaluation ofthe Perched Groundwater Pump &. Treat 
System and Associated Well Field (Rainwater, 2003). 

In addition to the proposed extraction wells, installation of a permeable reactive barrier and in sitll . 
bioremediation will be cmsidered as part ofthe recommended alternative for targeted areas. A permeable 
reactive barrier may be installed in lieu of the nine vertical extraction wells southeast of the Plant (Figure 
7.7) due to the uncertainties associated with the effectiveness ofvertical extraction in this area. 
Installation ofa 2,400-foot Img penneable reactive barrier would require 40 injection wells (asaJrning 
6O·ft spacing) and 4 downgradient mmitoring wells to mmitor effectiveness. 

An area (covering roughly 40 acres) upgradient of Reach 1 is identified for the cmtinued evaiuatim of 
potential in sitll trealment. This area coincides with increasing penneability in the FGZ surface as 
&lamented in the Groundwater RFI (Stoller, 2004b), and with the most significant predicted impad to 
the Ogallala Aquifer based upon fate and transport modeling ccmpleted for the HHRA (BWXT 
PantexJSAIC, 2006) and this CMS/FS. Implementation ofin sitll trealment in this area would cmsist of 
two lines (me line 3,200 feet in length roughly 600 feet upgradient ofReach 1, and me line 2,400 feet in 
length coincident with Reach 1) of injectim wells (56 total) for amendnent deliVery. A single line of 25 
extraction wells would be installed to minimize the potential for increased flux across the FGZ during 
amendment deliVery. 
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Exploratocy bocings to further delineate areas where the FGZ becomes more permeable may pennit a 
more focused application ofthe in situ treatment tedmologies and mitigate, to the extent possible, the 
migration ofperched groundwater (or any amendments) across the FGZ. Site·~ecific treatability studies 
are ongoing to provide additional information on the awlication ofthese tedmologies at Pantex. 
However, current uncertainties associated with the effectiveness of these technologies, the potential for 
increasing perched groundwater migration across the FGZ during amendment addition, the potential for 
mobilization of metals, and the cost of implementation preclude their recommendation for wide scale 
remediation ofperched groundwater. 

The recommended alternative combines the most effective features of Alternatives 4a, 4b, and 5 evaluated 
in detail in Sections 7.3.4 through 7.3.6. This alternative also provides the flexibility necessary to achieve 
the overall remedial action/corrective measure objectives foc the perched groundwater at Pantex Plant. In 
summary, the alternative is evaluated briefly against the nine criteria. 

Protection of Human Health and the Environment. This alternative would minimize human exposure 
to COCs in the perched groundwater both onsite and otfsite. Overall, protection ofhuman health and the 
environment would be adecpate as long as the administrative controls are effectively implemented 
through public notification and are maintained. This alternative enhances treatment of the onsite perched 
groundwater, but would not capture COCs that have migrated offsite, nor would it fully capture COCs 
onsite due to the inability to create a 1000/0 effective hydraulic containment in this complex hydrogeologic 
setting. 

Attainment of Medla-Spedfic Oeanup Standards. The recommended alternative is not expected to 
achieve media-~ecific cleanup standards within the 30-yr RCRA evaluatiro period Applying 
institutional controls to restrict use of the perched groundwater will protect potential receptors, thus 
achieving the overall remedial action objective. 

Control of Source Releases. As with Alternatives 2 through 5, controls implemented at release areas at 
the Plant have been effective at rerucing impacts to the perched groundwater. 

Compliance with Applicable Standards for Waste Management. The installation and operation of the 
Jroposed extraction and monitoring wells and the treatment and irrigation systems would comply with 
applicable standards for waste management. 

Long-Term ReliablUty and Effectiveness. The estimated mass removal in 30 years of active 
remediation is approximately 3,800 kg ofRDX, which is greater than all but Alternative 4b in terms of 
mass extracted. During the first 150 years, a total of 240 kg ofRDX is estimated to leave the perched 
groundwater across all reaches. This is approximately 900/0 more effective than ~A alone. 

Further, the extraction of perched groundwater at Playa 1 does reduce the upgradient a-iving head for all 
areas downgradient ofPlaya 1 resulting in longer term reduction in RDX mass flux out of the perched 
groundwater by increasing travel times and thereby permitting more time for degradation and other 
attenuation Jrocesses. 

Pumping near Playa 1 also reduces the impacts ofuncertainties associated with geologic heterogeneities 
in the perched groundwater flow system. Moce transmissive areas ocrur adjacent to less transmissive 
areas. Reduction ofthe upgradient hydraulic heads will affect both conditions and mitigate. to some 
extent, the need to know exactly where all of the more transmissive regions are located Therefore, this 
alternative has similar or slightly better long-term reliability and effectiveness than extraction from within 
the RDX plume footprint only as was done in Alternative 4b. 
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Reduction In Toxldty, Mobllty, or Volume of Waste. RDX mass removal rates for this recommended 
alternative are very similar to those in Alternative 4b. Predicted RDX mass flux across Reach 1 is 
approximately 90 kg in 30 years (compared to 80 kg for the same time in Alternative 4b) and 120 kg in 
150 years (compared to 100 kg foc same time in Alternative 4b). High volume groundwater extraction 
near Playa 1 further reduces the potential for long tenn migration by reduction of the upgradient hydraulic 
head. The total volume ofperched groundwater removed is 4.02 billim gallons ofwater, and results in a 
net flux rate reduction in the southeast area that is similar to Alternative 4a. This alternative scores better 
than the other alternatives evaluated because it combines the high mass RDX mass removal rates 
(Alternative 4b) with the enhanced groundwater extradion (Alternative 4a) to minimize future impacts to 
the Ogallala Aquifer. 

Short-Term ElTectiveness and Safety. During the ftrSf. 30 years of simulatim, predicted RDX mass flux 
across all reaches is similar to Alternative 4b with an estimated 50 kg more RDX mass exiting perched 
groundwater in the recommended alternative. At Reach 1. the mass exiting the pel"ched is very similar to 
Alternative 4b with an estimated 10 kg more RDX mass exiting. 

Implementabllty. This alternative has the same considerations for installation ofvertical extraction 
wells that comprise Alternative 4b. In addition, this alternative includes provisions foc the 
implementation ofa penneable reactive bamel" or in situ bioremediation. Additional infonnatim from 
mgoing treatability testing will aid in the decision to implement these contingent technologies. 

Cost. The estimated cost to implement the recommended alternative is $8,262,000. Thirty year O&M: 
costs are estimated to be $88,939,000. Implementatation costs (vertical extraction wells) are lowest for 
the active extractim alternatives evaluated. O&M costs are similar to those presented for Alternative 4a. 
The estimated O&M: costs are based upoo the existing infonnation for GACunits, ion exchange. controls 
and other miscellaneous costs dmved from the rurrent operation of the PGPTS, and rep-esent the best 
available information at the time of this repoct. Further, the O&M: costs are based upon the volume of 
water treated (carbon and im exchange replacement are conservatively estimated to occur based m the 
volume ofgroundwater treated. Groundwater beneath Playa 1 has much lower RDX concentrations and 
may require less frequent treatment system changeouts than are included here). Close to twice the 
volume of grrundwater is extrad.ed in the recommended alternative, rut the mass of RDX removed is 
similar to that in Alternative 4b. Thel"efore, O&M: costs may be more similar to those presented for 
Alternative 4b. 

Capital costs to implement the cootingent calcium polysulfide penneable reactive barrier and in sibJ 
bioremediatim are estimated to be $5,822,000 and $10,411,000, respedively. Due to the uncertainties 
associated with implementing these technologies, O&M: costs could not be estimated at this time. 

The site-specific pilot sbJdies and the s<I'eening analysis conduded in the CMSIFS using a SLM greatly 
help guide the decision process. These are part of the analysis, and do not quantify the reduction in the 
p-edided potential impad to the Ogallala Aquifel". As improved modeling capabilities become available 
to better simulate the fully transient coupled flow and transpoct of perched groundwatel" coes, Pantex 
will further evaluate the existing perched grrundwater cooditions, in accordance with the Compliance 
Plan (TCEg 2003 b), and the recommended alternative. Also, based m the protectiveness ofthe above 
recommendation, additional refinements may be made to arrive at the p-eferred alternative that will be 
p-esented in the proposed plan, to be prepared and issued in accordance with 40 CFR 300.430(f)(1)(ii). 
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A.O GROUNDWATER FATE AND TRANSPORT MODELING IN CMS/FS 


This appendix p-ovides dorumentation of fate and transport modeling completed to support evaluation of 
corred:.ive measures for the penned groondwater at Pantex Plant. Perched groundwater beneath Pantex 
Plant is impacted by REs, VOCs, and inorganic constituents. The Baseline HHRA Re[X)rl (BWXT 
PantexiSAIC, 2006) evaluated the potential health impacts posed by contaminants in the enviraunental 
media. including the perched groundwater under current and future conditions. Under ament conditions, 
comtituents in perched groondwater exceed acceptable health based criteria both onsite and in offsite 
areas to the east and south of Pantex Plant. This perched groondwater is not OllTently used as a water 
~pply, therefa-e, currently no expo~re to the impacted perched groundwater exists. However, 
p-edictive modeling completed for the risk assessment (BWXT PantexiSAIC, 2006) indicated the 
potential fa- migration of impacted perched groundwater to the Ogallala Aquifer in the future. Fate and 
transport modeling efforts dorumented in this appendix are aimed at the simulation ofvarioos remedial 
alternatives designed to reduce the migration of impacted perched groundwater to the underlying Ogallala 
Aquifer. This appendix: 

• 	 Summarizes previous investigations pertinent to the evaluation ofremedial alternatives fa- the 
perched groondwater 

• 	 Provides documentation of a single layer screening model developed to evaluate various 

cocrective measures 


• 	 Presents re~lts and ranking ofvarioos remedial alternatives to identify the key alternatives to be 
evaluated in this CMSIFS 

• 	 Provides a ~mary of the key alternatives identified for further detailed evaluation within this 
CMSIFS. 

Submace hydrogeologic characterization and fate and transport modeling perfocmed to date is 
documented in primary or secondary soorces in the following repects: 

• 	 Groundwater RFIR (Stoller, 2004b) 
• 	 Subsurface Modeling Report (BWXT Pantex/SAIC, 2004) 
• 	 Baseline HHRA Re[X)rl (BWXT PantexlSAIC, 2006). 

These reports p-ovide the basis for the understanding ofthe geologic conditions, the hydrologic 
conditions, nature and extent of groundwater contamination, and the groundwater flow and transport 
regime at Pantex Plant. The Baseline HHRA Reporl and the Subsurfcre Modeling Report also provide 
detailed dorumentation of the numerical tools lmilt to simulate contaminant fate and transport in 
groundwater at Pantex Plant. 

The existing site-wide model documented in the Subsurface Modeling Re[X)rl (BWXT PantexlSAIC, 
2004) fonned the basis for the submace flow and transport evaluation. Three p-Unary refmements were 
made to the site-wide model (BWXT PantexlSAIC. 2004) to provide a better representation of the 
perched groundwater flow system. The refmements included the addition of a 10-ft thick layer within the 
perched groundwater flow system, adjusting the hydraulic conductivity of the (fine-grained zone) FGZ to 
more closely match the observed extent ofsaturation, and adjusting the recharge rates to refine the flow 
model calibration. The refmements in the adjusted site-wide model re~lted in an increase in the 
p-edicted flux across the FGZ in the sootheast area from 40 to 44 gallons per minute. The flow model 
calilration for the adjusted site-wide model provides an improvement to the calibration presented in the 
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Subswface ModeUng Report (BWXT PantexlSAIC, 2004) and reflects improved understanding ofthe 
flow system as a whole. Results from the flow simulation predicted a perched groundwater volume of 
approximately 15 billion gallons after a 4O-year period of Pantex Plant operation, increasing to 17.5 
billion gallons between 190 to 240 years (approximately 150 to 190 years after simulated historical 
Pantex Plant discharges were discontinued in the model). Predicted flux aaoss the FGZ increased as the 
volume of perched groundwater increased. 

The Baseline HHRA Report (BWXT PantexlSAIC, 2006) dorumented subsurface fate and tranSJX>rt 
modeling completed to evaluate the groundwater pathway for impacted media at Pantex Plant. The 
Baseline HHR.A utilized the current-time groundwater flow field (simulated 40-year flow field) to 
conruct the travel time analysis and to define boundary conditions for the FTM used to conduct tranEport 
modeling. The FTM simulated the fate and transport of copcs identified in perched groundwater south 
and east ofPlaya I, emanating from historical sources beneath Zone 12 and associated runoff pathways. 
TranSJX>rt simulations were conducted using the steady-state flow field for RDX. TNT, 1,3,5
trinitrobenzene, 2,4-DNT, 2,6-DNT. HMX. boron, hexavalent chromium, 1.2-DCA. and TCE to predict 
future concentrations in perched groundwater and the Ogallala Acpifer. TranEport simulations were 
nonreactive (only included effects ofdiEpersion and diffusion) and were completed in the absence of any 
remediation effects. Predicted future groundwater concentrations for four COPCs (2-amino-4,6-DNT. 4
amino-2.6-DNT. 1.3-dinitrobenzene, and total chromium) were estimated from results for the modeled 
COPCs. Maximum predicted concentrations in perched groundwater and the Ogallala Aquifer offsite to 
the east and offsite to the south were tabulated for each COPC. 

Potential maximum concentrations predicted in perched groundwater were calculated at the wrrent 
maximum concentration for all except one COPC (1.3.5-trinitrobenzene). Each of these COPCS occurs at 
the fence line or off site and declines to lower levels through the period of simulation. Concentrations of 
1.3.5~trinitrobenzene slowly increased through the HHRA period of simulation as impacted perched 
groundwater onsite migrates offsite to the south. Potential maximum concentrations predicted in the 
Ogallala Aquifer exceed RBSVs for only two of the constituents (RDX and 2,4-DNT). RDX is predicted 
to occur above its RBSV offsite to the south and offsite to the east. 2,4-DNT is predicted to ocwr above 
itsRBSV. but below RRS 1 levels. As noted, these predicted results do not include the effects of sorption 
nor degradation. 

The remainder of this appendix is organized as follows: 

• 	 Section A.l provides a summary ofprevious investigations including lab and field scale 
treatability studies completed to evaluate mechanisms for remediation of impacted perched 
groundwater. Specifically, infonnation is presented pertaining to natural attenuation (NA) 
investigations and in situ chemical and biological treatment amendments. 

• 	 Section A.2 provides a description ofthe development and calibration of a screening model built 
to permit rapid evaluation ofnumerous potential corrective measures. This model consists ofa 
single layer representing flow and transport in the perched groundwater flow system. 

• 	 Section A.3 provides documentation ofthe different corrective measures evaluated within the 
screening level model. Results of the various alternatives modeled are summarized and tabulated, 
including a ranking based upon predicted mass flux to the underlying Ogallala Acpifer and mass 
removed from the perched groundwater flow system. 
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• 	 Section A.4 provides a more detailed description of the key alternatives identified in Section A.3 
that provide the greatest potential for elimination or reduction ofpredicted potential impacts to 
the Ogallala Aquifer. 

• 	 Section A.5 provides a 9.lmmary ofre9.llts and key findings from the fate and transport screening
level modeling completed in 9.lpport of this CMSiFS. 

A.I SUMMARY OF TREATMENT STUDms 

This section documents a review of remedial studies conducted at Pantex Plant utilizing biological and 
chemical amendments, and a brief 9.lmmary ofvarious NA data available for perched groundwater at the 
Plant. 

A.t.1 NA EvaluatJon 

An NA evaluation was necessary to determine the site-specific and chemical-specific sorption and 
degradation properties at Pantex Plant. The N A evaluation included review ofsite data in conjunction 
with modeling data to estimate site-specific rates for the constituent evaluated. The re9.llts were applied 
to the COPCs modeled in the Baseline IDIRA. 

The site-specific rates for degradation were assembled from two approaches: 

• Determination of site-specific biodegradation half-lives using site observations and literature 
values (as documented in detail in N.8.1.3 of the Baseline HHRA Report [BWXT Pantex/SAIC, 
2006D· 

• 	 Limited modeling calculations bounded by literature values and site observations. 

A.1.t.1 DeterminatJon or Slte-SpeclOc Biodegradation Half-Uves 

Several guidance documents are currently available that can be used to advise and assist in assessing the 
feasibility ancVor implementation of NA as a remedial alternative for contaminated sites. The relevant 
guidance documents listing the groundwater COPCs identified at the Pantex Plant include: 

• 	 Draft Protocolfor EWIluaJing, Selecting and Implementing Monitored Natural AJtenuaJion at 
Explosives-Contaminated Sites (USACE, 1999) 

• 	 Technical ProtOCQljor EvalUating NaturalAJtenuaJion ojChlorinaJed Solvents in Grow Water 
(EPA, 1998). 

According to the USACE guidance, " ... procedures for tradcing microbial degradation processes for 
explosives in groundwater are limited to (a) monitoring concentrations of parent compounds and several 
transformation promcts and (b) monitoring 9.lbsnface conditions that are 9.litable for microbial activity 
in general, e.g., soil textnre, organic cmbon content, and nutrients." In addition, an evaluation of the 
potential for microbial degradation can contrioote to the weight ofevidence for NA as a remedial 
alternative. Soil mineralization radioassays provide evidence of degradation potential using soil taken 
from the aquifer (USACE, 1999). 
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Afield-scale treatability study was condJcted at Pantex Plant to detennine the degree to which site 
conditions favor NA oHills in the per-ched groundwater. The study concluded that RDX is likely slowly 
degrading in perched groundwater through natural biodegradation foc three reasons (IT and Stoller-, 20(0): 

1. A decrease in concentratioos ofRDX has been found away from the source area; 

2. The presence ofRDX degradation products: MNX. DNX. and TNX; 

3. 	 Indicator parameter-s sensitive to reduction/oxidation potential that suggest RDX breakdown can 
occur biologically under the site oxidation/reduction conditions have also been found. 

In addition, a labocatory study 00 the bioremediatioo of RDX in the vadose zooe beneath Pantex Plant 
was condJcted to support afate and transport evaluation ofHEs in the vadose zone (Shull et aI., 1999). 
This study concluded RDX degrader-s are indigenous to the Pantex Plant soil tested and mia-oaerobic or 
anoxic conditions in the soil pore gas are required to promote significant biodegradation ofRDX. 
Biodegradation ofRDX under aerobic conditions is negligible. 

The EPA establi!ihed a technical protocol for the evaluation of NA through biological processes for 
remediation ofgroundwater contaminated with mixtures offuels and chlorinated solvents (Technical. 
Protocolfor Evaluating Natural Attenuation ofChlorinated Solvents in Ground Water [EPA. 1998D. 
The EPA guidance Jl'esents a method that uses a biologically recalcitrant compound associated with the 
contaminant plume as a conservative tracer- to normalize contaminant concentration and remove the 
effects of disper-sion, dilutioo, and sorptioo. The selected tracer concentration is assumed to under-go the 
same attenuatioo Jl'ocesses (i.e., dilution. dispersioo) as the contaminant and is not affected by biological 
Jl'ocesses. Therefore, the nocmalized down-gradient cootarninant concentratioo is expected to be . 
representative of the coocentration ifbiodegradation was the only operating attenuation process (EPA. 
1998). For chlocinated solvents. such as TeE, the sum of ionic chloride and organic chloride associated 
with the chlorinated compounds within the plume can be consider-ed a cooservative tracer- (EPA. 1998). 
The total organic chlocide can be estimated using the stoichiometry for chlocinated ethenes, as described 
in Section A3.3.2.2 of the Technical Protocolfor Evaluating Natural Attenuation ofChlorinated Solvents 
in Ground Water (EPA. 1998). 

Following the EPA guidance (EPA. 1998), nonnalized concentrations of TCE are calwlated using the 
attenuation of the tracer. The dilution of the tracer is ca1wlated at each location by dividing the 
concentration of the tracer at the source (or most contaminated location) by the concentratioo of tracer at 
each down-gradient location. The nonnalized TCE concentration at each down-gradient location is then 
determined by multiplying the measured concentration ofTCE at each down-gradient location by the 
dilution of the tracer detennined at that locatioo (Equation A-I). 

EqulltfOD A-I. CCIlTected DowagradltlltCCIIltam.lDaatCoDCtlltrlltfoD 

Ca,c= = CaCT,Wra) 

where: 

corrected contaminant concentration at apoint B down-gradient 
measured cootaninlilt concentration at point B 
tracer concentration at a point A up-gradient 
tracer concentration a point B down-gradient 

To detennine the biodegradation rate constant, the nocmalized contaminant coocentrations for wells along 
a dlwngradient flow path from a cootaminant source can be plotted with travel time from the source. 
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Assuming ftrSt-order decay, the biodegradatioo rate coostant can then be detennined as the sl~e of the 
expooential regression line. These computatioos are complicated by the fact that the pump and treat 
system is located in the plume, and the gradients and concentrations are effected by the injection and 
extraction wells. 

A. 1. 1. 1.1 Site-Specific Biodeflradation Rate Calculations 

Groundwater analytical data from the Pantex Plant permed groundwater-monitoring wells in the vicinity 
of the Zone 12 source areas and areas downgradient were reviewed to determine site-specific 
biodegradation rates using the EPA (1998) guidance. Of the possible flow paths emanating from the 
Zooe 12 TCE source areas, two flow paths were identified as candidates for the analysis of TCE 
degradation. The identified flow paths are displayed in Figure A-I. 

Data results from samples collected from Marm1993 to May 2005 for PCE, TCE, OCE, vinyl chloride, 
and chloride at each of the perched wells along the two identified flow paths were compiled. grouped by 
qJarterly sampling event, and reviewed to assess whether sufficient information was available to calculate 
a site-specific biodegradation rate constant from the quarterly monitoring data. Table A-I presents a 
summary of the data collected by sampling event along the two flow paths. Because of the high count of 
non-detect results (assumed to be zero in the EPA method) and/or the limited small sample size along 
eam flow path per sampling event (typically three or less samples are available along a flow path from a 
single sampling event), reliable and representative rate constants cannot be calculated via the EPA 
method. 

Although a degradatioo rate cannot be determined from the site-specific data, additional lines ofevidence 
suggest that TCE degradation is occurring. Along Flow Path 1, TCE concentrations appear to be 
decreasing over time at the monitoring wells in the vicinity of the source area (Figure A-2). No 
discernible trend is observed for TCE concentration over time at monitoring well locations further 
oowngradient of the source, however, TCE concentrations measured at the most distal end of the flow 
path (i.e., PTX08-1008) are coosistently non-detect. 

Along Flow Path 2 the affect of the current pump and treat system can be observed at PTX06-1005 
(Figure A-3); this is apparent in the initial increase in TCE concentratioos over time followed by the sharp 
decline in 2002. Due to the presence of the pump and treat system, no discernible trends are observed at 
monitoring wells oowngradient ofPTX06-1005, however, TCE coocentrations measured at the most 
distal ends of the flow path are generally near or below the MCL. 

In addition, the detectioo of TCE degradation products (i.e., DCE) at monitoring wells in the vicinity of 
the source area and at OOwngradient well locations provides evidence that TCE is degrading in the 
perched groundwater. 

At.t.2 Summary of Applicable Published Biodegradation Half-lives 

In accordance with the EPA (1998) guidance, literature values may be used in a sensitivity analysis if it is 
not possible to determine site-specific biodegradatioo rates. Literature values were compiled through 
review of site-specific technical reports, internet searches, and liocary resources. Although the [.l'imary 
forus of the literature search was on published degradation rates for groundwater, soil rates were also 
tabulated when available. Table A-2 presents a summary ofpubliSted degradatioo rates for thirteen 
copes; no degradation rates were identified for boron and total chromium. In addition to summarizing 
the publiSted degradatioo rate(s) and/or half-lives, Table A-2 presents the associated media and any 
informatioo relevant to the type ofstudy (e.g., microcosm, field-scale) and redox conditions. 

A-S 



According to the EPA (1998) guidance, the cmlpilation of literature values provides a basis for 
comparism of rate constants detcnnined at a partirular site to NA values as dorumented in the literature. 
The literatnre values are not intended to provide rate constants for the Plant. The rate constants used to 
describe behavior of aparticular site must be extracted from site characterization infonnation partirular to 
that site. The use of site-specific infonnatim foc the detennination of degradation rates for the list of 
copes is presented in Section A.l.l.3. 
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Table A-I. TeE and Degradation Product Data by Flow Path 

"' 

Location Code NorthIn, "I Eastin, SampleID Date 1 PCE 
·1 .. ~"DCE' Ive ITCE ....••• Totai Chloride 

Flow Path #1 

PTX08·1008 3755696 637485 20010222MOOO20 20010222 ND ND ND ND 6,53E+Ol 

PTXlO·I013 3759944 639664 20010417MOOO83 20010417 4.10E'()3 4.02E-02 ND ND 5.93E+Ol 

PTXlO·I014 3759770 639702 20010417M00084 20010417 ND U2E-02 ND ND R35E+Ol 

OW·WR-45 3759812 639452 20010502M00121 20010502 ND 2.80E'()3 ND ND 8.68E+Ol 

PTX06·1008 3759325 639442 20010417MOOOS5 20010417 ND l.92E'()2 ND ND 5.59E+Ol 

PTXOS·l007 3758430 638898 20010423MOOI0l 20010423 2.40E-03 l.24E-02 ND ND 4.11E+Ol . 

PTX08·1008 3755696 637485 20020211MOOO32 20020211 ND ND ND ND 7.06E+Ol 

PTXI0·I013 3759944 639664 20020509MOO118 20020509 3.80E·03 2.21E·02 ND ND 1.07E+02 

OW·WR-45 3759812 639452 20020424MOOO77 20020424 7.30E-04 1.20E·02 ND ND 9.41E+Ol 

PTXI0·1014 3759770 639702 20020523MOO146 20020523 ND 7.40E·03 ND ND 8. 79E+Ol 

PTXD6·1008 3759325 639442 2OO20523MOOI45 20020523 ND 2.88E'()2 ND ND 5.14E+Ol 

PTX08·1007 3758430 638898 2OO20807MOO242 20020807 ND 1.21E-02 ND ND 6.77E+Ol 

PTX08·1008 3755696 637485 20030128M00040 20030128 ND ND ND ND 7. 1 6E+O1 

PTXlO·IOI3 3759944 639664 20030507M001S2 20030507 4.20E-03 2.13E-02 ND ND 1.32E+02 

OW·WR-45 3759812 639452 20030513MOO1S9 20030513 4.90E-04 I.20E-02 ND ND 3.28E+Ol 

PTXlO·I014 3759770 639702 20030513MOOlS8 20030513 ND 7.50E-03 ND ND 8.65E+Ol 

PTX06·1008 3759325 639442 20030429MOOI30 20030429 ND 1.49E-02 ND ND 5.26E+Ol 

PTX08·1007 3758430 638898 20030730MOO278 20030730 ND 1.38E-02 ND ND 8.14E+Ol 

PTX08·1008 3755696 637485 20030827MOO333 20030827 ND ND ND ND 7. 12E+Ol 

PTX08-1008 3755696 637485 20040210M00029 20040210 ND ND ND ND 6.45E+Ol 

Flow Path #2. 

PTX06-1045 3752202 642594 2OO00912MOOlli 20000912 ND ND ND ND 2.24E+Ol 

PTXD6·1046 3752171 643797 2ooo0911MOOI06 20000911 ND 9.60E·04 ND ND 2.11E+Ol 

PTX06·1047A 3752004 643817 20000911MOO107 20000911 ND ND ND ND 1.37E+Ol 

PTX06·1045 3752202 642594 2ooo1128MOOI64 20001128 ND ND ND ND 2. 12E+Ol 

PTX06·1046 3752171 643797 20001127M00160 20001127 ND 1.20E·03 ND ND 1.95E+Ol 

PTXQ6·1047A 3752004 643817 20001127MOOlS9 20001127 ND ND ND ND 1.S6E+Ol 

PTXQ6·1005 3756140 640545 20010222MOOO23 20010222 4.60E·04 9.80E·03 3.30E·04 ND 3.14E+Ol 
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Table A-I. TCE and Degradation Product Data by Flow Path (continued) 

,'" '"'/;1,it~'r:~r',;,,'" ,,""'"','!,""" i, "~"~'i I"~:"~" 

Loc:adon Code 
¥"'r~~:!'f,!tFF~ 

NorthInl 
:~~;r"Cl'''''~ 

Eastlnl 
I~~{~~~r'f'"

SampieID 
",c;;Slii!l'~,'

'D~t:~' " PCE TCE " 
~tV~ 

Total 
~~ 

VC 
" ,," '''', 'C' 

Chloride 

'~\o~ 

PTX06·1046 37S2171 643797 20010227M00028 20010227 ND 1.00E-OJ ND ND 2.07E+Ol 

PTX06·1047 A 37S2004 643817 20010227MOOO30 20010227 ND ND ND ND 1.76E+Ol 

PTX06·104S 37S2202 642S94 2001042SMOOI03 2001042S ND ND ND ND 2. 16E+Ol 

PTX06·1046 37S2171 643797 20010S08MOO129 20010S08 ND 1.l0E-OJ ND ND l.88E+Ol 

PTX06·1047A 37S2004 643817 20010S08MOOI30 20010S08 ND ND ND ND l.99E+Ol 

PTX06·104S 37S2202 642S94 20011024M00214 20011024 ND 2.70E-04 ND ND 2.43E+Ol 

PTX06·1046 37S2171 643797 20011024MOO21S 20011024 ND 1.l0E-03 ND ND 2.38E+Ol 

PTX06·1047A 37S2004 643817 20011024MOO216 20011024 ND ND ND ND 2.72E+Ol 

PTX06·100S 37S6140 640S4S 20020129M00030 20020129 4.10E-04 l.SOE-02 ND ND 4. 16E+Ol 

PTX06·104S 37S2202 642S94 20020S01M0009S 20020S01 ND ND ND ND 2.00E+Ol 

PTX06·1046 37S2171 643797 20020S13MOOI23 20020S13 ND 7.90E-04 ND ND 2.03E+Ol 

PTX06·1047A 37S2004 643817 20020S01M00094 20020SOl ND ND ND ND 3.88E+Ol 

PTX06·104S 37S2202 642S94 20021119M00343 20021119 ND ND ND ND 2.0SE+Ol 

PTX06·1046 37S2171 643797 20021107M00309 20021107 ND 1.2OE-03 ND ND 2.27E+Ol 

PTX06·1047A 37S2004 643817 20021107M00310 20021107 ND ND ND ND 3.31E+Ol 

PTX06·100S 37S6140 640S4S 20030204MOOOSS 20030204 ND 4.80E-OJ ND ND 3.11E+Ol 

PTX06-1088 37S70S9 639902 20030611M00214 20030611 8.60E-04 2.24E-Ol ND ND 2.87E+Ol 

PTX06·104S 37S2202 642S94 20030S06MOOI4S 20030S06 ND ND ND ND 2. 12E+Ol 

PTX06·1046 37S2171 643797 20030S06M00146 20030S06 ND 7.30E-04 ND ND 2. 19E+Ol 

PTX06·1047A 37S2004 643817 20030S06M00147 20030S06 ND ND ND ND 2.78E+Ol 

PTX06·1088 37S70S9 639902 200307J0M00279 200307J0 1.40E-03 1.76E-01 ND ND 3.83E+Ol 

PTX06·1046 37S2171 643797 20030813M00303 20030813 ND 7.S0E-04 ND ND 2. 14E+Ol 

PTX06·1088 37S70S9 639902 20031028M00372 20031028 4.30E-03 1.31E-OI 4.2OE-04 ND S.38E+Ol 

PTX06·104S 37S2202 642S94 20031028MOO370 20031028 ND ND ND ND 2.21E+Ol 

PTX06·1047A 37S2004 643817 20031028M00371 20031028 ND ND ND ND 2.S0E+01 

PTX06·1088 37S70S9 639902 20040219M00067 20040219 l.SOE-03 l.48E-01 ND ND 3.88E+Ol 

PTX06·1046 37S2171 643797 20040224M00080 20040224 ND 8.10E-04 ND ND 2.47E+Ol 

ND -Not detected 
Unless total DCE wu reported for a specific sample, all DCE isomers (cis-DeE, trans-DCE, 1, 1-DCE) were combined together and assumed to be the daughter product of 
biodegradation, 
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Table A-2. Summary of Biodegradation Rates and Half-LIre Estimates ror Contaminants In Groundwater at Pantex Plant 

Group Constituent 

"", 

CAS 

"", "',' 

Rate 
(per day) 

"" "",' 

Half-LIre 
(days) 

'.t 

Media Commmts Reference 

m: 1,3· 
Dinitrobenzene 

99-6S.Q 

0.031 • 0.046 IS·23 
Groundwater and 

aquifer soils 

Rate varies depending on soil type in colwnn testing (step 
input, 4 types ofsoils with onsite contaminated groWldwater) 
&. batch testing (nitrogen atmosphere, 20°C, 'in the dark') 
Pseudo· 1st Order, anJlerobic 

Pennington et aI., 
1999 

0.0019 • 0.34 2 ·360 GroWldwater 
Scientific judgment based upon estimated Wlacclimated 
aqueous aerobic (high half.life) and anaerobic (low half-life) 
biodegradation half·lives. 

Howard et aI., 1991 

0.0039 • O.02S 28 ·180 Soil 
Scientific judgment based upon estimated Wlacclimated 
aqueous aerobic biodegradation half·life 

Howard et aI., 1991 

0.037 18.8 
Groundwater 

(estimated from 
soil expcrimcntsi 

Experimental evidence was collected from biodegradation 
experiments conducted at 22°C with a previously 
contaminated soil sample. 

Miyares and Jenkins, 
2000 

0.07 99 Soil 
Experimental evidence was collected from biodegradation 
experiments conducted at 22°C with a previously 
contaminated soil sample. 

Miyares and Jenkins, 
2000 

0.03 23 Water 
Photolytic half·life reaction is sensitiz.ed by humic 
substances. ATSDR,I99S 

.. degrades W&ter and soil Aerobic, microbial ATSDR 1995 

.. degrades Water and soil Anaerobic, microbial ATSDR,I99S 

m: 1,3,5· 
Trinitrobenzene 99·3S-4 

0.20·1.4 0.49·3.4 
Groundwater 

(estimated from 
soil expcrimcntsi 

Experimental evidem:e was collected from biodegradation 
experiments conducted at 220 C using previously 
contaminated soil samples (silt, sandy loam, clay). 

Miyares and Jenkins, 
2000 

0.41 ·1.4 0.49·1.7 Soil 
Experimental evidem:e was collected from biodegradation 
experiments eondueted at 22°C using previously 
eontaminated soil samples (silt, sandy loam, elay). 

Miyares and Jenkins, 
2000 

0.012 • 0.070 10 ·60 
Groundwater and 

aquifer soils 

Rate varies depending on soil type in eolwnn testing (step 
input, 4 types ofsoils with onsite eontaminated groWldwater) 
&. bateh testing (nitrogen atmosphere, 20·C, 'in the dark'). 
Reaction is pseudo.lst order, anaerobie. 

Pennington ct aI., 
1999 

.- .. Water and soil 
Ream with reducing material, vapor half·life 35 years 
photolysis 

Spectrum Laboratories 
Inc.,200Sa 
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Table A-2. Summary or BIodegradation Rates and HaIr-Lire Estimates ror Contaminants In Groundwater at Pantex Plant (continued) 
;. 

(,~'.~J ,-,p,y ,,'''-';~' .,' '?'''-~\- .'~,~'!:"j~O~:0~-~~~~j3';~~ 1"' J' c',;,,' ,,,',,,, '>: ":;;;:l'¥ ,:,~ ',: " ".' " "', 

Rate (per Half-Ufe 
Group Constituent CAS day) (days) Media Cmnments Rel'erenQ! 

Rate varies depending on soil type in eolumn testing (step 

0.041-0.41 1.7 -17 Groundwater and input, 4 types ofsoils with ODSite eontaminated groWldwater) Pennington ct aI., 
aquifer soils &: bablh testing (nitrogen atmosphere, 20De, 'in the dark? 1999 

Pseudo-lst Order, anaerobi<l 

O.OS 14 Sewage Anacrobi<l, mi<lrobial ATSDR,I998 

S<:ientifi<l judgment based upon estimated W18<ldimated 
0.0019 - 034 2-360 GroWldwatcr aqueous aerobi<l (high half-life) and anacrobi<l (low half-life) Howard ct aI., 1991 

Ibiodegradation half-lives. 

HE 2,4· 121-14-2 0.0039 - O.02S 28 ·180 Soil S<:icntifi<l judgment based upon estimated W18<lclimated Howard ct aI., 1991 
Dinitrotolucne aqueous acrobi<l biodcgradationhalf-lifc 

E:&:perimental eviden<lc was <lollcctcd from biodegradation Miyarcs and 0.013 -0.46 I.S. S3 Soil experiments <londu<:ted at 22De wing previously <lontaminated 
soil samples (silt, sandy loam, clay). Jenkins, 2000 

GroWldwater E:&:perimental eviden<le was <lolle<lted from biodegradation Miyarcs and 
0.0043 - 0.46 1.S - 106 (estimated from experiments <londu<:ted at 22°e using previously <lontaminated 

soil experiments)l soil samples (silt, sandy loam, clay). Jenkins, 2000 

Spedrum 
0.41-1.S 0.4S ·1.7 Natural waters One study estimated higher half-life for RIme River Laboratories In<l., 

200Sb 

O.02S 28 W18<ldimatcd Anacrobi<:,. mi<:robial 
scwaae ATSDR,I998 

S<:icntifi<l judgment based upon estimated W18<lWmated 

0.0019 - 034 2-360 GroWldwater aqueous anaerobi<l half-life for 2,4-dinitrotoluene (low half- Howard ct al., 1991
life) and estimated W18<ldimated aqueous aerobi<l 
biodegradation half-life for 2,6.dinitrotolucne(high 1il5)' 

HE 2.6 606-20-2 0.0039 -O.02S 28 -180 Soil 
Scicntifi<l judgment based upon estimated W18<lclimated 

Howard et aI., 1991
Dinitrotoluenc aqueous acrobi<l biodcgradationhalf-life 

Experimental evidcn<lc was <lollectcd from biodegradation 
Miyarcs and 0.039 18 Soil experiments <lonductcd at 22°e with a previously 
Jenkins. 2000 <lontaminated soil sample. 

GrOWldwater Experimental eviden<le was collected from biodegradation Miyarcs and 
0.019 36 (estimated from experiments <londucted at 22°C with a previously 

soil experiments)l <lontaminated soil sample. Jenkins, 2000 
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Table A-2. Summary of Biodegradatlon Rates and Half-Life Estlmates for Contaminants in Groundwat8" at Pantex Plant (contlnued) 

Group 

HE 

HE 

HE 

'" 

Constituent 

2-Amino4,6
Dinitrotoluene 

4-Amino.2,6
Dinitrotoluene 

HMX 

.. 

CAS 

3SS72-78-2 

19406-S1-0 

269141-0 

Rate (per 
day) 

0.24 

0.16 

1.2 

0.10S - 0.23 

0.27 - 1.1 

oms -0.02 

-
-

0-0.086 

2.16 

0.011 

Half-Life 
(days) 

2.83 

4.3 

0.63 

2.99 - 6.4 

0.63 -2.6 

34 - 4S 

-
-

0-8.1 

0.32 

66 

Media 

Anaerobic digester 
sludge 

Soil and aquifer 
material 

Soil and aquifer 
material 

Groundwater 
(estimated from 

culture assays and 
soil experimentsi 

Groundwater and 
aquifer soils 

HE contaminated 
soil 

River Water and 
Wastewater 

River Water and 
Wastewater 

Groundwater 

Groundwater 

Groundwater and 
aquifer soils 

Comments 
Experimental evidence was collected from batch reactors 
containing anaerobic digester sludge incubated with DNTIA 
for 3 days. 

Column tests - faster than in the field 1st Order, aerobic soils 

Column tests - faster than in the field 1st Order, anaerobic 
soils 

Experimental evidence was collected from field scale studies 
undergoing biological treatment (high half-life) with addition 
of organic material (sucrose) as well as laboratory culture 
assays (low half-life).2 

Column tests - faster than in the field, 1st Order, aerobic (high 
half-life) & anaerobic (low half-life) soils 

Anaerobic Biodegradation Studies with various pure cultures 
(Morganella morgami, Pseudomonas rettgeri, C.jreundili 

Aerobic reaction can happen with organic nutrients added 

Anaerobic reaction can happen with organic nutrients added 

1st Order transfonnation rate constant in groundwater 

1st Order transfonnation rate constant in groundwater 

Column testing (step input, Clean Clay from LAAP soils with 
onsite contaminated groundwater) & batch testing (nitrogen 
atmosphere, 20·C, 'in the dark? Pseudo-1st Order, anaerobic 

Reference 

Hwang et al., 2000 

Brannon and Myers, 
1997 
Brannon and Myers, 
1997 

Lenke et al., 1998 

Brannon et al. in 
Prep. (referenced in 
Brannon and Myers, 
1997) 

Kitts et al., 1994 
(referenced in Card 
et al.,1998) 

A TSDR, 1997a 

ATSDR 1997a 
Myers et al. in Prep. 
(referenced in 
Townsend and 
Myers, 1996) 
Pennington et al., 
1995 (referenced in 
Townsend and 
Myers, 1996) 

Pennington et al., 
1999 
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Table A-2. Summary ofBlodegradatJon Rates and Half-Life Esthnates for Contaminants In Gronndwater at Pantex Plant (continued) 
": ""i,"."" 1"',"'''',"'''1t!' ::r:",::,;.:; :',"~'::;:', :'r'}·.:: ii:'}i;";<"";,':,:,2", ;{ 'i ,,~. , )'':'1':' i'i.'C' ,,-' " ;';"\"" ::',':',":,:;,::!:):'",:,,::"': 'i"::' " "i. .'!.~"". ".::" ',:' ,:""',"":: It':?' .:.": .' ': 

Rate (per HaU'-LU'e 
Group Constituent CAS day) (day.) Media Comments Reference 

Price, Brannon, and 

0 0 Surface soil Column tests, oxidizing conditions, 1st Order 
Hayes, 1997 
(referenced in 
Brannon ct al., 1999) 
Price, Brannon, and 

0 0 Surface soil Column tests, mildly reducing conditions, 1st Order Hayes, 1997 
(referenced in 
Brannon et al. 1999) 
Price, Brannon, and 

HE HMX 2691-41-0 0·1.44 0·0.48 Surface soil Column tests, highly reducing conditions,lst Order Hayes, 1997 
(referenced in 
Brannon et al., 1999) 

Rate depending on EblpH Incubations treatment -organic 
matter from a basin was added as an energy souree to increase Price, Brannon, and 

0.012·1.08 0.64 ·57.8 Soil the rate ofreduction in the soil by the native microbial 
community; tested at different pH ranges and redox potentials Yost, 1998 

1st Order anaerobic 

Groundwater and 
Pennington et al., 1997 

0-0.0096 0·72 aquifer soils Column tests, 1st Order (referenced in 
Brannon et al., 1999) 

0.001 690 Pantex Soils Batch experiment, aerobic Shull et al., 1999 
0.0005 1390 Panta: Soils Batch experiment, acrobic w/phosphorus Shull et al., 1999 
0.012 60 Pantex Soils Batch experiment, microacrobic Shull et al., 1999 
0.016 43 Panta: Soils Batch experiment, microacrobic w/phosphorus Shull et al., 1999 
0.Ql 68 Pantex Soils Batch experiment, anoxic Shull et al., 1999 
0.011 64 Fanta Soils Batch experiment, anoxic w/phosphorus Shull et al., 1999 

HE RDX 121-82-4 
0.019 36 Pantex Soils Batch experiment, anoxi c w/carbon Shull ct al., 1999 
0.018 38 Fanta Soils Batch experiment, anoxic w/carbon &. phospholUS Shull et al., 1999 

Biodegradation ofRDX by a microbial consortia obtained 
&om anaerobic and activated sewage sludge. 100% reduction McCormick et al., 

0.657 1.05 Water of SO ppm RDX in 7 days. For calculation ofdegradation rate, 1981 (referenced in 
final concentration assumed to be 1% oforiginal Card ct al., 1998) 
concentration. 
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Table A-2. Summary of Biodegradation Rates and HRIf-Life Estimates for Cont1Ull.inants in Groundwattr at Pantex Plant (contInued) 

Group 

BE 

Constituent 

RDX 

-

CAS 

121·82·4 

Rate (per 
day) 

0-0.034 

0-2.4 

0-0.17 

Half'-Lile 
(days) 

0-4.4 

0-0.29 

0-4.1 

" 

Media 

Soil 

Soil 

Soil 

Comments 

Column tests lst Order; aerobic soil. No RDX transformation 
noted for sandy soils. 

Batch-I biotic and abiotic adsorption tests (aerobic soil); 
column tests (anaerobic soil) lst-Order 

Laboratory study to assess rate ofreduction at varying EhipH 
conditions. Organic matter was added as an energy source to 
increase the rate ofreduction in the soil by the native 
microbial community. Results fit to pseudo-lst order kinetic 
equation. Oxidizing conditions (Eh +500 mY) 

Reference 
Myers et aI. in Prep., 
(referenced in 
Townsend and Myers, 
1996) 
Pennington et aI., 1995 
(referenced in 
Townsend and Myers, 
1996) 

Price, Brannon, and 
Yost, 1998 

0-0.19 

29 - 5.8 

0.0022 
0.0072 

<0.002 

<0.0001 -
0.002 

0-3.6 

0.12 -0.24 

96 -315 

>350 

323 - >3900 

Soil 

Soil 

Groundwater and 
aquifer soils 

Groundwater and 
aquifer soils 

Groundwater and 
aquifer soils 

Laboratory study to assess rate ofreduction at varying Eh/pH 
conditions. Organic matter was added as an energy source to 
increase the rate ofreduction in the soil by the native 
microbial community. Results fit to pseudo-lst order kinetic 
equation. Mildly reducing conditions (Eh +250 mY) 

Laboratory study to assess rate ofreduction at varying Eh/pH 
conditions. Organic matter was added as an energy source to 
increase the rate ofreduction in the soil by the native 
microbial community. Results fit to pseudo-lst order kinetic 
equation. Highly reducing conditions (Eh -150 mY) 

Fust-order rate coefficients (k and half-lives) for explosives in 
four LAAP aquifer soils under anaerobic conditions (solution 
phase 
consisted ofundiluted coutaminated water) 

Rates based on each type ofsoil. Batch laboratory adsorption 
to LAAP testing for usc in modeling purposes, water from 
MW085U Pseudo-1st Order, aerobic 

Apparent aerobic first order removal rate constants for uptake 
ofRDX from groundwater on uncontaminated LAAP soils. 
Radiorespirometry tests run at 23.3°C± 3.rC, results were the 
basis for the decay rates used in the model. 

Price, Brannon, and 
Yost, 1998 

Price. Brannon, and 
Yost, 1998 

Pennington et aI., 1999 

Pennington ct aI., 1999 

Pennington et aI., 1999 
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Table A-2. Summary or Biodegradation Rates and HaIt-Llte Estlmates ror Contaminants In Gronndwatts' at Pantex Plant (continued) 

"f ",' ',' ,,' "~'':'; """.'·i·i,·';"·;'~' ~.\YF~,'l~~t·~~ ,,+<;' "j'?'';,\, "', ~,~~ ". ,.' . 'J"':' .",,,.,,, I'h- ;. "",;,. 'J., ,:,,::";":;:"': ';'~':":: 

Rate (per HaU'-LIf'e 
Gl-OUD Constituent CAS day) (dlIysl Media CQII1lttents Reference 

8.13 x 10-11 Groundwater and Apparmt aerobic first order decay rate used in modeling based 
HE RDX 121-82-4 83240 aquifer soils on radiorcspiromctry results and model calibration using field Pennington ct sl., 1999 

conccntraCion data. 

0.0019· 
Scientific judgment based upon estimated unacc:1imatcd 

0.023 28 ·360 Groundwater aqueous anaerobic (low balf.life) and aerotic (highhslf-life) Howard ct sl., 1991 
biodegradation half·lives 

0.0039· 
28 ·180 Soil 

Scientific judgment based upon estimated unacclimated 
Howard et aI., 19910.023 aqueous aerobic biodegradation balf·life 

0.0024 • Groundwater Experimental mdence was coUected &om biodegradation Miyares andIcnkins, 
<1·280 (estimated &om experiments conducted at 22°C using prmously contaminated 0.69 

soil experimentsi soil samples (silt, sandy loam, clay, deep aquifer soils). 
2000 

Experimental evidence was coUected from biodegradation 
Miyares and I eDkins,0.003·0.69 < 1·140 Soil experiments conducted at 22°C using prmously contaminated 

soil samples (silt, sandy loam, clay, deep aquifer soils). 
2000 

0.014· Groundwater and 
batch laboratory adsorption to LAAP testing for use in 

0.034 21·48 aquifer soils modeling purposes, watcr from MW083U Pseudo-1st Order, Pennington et aI., 1999 
aerobic

HE TNT 118·96-7 
Apparent aerobic first order removal rate constants for uptake 

<0.0001· 320· >3900 Groundwater and of TNT from groundwater on uncontaminated LAAP soils. Pennington et aI., 19990.0022 aquifer soils Radiorespirometry tests run at 23.3 0C± 3.2"C, results were the 
basis for the decay rates used in the model. 

1x10" Groundwater and 
Apparent aerobic first order decay rate used in modeling based 

69300 aquifer soils on radioRspiromctry results and model calibration using field PcnnillKton et aI., 1999 
concentration data. 

Myers et aI., in Prep. 

0.077 ·3.4 0.21- 9.0 Groundwater Pseudo·1st Order transformation rate constant in groundwater (referenced in 
Townsend and Myers, 
1996) 
Ainsworth et aI., 1993 

0.041·0.21 3.3 ·16.9 Groundwater Pseudo-1st Order transformation rate constant in groundwater (referenced in 
Townsend and Myers, 
1996) 
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Table A-2. Summary of Biodegradation Rates and Half-Life Estimates for Contaminants in Groundwater at Pantex Plant (continued) 

" ' "'"c,S''''', ,n ,.;,' , H',", 'c' '.,. 

Groun Constituent CAS 
Rate (per 

day) 
HaU'-Life 

(dlO's) Media Comments Refert'.tlc~ 

0.19 ·0.6 1.2 ·3.6 Soil Pseudo-1st Order transfonnation rate constant in groundwater 

Townsend c:t al., 1995 
(referenced in 
Townsend and Myers, 
199(» 

.. . Soil and water 

EblpH Ineubations-organie matter from a basin was added as 
an energy source to inerease the rate ofreduction in the soil by 
the native microbial eommunity; tested at different pH ranges 
and redox potentials. 1st Order, anaerobic 

Frio<, B~~=-IHayes, 1995 

------------ -----

0.13 5.5 Soil 
First order rate coeffici ents for disappearanee of lNT; aerobic 
soil conditions; abiotic 

Brannon et al. in Prep. 
(referenced in 
Brannon and Myers, 

HE lNT 118·96·7 199'1) 
Brannon et al. in Prep. 

0.39 1.8 Soil 
First order rate coefficients for disappearance of lNT; aerobic 
soil conditions; biotic 

(referenced in 
Brannon and Myers, 
1997).. 

Brannon et al. in Prep. 

0.14 5.0 Soil 
First order rate coefficients for disappearance oflNT; 
anaerobic soil conditions; abiotic 

(referenced in 
Brannon and Myers, 
1997) i 

Brannon et al. in Prep. 

1.5 0.5 Soil 
First order rate coefficients for disappearance ofTNT; 
anaerobic soil conditions; biotic 

(referenced in 
Brannon and Myers, 
1997) I 
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Table A-2. Summary or Biodegradation Rates and HaH-Lire EstJmates ror Contammants m Groondwata:' at Pantex Plant (continued) 

I"::"' " 

Group 

.-'f. > ".'f<7",. o,.,~~~~,t.'~:~" :;"'.'<I! 

Constituent 

I,¥:"\~,::>:~ll,!,, 

CAS 

~"~f'''':':'''{''''' 

Rate (per 
day) 

"',' ,~ 

Ha1f'-LH'e 
(dus) 

l~sl"'~"<-"'I, ""'~'r'3"', ''''~,",''''''W 

Media 

"",""""~""'2!;' "",:" )l!!f'':'7 '," ""',,,.<," ,!, ':'" '" ", 

Comments 

I"~' ": '!~~" ":" ',,""':: ,"'1""" 

Reference 

MET Chromium, 
Hexavalent 18!S4O·29·9 

0.00!S • 
0.17 

4·140 Water, sediment. 
andsoa 

Oxidation and reduction rates were evaIuated in sing) e phase 
water systems and in two phase water·solid systems. Natural 
and relCrence waters, sediments and soils representing a broad 
range ofcharacteristics were used. 

SaIeh. et aI., 1989 

0.00076 913 Sand Aquifer CI(IV) reduction to Cr(lII) was observed to be slow at near 
neutral conditions in the Trinity Sand Aquifer (TX). 

Reddy and 
Chintbamreddy,l999 

I 

- .. OroundWlltcr Cr(VI) can be reduced to the nontoDc Cr (m) under alkaline 
to slightly acidic conditions Palmer and Puls, 1994 

.. .. Oroundwater 

When a contamination plume containing hexavalent chromium 
enters the subsurface, it cisplaces the groundwater containing 
the dissolved reductants. There is little mixing ofthe waters 
containing the reducing agents and the Cr(VI).contaminant 
plume. 

Palmer and Puls, 1994 

.'MISC Perchlorate 14797·7J.() 
0.13 ·0.46 1.!! • !S.3 Water and 

Sediment 

Ea:perimcntal nidence collected £rom microcosm studies with 
4 perchlorate contaminated soas and sediments. Microcosms 
consisted of120 mL of a 1:3 sediment to water slurry (w/w). 
Lag times varied between 0 and 60 days. 

Tan et aI., 2004 

0.23 3.0 soa 3 days to chlorate anaerobic ¥ue, (no date) 

VOC 1,2.-
Dicblorethane 107-06·2 

0.0019 
0.0069 

100· 360 Oroundwatcr 
Scientific judgment based upon unacclimated grab sample of 
aerobic soil £rom groundwater aquifers (low half.life) and 
acclimated river die away rate data (high half-life). 

Howard et aI., 1991 

0.0039· 
0.0069 

100·180 soa Scientific judgment based UJXlD estimated aqueous aerobic 
biodegradation half-life. Howard et aI., 1991 

0.0042 
0.011 

64 -16!S Oroundwatci 

Field studies carried out at a Gulf Coast manufacturing site 
(mcthanogcnic site). Both aerobic and anaerobic degradacion 
by-products (2-cbloroethanol, ethanol, cthene, ethane) were 
observed in the groundwater. 

Lee et aI., 1996 
(referenced in Klecka, 
1998) 

6.3xl0·' 
0.0018 <36!S ·109'0 OroundWlltcr 

VC manufacturing plant where 1,2., DCA was the primary 
contaminant (estimated along groundwater flow path). 

Bosma et aI., 1997 
(referenced in Klecka, 
1998) 

0.000026 26280 Water Approximate half·lives of abiotic hydrolysis and 
dchydrohalogenation reactions involYing chlorinated solvents 

Jeffers et aI., 1989 
(referenced in 
Wiedemeier et aI., 
1998) 
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Table A-2. Summary of Biodegradation Rates and Half-Life Estimates (or Contaminants in Groundwattr at Panlex Plant (continued) 

Group Constituent CAS 
Rate (per 

day) 

" 

Hall'-Life 
(day,) Media 

" 
' , 

Comments Reference 

VOC 1,2
Dichlorethane 

107-06-2 

0.000083 8395 OroWldwater 
Hydrolysis with groWldwater conditions. pH=7 and 15C. and 
sodium sulfide present 

Barbash and Reinhard, 
1989 (referenced in 
IPCS, 1995) 

0.0069 100 Water aerobic - kinetic experiments 
ATSDR,2001 
(references Capel and 
Larson. 1995)' 

0.0017 400 Water anaerobic- kinetic experiments 
ATSDR.2ool 
(references Capel and 
Larson, 1995)' 

0.0019 
0.0069 

100·365 OroWldwater First-order biodegradation Rate Constants with microcosms 

Henson et al .• 1989 
(referenced in 
Wiedemeier et al., 
1996) 

VOC Trichloroethene 79-01-6 

1.46xlO·9 • 

0.0027 
255.5 • 

4.75x108 OroWldwater 
Approximate Half·lives of Abiotic Hydrolysis and 
Dehydrohalogenation Reactions Involving Chlorinated 
Solvents 

Wiedemeier et aI.• 
1998 

0.00011 -
0.35 

1.98 - 6300 OroWldwater Laboratory and field derived rate constants 
Wiedemeier et al., 
1999 (referenced in 
Aziz et al., 2000) 

0.0033 210 OroWldwater 

Median field-Sl:ale biodegradation anaerobic rate constants 
estimated for35 plumes using the BIOCHLQR model. 
BIOCHLOR is an analytical model that assumes first order 
sequential kinetics for n:ductive dechlorination, thereby 
accolUlting for daughter product generation and degradation. 

Aziz ct aI., 2000 

0.00082 
0.0088 

79 -845 OroWldwater Anaerobic BIOCHLOR model derived values Aziz et al" 2000 

0.00074 936 OroWldwater 

Biodegradation rate computed using a conservative tracer 
from commingled fuel and solvent plumes at Tmker AFB 
Area A. Indicative of reductive dechlorination rates in an 
anaerobic, reducing environment. 

AFCEE,l999 
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Table A-2. Summary ofBlodesradatlon Rates and HaIf-Life Eltbnates for Contaminants In Groundwatfl' at Pantex Plant (continued) 

I:'''" : ",.' I" " '.: "; " "',' "~.7,· '.' . ,:r".: '" '" ':," ;:' 'c':,,": "'." ";' 'ft' ;.''''' 

Rate (per HaIf'-Llle 
Group Conrtltuent CAS day) (days) Media Conunents Rtlermce 

Result derived asswning steady.state analytical solution to the 
advection/dispersion equation presented by Bear (1979) 

5.14%10" • (Buscheck IJt. Alcantar, 1995). The Buscheck and Alcantar 

0.00188 369 ·13482 Groundwater (1995) method assumes that the plume is in steady.state AFCEE,I999 
equilibrium, and yields total deslnactive attenuation rates that 
account for chemical (abiotic) decay and biological (aerobic 
and anaerobic) decay. 

Cometabolism with natural gas 1000/0 in 2 weeks to CO2; .. .. .. must be perfect balance between co·substrate and TCE • never A TSDR, 1997b 
is in nature, therefore doem't usually degrade readily aerobic 

.. .. - 1000/0 to vinyl chloride in 10 days, degrades but produces 
A TSDR, 1997b toxic compounds along the way; anaerobic 

0.00014 • 
277 ·4950 Groundwater Reductive dechlorination anaerobic Aronson and Howard, 

0.0025 1997 
0.0019 ·0 Scientific judgment based upon estimated aqueous aerobic I 

0039 180·360 Soil biodegradation half-life. Howard et al., 1991 
VOC Trichloroethcne 19-01-6 

0.00042· Scientific judgment based upon hydrolysis half·life and 
0.0022 321·1653 GroWldwater anaerobic sediment grab sample data. Howard et al., 1991 

0.0004 201 Groundwater 
Median range from redudive dechlorination laboratol)' and 

Suarez and Rifai, 1999field experiments 

0·0.023 0·30.1 Groundwater 
Range from reductive dechlorination field experiments first· 

Suarez and Rifai, 1999order decay rates 

0·3.13 0·0.22 GroWldwater Range fromredudive dechlorination laboratory experiments 
Suarez and Rifai, 1999 first-order decay rates 
Weaver et al., 1996 

0.00082· 147-845 Groundwater Field-scale first-oNer biodegradation rate constants (referenced in 
0.0047 Wiedemaer ct 

al.,l996) 
Swanson et al., 1991 

0.0005 1386 GroWldwater Field-scale dechlorination rate first-order biodegradation rate (referenced in 
constant Wiedemeier et al., 

1996) 
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Table A-2. Summary of Blodegradatlon Rates and Half-Life Estlmates for Contaminants In Groundwat6' at Pantex Plant (continued) 
,c,.,."., 
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H: 

Group Constituent 

" " 

CAS 

I' "" 

Rate (per 
day) 

Half-LiCe 
(d~s) 

I" 
., 

Media 

',' '. ,'''', n,) 

Comments 

~'c '. ',. • 'F' 

Reference 

VOC Trichloroethene 79-01-6 

0.002 
0.006 

llS -347 Groundwater Field-scale lirst-order biodegradation rate constants 

Gorder et al.,1996 
(referenced in 
Wiedcmeier et 
al.I996) 

0.0001 -
0.003 

231 -6930 Groundwater Microcosm first-order biodegradation rate constants 

Wilson et al., 1991 
(referenced in 
Wiedcmeier et 
al.,I996) 

0.0033 -
0.0038 

182 - 210 Groundwater Field-scale lirst-order biodegradation rate constants 

Ehlke et al., 1994 
(referenced in 
Wiedemeier et 
al.,I996) 

0.00088 788 Groundwater Field-scale first-order biodegradation rate constant 

Benker et al., 1994 
(referenced in 
Wiedemeier et 
al.,1996) 

0.0019 365 Groundwater Field-scale lirst-order biodegradation rate constant 

Benker et al., 1994 
(referenced in 
Wic:demeier et 
al.,1996) 

0.003 231 Groundwater Field-scale lirst-order biodegradation rate constant 

Cox ct al., 1995 
(referenced in 
Wiedemeier et 
al.,1996) 

0.0033· 
0.0049 141 - 210 Groundwater Microcosm lirst-order biodegradation rate constants 

Haston et al .• 1994 
(referenced in 
Wiedemeier et 
al.,1996) 

0.0049 141 Groundwater Microcosm first-order biodegradation rate constant 

Wilson et al., 1990 
(referenced in 
Wic:dc:mc:ier et 
al.,1996) 

0.01 69 Groundwater Microcosm lirst-order biodegradation rate constant 

Wilson et al., 1996 
(referenced in 
Wicdemeier et 
al:.19,sl6) 
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Table A-2. Summary ofBlodegradatlon Rates and HaH-Llfe Estimates for Contaminants In Groundwat&' at Pantex Plant (continued) 
~~-~'.~t,~::~p:~:'~;;;:c 

Group 

;-rr7;':'';7·~.jrr'~~~:r-f~~f,·~)~t:? 

Con.dtuent 

" 

CAS 

"'~' ",'''~''''~,:' 

Rate (per 
day) 

~~~"'\~'f~W~~ 

Half-Lire 
(dll,fs) 

~~ry;~;.~.~~~~,;-5{ 

Media 

::.~~~:tW'-t.~:~i~~~,;t;~:*~1:\'r&~~:~i.~H··~"::~t:o/,,"::'~-:~,{0~~7if~~!;F7~~#f'~\-~!'~~~I~~ 

Comments 

. ." '''''' 

Reference 

VOC Trichloroethcne 79-01-6 

0.0011 -
0.0016 433 - 630 Groundwater Field-scale first-order biodegradation rate constants 

Wilson et al., 1996 
(referenced in 
Wiedcmcier et 
al.,l996) 

0.00063 
O.OO3S 198 -1100 Grotmdwater Field-scale first-order biodegradation rate constants 

Wiedcmcier ct al., 
1996 (referenced in 
Wiedcmcier et 
al.,l996) 

O.OOO4S -
0.00079 

m-1S40 Groundwater 
TCE to DCE: field-scale first-order biodegradation rate 
constants 

Ellis et al., 1996 
(referenced in 
Wiedcmeicr et 
al.,l9%) 

0.0006 
0.0007 

990 -l1S6 Groundwater Field-scale first-order biodegradation rate constants 

Dupont et al., 1996 
(refermced in 
Wiedemcier et 
al.,l996) 

0.0077 
0.021 

33 -90 Groundwater Microcosm first-order biodegradation rate constants 

Barrio-Lage et al., 
1987 (refermced in 
Wiedcmcier et 
al.,l996) 

0.29 2.4 Groundwater Anaerobic microcosm first-order biodegradation rate constant 

Fogel et al., 1986 
(refermced in 
Wiedemcier et 
al.,l996) 

0.0078 88.8 Groundwater anaerobic microcosms first-order biodegradation rate constant 

Walson et al., 1996 
(refermced in 
Wiedcmeier et 
al.,l996) 

IGroundwater estimates for half-life were calculated using the method used by Howard et ai" 1991 wherein the higher limit of the range for half-lives for a constituent in groundwater is double the higher limit 

estimated for soils, 

The lower limit for half-life was not changed, For example, the half-life for a 1,2 -DCA in soil was estimated to be between 100 - 180 days and in groundwater was calculated as 100-360 days, 

~aIf-lives and rate constants were calculated using first order kinetics, 

- not reported 
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A.I.I.3 Estimated Degradation from Observed Site Data 

Biodegradation rates were estimated using observed site data and modeling results. Flow modeling 
results yielded a perched groundwater volume of8 billion gallons Jrior to industrial operations of the 
Plant. Operations at the Plant were estimated through modeling to increase the perched groundwater 
volume to 16 billion gallons. Assuming that the COPC was at solubility concentrations when entering the 
perched groundwater approximately 50 years ago, the first order decay rate constant was estimated as 
described below: 

• 	 Dilute the solubility concentration value by half to account for the general mixing of the Jre-Plant 
operations perched groundwater volume (apJroximately 8 billion gallons of uncontaminated 
water [BWXT PantexiSAIC, 2006D and current perched water volume (approximately 16 billion 
gallons [BWXT PantexiSAIC, 2006D. 

• 	 Obtain the oment maximum value ofthe COPC in the perched groundwater in calendar year 
2005. 

• 	 Assume the COPC was introduced to perched groundwater in the source area 50 years ago. 

• 	 Assume decay processes have been operating on a given COPC for 50 years and determine the 
first order decay rate necessary to red.!ce the concentration from half solubility concentration to 
the oment maximum value in the perched groundwater within a 50-year time frame. 

• 	 The ecpation used to calrulate the rate constant is the following: 

Equadon A-2. Decay Rate Constant 

k = 0.6931/t1f2 

where: 

k = rate constant 

tlf2 = half-life 


• 	 Assuming first order decay, the rate constant was then used in the following equation to 

determine concentrations at 50 years under a range of half-lives: 


Equation A-3. Predicted First Order Decay Constant 

k = -1n(C/Cs) 
T 

where: 
C = concentration It a time T in the future 
Cs = liz solubility concentration ofCOPC 
k = nne constant 
T = time in the future (50 yeln for this calculation) 

Based on the above calculations, a half-life was determined for each COPC based on which half-life or 
range of half-lives produced a concentration most closely approximating the rurrent observed 
concentration of the COPC (Table A-3). 

A-21 



JtuuZOO6 

Table A-3. Degradailon Rates Used tor COPC Tr_sport Sfmnlailon" 

Dispersivity is presented as longitudinal dspersivity (ft): transverse dispersivity (ft) 

·Degradation rates listed were used for transport simulations conducted for the HHRA and are discussed 

in further detail in the Baseline BHR.A Report (BWJCTISAIC. 2(06) 

- No degradation rate due to the nonreactive nature of boron. 


A.l.l.3.1 Urrerlainty with Ikcqy Rates Iktennined.from Observed Site IXrta andModelin~ 

The determined degradation rates used in the Baseline HHRA simulations and the CMSIFS assume the 
initial concentration in the perched groundwater is half of the solubility and is fully mixed at the point of 
entry in perched groundwater. Utilization ofthe maximum observed COPC value assumes no mass was 
removedfrcm the system we to sOCJXion. The calculation further assumes the rewctioo in peak 
concentration is due only to fIrst ocder decay and not from the physical dispersioo ofthe peak 
concentrations in the system. The calculations also assume the fIrst ocder decay rate was constant over 
the 50 years ofCOPC residence time in perched groundwater. Ifthe initial mixed concentratioo was 
actually lower, a longer half-life (slower degradatioo rate) would be computed. Since the peak 
concentration was lowered by processes other than first order decay, such as dispersion and absmption, 
the actual degradation rate would also be slower. 

Al.1.4 Summary of Degradation 

Analytical data in the perdled groundwater at Pantex Plant were not amenable for use in standard USACE 
oc EPA protocols foc the calrulating of site-specific degradatioo rates for REs and VOCs. The data do 
indicate. however. that degradatim is ocrurring foc these compounds. The method presented in Sectim 
AI.I.3 to estimate site-specific frrst order decay were either consistent with or slower than repocted 
literature values from other researchers at other sites. Figure A-4 presents a comprehensive depictim of 
the estimated site-specific biodegradation rates in relation to the range ofpublished degradatioo rates. 
Figure A-4 clearly shows the wide range in reported values foc degradation rates ofCOPCs of interest to 
Pantex Plant, and the need for specifI~ detailed studies of site geodlemical conditions cootrolling these 
NA rates. Modeling calculations conwcted foc these COPCs utilize degradation rates consistently on the 
lower end ofthe scale ofreported values shown in Figure A-4. 

Hexavalent chrcmium reduction was not evaluated in the Baseline HHRA (BWXT PantexlSAIC, 20(6), 
rut NA was evaluated through the awlication ofK.! values. Site-specific biodegradation rate estimates 
for RDX (7.S7xlO's day'!). TNr (3.07xI0'" day'!), and TCE (4.28xlO'" day'!) awear to be within the 
range ofpublished degradation rates (Figure A-4). However, a closer review of the literature values 
presented in Table A-2 show the estimated site-specific biodegradation rates are, in fact, slower than 
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many ofthe field-scale degradation rates publi!ited in the available literature. The range of rates 
(l'esented in Figure A-4 does not differentiate among field-scale and laboratory-scale numbers. The site
specific biodegradation rates estimated for the remaining constituents are conservatively an ocder-of
magnitude or more below the publi!ited degradation rates. 

A 1.2 In Situ Chemical and Biological Treatment Amendments 

The effects of various chemical and biological amendments to groundwater have been evaluated for 
potential remedial action at Pantex Plant. This was conducted in two stages; first a review ofavailable 
technologies and literature relevant for the in situ treatment ofRDX and biocemediation in general, and 
second; the site-specific treatability studies conducted at the Pantex Plant. 

A 1.2.1. SERDDP and ESTCP Research Summary 01' RDX treatment Technologies and Approaches 

Various methods of remediating RDX and its byprodlcts in situ are being conducted by the SERDP and 
Environmental Security Technology Certification Program (ESTCP) ocganizations. The SERDP projects 
are intended to be aligned with basic research, understanding and advancing the knowledge I science 
while the ESTCP (l'ojects are moce aligned with proof of concept as field applications. 

Representative projects being perfocmed by SERDP include: 

• 	 Biodegradation of Nitroaromatic Compounds by Stimulating Humic Substance- and Fe(III)
Reduction (SERDP Project # 1377) 

• 	 Enhancement ofIn Situ Bioremediation of Energetic ComPOlIDds by Coupled AbioticIBiotic 
Processes (SERDP Project # 1376) 

• 	 Fate of Plant Tissue Associated RDX in Surface Soil (SERDP Project # 1412) 

• 	 Fe(O)-Based Biocemediation of RDX-Contaminated Groundwater (SERDP Project # 1231) 

• 	 Fe(O)-Based-Bioremediation ofRDX-Contaminated Aquifers (SERDP Exploratory Development 
[SEED] Project) (SERDP Project # 1175) 

• 	 Genetic and Biochemical Basis for the Transfocmation of Energetic Materials (RDx. TNT, 
DNTs) by Plants (SERDP Project # 1319) 

• 	 Groundwater Chemistry and Microbial Ecology Effects on Explosives Biodegradation (SERDP 
Project # 1378) 

• 	 Identification of Metabolic Routes and Catabolic Enzymes Involved in Phytoremediation of the 
Nitro-Substituted Explosives TNT, RDX. and HMX (SERDP Project # 1317) 

• 	 Immobilization of Energetics on Live Fire Ranges (SERDP Project # 1229) 

• 	 In Situ Remediation ofExplosives Contaminated Groundwater with Setpential Reactive 

Treatment Zones (SEED Project # 1176) 


• 	 Microbial Degradation ofRDX and HMX (SERDP Project # 1213) 
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• 	 NA of Explosives in Soil and Water Systems at DoD Sites (SERDP Project # 1043) 

• 	 Novel Pathways ofNitroaromatic Metabolism: Hydroxylamine FCI1l1ation. Reactivity and 
Potential for Ring Fission for Destruction of TNT (SERDP Project # 1214) 

• 	 Se<pential Electrolytic Degradation of Energetic Compounds in Groundwater (SERDP Project # 
1234). 

These reports and fact !tIeets are available from www.serQp.org. From the above work. an understanding 
of the basic scientific processes of the in .situ destruction of the RDX and by products is formulated. Foc 
example, the biocemediation ofRDX results in its auto decomposition to produce nitrous oxide and 
carbon dioxide, and SERDP project #1213 provides a final repoct on their fmdiogs in this area. 
Understanding ofthe technological process with validation on, at lerut, the pilot scale enables the 
evaluation ofa technology with a greater degree of confidence. The SERDP program performs this 
function through their RDXlenergetic initiative. 

Projects performed by ESCrP involve primarily technological proof of concept at the field scale, or 
information foc up-scaling research to the field scale. Field scale deployments provide, and help to 
resolve, the issues from transfocming results from the lab-scale to the field scale. Whereas the basic 
research allows foc generalized science knowledge advancement, field scale deployments are site-specific 
responses. A successful remedial design requires the understanding of the basic science and an 
understanding at the field-scale level gained from a site-specific pilot study. Representative RDX 
remediation projects being performed by ESTCP include: 

• 	 Treatment ofRDX & HMX Plumes Using Mulch Biowalls (ESTCP Project # 0426) 

• 	 Biologically Active Zone Enhancement (BAZE) foc In Situ RDX Degradation in Ground Water 
(ESTCP Project # 0110) 

• 	 Biotreatment ofExplosives-Contarninated Soils in a Slurry Reactor (ESTCP Project # 9512) 

• 	 In Place Soil Treatments for Prevention ofExplosives Contamination (ESTCP Project # 0434) 

• 	 In Situ Bioremediation of Energetic Compounds in Groundwater (ESTCP Project # 0425) 

• 	 Phytoremediation of Explosives-Contaminated Groundwater in Con!UUcted Wetlands (ESTCP 
Project # 9520) 

• 	 Remediation of TNT and RDX in Groundwater Using Zero-Valent Iron Permeable Reactive 
Barriers (ESTCP Project # 0223) 

• 	 Monitored NA ofExplosives in Groundwater (ESTCP Project # 9518). 

These reports and fact !tIeets are available from www.estcp.org. 

In addition to the work conwcted by SERDPIESTCP, the Interstate Technology Regulatory Council 
(l1RC) is another widely recognized group that evaluates remediation technologies. l1RCs activities 
with dorum entation ofbioremediation at sites project desaiption is located on the BioNAPL web page 
(http://WWW.itrcweb.orglteampublic BioDNAPLs.asp) (Table A-4). The value ofthis work. is that it 
documents the design and operation of enhanced bioremediation at sites around the country using 
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Corrective Measure SfMdp'F~SIIuIy 

different amendments in different geologic settings. This dorumented case studies aloog with the 
SERDPIESTCP efforts above and the Pantex Plant site-specific field scale tests below provide a &rong 
line of evidence fer the effectiveness of the proposed remediation plan. 

Table A-4. Summary of Case Smdles DoamuDtlng the EfI'edlveuess of 

Enhanced Bloremediation in Aquifer Settingi 


~~lj'1~m&NAP.lf__ort ....._ ",,,~,P!' ~:!gW:1'iiftctir.~f~~n;!t~ '!M'~'~'J$riil~~~~~&""Y('_::~--4>~y'">;:_~,," c~ <' '," . ,;~;~';"~~,:; 

1 Test Area Nor1h Case Study Sodiwn Lactate, Whev powder 
2 Biodegradation ofDNAPLs through 

Bioauamentation of Source Zones 
Ethanol/methanol &. Wildear Sodiwn 
Lactate 

3 LlII.U1ch Co~lex 34 Kennedy Space 
Centre 

Ethanol 

4 Manufacturing Facility - PeE 
DNAPL Case Study 

Molasses 

5 Poctland Orqon Dry Cleaners I HRC 
6 Enhanced Anaerobic Bioremediation 

ofa TCE Source Area usina; EOS. 
Soybean oil, vitamins and mtrier:ts. 

Modeling Approaches Simulation and Opiimization of 
Subsurface Impacts with a focus on 
BioNAPL CHanneges. 

Models and optinizers developed by 
various researchers, primaty focus on 
wOl'k. of Pinder, 0. F., Katyal, A. and 
Deschaine, L. M 

'Presentations given at the ITRC BioNAPL meeting in Long Beach. Califomia. 2006. 

The major conclusions of this week are that bioremediation does work and biologically active/augmented 
zones can be reliably designed and developed in situ. When combined with the SERDPIESTCP efforts 
with RDX, this provides a line of evidence that a reliable treatment system for the RDX can be designed 
and implemented. 

The above doruments represent knowledge of the industry with respect to in situ RDX treatment and 
bioreactive remediation (Table A-4) in a general sense. This information is impcrtant to understand and 
interpret the results of performance of how remedial technologies might perform under Pantex Plant
specific conditions. This next section summarizes the pertinent laboratory and field studies as they relate 
to Pantex Plant-specific copes tested under Pantex Plant-specific field conditions. 

A.1.2.1 In SiluChemical Oxidation (KMnO,) Laboratory and Fleld TreatabUlty Studies 

In situ chemical oxidation involves the subsurface addition ofan oxidant chemical to treat contaminants 
without excavation er transportation. Oxidants that can be used for in situ chemical oxidation are (in 
decreasing order ofoxidant &rength): 1) hydroxyl radicals (generated as a subsurface reaction product of 
ferrous iron and hydrogen peroxide called "Fenton's Reagent"); 2) ozone (ozone is generated onsite using 
high voltage electrical equipment and is subsequently injected into the subsurface where it dissolves in 
groundwater and oxidizes contaminants); and 3) permanganate ion (introduced as a liquid solution of 
either potassium permanganate [KMn04] er sodium permanganate [Na:Mn04D. 

The permanganate ion is a less aggressive oxidant compared to hydroxyl radicals ee ozone. which are 
&rong oxidants. However, &ronger oxidants are inherently less stable and more short·lived. making 
control over delivery to the subsurface and transport to contaminated zones generally more difficult. In 
the case of Fenton's Reagent, hydroxyl radicals persist for only a few seconds. thereby requiring close 
well spacing, which would be problematic and costly 00 large sites sum as Pantex Plant. Likewise. ozone 
treatment would recp.1ire installatioo of permanent sparge injection points with close spacing. In cootrast, 
permanganate offers the advantage of being highly stable and able to persist in the subsurface for periods 
of up to several months. Increased persistence in the subsurface allows for application using a wider 
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injectioo point spacing and diffusion into and flow aaoss impacted zooes. Therefore, KMn04injection 
to treat HE-contaminated soils at Pantex Plant was selected to be the fOaJs for both laboratory (Section 
A 1.2.1.1) and field testing (Section A 1.2.1.2). 

A.1.2. 1. 1 Laboratory Treatability Studies andResults 

An in situ chemical oxidation laboratory study was cooducted to evaluate the remediation of lIEs through 
the addition ofKMn04• 

The objectives for the KMn04 laboratory treatability test (IT and Stoller, 2000) were to determine: 

• 	 The desaiption HE degradation over time 

• 	 KMn04comrnnption per mass soil and contaminant treated over time 

• 	 The effects ofKMn04concentration 

• 	 The effects ofKMn04 on the mobility of redox-sensitive metals (e.g., calcium, chromium, iron, 
magnesium, manganese. sodium, and vanadium) 

• 	 Mass balance on nitrogen 

• 	 HE oxidation prodJcts and their potential for oxidative treatment (ifpresent) 

• 	 Potential for manges in aqueous toxicity. 

Summary ofTest Methods andResults 

Laboratory testing ofin situ memical oxidation using KMn04 involved background testing. interim 
laboratory testing, and full laboratory testing. 

• 	 Background Testlng: Before testing, background soil and groundwater samples were analyzed 
to characterize conditioos prior to creating batm slurries used in laboratory studies. Results of 
the background testing showed that background results were similar to those reported for control 
systCl11S during interim and full lab studies. 

• 	 interim Laboratory Test: Interim laboratory testing consisted ofa benm-scale batch test on 
three slurry sy!itCl11S (vessels A. B, C). The plrpose was to assess the feaSibility of treating HE 
compounds with KMn04. Vessel A was sacrificed at the beginning to establish baseline 
cooditions; vessel B was the control; and vessel Cwas amended with 48,000 mgIL KMn04. 
Vessels B and C q>erated for 5 days (120 hours) and were subsequently sacrificed to determine 
endpoint RDX and HMX concentratioos. Water samples were analyzed for HEs (RDX and 
HMX), KMn04. pH. electrical condJctivity, and ORP. Soil was ooly analyzed for lIEs. RDX 
coocentration decreased from 2,400 Jig/L to 2.5 pgIL using 48,000 mgIL KMn04 (99.90.4 
reduction over 5 days). HMX deaeased from 280 pgIL to 33 Jig/L (88.2% reduction over 5 
days). . 

• 	 FuU Laboratory Test: Full laboratory testing consisted offour series oftest systCl11S: 

o 	 Series A:. Four control systCl11S 
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o 	 Series B: Six treatment sys:ems using 20,000 mgIL KMn04 
o 	 Series C: Six treatment sys:ems using 4,000 mgIL KM104 
o 	 Series D: Five treatment sys:ems using 400 mgIL KMn04. 

System slurries were wed to equilibrium and sampled at regular time intervals over 7 days. All water 
samples were analyzed for pH, ORP, electrical conructivity, HEs, nitroaroamines, Kjeldahl N, ammonia, 
anions. and aqueous metals. Soil samples were analyzed for HEs, nitroaroamines, and TOC. At the 
conclusion of the laboratory tes:ing, the following observations were made (IT and Stoller, 2000): 

• 	 SerIes B (20,000 mg/L KMn04): RDX decreased from an initial concentration of approximately 
2,600}1glL to a final concentration of 62.9 J.lgIL over 7 days. RDX first order rate cons:ant was 
es:imated to be 0.0206 Ilhr (half-life of 1.4 days). 

• 	 Series C (4,000 mg/L KMn04): RDX decreased from an initial concentration of approximately 
2,600}1glL to a final concentration of 1142.12 J.lg/L over 7 days. RDX ftrSt order rate con!tant 
was es:imated to be 0.0048 Ilhr (half-life of 6 days). 

• 	 Series D (400 mg/L KMn04): RDX decreased from an initial concentration of approximately 
2,600 J.lg/L to a final concentration of 2,277 }1gIL over 7 days. RDX firs: order rate constant was 
es:imated to be 0.0005 Ilhr (half-life of58 days). 

Conclusions ofLaboraJory Treatability Studies 

The following are conclusions reached after evaluations of the results of the laboratory testing of in situ 
chemical oxidation using KMn04 (IT and Stoller, 2000): 

• 	 HEs can be successfully treated with KM104. 

• 	 Reaction kinetics are slow (pseudo-firs: order), which is favorable for oxidant subsurface delivery 
and transport. 

• 	 Total organic compound (TOC) (mainly nablfal organic materials) comprised most ofthe oxidant 
demand, which could be minimized by decreasing the KM104concentration in system. 

• 	 Redox-sensitive metals concentrations increased upon initial introruction of KM104, but returned 
to original concentrations. 

• 	 Nitrogen mass balance was attempted to determine mineralization of HEs, but was not completed 
due to insufficient data. 

• 	 Two unknown compounds were identified on raw HE chromatograms that also exis:ed in the 
background syS:em. During testing, the unknowns either remained con!tant or decreased with 
time. 

• 	 KM104 does increase microtoxicity, but no inferences could be made regarding microtoxicity of 
HE oxidation by-products. 

• 	 Further testing was recommended to deterrninelconfrrm that transformation bY-JI"oducts are 
neither persistent nor harmful. 
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A 1.2.1. 2 In 5ltu Field Treatability &udies and Results 

Due to the favorable results of the laboratory testing (Section A.l.2.l.1), a field-scale treatability study 
consi!ting of a series ofsingle well "pmtI-pull" tests was conducted. The primary goals of this study 
were to obtain proof of concept in the field and to quantify specific parameters that relate to teclmology 
performance (IT and Stoller, 2000). Specific objectives included assessing the KMn04 dose rates needed 
to achieve the recpired level of treatment, treatment rates, the persistence ofKMn04 in the sub!mface, 
and the degree of HE treatment. 

SIl1fI11rI1'}' ofTest Methods 

Push-pull testing utilized three existing extrad:.ion wells (PTX06-EW-1, -EW-2, and -EW-3). The 
dJration of the test was limited to 72 hours to minimize loss of injected fluid away from test wells. The 
test was designed to assess treatment design parameters as opposed to maximum treatment levels. The 
KMn04 solution (20,000 mgIL) and a bromide tracer (10 gIL) were initially added (pmtIed) to the well. 
Following a defined rest period, groundwater extrad:.ion (pull) was initiated to recover the KMn04-treated 
groundwater and tracer from the well. Te!t periods ocrurred at 24, 48, and 72 hours. During extrad:.ion, 
sampling and analyses were performed to determine concentration changes over time for KMn04, the 
ocODlide tracer, contaminants, and selected reaction produa.s C'recovery oceakthrough"). A control test 
also was performed that involved injection of the bromide tracer without KMn04. 

Test Results/Conclusions 

The results and conclusions ofthe field treatability testing of chemical oxidation (KMn04) were: 

• 	 In situ field treatability test results confirmed the labocatory oxidation treatability test results. 

• 	 RDX half-life is approximately 4 days at 7,000 mgIL KMn04• This is slightly slower than the 
half-life determined under laboratocy conditions; this can be attributed to subsurface mass transfer 
and diffusion ofKMn04 as well as HEs limiting the overall treatment process. Slower reaction 
rates are considered favorable. 

• 	 KMn04 consumption rates were unable to be precisely determined from te!t data, though KMn04 
persi!ted in te!t wells foc several weeks after tests ended. 

• 	 Precipitation ofMn04 on the well screens resulting from the altered geochemi!try of the system 
lessened the extraction effectiveness ofthe pump and treat sy!tem. 

• 	 Mobilization ofredox-sensitive metals (including hexavalent chromium) was determined to be 
transient as the mobilized metals concentrations were declining by the end ofthe study. 

• 	 An RDX transformation prodJct (TNX), which was present in the background sample, was 
!tIown to have been treated. 

• 	 Additional large scale terung was reconnnended to determine realiruc cost and performance data 
for possible full-scale application. 
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AI.2.I.3 Conceptual Dep/QJmlent &enarios 

In situ chemical oxidation using KMn04 was described to be deployed as batch injection areal treatment 
foc a 40-acre target area with a length and width of 1,320 ft and a saturated thidrness of 10ft. Aquifer 
Solutions (2002) presents ranges of values foc deployment characteristics; however, the likely scenario 
will at least include the following essential elements: 

• 	 Well spacing ofabout 400 ft 
• 	 12 injection wells per cell 
• 	 KMn04 solution concentration of0.5% 
• 	 1,500,000 pounds KMn04 

• 	 360 days active KMn04 injection at 60 gpm, one or two wells per time 
• 	 180 days of clean water flush at 60 gpm, one or two wells per time. 

Aquifer Solutions cites the previous laboratocy and field chemical oxidation testing results on RDX 
conrncted by IT Corporation (IT and Stoller, 2000). In addition, tIS. results obtained by the University of 
Neocaska, Lincoln (Adam, et al., 2002) confirmed reaction rates obtained by the IT laboratory and field 
testing. and indicated greater than 85% RDX mineralization to carbon dioxide (C02) using KMn04 . 

A.1.2.2 Enhanced In Situ Bloremediatlon Bench Scale Study 

An in situ. enhanced bioremediation laboratory treatability study was conrncted that focused on the 
remediation ofHEs. This provided the necessary infonnation for the data gaps needed to perfonn a 
detailed technology evaluation and remedial alternatives selection as part ofthe CMS/FS process. 

The laboratory bench-scale treatability study was designed to assess the following parameters (IT and 
Stoller, 2000): 

• 	 The types ofmicrobial activity that can be stimulated to degrade HEs. especially RDX 

• 	 The conditions under which the microbial activity is stimulated 

• 	 The capability of indigenous microflora and bio-augmented systems to degrade RDX and other 
HEs in groundwater 

• 	 Characterization oftransfocmation products that have been reported to result from the degradation 
process. 

A 1.2.2.1 Summa.ry ofTest .Methods 

The test included a two-part anaerobic serum bottle test and an aerobic respirometer test to evaluate the 
objectives presented above. The following microcosms were evaluated: 

• 	 Anaerobic Microcosm Test I (RDX splke = 10 mg/L): Four different microco!m treatments 
were prepared in duplicate. Each anaerobic microcmrn consisted ofgroundwater and soil 
amended with rezasurin (microbial growth indicator), molasses (carbon source), and Restore 375 
(500/0 anunonium chloride, 200/0 disodium phosphate, 12.5% monosodium phosphate. and 12.5% 
sodium tripolyphosphate). Specific microco!ms evaluated included an abiotic control spiked with 
10 mgIL RDX, an anaerobic microco!m spiked with 10 mgIL RDX, an anaerobic microco!m 
without RDX addition, and a microco!m spiked with 10 mgIL RDX and bioaugmented with 
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WW1F anaerobic digester sludge. Duplicate serum bottles were sampled at days O. 20, and 46. 
A<peous and soil fractioos were analyzed for methane production. pH. and REs. 

• 	 Anaerobic Microcosm Test II (RDX spike =2 mgIL): The setup 1I"0tocoi for Anaerobic 
Microcosm Test II was similar to Test I with the exception of a reduced initial RDX 
coocentration (2 mgIL) and the addition of sodium sulfide to promote a reducing environment. 
The test consisted of one sample with molasses and another sample with molasses and 
bioaugmentation. Abiotic and unamended controls were also evaluated. Duplicate serum bottles 
were sacrificed at days 0, II, and 31 from each test coodition. Analyses included methane 
production, pH. volatile fatty acids and HEs. 

• 	 Aerobic Microcosm Test (RDX spike =36 mgIL): Experimental cooditions were establi~ed to 
determine whether RDX could be utilized as a nitrogen source in the presence of a suwlemental 
carbon srurce and whether RDX can be co-metabolized in the presence of a supplemental carboo 
and nitrogen source. Vessels were saaificed at two intervals of approximately 30 days each and 
analyzed for pH. ammonia-nitrogen, nitrate-nitrogen. TOC. aerobic heterotrophic bacteria and 
HEs. 

A1.2.2.2 Test Results 

The results ofthe bench-scale treatability study to assess enhanced in situ bioremediatioo were: 

• 	 Anaerobic Microcosm Test I (RDX spike = 10 mg/L): 

o 	 RDX was degraded by the indigenous miaoflora with molasses as a carbon source. 

o 	 RDX was degraded and intermediates were prodtced and then degraded, along with 
HMX. when the microcosm was augmented with WW1P sludge. 

o 	 Miaocosm receiving no molasses 1tI0wed no loss ofRDX. 

• 	 Anaerobic Microcosm Test II (RDX spike = 2 mg/L): 

o 	 Miaocosms amended with molasses 1tI0wed rapid and efficient degradation of RDX and 
HMX. 

• 	 RDX: Approximate initial coocentration (Co) = 3.000 J.1gIL; Approximate final 
concentration (Co < 5 J.1gIL (99.80/0 reduction over 30-day inrubatioo). 

• 	 HMX: Co = 300 J.1gIL; Cr< 4.7 J.1gIL (98.4% reductioo over 30-day incubation). 

o 	 Miaocosms amended with molasses and augmented with WWTP sludge ltIowed a more 
rapid and efficient degradation of RDX and HMX. 

• 	 RDX: Co =500 J.1gIL; Cr< 4.5 J.1gIL (99.1% reduction over 10..<Jay incubation). 

• 	 HMX: Treated to below detection limit (-1000/0 reduction over to-day 
incubation). 
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• 	 Nitroso transfolTllation products for RDX were observed at initial sampling, but 
were below detection limits in 10 days. 

• 	 No losses ofRDX and HMX were observed in the abiotic and unamended 
controls. 

• 	 Test re~lts indicate that methane felTllentation was not necessary for RDX and 
HMX biodegradation. 

• 	 TOC concentrations remained unchanged indicating very little conversion of 
molasses to CO:!. However, under methanogenic conditions (bioaugmented 
microcosms) the degradation ofRDX and HMX was more rapid with substantial 
production of methane and Co.. 

• 	 Aerobic Microcosm Test (RDX spike =36 mglL): 

o 	 Microcosms amended with carbon and inorganic nitrogen showed the most rapid and 
efficient degradation ofRDX and HMX. 

• RDX: Co =1,500 JlgIL; Cr< 1 ggJL (~100%reduction over 21-days). 
• HMX: Co =2,000 J.Ig.IL; Cr< 1 J.Ig.IL (~100% reduction over 21-days). 

o 	 RDX in the unamended microcosms and in the carbon amended microcosms (Le., where 
RDX was the only nitrogen source) showed a greater than 500/0 loss, which is similar to 
those observed in the unamended and abiotic controls. However, where RDX was the 
sole source of nitrogen, there were greater nitrate concentrations. 

A 1. 2. 2.3 Conceptual Deployment Scenarios 

A conceptual scenario was described by Aquifer Solutions (2002) for deployment of anaerobic ISB, in an 
areal treatment/recirculation mode as an active reactive barrier, for a 40-acre unit treatment area (referred 
to as Area A), located less than a quarter-mile southeast of Playa 1. Anaerobic ISB (as opposed to 
aerobic 19B) is considered in the scenario because it will treat HEs, TCE, and hexavalent chromium and 
because it is more readily implemented than aerobic ISB, which requires a continuous delivery of 
dissolved oxygen. Dissolved oxygen is consumed rapidly under aerobic conditions and is therefore 
difficult to deliver using large injection well spacing. In contr~ anaerobic ISB involves injection of a 
simple carbon source (such as lactate or sugars), which is more persistent than dissolved oxygen, and can 
be delivered using widely spaced injection wells. 

The conceptual process for anaerobic ISB generally involves extraction ofgroundwater, amendment of 
untreated groundwater with nutrients and lactic acid, and re-injection of the amended groundwater. This 
process comprises a continuous recirculatioo process designed to develop optimal geochemical conditions 
foc the anaerobic ISB process over the entire treatment lone. Deployment characteristics described by 
Aquifer Solutions (2002) are based 00 a 5-spot well pattern and assumes an average saturated thickness of 
20 ft. Aquifer Solutions (2002) presents ranges of values foc deployment characteristics; however, the 
likely scenario will at least include the following essential elements: 

• 	 Well spacing of awroximately 200 ft 
• 	 25 injection/extraction wells per 4O-acre cell 
• 	 Total recirculation rate per cell of approximately 500 gpm 
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• 	 Approximately 400,000 potmds lactic acid (carom source) per 40-acre cell 
• 	 Approximately 200,000 pounds nitrogen and 200,000 pounds potassium nutrients per 40-acre cell 
• 	 Approximately 120 days active amendment delivery and recirculation per 40-acre cell. 

Following amendment delivery across the target treabnent area. groundwater recirculation can be 
discontinued to allow microbial degradation to proceed to completion. Akey element of the process 
involves intensive subSUlface monitoring ofmicrobial re~onse and COPC degradatim to ensure that 
complete treabnent is obtained. In scme areas, several phases of amendment delivery may be needed to 
achieve complete treatment. 

Aquifer Solutions (2002) describes previous evaluations and tests of remedial technologies including ISB, 
citing the testing perfonned by IT Corpocation (IT and Stoller, 2000), disrussed above in Sections 
C.4.2.2.1 and C.4.2.2.2, aswell as testing ofISRM-treated water (as a follow-on treatment to ISRM 
treatment) (Adam, et aI., 2002) that indicates follow-m ISB achieved approximately 400/0 mineralization 
of RDX. Other test remits achieved by the University ofNebruka, Lincoln, indicated that "promising 
mineralization rates" were obtained under both aerobic and anaerobic conditions. 

A.l.2.l In Situ Chemical Reduction - Sodium Dlthlonlte 

As discussed previously, no treatability testing was perfocmed using ISRM by IT Corp. and Stoller (IT 
and Stoller, 2000). However, ISRM was evaluated through a conceptual deployment scenario, as 
described by Aquifer Solutions (2002). 

ISRM (using sodium dithionite) was described to be deployed as a passive reactive barrier in the Zone 12 
perimeter. The deployment configuration is a 500-ft length linear unit cell with a saturated thickness of 
20 ft. Aquifer Solutions (2002) presents ranges ofvalues foc dq:>loyment characteristics; however, the 
likely scenario will include the following essential elements: 

• 	 Injectionlwithdrawal well ~acing of20 ft. with an overlap of 1.2 times the radius 
• 	 24 wells per unit cell 
• 	 Injectionlwithdrawal rate of8 gpm 
• 	 16,000 pounds sodium dithimite 
• 	 120,000 gallms of solution per well, or approximately three pore volumes 
• 	 12 pore volumes extracted to remove dithionite 
• 	 30 mmths of active ISRM emplacement with one set of injection/extraction equipment per tmit 

cell. 

Aquifer Solutions (2002) cites a labocatory ISRM study perfonned by Pacific Northwest National 
Laboratocy (Szecsody, et aI., 2001) as Stowing "rapid and essentially complete" degradation ofRDX in 
the presence ofdithionite-reduced Pantex Plant sediments. The results demonstrated a !mall degree of 
RDX mineralization to CO:! (<36%) was achieved, indicating that the RDX that was degraded was 
partially transfonned to tmidentified by-products (Aquifer Solutims, 2002). 

A.I.2.l1 Interim reM DeJigyment Scenario 

In 2005, BWXT Pantcx: perfonned a pilot scale study by injecting sodium dithionite into two wells. 
BWXT Pantcx: is currently monitoring the remits. Two injection wells and me mmitoring well were 
installed in the perched groundwater in March 2005. The wells, drilled to a total depth of290 ft bgs with 
approximately 20 ft of saturated section, were spaced 27 ft apart. The relatively close ~acing between 
wells was due to the Stort chemical reaction half-life ofthe sodium dithionite (7 hours). The half-life of 
the chemical affected the radius of influence ofthe treabnent zone. Treated grotmdwater frcm the pump 
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and treat sys:em was mixed with the sodium dithionite and metered into both injection wells at an average 
diluted concentration of 0.95% sodium dithionite. Approximately 165,000 gallons of sodium dithionite 
solution was injected into the two wells. During the initial injection process, the dithionite degrades at an 
approximate 7-hour half-life to sulfate rich water. Aportion of this solution (175,000 gallons) was 
extracted to minimize degradation ofthe effective porosity of the formation due to bio-fouling of the 
sulfate rich waters. 

Three rounds of monitoring have shown the ISRM reactive barrier is effective in degrading HE, Cr+6, 
and TCE. HE concentrations range from a maximum of470 Jlg/L before treatment to non-detect after 
treatment. Cr+6 ranged from 94.2 JlglL before treatment to non-detect after treatment. TCE ranged from 
4.3 Jlg/L before treatment to 1.2 Jlg/L after treatment. Monitoring is continuing on a quarterly basis. 

Initial evidence indicates the barrier is effective in degrading contaminants in the perched groundwater. 
The seven-hour reaction half-life of dithionite proved to a limiting factor on the treatment radius of 
influence that could be obtained; nevertheless, the injection rates and radius of influence observed at this 
site were favorable. A largerweU spacing could possibly be implemented with modified injection 
volumes and pressures. 

Although initial evidence indicates the barrier is effective in degrading contaminants in the perched 
groundwater, caution should be exercised in describing its success. The long-term effectiveness cannot 
be determined at this time. Additionally, the geology of the perched groundwater is known to be 
}:X'imarily fme sands grading coarser with depth. In some areas, the aquifer base is made up of coarse 
gravels and some cobbles. Heterogeneity within the formation adds uncertainty to the short and long
term effectiveness of the barrier. For example, preferential pathways (heterogeneous environments) may 
act to re-oxidize the reduced environments. 

A2 SCREENING MODEL DEVELOPMENT AND CONSTRUCTION 

The research and field efforts performed by SERDP, ESTCP, ITRC, and BWXT Pantex provide an 
unders:anding of the basic science and issues with field implementations. Numerical models that integrate 
the groundwater flow and transport processes with these bioreactions is discussed. Specifically, to 
compare the relative effectiveness among many active and passive RDX remediation schemes in the 
perched groundwater, a rapidly-calculating, transient, flow and transport model was developed using 
MODFLOW-SURFACT (MS). This single-layer screening model was used to execute, evaluate, and 
rank multiple perturbations of various RDX remediation scenarios. The following section described the 
modeling objectives, the screening model con&.ruction, the screening model results, and the alternative 
screening process and results. . 

A2.1 Objectives 

The objective of this work is to compute the response and effectiveness of various remedial alternatives 
deployed in the perched groundwater using numerical models. The complete physics of the 3D flow 
sys:emis described in the S1lhsurface Modeling Re]XJrt (BWXT PantexlSAIC 2004). Simulations of the 
perched groundwater within the 3D framework showed significant building and draining wring the 
period of the &.art of the Pantex Plant discharges and well into the future. The volume of the perched 
continues to blild after the Pantex Plant discharges ceased This is the moi&.ure held in the soils above the 
perched groundwater draining into it. Then, after the volume of the perched water reaches it's maximum, 
it begins to return to the pre-Pantex Plant volumes. The risk to the Ogallala Aquifer is now and in the 
near future. The CMSIFS actions, therefore, are focus~ on providing benefit to reduce or eliminate the 
risks (to the extent practicable and possible) in the short term. The CMSIFS evaluation period is 30-years. 
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This does not imply that the risk will be ctiven to zero in this time period. but that the most benefit of 
remedial action needs be in the shoct term. The RDX is expected to remain in the perched groundwater, 
vadose zone and FGZ sediments well beyond the 30-years, and some estimates have it resi<iJally present 
in the multiple hundred of years time frame, if not longer. RDX research is an area of active interest and 
research by multiple parties, such that the approaches taken in this CMSIFS may be ref"med in the future 
as mere infmnation is obtained by the industry. Some of the teclmologies are evaluated are still in their 
experimental stage, and have very high degrees of uncertainty with them. As late as 2000, researchers 
were still making the statements that "Efforts over the past two decades to biodegrade these two 
chemicals [RDX & HMX] have failed because the miaobial processes and enzymes involved in 
degradation are poorly understood" (SERDP: CU-1213, 2000). BWXT Pantex has invested significant 
resources in the understanding of many ofthe remedial techniques as field scale test, as dorumented 
above. These tests greatly reduce the degree ofreliance on just literature infmnation and sperulation 
regarding how the remedial approaches might behave in the field The objective, therefore, is to present a 
set of computer simulations that quantify the cause and effect. / benefits ofvarious remedial options while 
clearly documenting what is known, unknown and uncertain with the ap{l"oach. 

To quantify these responses, a set of screening models were constructed to allow for the rapid testing and 
evaluation of various RDX remediation schemes. The primary model is capable of sufficient resolution 
of RDX mass and volume of water leaving the model boundary in areas spatially analogous to higher-flux 
areas within the Baseline lillRA transport simulation in the FlM. This is aitical to the evaluation and 
ranking among various alternate remedial schemes. With well-defmed model boundary reaches and a 
consistent hyctaulic and contaminant property assignment consistent with the F1M, the screening model 
described herein provides an acceptable level of insight for the evaluation of potential RDX migration 
from the perched groundwater to the Ogallala Aquifer under various remedial schemes from a mass flux 
approach .. 

A.2.2 Conceptual ModeJ. 

As desaibed in the Subsurface Modeling Report (BWXT PantexlSAIC, 2004), groundwater beneath 
Pantex Plant and vicinity occurs in two stratigraphic horizons within the Ogallala Fcrmation and in the 
Dockum Group underlying the Ogallala Fmnation. The most significant quantities ofgroundwater are 
found in the Ogallala Aquifer, in the lowest part of the formation. Much !maller bodies of perched 
groundwater occur in the upper Ogallala Formation. Vertical flow between perched groundwater and the 
Ogallala Aquifer is limited by an aquitard. referred to as the FGZ. The average thickness ofthis aquitard 
is approximately 51 ft (16 m) beneath Pantex Plant. 

Groundwater in this perched zone at the Plant tends to flow radially away from Playa 1 (Figure A-S). 
Flow to the north and directly east ofPlaya 1 is limited by the strud.ure ofthe aquitard. Flow to the south 
and southwest has extended several miles from Playa 1 and is enhanced by recharge from Playas 2 and 4. 
The aquitard is believed to be more penneable Oess fine-grained in texture) near the areas that are 
observed as the rurrent extent of perching beneath the Pantex Plant. Whether the future perched 
groundwater extent is er remains controlled by the aqIitard properties becoming mere permeable in these 
areas, er simply a reflection ofcurrent extent oftransient perching, is an uncertainty. Strategically located 
monitering wells and continual water level monitoring is adctessing this issue. 

A groundwater treatment system (Figure A-6) is currently removing contaminants from the groundwater 
and limiting the further migration of contaminated groundwater to the southeast. As presented in the 
Groundwater RFIR (Stoller 2004b) the June 2003 perched saturated thickness is sbown in Figure A-7. 
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A.2.2.1 Local Geology 

The shallow subsurface stratigraphy in the area of Pantex Plant is comIX"ised ofthe following geologic 
lBlits (in order of increasing age offormation and depth below land surface): 

• Blackwater Draw Formation (pleistocene Epoch) 
• OgaUalaFormation (pliocene Epoch) 
• Dockum Group (Triassic Period) 
• Permian Quartermaster Formation (permian Period) where the Dockum Grrup is not present. 

The perched groundwater zone lies within the Ogallala Formation above the FGZ materials. The FGZ is 
a fining-upward sequence within the Ogallala, which acts as an aquitard and limits vertical migration of 
water throughout much ofthe area of interest. More detailed information regarding the local geology is 
IX"esented in the Subswface .MxJeJing Repon (BWXT Pantex:lSAIC, 2004). 

A.2.2.2 Meteorology and Olmatology 

Climatic data for the vicinity of Pantex Plant have been summarized in numerous documents, including 
the annual environmental reports and the environmental information documents. The climate in the 
Texas Panhandle is typical of continental interiors. It is mainly semi-arid, with mild winters and hot, dry 
summers and is characterized by large variations in daily temperature extremes, low relative humidity, 
and irregular rainfall of moderate amounts. Thunderstorms occur approximately 49 days per year and can 
Jroduce tornadoes (TIU, 1994). Pantex Plant is in a windy area and in a moderate- to high-hazard zone 
for tornadoes. 

Based on NWS records, average annual precipitation for Amarillo is 19.9 inches (50.5 em). The gross 
lake-surface evaporation rate averages 73 inches (185 em) per year, as measured from 1950 through 1975 
(BPXlMHC, 1997).The average annual temperature is 57.1°F (13.~), with a normal low temperature in 
January of21.2°F (-6.OCC) and a normal high temperature in July of 91.1'F (33.2°C). Average wind 
speeds at the Amarillo NWS station are·13.l mph (21.1 kph) based on a 33-year period of record 
(BPXlMHC, 1998a). The prevailing wind direction is from the south for May thrrugh September and 
from the southwest for the remainder ofthe year (DOC, 1997). Analysis ofNWS meteorological data for 
1990 indicates local winds were IX"edominantly from the south and southwest directions approximately 
41% of the time with an average wind speed of 13.42 mph (21.60 kph). 

A.2.2.3 Perched Groundwater Hydrologic BoundarIes 

As previously described, localized bodies of perched groundwater occur above the Ogallala Aquifer 
thrrughrut the Southern High Plains (Mullican, et aI., 1995). These localized zones occur where focused 
recharge frOl11 playa lakes has ponded on top of the FGZ. The largest area ofperched grolBldwater 
lBlderlying Pantex Plant is associated with natural recharge from Playas 1, 2, and 4, treated wastewater 
discharge to Playa 1, and historical releases to the ditches draining Zones 11 and 12. 

Perched groundwater does not discharge to the surface, is not a source of drinking water for Pantex Plant, 
nor is it used for any Pantex Plant industrial operations. Treated effluent from the PGPTS, and treated 
wastewater meeting Pantex Plant permitted discharge requirements, is used for subsurface irrigation 
msite. Because perched groundwater is the !tIallowest water-bearing zone in the area, it is the first 
grrundwater unit affected by the migration of contaminants released frOl11 Pantex Plant SWMUs. 
Contaminated soils at the surface are separated from grrundwater in either the perched grrundwater or 
the Ogallala Aquifer by a 200- to 500-ft (61- to 153-m) thick unsaturated zone. Vertical flow between 
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perched groundwater and the Ogallala Acpifer is limited by the FGZ in many areas. In areas where 
perched groundwater is present. a second unsaturated zooe ocQll's between the perched groundwater and 
the Ogallala Aquifer. 

Because of the thin saturated thickness of perched groundwater (Figure A-7), flow in the perched 
groundwater is largely cootrolled by the topography ofthe FGZ and by the hy(hulic gradients induced 
from localized sources ofrecharge, such as Playas I, 2 and 4. As a result. groundwater flow directioos in 
the perched groundwater vary spatially in response to local tq>ography and recharge. The furthest extent 
of the perched groundwater is also thought to be controlled by the balance between the lateral flux of 
perched water and the changing vertical permeability of the FGZ near the edge of satnratioo. Where the 
vertical permeability is equal or exceeding the lateral flux of water is the extent ofsaturation in these 
areas. On the we!tern side of Pantex Plant. perched groundwater flows we!tward. but the main perched 
groundwater does not. extend we!tward beyond the western boundary ofPantex Plant along FM 683, 
although it does extend 00 to TID property in the west On the eastern side ofthe Plant. perched 
groundwater generally flows eastward towards the Plant boundary, with portions also flowing south onto 
TID property. Perched groundwater northea!t of Playa 1 is limited to Pantex Plant because of the extent 
of the perched groundwater in that area. 

A.2.2.4 HydrauHc Properties 

A2.2.4. J Perched Groundwater Hldraulic Conductivity 

Hydraulic conductivity values for the perched groundwater zone have been calculated by analyzing 
aquifer pumping te!ts and slug te!ts. The information provided here is primarily from multi-well 
JXlmping te!ts, considered to be more rqresentative of average conditioos than the smaller scale slug 
withdrawaVinjection te!ts (Bradbury and Muldoon, 1990). 

e2M. Inc. and Ogden Environmental and Energy Services, Inc. (1995) repcrted results of a multi-well 
JXlffiping te!t performed in well PTX06-1014 in the perched groundwater with piezometer PTX06-1017 
used as an obscrvatioo well. Hydraulic cond.!ctivity values determined from the analysis of the pumping 
and recovcry test data ranged from 51.3 to 115 ft/day (1.81 XI0·2 to 4.06xl0·2 cmIs) with a storage 
coefficient ranging from 0.03 to 0.34. Analysis of pumping test data from PTX06-1 017 resulted in a 
hydraulic cond.!ctivity of 55.6 ft/day (1.96xl 0.2 cmls) and a specific yield of 0.34. 

The Higher Educatioo Consortium (atarbeneau et al., 1995) cond.!cted a multi-well JXlmping test in the 
perched groundwater zone using well PTXIO-I008 as the pumping well and wells OW-WR-44 and 
PTXl 0-1 007 as obscrvatioo wells. The te!ts for PTXl0-1008 resulted in consi!tent estimates of 
hydraulic cond.!ctivity ranging from 12.0 to 13.0 ftJday (4.2 x10'] to 4.6xlO'] cmls). Hy<taulic 
cond.!ctivity was calrulated for test data from well OW-WR-44 at 25 ft/day (8.82 xl 0'] cm/s) based on 
delayed yield analysis. Storage coefficients of 0.01 to 0.04 were estimated from the aquifer te!t data. 

The Bureau ofEconornic Geology (BEG) performed a multi-well pumping test in an area formerly 
ocrupied by a wa!tewater discharge pond. The four wells used during the BEG te!t (1114-MWI through 
11 14-MW4) were placed as part of the pood closure investigation and had been tested previously as part 
of that investigation. Reanalysis ofdata from the original investigatioo resulted in amean hydraulic 
conductivity of 18.0 ft/day (6.4xl 0'] anls) (Mullican et al.. 1995). Analysis of the BEG multi-well 
JXlmping te!ts based on delayed yield provided a mean hydraulic cond.!ctivity of 17.9 ft/day (6.3 X IO·] 
anls) and specific yield ranging from 0.001 to 0.028. A complete li!tiog of aquifer tests cond.!cted in the 
perched groundwater zone is presented in the Subnuface Modeling Report (BWXT PantexJSAIc. 2004). 
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In addition to the pumping tests perfonned in the field, laboratory estimates of vertical hydraulic 
conductivity were detennined through the use of permeameters (Mullican et aI., 1994a). Vertical 
hydraulic conductivity was measured in sediment samples collected from both the perched grotUldwater 
and the FGZ. The estimates were determined using laboratocy permeameter techniques in which both 
ambient and overburden pressures could be simulated. The sediment samples were collected from wells 
PTX-BEG-2, PTX-BEG-3, PTX08-1008, and PTX06-1004. The estimated values for the perched 
groundwater sediments range from 1.5xl0·3 to 87.9 ftJday (5.44 xl0·7 to 3.10x1Q2 ants) tUlder ambient 
(l"essure and range from 7.2xl0-4 to 82.2 ftJday (2.53 xl0·7 to 2.90xl0·2cmls) under estimated overburden 
(l"essures. A complete listing of laboratory hydraulic conductivity tests conducted in the perched 
groundwater zone is (l"esented in the Subsurface Modeling Report (BWXT PantexiSAIC, 2004). 

A.2.2.4.2 Recharge 

Groundwater recharge on the Southern High Plains is focused below and near the edges ofplayas, while 
infiltration in upland (interplaya) settings is negligible. Numerous investigations have designated playas 
as primary sources of recharge to perched groundwater and the Ogallala Aquifer. Mullican et a1. (1995) 
identified 24 investigations in which recharge rates to the Ogallala Aquifer on the Southern High Plains 
were calculated Most studies conclude that a significant portion of recharge to the Ogallala Aquifer is 
through the floors and/or annular areas of playas in the region. More recent investigations have 
documented the playas as the focal points ofrecharge to the Ogallala Aquifer, including u.S. Bureau of 
Reclamation (1982), Stone (1984,1990), Wood and Osterkamp (1987), Mollhagen et al. (1993), 
Gustavson (1994), Scanlon et al. (1994), and Wood et al. (1997). Studies conducted by BEG have 
investigated the nature of recharge through the vadose zone in the vicinity of Pantex Plant. Scanlon et al. 
(1994) reported that hydraulic and hydrochemical data from the playa and interplaya settings are 
consistent and suggest that subsurface water movement is focused beneath playas and is negligible in 
interplaya settings. As noted by Gustavson et al. (1994), upland soils have coarser texture than playa 
soils and are therefore likely to have higher saturated hy<hulic conductivity than playa soils. However, 
the higher recharge associated with playas is a function of water availability and macropore recharge. 
Whereas infiltration in upland settings is limited by evapotranspiration and runoff, overland runoff is 
collected in playa basins. Wood et a1. (1997) estimated that 95 percent of the groundwater recharge flux 
ocrurs through maa-opores and interstitial recharge in playa basins, while only 5 percent of total recharge 
ocrurs in the interplaya areas. 

Infiltration and evaporation for the five Pantex Plant playa lakes were studied by Greer (1994). Recharge 
from the playas was estimated to range from as low as 20.4 inches/year (520 mm/year) in Playa 3 to as 
high as 144 inches/year (3,700 mmlyear) in Playa 5. The range of recharge values among playas has been 
attributed to facies variability within playas and suggests that some playas may be sites of significant 
recharge and others sites of minimal recharge (Gustavson, 1994). Fayer et al. (1996) developed estimates 
of deep drainage rates for the various land uses at Pantex Plant to pennit quantification of the spatial 
distribution of recharge to groundwater. Deep drainage rates were quantified for the ditches and playas 
and for interplaya areas. Deep a-ainage rates beneath the ditches and playas were developed based on 
Plant operational discharges and overland flow from precipitation and irrigation activities. In the 
interplaya areas, deep drainage rates were developed based on the infiltration of precipitation and 
irrigation water and the nature of surface soils and vegetation. The recommended infiltration rates for the 
playas ranged from 28.8 inches/year (730 mmlyear) for Playa 5 to 66 inches/year (1,680 mm/year) for 
Playa 1. The recommended infiltration rates for channel bottoms (ditches) ranged from 126 to 263 
inches/year (3,200 to 6,680 mmlyear). Interplaya recharge rates ranged from less than 0.02 inches/year 
(0.4 mmlyear) for grassland areas to 16.5 inches/year (418 mmlyear) for unvegetated surfaces with gravel 
cover. 
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Scanlon et al. (1994) cpantified unsaturated flow beneath playa. and interplaya settings based on 
infonnatioo collected primarily at the Wink and Texas Department ofCriminal Justice playa basins, 
located near Pantex Plant. A variety of techniques, including physical, chemical, and isotopic methods, 
were used to quantify unsaturated flow beneath the playa and interplaya areas. Results indicate water 
fluxes range from 2.4 to 3.9 incheslyear (61 to 100 mmlyear) beneath the playa basins and less than 0.004 
inches/year (0.1 rrun!year) beneath interplaya areas. Tracer experiments in this study showed that 
II"eferential flow ocrurred aloog roots and desiccatioo cracks through clays underlying the playas and 
contributed to the higher rates of recharge beneath playas. Scanlon et al. (1994) conclude that unsaturated 
flow is focused beneath playas with negligible water movement ocrurring in interplaya regioos not 
subject to ponding. 

Ramsey et al. (1995) con<ilcted a series of infiltration studies in the ditches and playas at Pantex Plant 
using double-ring infiltrometers. At the time of the study, only Playas 2, 3, and 4 cootained no water. 
The lowest infiltration rates were observed in Playa 3, and the highest rates were observed in Playa 2. 
Infiltration studies con<ilcted in the ditches indicated the !:hallow ditches in Zones 11 and 12 constructed 
in Pullman soils exhibit relatively little infiltration with historical percolation rates estimated at 43.6 ft3 of 
water per ft2 ofditch bottom per year (13.3 m3/m2_year). In contrast, the historical ~rcolation rate for the 
channel ofthe main ditch east of Zone 12 was estimated at 287 ~Ift?-year (87.6 m 1m2_year). 

Wood et al. (1997) used (itysical, chemical, and isotopic methods to quantify recharge at Playas 2 and 3. 
The results indicate that the total recharge flux ranges from 44.9 to 107 inches/year (1,140 to 2,720 
mm/year) in Playa. 2 and from 29.5 to 63.8 incheslyear (750 to 1620 rrun!year) in Playa. 3. Interstitial 
recharge was detennined to range from 0.79 to 1.57 inches/year (20 to 40 mmlyear) in these playas, 
indicating that macropore recharge is 25 to 100 times greater than interstitial recharge. On a regiooal 
scale, Wood et al. estimated that only 5 percent ofthe 0.43 inches'year (11 rrun!year) average 
groundwater recharge flux, or about 0.02 incheslyear (0.5 rrun!year), occurs in upland areas between the 
playa floors. 

In 2003, Scanloo et al. completed a comprehensive review ofrecharge research in Texas. The group 
examined and evaluated various methods for estimating recharge. Amoog the goals of the review was to 
compile recharge values and to conceptually characterize the recharge systems in the major aquifer 
systems in Texas. In summarizing the conceptual model ofrecharge to the Ogallala Acpifer, Scanlon et 
al. (2003) emphasize the importance ofthe thidc vadose zone that typically overlies the Ogallala Aquifer 
and the role offocused recharge through the playas. Scanlon et al. (2003) agree with previous researchers 
that the absence of calcic soils and low carbonate levels in the subsurface beneath playas may be field 
indicators of inaeased recharge rates beneath playas. 

The 1997 gromdwatermodel developed by Battelle assigned recharge rates of0.044 inches'year (1 
mm/year) for interplaya areas, 2.4 to 48 inches'year (610 to 1200 mm/year) for playas, and 72 incheslyear 
(1,800 rrun!year) for the ditches. Areas in Zones 10,11 and 12 may also be subject to slightly elevated 
recharge associated with poor stonnwater drainage from some areas. The high recharge values II"esented 
for the ditches are rCIJ"esentative of historical cooditions when process wastewaters were discharged to 
the ditches. Improved waste management II"actices have eliminated discharge ofuntreated II"ocess waters 
to the ditches, thus limiting recharge through ditches for current and future cooditions. The 2004 
Subswface M<xJeUng Repon (BWXT PantexlSAIC, 2004) presents and summarizes all application 
recharge estimates for the Pantex Plant area. 

A 2.2.4. 3 Bulk Density 

Measured values of particle density for the perched groundwater and FGZ sediments were reported by 
Mullican et al. (1995) as 2.61 to 2.66 glan3

• The sediment samples used to determine these values were 
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not specified Data contained in RFI reports for Pantex Plant indicate that dry bulk density ranges from 
1.6 to 1.8 g/cm3 for the perched groundwater sediments (Stoller, 2004b). 

A. 2. 2. 4. 4 Porosity and Specific Yield 

The effective porosity of a formation is a measure of the volume of void ~aces in a rock or sediment 
through which water can travel, divided by the total volume of the rode or sediment. The total range in 
porosity determined during triaxial permeability measurements completed on coce samples is from 19 to 
45 percent. Literature values ofporosity are in the range of24 to 61 percent for perched groundwater 
sediment types (silts, sands, and gravels). The values fall within the range presented in the literature for 
these types of sediments. 

Specific yield datafoc the perched groundwater zone have been estimated from several tests comr.leted at 
the Plant. Analysis ofpumping test data from PTX06-1 017 resulted in a specific yield of 0.34 (e M, 
1995). Olarbeneau et at. (1995) estimated storage coefficients of0.01 to 0.04 from aquifer test data from 
a multi-well pumping test using well PTXl 0-1 008 as the pumping well and wells OW-WR-44 and 
PTXlO-1OO7 as observation wells. BEG analysis of multi-well pumping tests in the area formerly 
occupied by the Building 11-14 wastewater discharge pond provided a ~ecific yield of 0.001 to 0.028 
based on delayed yield. 

Pocosity values for the Ogallala Aquifer are based on estimates ofthe ~ecific yield ofthe Ogallala 
Aquifer. The effective porosity of a formation can be loosely estimated through the determination of 
specific yield, but the specific yield is often less than the measured effective porosity of a formation. 
Analysis of aquifer test data collected at City of Amarillo Well 623 indicates a specific yield of0.14. 
Estimates of specific yield for the Ogallala Aquifer in the Southern High Plains have been determined 
through the analysis of sediment coces. Specific yield determined on cores retrieved from 41 test holes 
ranged from 0.072 to 0.195 with an average of 0.161. Nativ (1988) noted that patterns of high specific 
yield coincide with areas of high percentages of sand and gravel along major depositional axes. High 
core specific yield values (>0.18) lay along the main fluvial valleys in the Ogallala. Low core specific 
yield values (0.07 to 0.10) occur in the finer sediments. Nativ (1988) presented an average ~ecific yield 
of 0.16 for both field and laboratory testing. Gutentag et aI. (1984) calculated a range of specific yields in 
Texas of 0.05 to 0.30 with an average of0.156. 

A.l.2.5 Perched Groundwater Stresses 

The only source oc sink of perched groundwater at Pantex Plant is the ISM groundwater treatment system. 
This system consists of a network of extraction. injection, and monitocing wells located on 
USDOE!NNSA and TI'RF property in the southeastern area of the Plant. The system pumps 
contaminated groundwater from the perched groundwater, removes select metals. high explosives, and 
ocganic contaminants by microfiltration and granular activated carbon processes, and injects the treated 
effluent back into the perched groundwater. A summary ofthe design and operation ofthe ISM 
groundwater treatment system is presented in Appendix E ofthe Subsuiface Modeling Reporl (BWXT 
PantexiSAIC, 2004). The rates utilized in the mooeling effort here are presented in Table A-5, and are 
averaged rates over the ftrst three years of system operation as presented in Appendix E of the Subsuiface 
.Modeling Reporl (BWXT PantexiSAIC, 2004). 

A.l.2.6 Water Budget 

Inflow to perched groundwater consists primarily of infiltrating water from playas and other areas of 
focused recharge. Outflow of perched groundwater occurs primarily through vertical leakage ofwater 
into the FGZ, primarily near the margin ofperched groundwater. The groundwater treatment system 
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removes and injects water to the perched grOlmdwater. Because each body of perched groundwater 
ocrurs as a separate, isolated flow system, lateral flux is negligible. 

Water inflow to the FGZ consists of leakage from overlying perched groundwater and infiltration of 
SJrface water in areas where perched grOlmdwater is not present. Water outflow consists of vertical 
leakage to the tmderlying lower Ogallala Fonnation unsaturated zone. Lateral flow of groundwater in the 
FGZ is assumed to be negligible. 

A.2. 2. 7 Contamination DIstribution and Loading 

As a reSJlt of historical waste management practices from the early 1950s to approximately the 1980s, 
portions of the main perched groundwater are contaminated, primarily in the areas beneath and 
downgradient of Zones 11 and 12 and Playa 1. Pantex Plant was an ordnance facility from 1941 through 
1945, providing explosives for WWII. The mo!:t prevalent contaminant in perched groundwater is RDX, 
an HE compound used at Pantex Plant since it began operations. The highe!:t concentrations ofRDX are 
observed south of the Plant boundary on rru property, and along the eastern Plant boundary. Current 
concentrations observed near the known source areas (WMG 617, SWMU 5-13c, and Playa 1) are much 
lower. The lower concentrations near the source areas indicate that influx ofRDX to the perched 
groundwater was much greater in the past:. the observed nature and extent of RDX contamination is a 
result of hi!:torical releases, and improved waste management practices have mitigated continuing influx 
of RDX to the perched groundwater. 

A.2.l Code Selection 

Once the conceptual model has been fonnulated, it is translated into a nwnerical representation of the 
groundwater flow sy!:tem. In general, a modeling code is frrst selected that is apprqJriate to the 
hydrogeologic features represented in the conceptual model. Next, a grid or melb is geographically 
SJperimposed over the system. Aquifer properties, stresses, and boundary conditions are assigned to 
discrete points or volumes within the grid or meSl. Based on these parameters, the modeling code then 
calrulates head and flux at each discrete point within the grid or mesh. Parameter values are adju!:ted 
tmtil acceJiable agreement is reached between the simulated and observed values for a given parameter, 
SJch as hydraulic head The selected modeling software is disrussed below. 

MODFLOW-SURFACT (HydroGeoLogic, 1996) (version 2,2) was chosen to perfonn the screening 
simulation of the perched groundwater and Ogallala Aquifer. It is a fully integrated groundwater flow and 
solute transport code developed by HydroGeoLogic, Inc., it is compatible with, and is based to some 
extent on the United States Geological Survey groundwater modeling code, MODFLOW. Specifically, it 
does the following: 

• 	 Extends the applicability of the MODFLOW code to represent more of the aspects of this 
complex field problem by solving flow and transport a thin saturated a<pifer without having cells 
that dewater and become inactive. 

• 	 Automatically adjusts the rate of withdrawal from an extraction well to withch.w only as much 
water is available. This allows the rate of extraction well to decrease as the perched groundwater 
thickness diminiSles. The fractured well package overcomes MODFLOW limitations when 
simulating pumping wells in areas of thin saturated thickness, which results in model cells drying 
out and becoming inactive are needed ''rewetting''. 

• 	 Adaptive time stepping and oulplt control to allow outputting reSJlts at anytime desired during 
the simulation. 
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• 	 Compatibility with MODFLOW packages used by the regional Groundwater Availability Model 

• 	 The Analysis ofCootaminant Transport (ACf) modules provide capability to perform single
species and multi-component transport analyses including numerical solution of the advective
dispersive transport e<patioo in transient or Eteady-state flow fields for up to five solute species. 
Single species ofCOPCs are simulated, using reactive and non-reactive transport for retardation 
calculations and a first order biological decay rate (half-life) fer degradation. 

A.2.4 Model ConstructJon 

The conceptual model described in Sectioo A.2.2 was translated into a single-layer, finite-difference 
numerical apJroximation ofgroundwater flow and transport. The SLM specifically solves the most 
important area ofthe model that which contains the moEt mobile portion of the RDX mass flux, the 
fully saturated perched groundwater zone. 

Specific Jrocesses not simulated in the SLM are: 

• 	 The SLM is a saturated flow and transport model. It does not account fer any of the variably 
saturated flow in the subsurface. 

• 	 The SLM does not model the thinnest fringes of the perched groundwater. 

• 	 The RDX in the vadose zone, including the RDX in the soil moiEture cootinuing to drain into the 
perched groundwater and the RDX in the capillary fringe. either from natural forces or remaining 
after the perched groundwater dewaters. 

• 	 The RDX in the FGZ clays, which can act as a cootinuing source of contamination into the faster 
flowing perched flow regime. 

• 	 The transient response and lag times between the recharge at the land surface and the perched 
groundwater. The recharge is directly applied to the perched groundwater. 

• 	 The perched groundwater and Ogallala Aquifer are simulated as independent syEtems, they are 
not formally coupled. They are linked using an awroximation of the flux out of the SLM perched 
groundwater model boundaries as inp.1t into the perched 

• 	 Biodegradation is simulated as a single component using firEt erder decay without transform 
products. 

Importantly, these simplifications were needed to rapidly screen many remedial approaches. The SLM 
model comp.1tes the reduced mass flux form the most mobile portioo of the flow syEtem in a matter of 
minutes to hours. Then. the moEt viable approaches are teEted using the comprehensive 3D site-wide 
model documented in the Subswface MxIeling Report. and currently being extended. This model is not 
subject to any of the simplifications listed above. This 3D model is not subject to any of the 
simplifications IiEted above, but requires a simulation time on the erder ofweeks to calculate the coupled, 
transient.. flow and transport solution ofthe integrated vadose zone, perched groundwater system. 

Since the SLM focuses on the mass flux in the saturated perched zone, and ignores the other elements, it 
can only be used to screen the remedial options in terms of relative mass flux reduction. The results of 
resi<i.Jal masslconcentrations in the syEtem will, by the design ofthe model, show clean-up faster than can 
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be expected in the adllal field system Those computatims will be assessed for the preferred alternative 
using the BioFTID site wide model currently in development. The development of the SLM numerical 
model is described below. 

A.2.4.1 Model Domain 

A.2.4.1.1 Finite-Ditference Grid 

The finite difference grid, &Jperimposed over the study area, is a regular grid of 100 ft by 100 ft cells 
(Figure A-8). A total of 28,621 active cells exist within the numerical model. The summed area ofthe 
active cells is 286,210,000 ft2, or 6,570 aaes. The 100 by 100 ft dimtnsims of the cells can reasonably 
model the groundwater flow, including the existing extractim system, and particle traddng at sufficient 
resolution to allow for the necessary evaluation. Because flow in the perched groundwater zone is radial, 
orientation of the grid along a particular flow path is not possible: rather, the fmite difference grid 
&Jperimposed over the study area is oriented at 0° fran the north. 

A.2.4. 1. 2 HJK1rau/1c Parameters 

Aquifer properties such as aquifer elevatims, hydraulic cmductivity (K), recharge (R), storage (S), and 
porosity (N) and bulk density (Pb) are assigned at the nodes ofthe model based m a combina,tim of site
specific mea&Jrements; literature values reported for the region and model calibration. In most instances, 
hydraulic properties were imported directly from corresponding properties assigned within the site-wide 
model oocumented in the Subswface Modeling Report (BWXT PantexiSAIC, 2004) and the Baseline 
HHRA Report (BWXT PantexiSAIC, 2006). This property value consistency among models allows for a 
better canparison of the mass and water flux values computed in the models. The following sections 
disruss assignment ofthese p-operties. 

Bottom Elellation 

Conce~ally, the top ofthe FGZ selVes as a boundary to the more mobile portion of the perched 
groondwater flow; therefore, the defmition of this cmtact represents the bottom no-flow boundary ofthe 
screening model. The Subswface M:xJeling Report (BWXT PantexiSAIC, 20(4) &Jmmarizesthe 
geologic data used to determine the top elevation ofthe FGZ. 

Model bottan elevations were intapolated after being imported directly from definition of the top of the 
FGZ at nodallocatims in the site-wide model oocumented in Subswface Modeling Report (BWXT 
PantexiSAIC, 2004). OthClWise, no changeswere made to that &Jrface beyond the intapolation to the 
finite.difference grid. The FGZ acts as an aquitard separating the sandy geologic material of the perched 
zone from the underlying Ogallala Aquifer material. The FGZ layer, which is generally defmed as 
&Jccessive fining-upward sequences, changes in thickness and relative compositim throoghoot the study 
area. The fming-upward sequences appear to be absent, or in transitim to a more coarse-grained 
compositim, in the southerutem area ofPantex Plant. The bottom surface elevation ofthe model is 
!tlown in Figure A-9. 

Top Elevation 

Concqtually, the top of the model was selected as the bottom of the caliche layer. Model top elevations 
were intapolated after being imported directly from definition ofthe bottan ofthe caliche layer at nodal 
locations in the site-wide model dorumented in Subsurface Modeling Report (BWXTPantexiSAIC, 
2004). Otherwise, no changes were made to that surface beyond the interpolation to the finite-difference 
grid. The top surface elevatim of the model danain is !tlown in Figure A-IO. 
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Hydraulic Conductivity (K) 

Figure A-II depicts the K field used in the screening model simulations. This parameter was imported 
from nodal K data from the site-wide model perched layer as documented in the Subsurface Modeling 
Reporl (BWXT PantexiSAIC, 2004), and then interpolated to the screening model grid. No manges were 
made to the K field beyond the interpolation to the fmite-difference grid. 

Recharge (R) 

Figure A-12 depicts the remarge field used in the screening model simulations. This parameter was 
imported from nodal remarge data from the site-wide model documented in the Subsurface Modeling 
Reporl (BWXT PantexiSAIC, 2004), and then interpolated to the screening model grid. The recharge 
field selected fcc these simulations is the present-day recharge condition. These conditions represent less 
flow through the ditches and playas at the Plant because the Plant no longer dismarges of process water to 
onsite playas and ditches. A simplification with the single layer is not incccporating the additionaJ flux 
rate over time from the soil moisture still draining into the perched groundwater. No manges were made 
to the recharge field beyond the interpolation to the fmite-difference grid. 

Storage (S) 

The perched groundwater zone was simulated in the screening model under unconfmed conditions. The 
specific yield applied throughout the model domain was 0.20, whim is consistent with values presented in 
the Subsurface Modeling Reporl (BWXT PantexiSAIC, 2004). 

Porosity (N) 

The perched groundwater zone was simulated in the screening model with an effective transport pccosity 
value equaJ to 0.25, whim is consistent with values for this type ofgeologic material. This type of model 
does not allow for a different pocosity values, one for flow (total porosity) and transport (effective or 
kinematic porosity). 

Bulk Density (PrJ 

Bulk Density in the model is assigned as 1.64 glcubic centimeters. This is the same value utilized in the 
Baseline HHRA (BWXT PantexiSAIC, 2006). It is also consistent with the conceptual understanding of 
this property described in Section A2.2.4.3. 

A2A.l.3 Initial Heads 

Initial heads, or water levels, were assigned at the June 2003 measJred water levels. These water levels 
are thought to be representative of conditions at the end of historically high Pantex Plant operation 
recharge effects (roughly 40 year period of high recharge rates beneath ditches and Playa 1 reflective of 
past Cl'erations at the Plant). The June 2003 water levels are somewhat indicative of the higher-recharge 
period when Pantex Plant was still discharging mum water to the ditches and playas. There is a 
conceptual difference in the measured June 2003 water levels versus the water table generated in the 
Subsurface Modeling Reporl. In that repcct, additional mounding is noted beneath Playa 4, sum that a 
groundwater trough (saddle) is noted between the southern Plant boundary and the playa. This is not 
evident in the June 2003 water table map as there is an absence of measured data at this location. Not 
including the groundwater saddle has the effect of increasing the rate of southerly migration, providing 
foc a measure of conservativeness in the CMSIFS analysis. 
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A2.4.1.4 RDXContamination Parameters 

RDXTranspor1 Parameters 

Consistent with the Baseline HHRA FTM simulations (BWXT PantexiSAIC, 2006) and the previously 
}X'esented literature and site evaluatioo, reactive RDX transport includes the effed:s of biodegradation 
(with half-life of 25 years) and soil adsorption (with a soil-water partitioning coefficient i.l<d1 of 0.1707 
LIkg). The Baseline HHRA utilized nonreactive conditions to calculate risk. and provided r(Sllts for 
RDX using half-life values of25 years and 100 years as part of the uncertainty analysis. 

RDX Initial Concentration 

Initial conditions for RDX are shown in Figure A-13. Initial conditions used in the screening model were 
imported directly from the FTM model re}X'esentatioo of the RDX distriwtion in the perched groundwater 
as presented in the Baseline HHRA (BWXT PantexlSAIC, 2006). The RDX initial cooditions represent 
the distriwtion (magnitude and extent) of RDX contamination in the perdted groundwater at simulatioo 
time equal to zero (representative of current conditions). As }X'esented in the Baseline HHRA (BWXT 
PantexlSAIC, 2006), observed concentrations in perched groundwater are used to develop the initial 
conditions for RDX for those areas with the potential to migrate to a point of exposure. 

RDX Source Loca1ions 

Figure A-14 depid:s the RDX source areas active for the first 50 years ofsimulation time in the screening 
model. The concentrations were applied to the recharge teon in these areas, and represent directly 
imported and interpolated values from the FTM model RDX source areas. 

RDX source area locations were simulated for three source areas with the actual perched groundwater. 
This method represents the ongoing impad:s to perdted groundwater frCln resiciJal drainage or leaching 
from the vadose zone. The three areas and concentrations specified as in the Baseline HHRA (BWXT 
PantexlSAIC, 2006), and are: 

• 	 WMG 6/7 source area within HE closure extent is defmed in the Zone 12 RFIR.; it includes 
SWMU 122b and associated <i'ainage features. Aconcentration of 417 JlWL based upon the trend 
results from PTX06-1088 is applied to this source area. 

• 	 SWMU 5-12a and 5-13c ditch source drains northward to Playa 1. Aconcentration of 277 JlWL 
based upon trend results from PTX08-1 002 is applied to this source area. Results from PTX08
1002 were selected for this source area because downgradient coocentrations frCln this source and 
the Playa 1 source are similar in magnitude. 

• 	 Playa 1 source is the area near the mouth of the SWMU 5-13c ditch. A concentratioo of 277 JJgIL 
based upon trend results from PTX08-1 002 is applied to this source area. The source node 
locations were selected in the southeast area ofPlaya 1. The entire area ofPlaya 1was not 
selected as a continuing source because the obseaved distributioo ofRDX within the perched 
groundwater indicated greater impacts beneath the southeast portion ofthe playa near the mouth 
of the SWMU 5-13c ditdt. 
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A.2.4.1.5 Sources and Sinks 

As described in the conceptual model, the only sources of water to perched groundwater are recharge and 
the injection associated with the pump and treat system. The only sink of water associated with the 
perched groundwater is the extraction wells (BWXT PantexlSAIC, 2004) and at the site boundaries. This 
historically-averaged extraction and injection rates as presented in Appendix E of the Subsurface 
MJdeling Reporl (BWXT PantexiSAIC, 2004) were assigned to the pump-and-treat wells for the 3 year 
period of model calibration in the model at rates and locations ~own in Figure A-6, and are listed in 
Table A-5. 

A. 2.4.1.6 Boundary Conditions 

No Flow Bowulmy 

The screening model boundary conditions are presented in Figure A-15. This single layer model is 
bounded on the bottom by the assignment of a no-flow condition corresponding to the FGZ. No 
vertically downward flux is possible out of this model. The lateral flux exiting the model boundary is a 
proxy for the flux of water moving vertically to the Ogallala Aquifer in the screening model. No flow 
conditions also exist within the model domain corresponding to observed dry areas in Zone II and in the 
southeast area of the model domain. These are consistent with the GroundwaJer RFIR interpretation of 
perched groundwater conditions in these areas (Stoller, 2004b). 

General Head Bowulmy 

Specified head and specified flux boundaries can be simulated as a head-dependent flux across the 
model's outer boundary allowing water to be suWlied to a boundary cell in the modeled area at a rate 
proportional to the current head difference between a "source" or "sink" of water outside the modeled 
area and the boundary cell. This type of boundary condition is called a general head boundary (GHB). 
The GHB is generally a more robust boundary condition than the constant head boundary because the 
combination of the specified head and conductance allows some level of control over the head and the 
flow at the boundary. The location of the GHB cells around the model domain is also presented in Figure 
A-15. In the screening model of perched groundwater, the thin saturated thickness at the edge of the 
model was simulated everywhere with a head equal to 0.5 ft above the bottom elevation of the model and 
a conductance term of 15 ft2 per day. This conductance term was developed through trial and error 
matching of the volumetric flux leaving the model area that was computed using the 3D BIOF&T3D 
model in the southeast corner of the SLM screening model (45 gallons per minute) to the documented 
volumetric flux (44 gpm) leaving the same area vertically in the Baseline HHRA FlM (BWXT 
PantexlSAIC,2006). This process is discussed further in the following subsections. 

A.2.4.1. 7 Calibration Targets and Goals 

The calibration targets were chosen to be the measured June 2003 water levels and the volumetric flux 
leaving the southeast comer of the FlM model area as documented in the Baseline HHRA (BWXT 
PantexlSAIC, 2006). The measured June 2003 water levels provide a realistic set of head targets to 
evaluate model calibration. The calculated flux in the southeast area of the model, in the absence of any 
measured flux terms from the perched groundwater, provides a method to ensure consistency between this 
model and the FlM used to assess ri~ at Pantex Plant. 
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Head Targets 

The saeening model was calilrated again!ii the June 2003 water levels. which account for approximately 
3 years of operation ofthe pll1lp and treat sy!iiem at Pantex: Plant as Jl"esented in Table A-5. The 80 
target water levels and model-comp.1ted water levels are tabulated and compared in Table A-6. The 
simulated water levels match very well with the observedwater levels. The error in the simulated water 
levels ranges from -5.18 ft to 5.07 ft, with an absolute residual mean error (AME) of L 78 ft.. The 
correlation coefficient (R.:z:> ofthe observed versus measured water levels is 0.987. The location and 
magnitude ofthe targets are plotted in Figure A-16. 

Flux Targets 

Figure A-16 also depicts the area of cpalitative flux calibratioo in the southeast area of the model. The 
Baseline HHR.A (BWXT PantexlSAIC, 2006) documented a volumetric flux fran the perdted 
groundwater across the FGZ in this area at approximately 44 gallons per minute. The screening model 
!!bows a volumetric flux rate of 45 gallons per minute out of the GHB cells in this same area, which 
supports the use of the flux out of the GlIB cells as a proxy for the water moving vertically out ofthe 
perched groundwater in theBIOF&T3D subsurface model for the same area. 

Table A-S. Pump and treat SystaD Pumplag Rates Assigned In Model. (3-yeRl' simulation) 
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Table A-5. Pump and treat System Pumping Rates Assigned in Model (continued) 
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Table A-6. June 2003 Calibration Stadstfcs 

327S.7 3276.11 ..0.41 
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TableA-'. June 2003 CaHbradon Statistics (continued) 

3282.2 

3284.4 

3290.3 

3292.3 

3292.8 3291.41 1.39 

3293 1.75 

3295.05 3.65 

OW-WR-19 3305.6 3301.80 3.ro 
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TableA-'. June 2003 CaHbradon Statlstic:s (c:ontlnned) 

Coordinates Texas State Rane North NAD 83 

*June 2003mearured water levels 
- (-) resi<hals indicate It simulated water I eve! higher than the measured water level. (+) rem dual s indicate It simulated water I evelless 

than the measured water level 


A2.4.l.8 WaterBalance 

Table A-7 presents the results of the water balance of the transient solution correspmding to the June 
2003 calibratim time frame. The water balance error at the June 2003 time frame is less than 2:010. The 
majority ofthe water mass in the syEtem is introduced from recharge and is exiting at the GHB cells 
~rrounding the model. 

TableA-7. Mass Balanc:e 

A.3 SCREENING MODEL EvALUATION 

The screening level model provides a consistent framewoIk for comparison of different alternatives under 
consideration for perched groundwater remediation. This model is a single layer model possessing a 
lower no-flow boundary and lateral general head boundaries. This means the model does not calrulate 
leakage ofperched groundwater across the lower model boundary. Therefore, the model does not 
calrulate the spatial, vertical flux of perched groundwater across the FGZ to the underlying Ogallala 
Aquifer. This calrulation has been completed for the variably-saturated flow and tran~ort modeling 
within the BIOF&.T3D site-wide and focused transport models as part of the risk. asses9l1ent calrulatims, 
rut has not been done for the evaluation of the many alternatives investigated here. The screening level 
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model provides the necessary resolution to distinguish the most effective remedial strategies presented in 
this CM:SIFS in a timely manner. 

A3.1 Definition of Evaluation Metrics 

The sa-eening level model calculates the lateral flux of perched groundwater across the general head 
boundaries. which is analogous to the vertical flux of perched groundwater across the FGZ to the 
underlying Ogallala Aquifer. By assuming the lateral flux out of the model is equal to the perched 
groundwater flux to the Ogallala Aquifer (as was shown to be similar in magnitude in Sectioo A.2.4.1.7), 
alternatives can be evaluated and compared based upon the change in water or mass flux leaving the 
lateral model boundaries. Again, the screening level model is not intended for calculation ofspatial 
vertical flux across the FGZ beneath the footprint of the perched groundwater, nor time to remediate the 
perched groundwater. The screening level uses the same hydraulic cooductivity field and recharge rates 
as the BIOF&T3D variably saturated flow and transport model used in the risk assessment. Further, the 
calwlated water flux out of the screening level models matches the flux migrating across the FGZ 
calwlated by the variably saturated flow and transport model. Therefore, the lateral flux aa-oss the 
general head boundaries in the sa-eening level model provides a relative measure of the RDX and 
volumetric water flux to the underlying Ogallala Aquifer and is the primary metric for evaluation of 
different potential alternatives. 

The general head boundaries that ring the simulated perched groundwater flow system have been divided 
into segments (referred to as reaches) for further refinement of the alternatives evaluatioo as shown in 
Figure A-IS and described below: 

• 	 Reach 0: Represents the entire simulated lateral extent ofthe perched groundwater flow system 
with the exception of Reaches 1 through 4; corresponds to the total predicted water and mass flux 
out ofthe perched groundwater flow system along southern boundary west ofReach 1, aloog the 
western model boundary, and along the northern and eastern model boundaries north ofReach 4. 

• 	 Reach I: Occurs along the southern boundary (lateral extent) ofperched groundwater flow 
system, corresponding to the location where risk assessment modeling efforts predicted the initial 
and most significant break through of impacted perched groundwater across the FGZ; Reach 1 is 
the most critical ream for comparison of RDX mass flux and volumetric water flux out of the 
permed groundwater among the various scenarios. 

• 	 Reach 2: Occurs east of and adjacent to Reach 1, corresponding to the southeast-most extent of 
the perched groundwater flow system. 

• 	 Reach 3: Occurs north of and adjacent to Reach 2 aloog the eastern boundary (lateral extent) of 
permed groundwater east ofZone 12. 

• 	 Reach 4: Occurs north of and adjacent to Reach 3 along the eastern boundary (lateral extent) of 
permed groundwater northeast of Zone 12 and southeast of Playa 1. 

Each alternative modeled can then be compared based upon the predicted water and mass flux leaving the 
lateral boundaries of the perched groundwater flow system, either for the system as a whole or for one or 
more individual reach. As an initial screening of the alternatives modeled, the following metrics were 
tabulated and used to compare and rank the alternatives: 
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• 	 RDX rqresents the Jrimary risk driver and was the only constituent used in the screening level 
model fate and transport evaluation ofalternatives. In addition to being the primary risk driver. 
the extent ofRDX impacted perched gromdwater spatially encompasses the locations of other 
constituents in perched groundwater identified as risk ci'ivers in the risk assessment. 

• 	 Predicted cumulative water volumetric flux and RDX mass flux for each reach over time was 
tah.dated. 

• 	 Predicted instantaneous water volumetric flux and RDX mass flux for each reach over time was 
tahIlated. 

• 	 Each alternative simulated in the saeening level model is ranked based upon the relative 

reduction in RDX mass flux oot of the model (the lower the mass flux oot. the higher the 

ranking). 


• 	 Average concentration exiting reaches over time calculated from the instantaneous water and 
RDX mass exiting each reach. 

The evaluation completed here focused on the relative reduction ofmass flux across the lateral boundaries 
of the simulated perched groundwater flow system. An initial simulation comparable to the BRA effat 
was complete using the screening level model to provide both a baseline for comparison against the risk 
assessment results. and a baseline for comparison ofeach alternative evaluated. 

A.l.2 Alternative Test Acoounf1ng 

Thirty-eight. separate remedial scenarios were simulatedwithin the saeening model for comparison 
among each other and to the Baseline HHRA RDX transport simulations. The scenarios can generally be 
grooped into five majcr categcries. frcm which several smaller perturbations were evaluated (Table A-8). 
These five majcr groups are: 

• 	 Baseline Human Health Scenarios: These scenarios comprise simulations in which no pump 
and treat system is operative over the 30-year life span ofan expected remediation system. 
Models were conciJcted in this flow environment that evaluated the inclusion ofreactive transport 
(inclusion ofretarded contaminant flow and a degradation half-life) and reciJced recharge at the 
ditches and playas. 

• 	 Exlsf1ng System Scenarios: These scenarios comprise simulations in which the existing 
extraction sy&em is operative over the 30-year life span ofan expected remediation system. All 
models in this category were conducted with the histcrical average pumping rate applied at 
existing wells only. The other various components evaluated in this set ofsimulations included 
the inclusion and exclusion of injection ofwater in the existing injection wells. reactive and non 
reactive transport. reduced recharge at ditches and playas. and the extension oflhe period of 
operation ofthe existing extraction system to 60 years ofoperatim. 

• 	 Horizontal Well Scenarios: These scenarios ccmprise simulations in which the placement ofone 
or more horizontal wells in key areas ofthe model domain are supplemental to the operation of 
the existing extraction system over the 30-year life span ofan expected remediation system. The 
effects ofa horizontal well were simulated through the use of the drain cell boundary condition. 
All models in this category were cmducted with the histcrical average pumping rate applied at 
existing wells. The other various compments evaluated in this set of simulations included the 
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awlication and exclusion of injection of water in the existing injection wells, reactive and non 
reactive transport. reduced recharge at ditches and playas, and the extension of the period of 
operation to 60 years. 

• 	 Vertical Extraction Well Scenarios: These scenarios comprise simulations in which the 
placement of tines of vertical wells in key areas of the model domain are supplemental to the 
operation of the existing extraction system over the 30-year life span ofan expected remediation 
system. All models in this category were conducted with the historical average pumping rate 
awlied at existing wells. The other various components evaluated in this set ofsimulations 
included the application and exclusion of injection ofwater in the existing injection wells, 
reduced recharge at ditches and playas, and the extension of the period of operation to 60 years. 

• 	 Enhanced Decay Scenarios: These scenarios comprise simulations in which the placement of 
zones with high rates of decay spaced approximately at locations of 1 O-year travel times 
throughout the RDX plume from the source areas to the boundary of the model. 
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Table A-S. Model Accounting Summary 

w "c,,, "'''''''W"i,fi "",0''''''';' ,'1' 

'.' 
~', 

-''f ,,',,', J,' "~' ',f''',' ",'--,C' '''; I';\" ~-;,Il!t" ""-"""\'l";'\:~v;r ",,~-.~,-, ,,
Cumulative Flux Peak 

Baseline Human Health Scenarios E:.Dtin GHB Instantaneous Flux 

Water 
Reactive Normal RDX (million RDX 

Run :Model Identifier Transoort Extraction Iniection Recharlle Descriution (b} Ilallon,) tbIYeIIr) 

BaaliM JIumoJI JlwJJth ScIlIllJrio& 

1 l4SP~hed_20051108D_11lB No No No Yes BlIlIeline BBRA FTM 60,94 kglYear (at T=5 
3,368 28,596 Years) 

Yes No No Yes Baseline BBRA FI'M with retardation:: l4SP~hed_2005110BE_11lB and decay 68,70 kglYear (atT=10 
2,TI3 28,596 Years) 

3 l4SP~hedOl1306 Yes No No No (I) MSPerched_2005110BE_TRB with 
reduced recharge at Playllll and Ditches 66.38 kglYear (atT=10 

2449 12522 Years) 

Mode1l4SPerched_20051108D_TRB 
4 l4SPerched_20051127.B_11lB No No No No (I) with reduced recharge at Playllll and 60,49 kglYear (at T=5 

Ditches 3,022 12,522 Years) 

E:Dsting Sysr.m Scllnan06 

Base model evaluation of existing 
5 l4SPerched_2005110BB_11lB Yes Yes Yes Yes system pumping, injection and reactive 58,86 kglYe~ (at T=7 

transport 2,015 28.482 Years 

Modell4SPerched_2005110BB_TRB 
6 l4SPerched_20051127Jl_11lB Yes Yes Yes No (I) with reduced recharge at Playas and 54.10 kg/Year (at T=5

Ditches I,m 12.496 Ye~) 
Base model evaluation ofexisting 

7 l4SPerched_2005110BC_11lB No Yes Yes Yes system pumping, injection and 54, II kglYear (at T=5
nonreactive Iransport 2,380 28,484 Years) 

8 l4SPerched_20051122B_11lB Yes Yes No Yes Mode1l4SPerched_20051108B_TRB 
40,97 kglYear (at T=5without injection in stress period 2 

995 26,772 Yellll1J) 

9 l4SPerched_20051122C_11lB No Yes No Yes Modell4SPerched_20051108C_TRB 
without injection in stress period 2 49,76 kglYear (at T=5 

2,028 26.772 Years) 

10 l4SPercbed_20051127C_TRB (l) No Yes Yes Yes Mode1l4SPerchcd_20051108c_TRB 
54,87 kglYear (at T=10with 60 years of active remediation 

1885 28390 Years)' 
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Table A-S. Model AC£OI1lldn, Swmnary (coodnued) 
·~·u "'''''. ".' '" 

, ·""c . """",' ,~, '·V:'''· " , 

Cumulative Flux Peak: 
Baseline Human Health Scenarios ExitineGHB Instantaneous Flux 

Water 
Reactive Normal RDX (million RDX 

Run Model Identifier Transport Extraction Iniection Recharl!;e Description (b) Ilallons) Iklllyear) 
11 MSPerched_20051127D _TRB (i) Yes Yes Yes Yes Model MSPerched_2005110BB_TRB 

with 60 years of active remediation 54.87 kg/Year (at T=IO 
1885 28390 Years) 

Model MSPerthedI127D_TRBb without 
12 MSPerched121205a (l) Yes Yes No Yes injection in stress period 2, extended 40.97 kg/Year (at T=5 

pumping to 60 years 831 25,523 Years) 

Horiz(mlal W,,1l &"Mrios 

13 MSPerchedll0805b Yes Yes Yes Yes 
1 horizontal well simulated during stress 

54.80 kg/Year (at T=10 period 2 with DllAlNREACH 10 
1,898 26,476 Years)

------- 

14 MSPerchedl10805c Yes Yes Yes Yes 
1 horizontal well simulated during stress 

49,93 kg/Year (at T=5 period 2 with DllAlNREACH 11 
1,336 27,583 Years) 

15 MSPerchedl10905a Yes Yes Yes Yes 
1 horizontal well simulated during stress 

33.32 kg/Year (at T=5period 2 with DllAlNREACH 12 
1,293 27,589 Years) 

16 MSPerchedll0905b Yes Yes Yes Yes 
1 horizontal well simulated during stress 

54,57 kg/Year (at T=5period 2 with DllAlNREACH 13 
1,820 28,297 Years) 

17 MSPerched11 0905c Yes Yes Yes Yes 
1 horizontal well simulated during stress 

30.74 kg/Year (at T=5 period 2 with DllAlNREACH 14 
1,323 28,223 Years) 

2horizontal wells simulated during stress 
18 MSPerchedll0905d Yes Yes Yes Yes period 2 with DllAlN REACHES 14 and 2149 kg/Year (at T=O 

15 1.128 27,948 Years) 
------ 

6 horizontal wells simulated during stress 
19 MSPerchedlll005a Yes Yes Yes Yes period2withDRAlNREACHES 10, 23,49 kg/Year (at T=O 

11,12,13.14 and 15 608 24.952 Years) 

8 horizontal wells simulated during stress 
20 MSPerched11290Sa Yes Yes Yes Yes period 2 with DRAIN REACHES 10, 23.49 kg/Year (at T=O 

11,12,13,14,15,20 and 21 567 24,100 Years) 

10 horizontal wells simulated during 
II MSPerched112905b Yes Yes Yes Yes stress period 2 with all DRAIN 23.77 kg/Year (at T=O 

REACHES 584 21,336 Years) 

MSPerched_20051201a_TRB Yes Yes No Yes 
Model MSPerchedlll00Sa without 

2149 kg/Year (at T=O22 injection in stress period 2 
518 24.419 Years) 
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Table A-8. Model Accoundn& Summ..y (continued) 

I~"":t' "'1f'r~!'," ", , " ':;:"I:'~:~i,1"'"'' ';'i,,' ')\:,""""'"'"''-'''-:'''''''%''''''''''''''''':',''''' ""'~" " 1 0 ":;::::', :f:I,,;:~:~]l;tt;:'-~: '''1'' ","" "':\ ',' "~,!:""'''\''''''''''l'''-9''' ",.,' 

Cumulative Flux Peak 
Baseline Human Health Scenarios EntinaGHB Instantaneous Flux 

Water 
Reactive Normal RDX (million RDX 

Rnn Model Identifier Transport Extraction Injection Recharae Description (lw Ilallonsl (kJr/yearl 

23 ~erched_20051202a_11UB Yes Yes No Yes 
Model ~erched112905a without 

23.49 kglYear (at T=Oinjection in streIB period 2 
480 23,599 Years) 

Model ~erched112905a with reduced 
24 ~erched_20051202c_11UB Yes Yes No No (I) recharge at PI ayas and Ditches, no 2149 kglYear (at T=O 

injection during stress period 2 514 9,018 Years) 

25 ~erched_20051202b_1lUB Yes Yes No Yes 
Model ~erched112905b ,no injection 

23,77 kg/Year (at T=Oduring stress period 2 
497 20834 Years) 

Model ~erched1201A_TRBb without 
26 ~erched121205b (3) Yes Yes No Yes injection in stress period 2, extended 23,54 kg/Year (at T=O 

pumping and horizontal wells to 60 years 396 22479 Years) 

V.rticaJ &troCtioll W.lJ Sc.NVios 

27 ~erched111405b Yes Yes Yes Yes 
8 lines of extraction wells located 

23.49 kglYear (at T=Othroughout the RDX plume 
192 26,717 Years) 

28 ~erched111405c Yes Yes Yes Yes 
7 lines of extraction wells located 

23.49 kg/Year (at T=Othroughout the RDX plume 
358 26,788 Years) 

29 ~erched111405d Yes Yes Yes Yes 
6 lines of extraction wells located 

23,49 kglYear (at T=Othroughout the RDX pi ume 
501 26,839 Years) 

30 ~erched111405e Yes Yes Yes Yes 
5 lines of extraction wells located 

48.47 kglYear (at T=5 throughout the RDX plume 
1,186 27,469 Years) 

31 ~erched111405f Yes Yes Yes Yes 
4 lines of extraction wells located 

51.70 kg/Year (at T=5throughout the RDX plume 
1,290 27,534 Years) 

32 ~erched111405g Yes Yes Yes Yes 
3 lines of extraction wells located 

53,70 kg/Year (at T=5throughout the RDX plume 
1,458 27,653 Years) 

33 ~erched111405h Yes Yes Yes Yes 
2 lines of extraction wells located 

54,18 kglYear (at T=5throughout the RDX plume 
1,629 27 ,826 Years) 

34 ~erchedll1405i Yes Yes Yes Yes 
1 lines of extraction wells located 

54,62 kglYear (at T=5throughout the RDX plume 
1,815 28,059 Years) 
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Table A-8. Model Accountln, Summary (contlnlled) 
'\,,' , ," '.,' ·'1';01 "-;. T 

Baseline Hum an Health Scenarios 

lWactive Normal 
Run Model Identifier Transport Extraction Iniection Recharlle DescriPtion 

3S )lSperched120105a Yes Yes No Yes 
Model )lSpercbedl1405b witbout 
injection in slress period 2 

&haltclld dflCay Sell_nOS 

36 MSPerched_20051221b_TRB (3) Yes No No Yes 

37 MSPerched_20051222a_TRB (3) Yes Yes Yes Yes 

38 MSPerched_20060419b_TRB (3) Yes No No Yes 

- - -

Biodecay amendment CT1I2=10 days) 
applied for 30-years. Base model 
)lSpercbed_20051108E_11lB 

Biodecay amendment CTI/2=10 days) 
applied for 30-years. Base model 
)lSperched_20051108B_TRB 

Biodecay amendment CTI/2=10 days) 
applied for 30-years in focused area. 

~" -,,",~, r-
Cumulative Flux Peak 

ExitinlZGHB Instantaneous Flux 

Water 

::~ (million RDX 
Ilallons) (kllfyoar) 

23.49 kg/Year (at T=O 
161 26,015 Years) 

26.67 kg/Year (at T=5 
489 28,411 Years) 

23.46 kgJYear (at T=5 
393 28172 Years) 

23.46 kgJYear (at T=O 
646 28,28<1 Years) -

Unless otherwise noted, a model is composed of4 stren periods: 
Slress Period 1 = 3 years (model calibration; always includes historical pumping and injection) 
Slress Period 2 = 30-years (pumpingffujeclion. where applicable, and constant RDX source applied) 
Slress Period 3 = 20 years (constantRDX source applied) 
Slress Period 4 = 250 years 

Reaclive Iransport assumes an RDX K.! =0.171 IJkg and an RDX degradation balf-Iife of 25 years. 

Historical extraction and injection rates presented in Table A-5. 

(1) Recharge reduced by lOx at Playas and Ditches 

(2) Model comprises 5 slress periods to account for an addilional 30-years ofpumpinglinjeclion: 
Slress Period 1 3. years (model calibralion; always includes historical pumping and injection) 
Slress Period 2 30-years (pumpingIInjeclion, where applicable. and constant source applied) 
Slress Peri od 3 20 years (pumpingIInjection. where applicable. and constant source applied) 
Slress Period 4 10 years (pumping/Injection) 
Slress Period 5 = 240 years 

(3) Model stress periods are spread acfOIl three model stages to accommodate a lime-varying RDX half-life 
(Each model stage is initiated with the output ofthe last). 
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Not all of the 38 simulations conoocted as part of the saeening evaluation are presented in detail in the 
remainder of this Awendi.x; however, all 38 scenarios are documented in Attadunent 1A for 
completeness. Only the most illustrative or promising alternative simulations within each of the five 
main groups ofalternatives are presented in this Appendix. These key screening model alternatives are 
described in the following section. 

A4 KEY SCREENING MODEL ALTERNATIVES 

This section details the most important simulations within each of the five groups ofmodels. The key 
screening model alternatives are singled out here dle to their close reproduction ofHHRA simulations, 
their featuring of a particular remedial alternative in a unic:pe fashion, or high perfonnance within a group 
of simulations with regard to the lateral flux ofRDX and water aaoss the general head boundaries. As 
described in Section 3.1, the latter are the primary evaluation metrics in the use ofthe screening level 
models. Of the 38 screening model alternative simulations conducted in mpport of this CMSJFS. 12 are 
described here in detail. Predicted water and RDX mass removal from active remediation was tabulated 
and graphed in Figures A-17 through A-20 for key screening alternatives and was used as a secondary 
aiterion for evaluation ofalternatives. 

A4.1 Reproduction or Applicable Baseline :mIRA Simulations 

To provide a consistent basis for relative ranking ofmodeling alternatives, the Baseline HHRA 
simulationswere first simulated in the screening model. Runs #1 through #4 were perturbations upon the 
basic HHRA FTM RDX simulations. Run #1 was the nonreactive simulation, conservative tracer 
simulation. Run #2 included the effects ofreactive transpoct (socption and degradation) through inclusion 
of a specified partition coefficient (K~ and half-life term. 

Run #3 and Run #4 included a redlction in the specified recharge application at all ditches and playas 
within the model domain by a factor of 10. Run #3, which tests the impacts ofreduced recharge in a 
reactive transport model, and Run #4, which tests the impacts of reduced recharge in a nonreactive 
transport model. Of the Reduced recharge scenarios, only Run #3 is (resented in detail here because the 
nonreactive Run #4 was conducted for canparison purposes only. The reduced recharge scenarios 
represent conditions in which engineering controls oc institutional controls may be implemented to limit 
the amount ofwater infiltrating to the perched groundwater. 

A4. L 1 Run #1: Baseline Nonreactive Transport 

The potential for future health impacts from perched groundwaterwas evaluated in the human health risk 
asses9l1ent (BWXT PantexlSAlC, 2006) through (redictive modeling. Flow and transpoct predictions 
were completed under nonreactive conditions. Under nonreactive conditions, only advection, dispersion, 
and diffusion are included in the transport calrulations. The effects of sorption and degradation are not 
included. Using nonreactive conditions for future predictions is thought to be conservative with respect to 
ri9c calculations as it tend; to over estimate future predicted concentrations and underestimate travel 
times. Evidence ofcontaminant degradation observed in groundwater analytical remIts and publi!ihed 
sorption coefficients and degradation rates that span conditions observed at Pantex Plant mppoct the 
conservative nature ofnonreactive transport predictions. This conservative awroach was implemented at 
the HERA stage to en&1fe risks for COPCs were not underestimated. For comparison with ri9c 
asses9l1ent results and to establish a baseline within the screening level model. the nonreactive baseline 
ri9c asses9l1ent simulation is reproduced within the saeening level model. 
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The nonreactive baseline risk assessment simulation is identified as Run #1 (Model Identifier = 
MSPerched_20051108D_lRB) in Table A-8. Table A-8 indicates that Run #1 is specified as: 

• 	 Nonreactive contaminant transport (the effects of sorption and degradation are not included) 

• 	 No active extraction system is in operation 

• 	 No active injection system is in operation 

• 	 Normal rates of recharge (same "post-Pantex Plant" recharge rates used in the calibrated flow 
model dorumented in the Subsurface Modeling Report [BWXT PantexlSAIC, 2004] and in 
Appendix N of the Baseline HHRA Report [BWXT Pantex/SAIC, 2006D. 

As noted above, the transport simulation includes the effects of dispersion and diffusion only 
(nonreactive). 

A.4.1.1.1 Run #1 Results 

RDX transport was simulated for a period of 300-years. The volume of water and mass of RDX 
migrating across each reach are tabulated over time in Table A-9, and IX"0vide a baseline for evaluation of 
other alternatives examined within this CMSIFS. The results over time may also be compared against the 
Baseline HHRA (BWXT PantexlSAIC, 2006) results. 

Table A-9. RUD #1 Reach Reports 

RIm #1 MtNleI MSPere1uJ4 200511 OlD TRB 

30 2005 618 178 195 209 3206 

SO 3207 1021 301 317 312 5158 

100 6172 1998 597 606 541 9915 

150 9100 2961 888 888 761 14599 

200 12019 3921 1178 1169 980 19267 

250 14936 4880 1469 1449 1198 23932 

300 17852 5840 1759 1729 1416 28596 

30 8 1050 369 472 443 2342 

SO 9 1148 426 562 565 2710 

100 9 1296 504 709 682 3199 

150 10 1311 548 7'iU 710 3349 

200 10 1313 559 775 711 3368 

250 11 1313 559 775 711 3368 

300 11 1313 559 775 711 3368 

Table A-9 !tIows the greatest volume of perched groundwater (17.85 billion gallons) migrates across 

Reach Zero over the 300-year simulation time. As described in Section 3.1, Reach 0 covers the vast 
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majority of the perdIed groundwater perimeter. Reaches One through Four represent the area of flux of 
water and mass migration in the southeast area where perched groundwater impacts offsite ocwr and are 
(l"edicted to readI the Ogallala Aquifer in the absence of remediation. Other than Reach Zero, ReadI 1 
has the highest flux ofwater, totaling 5.84 billion gallons over the 300-year period of simulation. 
Volumetric water fluxes are similar over Reaches Two and Three, having 1.76 and 1.73 billion gallens, 
respectively, over 300-years of simulation. 1.42 billion gallons of perched groundwater is transmitted 
across Reach 4 over the 300-year period. The mog: significant RDX mass flux occurs across Reach 1 
(1,313 kg) followed by Reach 3 (774 kg), Reach 4 (711 kg), and Reach 2 (559 kg) over the 300-year 
period of simulation. Reach Zero had negligible mass flux, as expected. These results are censig:ent with 
the baseline risk asseS!ment calculations (BWXT PantexlSAIC, 2006), which predicted the greateg: 
impact to the Ogallala Aquifer beneath the Reach 1 area, with lesser impacts predicted beneath ReadIes 
Two through Four (again, these impacts are in the absence of any remediation and do not account for 
sorptien or degradation processes). 

The data in Table A-9 show the majority of RDX mass migrates across each reach within the first 30
years and only marginally increases over time after 100 to 150 years while the flux of water continues at a 
relatively con~ rate. Among the results (l"esented over time, the results for the first 30-years are more 
directly reliable. The lenger time periods may not capture well the effects of the residual RDX in the 
vadose zone, FGZ, and the nen-kinematic pore water that are likely occurring the long-term future. These 
results are snown for informatien and comparison only, and do not represent as reliable a predictien of 
future mass fluxes as do the earlier time results. This same informatien is shown graphically in four dIarts 
snown in Figure A-21. The cumulative water volume over time (Figure A-21, lower left) snows a 
con~ increase over time for eadI readI. The cumulative mass (Figure A-21, upper left) increases 
snarply in the frrg: 30-years then gradually flattens after approximately 150 years, indicating that the SLM 
model indicates that the vast majority of RDX mass has migrated out of the simulated perched 
groundwater flow syg:em within the first 150 years. 

The instantaneous mass flux (Figure A-21, upper right) depicts the mass flux in kgIyear migrating across 
eadI readI. The in~taneous mass flux shows a snarp increase followed by a snarp decrease in the frrst 
50 years of simulation, whidI is indicative of areas of higher perdIed groundwater contamination aqjacent 
to the perched groundwater extent migrating across the readIes. From 50 to 150 years, the in~taneous 
mass flux gradJally decreases as the more distal and lower concentration portions of the RDX plume 
migrate to the perched groundwater periphery. 

The instantaneous water flux (Figure A-21, lower right) depicts the volume of water in gallons per minute 
migrating across each reach. Reaches One through Four snow increases in the f~ 20 to 30-years 
followed by slight declines (through simulation time of 100 to 150 years) before becoming nearly g:eady 
over the last 100 to 150 years of the simulation. Reach Zero shows a sharp decline in in~taneouswater 
flux over the first 20 to 30-years, and then follows a similar pattern as the other four reaches. The pattern 
of water flux across the readIes is reflective of transient re~ense of the perched groundwater flow system 
over time. The decline predicted over Reach Zero results represents an overall reduction in perdIed 
groundwater levels as water levels equilibrate to pog: Pantex Plant conditions (reductien in recharge rates 
following discontinued discharges to ditdIes and playas; note initial water levels were taken at the end of 
the Pantex Plant operational period during whidI higher redIarge rates (l"evailed beneath ditches and 
playas). The increase observed at ReadIes One through Four represents the migration ofperdIed 
groundwater from beneath areas of focused redIarge (ditches and playas) to the lateral margins ofthe 
perched groundwater. The in~taneouswater flux depicted over the last 100 to 150 years of simulatien 
at all readIes depicts a quasi-g:eady state cendition in which the volume ofwater exiting the perdIed 
groundwater flow systern is equal to the amount of redIarge entering the perched groundwater flow 
syg:em. 
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A4.1.1.2 Run #1 Summary 

The RDX nonreactive simulation provides a baseline - or reference model results· for comparison ofall 
other altematives evaluated in the screening level model, and a means for cOOlparison with the Baseline 
IffiRA results (BWXT PantexiSAIC. 2006). The SC1'eening level model and the risk assessment 
calrulatioos used the same hydraulic parameters, the same source tenn and initial conditions for RDX 
The initial heads used in the saeening level model were calculated from the site-wide model documented 
in the Baseline HHRA Report (BWXT PantexiSAlC, 2006). The calrulated water flux out of the 
SC1'eening level model matches the calrulated water flux aaoss the FGZ detennined in the risk 
assessnent. The SC1'eening level model and the modeling completed for the risk assessment are in good 
agreement for perched grolUldwater flow conditions. 

The baseline RDX simulation provides a metric for cOOlparison ofthe effectiveness of different corrective 
measures. In the absence of remediation and lUlder nonreactive transport cooditions, 28.6 billion galloos 
of water will exit the perched groundwater flow system within the next 300-years. For purposes of this 
corrective measure, water leaving the perched groWldwater flow system is assumed to migrate vertically 
across the FGZ to the lUlderlying Ogallala Aquifer. In this same 300-year period, 3,368 kg ofRDX is 
predicted to exit the perched groundwater flow system in the absence of any remedial actions. 
Concentrations ofRDX will be higher at the begiming and lower at the end. Additional mass ofRDX 
from the vadose and FGZ portions of the system will increase these mass flux estimates. This is true for 
the results reported below and well, and implicitly implied through the remainder of the text and results 
interpretation. 

A.4.1.2 Run #2: Baseline Reactive Transport 

The reactive baseline riEk assessment simulation is identified as RlUl #2 (MSPerched_200511 08E_TRB) 
in Table A-8. Run #2 represents the NA ofRDX in the perched groundwater flow system. Table A·8 
indicates that Run #2 is specified as simulation of: 

• 	 Reactive contaminant transport (the effects of sorption I:Ki! equal to 0.171 LIkg] and degradation 
[7.57E-05 l/days, or an equivalent 25 year half-life] are included). The approach used to estimate 
the first order decay rate is discussed above. The actual biodecay processes are more complex 
than first order decay simplification, and are redox zone dependent. 

• 	 No active extraction system is in operation 

• 	 No active injection system is in operatioo 

• 	 Normal rates of recharge [same "post-Pantex Plant" recharge rates used in the calibrated flow 
model dorumented in the Subsurface Modeling Report (BWXT PantexlSAlC, 2004) and in 
Awendix N of the Baseline lffiRA (BWXT PantexlSAIC, 2006)]. 

A 4.1.2.1 Run #2 Results 

RDX reactive transport was simulated for a period of300-years. The volume of water and mass ofRDX 
migrating across each reach are tabulated (Table A-I0). The volume of water leaving each reach of the 
model is exactly the same as was calrulated for Run #1, which is expected due the assignment of the same 
groundwater flow stresses; therefore, no further description is warranted. 
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The inclusion of sorption in the transport calculation results in a retardation factor of 2.1, meaning RDX 
migrates 2.1 times slower under reactive transport relative to the nonreactive baseline case. The inclusion 
of degradation results in a rewction of mass in the perched groundwater flow system. At the rate 
simulated, roughly one half the mass in the perched groundwater flow system degrades every 25 years. 

The data in Table A-I0 snow significant differences between the baseline nonreactive simulation (Run 
#1) and Run #2. In Run #2, the total RDX mass exiting the perched groundwater drops from 3,368 kg 
(Run #1) in the baseline simulation to 2,773 kg (Run #2). The most significant changes in cumulative 
mass for the 300-year period of simulation ocrur at Reaches Two (559 kg to 250 kg), Three (774 kg to 
445 kg), and Four (711 kg to 327 kg) when canparing Run #1 to Run #2. Reach 1 exhibited a higher 
overall rumulative mass exiting the perched groundwater with the inclusion of sorption and decay (1,313 
kg to 1,737 kg). The inclusion of a partition coefficient in the transport simulation allowed for an 
accounting of the equiliocium RDX mass available in the soil to interact with the mass in the water. In 
the areas ofthe highest RDX concentrations in water (upgradient of Reach I), this effectively add<;; more 
mass to the modeled system, which translates to a greater potential mass exiting the system through 
Reach 1. 

Table A-tO. Run #2 Reach Reports 

200 12019 3921 1178 1169 980 19267 

250 14936 4880 1469 144S 1198 23932 

300 178S2 S840 17S9 1729 1416 28S96 

439 321 2749 

444 326 2770 

44S 327 2773 

44S 327 2773 

300 4 1737 260 44S 327 2773 

This same information is !:bown graphically in four charts !:bown in Figure A-22. The cumulative water 
volume over time (Figure A-22, lower left) and instantaneous water flux (Figure A-22, lower right) are 
the same as shown in Figure A-21 for Run #1. The rumulative mass (Figure A-22, upper left) !:bows a 
steady increase over the fiTht 50 to 75 years then gradually flattens indicating that nearly all mass has 
migrated out of the perched groundwater flow system within this 75 to 100 year period of time. 

• 
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The instantaneous mass flux (Figure A-22, upper right) depicts the mass flux in kg/year migrating across 
each reach. The peak instantaneous mass flux has increased to a maximum of 68.7 kg/year in 
comparisrn to Run #1. The instantaneous mass flux &lows a &larp increase in the first 10 years followed 
by gradual decrease through 100 years into the simulation. 

A.4.1.2.2 Run #2 Summary 

Run #2 incorporates the effects of sorption and degradation and represents NA ofRDX. No active 
remediation was included in Run #2 past the 3 years of calibratirn simulation. The volume ofwater 
moving across each reach was identical to the baseline simulation (Run #1). In the absence of 
remediation and under reactive transport conditions, 28.6 billion gallons of water is simulated to exit the 
perched groundwater flow system within the next 300-years. In this same 300-year period, a total of 
2,773 kg of RDX is predicted to exit the perched groundwater flow system in the absence of any remedial 
actions compared to a nonreactive baseline rerult of 3,368 kg. The peak instantaneous RDX mass flux 
out of the perched groundwater flow system increases from 60.9 kg/year in the Run #1 simulation to 68.7 
kg/year under Run #2. Therefore, ifno other measures are enacted, the mass flux ofRDX out of the 
perched groundwater flow system is expected to decrease by a factor of 1.2 by naturally-occurring 
processes (asruming the parameters for sorption and degradation are representative). 

A.4.1.3 Run #3: Baseline Reactive Transport with Reduced Playa and Ditch Recharge 

Run #3 (MSPerched011306) the NA ofRDX in the perched groundwater flow system with the 
ruperposition of a reduced recharge regime when compared to Run #1 and Run #2. Table A-8 indicates 
that Run #3 is specified as simulation of: 

• 	 Reactive contaminant transport (the effects of sorption lKd equal to 0.171 LIkg] and degradation 
[7.57E-05 l/days] are included) 

• 	 No active extraction system is in operation 

• 	 No active injection system is in operation 

• 	 Reduced rates ofrecharge. [This represents a ten-fold reduction in recharge rates in all areas of 
ditches and playas compared to "post-Pantex Plant" recharge rates used in the calibrated flow 
model dorumented in the Subsurface Modeling Report (BWXT PantexiSAIC, 2004) and in 
Awendix N of the Baseline llliRA (BWXT PantexiSAIC, 2006). Otherwise, interplaya recharge 
rates are unchanged.] 

A.4.1.3.1 Run#3Results 

RDX reactive transport was simulated for a period of 300-years. The volume of water and mass ofRDX 
migrating across each reach are tabulated (Table A-II). The volume ofwater leaving each reach of the 
model is highly rewced over time, which is expected due the assignment a much lower overall recharge 
rate in the model domain. The cumulative water exiting the model domain at 30-years and 300-years is 
2.6 million gallons and 12.5 million gallons, respectively. This represents a 190/0 rewction in the volume 
of water exiting the perched groundwater model domain at 30-years of simulatirn and a 56% rewction at 
300-years of simulation when compared to Runs #1 and #2. Therefore, the effects of an overall reduction 
in recharge to the perched groundwater system become more pronounced over time, rut do not radically 
impact the system immediately. 
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Table A-H. Run #3 Reach Reports 

The data in Table A-II show significant differences between the baseline reactive sinrulation Run #2 and 
Run #3. In Run #3, the total RDX mass exiting the perched grollldwater drops from 2,773 kg (Run #2) in 
the baseline reactive simulation to 2,449 kg (Run #3). The most significant change in rumulative mass 
for the 300-year period of sinrulation occurs at Reach 1 (1,737 kg to 1,621 kg). The rewced recharge 
effects in mass flux also appear later in time, but are Slstained over the 300-year simulation, so long-tenn 
rumulative RDX mass flux effects are greater than short-term effects. 

This same information is shown graphically in four charts shown in Figure A-23. The cwnulative water 
volume over time (Figure A-23, lower left.) and instantaneous water flux (Figure A-23, lower right) are 
nruch different from Runs #1 (Figure A-21) and #2 (Figure A-22) from Run #3 (Figure A-23). The 
rumulative mass (Figure A-23, upper left.) shows a steady increase over the first 50 to 100 years then 
gradually flattens indicating that nearly all mass has migrated out ofthe perched groundwater flow system 
within this 100-year period oftime, which is ccnsistent with Runs #1 and#2. 

The instantaneous mass flux (Figure A-23, upper right) depicts the mass flux in kglyear migrating across 
each reach. The peak instantaneous mass flux has dropped to a maximum of approximately 66.4 kglyear 
in comparison to between 68.7 kglyear in Run #2. The instantaneous mass flux shows a sharp increase in 
the first 15 years followed by gradIal decrease through 50 to 75 years into the simulation. 

A.4.l.3.2 Run #3 Summary 

Run #3 incorporates the effects of reduced recharge in the areas of playas and ditches, sorpticn, and 
degradation. No active remediation was included in Run #3. The volume ofwater moving across each 
reach was similar to Rims #1 and #2 in early time, but varied significantly in later time results. In the 
absence ofremediation and under reactive transport conditions. 12.5 billicn gallons ofwater is simulated 
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to exit the perched groundwater flow system within the next 300-years, as opposed to 28.6 billion gallons 
under nonnal recharge conditions. In this same 300-year period, a total of 2,449 kg ofRDX is predicted 
to exit the perched groundwater flow system in the absence of any remedial actions compared to the 
nonnal recharge, reactive baseline result of2,773 kg. This is a reduction of approximately 12% ofRDX 
mass cumulative mass flux over time. Therefore, ifno other mearures are enacted, the mass flux ofRDX 
out of the perched groundwater flow system is expected to decrease by approximately 12% when 
implementing a recharge reduction plan when compared to the assumed current recharge conditions. 

A.4.2 Existing System Scenarios 

These runs comprise simulations in which the existing extraction system is operative over the 30-year life 
span of an expected remediation system. All runs in this category were conducted with the historical 
average pumping rate applied at existing wells only. The other various components evaluated in this set 
of simulations included the inclusion and exclusion of injection of water in the existing injection wells, 
reactive and non reactive transport. reduced recharge at ditches and playas, and the extension of the 
period of operation of the existing extraction system to 60 years of operation. 

Of the existing system scenarios simulated, Run #S and Run #8 are described in detail here. Both 
scenarios include reactive transport and normal recharge conditions. Run #S represents the operation of 
the current extraction and injection system over 30-years of system operation. Run #8 eliminated re
injection during the 30-years of system operation, effectively reducing mobility by lowering hydraulic 
gradients. All other runs in this set of simulations are documented in Attachment lA. but are not brought 
out in detail here. 

A.4.2.1 Run #5: Reactive Transport with Extraction and Injection 

Reactive transport is simulated in conjunction with the existing groundwater pump and treat system in 
Run #S (MSPerched_200S11 08B_1RB) in Table A-8. Run #S is representative of the NA (similar to Run 
#2) in combination with active groundwater pump and treat. The existing pump and treat system is 
simulated for a period of 30-years and includes the re-injection of treated groundwater back into the 
perched groundwater flow system. Groundwater withdrawal and re-injection rates for the 30-year period 
were based the average rates over 3 years of system operation from 2000 to 2003, and are presented in 
Figure A-6 and Table A-S. 

Table A-8 indicates that Run #S is specified as simulation of: 

• 	 Reactive contaminant transport (the effects of sorption I:Kc! equal to 0.1 71 LIkg] and degradation 
[7.S7E-OS l/days] are included) 

• 	 Active extraction system is in operation 

• 	 Active injection system is in operation 

• 	 Normal rates of recharge [same "post-Pantex Plant" recharge rates used in the calibrated flow 
model dorumented in the Subsurface Modeling Report (BWXT PantexiSAIC, 2004) and in 
Awendix N of the Baseline IffiRA (BWXT PantexiSAIC, 2006)]. 
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A.4.2.1.1 Run#5ResuJts 

RDX readive transport was simulated for a period of300-years. During the fmt 30-years, the exirung 
grwndwater pmnp and treat system. including re-injectim of treated growdwater. was cperational. After 
30-years, the pump and treat systan was shut down, and mly readive transport (NA processes) was 
simulated for the remaining 270 years. The inclusim of sorptim in the transport calrulation results in a 
retardation faetee of2.1, meaning RDX migrates 2.1 times slower under readive transport relative to the 
nonreactive baseline case. The inclusion of degradatim results in a redudion of mass in the perched 
groundwater flow system. At the rate simulated, roughly one halfthe mass in the perched groundwater 
flow system degrades every 25 years. 

The volume ofwater and mass ofRDX migrating across each reach are tabulated (Table A-12). The 
volume of water leaving each reach ofthe model is similar to the baseline simulatim (Run #2) with the 
total volume ofwater exiting the perched groundwater flow system through the GHB cells is calrulated at 
28.5 billion gallons. 

TllbleA-12. Run #5 Reach Reports 

2S0 1S048 480S 142S 1374 1168 23811) 

30 3 1107 4S 13S 131 1421 

SO 7 1260 12S 226 206 1822 

100 4 1297 194 262 244 1001 

ISO 4 1302 194 264 249 2012 

200 4 1302 194 26S 249 2014 

2S0 4 1302 194 26S 249 lOIS 

300 4 26S 249 lOIS 

Table A-12 shows the greatest volmne ofperched groundwater (17.96 billion gallons) migrates across 
Reach Zero over the 300-year simulatim time, whim is to be expected since this ream covers the 
majority ofthe perched grwndwater perimeter. In the southeast area, Reach 1 has the highest flux of 
water, totaling 5.76 billion gallms over the 300-year period of simulation. Reames Two and Three are 
similar, having 1.72 and 1.65 billim gallons, respectively. 1.39 billim gallons of perched groundwater is 
transmitted across Reach 4 over 300-years. Overall, Reach Zero shows a slight increase in total 
grwndwater volume, while Reaches One through Four show slight decreases when compared to the 
baseline simulation results in Runs #1 and #2. 
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Overall, Run #5 with the operation of the groundwater pwnp and treat syi:tem, including re-injection, 
results in a reduction of 758 kg of RDX exiting the permed groundwater flow system relative to the 
reactive transport-only (Run #2 - NA) simulation. The moi:t significant difference (436 kg reduction from 
Run #2 to Run #5) occurs across Ream 1 with smaller cumulative RDX mass reructions at Reaches 
Three and Four. The differences (between Run #2 and Run #5) in RDX cumulative mass flux results 
from the operation of the groundwater pump and treat syi:tem. Figure A-24 lttows the same four charts 
for Run #5. The cwnulative water volume exiting the permed groundwater flow system (Figure A-24, 
lower left.) over time is similar to Runs #1 and #2. The cumulative RDX mass flux (Figure A-24, upper 
left.) is similar to Run #2, but illustrates the reduction in cumulative mass flux out of Reames One, Three, 
and Four when compared to the same chart on Figure A-22. 

The instantaneous water flux (Figure A-24, lower right) and instantaneous RDX mass flux (Figure A-24, 
upper right) clearly depict the affects from the operation of the groundwater pwnp and treat syi:tem. The 
instantaneous water flux increases to jui:t over 30 gpm for Reach 1 in Run #5 compared to 40 gpm for 
Runs #1 and #2, a reduction ofroughly 1°gpm in water flux exiting the perched groundwater flow 
system. Similarly, the peak instantaneous RDX mass flux mows a reduction of approximately 7.5 
kglyear at Reach 1 during the 30-year period of pump and treat system operation. Smaller magnitude 
reductions in instantaneous RDX mass flux are also apparent in Reaches Three and Four. 

During the 30-year period of operation, the groundwater pump and treat syi:tem removes 2,561 kg of 
RDX from the perched groundwater flow system. This mass is pennanently removed from the permed 
groundwater flow system and can not migrate to the underlying Ogallala Aquifer. In addition to the mass 
removed, the operation of the pump and treat system alters the permed groundwater flow field causing 
the observed changes in water and mass flux exiting the perched groundwater flow system. 

A4.2.1.2 Run #5 Summary 

Run #5 incorporates the effects of the 30-years operation of the groundwater pwnp and treat syi:tem with 
reactive transport (sorption and degradation). The only difference between Run #2 and this simulation 
(Run #5) is the 30-years of groundwater pump and treat syi:tem operation, which results in a 758 kg 
reduction ofRDX mass exiting the permed groundwater flow syi:tem. The volume of water moving 
across eam reach was similar to the baseline simulation (Run #2) and totaled 28.5 billion gallons over the 
300-year period of simulation. In this same 300-year period, a total of2,015 kg ofRDX is predicted to 
exit the perched groundwater flow syi:tem compared to a baseline reactive result of 2,773 kg. This is a 
reduction of approximately 27% of the cumulative RDX baseline reactive results. The peak instantaneous 
RDX mass flux out ofthe permed groundwater flow syi:tem drops from 68.7 kglyear in the baseline 
simulation to 58.9 kg/year under Run #5. Therefore, operation of the groundwater pump and treat syi:tem 
for a period of 30-years, coupled with naturally-occurring processes (reactive transport) is predicted to 
deaease by about 27% the cumulative RDX mass flux exiting the permed groundwater flow system 
(assuming the parameters for sorption, degradation, and pump and treat flow rates are representative for 
the period of simulation). 

A.4.2.2 Run #8: Reactive Transport with Extraction and No Injection 

Reactive transport is simulated in conjunction with the existing groundwater pwnp and treat syi:tem (with 
no re-injection) in Run #8 (MSPerched_20051122B_TRB) from Table A-8. Run #8 is identical to Run 
#5 with the only exception being that re-injection of treated groundwater is removed from the simulation. 
The current pwnp and treat system was designed with re-injection of treated groundwater to permit 
flultting of impacted permed groundwater to the extraction wells for removal. Re-injection of treated 
groundwater helps maintain perched groundwater levels and flow directions in the area of the treatment 
syi:tem. Elimination of re-injection reruces the volume of groundwater flushed through the system, and 
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overall perched groundwater levels. This in tum reduces the vertical flow gradients across the FGZ as 
there will be less <tiving head remaining above the FGZ over time. Table A·8 indicates that Run #8 is 
Epecified as simulation of: 

• 	 Reactive contaminant transport (the effects of sorption I:Kci equal to 0.171 LJ1(g] and degradation 
[7.57E·05 l/days] are included) 

• 	 Active e:x:tractioo system is in operation 

• 	 No active injectioo system is in operatioo 

• 	 Nocmal rates of redtarge [same "post-Pantex Plant" recharge rates used in the calibrated flow 
model dorumented in the Subsurface Modeling Report (BWXT Pantex/SAIC. 2004) and in 
Appendix N of the Baseline HHRA (BWXT PantexlSAIC. 2006)]. 

A 4.2.2.1 Run #8 Results 

RDX reactive tranEport was simulated for a period of300-years. During the first 30-years, the exi!ti.ng 
groundwater pLUnp and treat system with no re-injection oftreated groundwater. was operatiooal. After 
30.years. the pump and treat system was shut down, and ooly reactive transport (NA processes) was 
simulated for the remaining 270 years. Sorption and degradation are included as befoce in Runs #2 and 
#5. 

The volume ofwater leaving each reach ofthe model is calculated at 26.8 billion galloos, whidt is a 
reduction of 1.8 biUioo gallons relative to the baseline simulation (and a reduction of 1. 7billion gallons 
relative to Run #5 where re-injection of treated groundwater was included in the calrulations). 

Table A-13 SlOWS the greatest volLUne ofperched groundwater (17.5 billion galloos) migrates across 
Reach Zero over the 300-year simulation time. In the southea:t area, Readt 1 has the highest flux of 
water. totaling 5.1 billioo gallons over the 300-year period ofsimulatioo. Readtes Two and Three are 
similar, having 1.5 and 1.4 billion gallons, reEpectively. 1.2 billion gallons ofperdted grotmdwater is 
transnitted across Readt 4 over 300-years. As noted above, the total rumulative water flux drops by 1.7 
billion galloos relative to Run #5, in which the only difference was exclusion ofre-injection. The most 
significant decrease ocrurs across Readt 1. whidt dropped by 650 millioo gallons. 
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Table A-13. Run #8 Reach Reports 

r~~~;i:Sa;~"'~=: 
50 3014 409 141 85 117 3766 

100 5848 1284 397 325 304 8158 

150 8745 2236 685 602 519 12787 

200 11658 3194 975 882 737 17445 

250 14573 4153 1265 1162 955 22108 

300 17489 5112 1555 1442 1173 26m 

" , ......... CumulatlVeMass Across GlIB R~~<k&):,« 
,y, 

. ' 

,~ ModflY;'" 'it..",. I il:1 Radii '. " I if· A'~dIDdlr4~~ JTotaI; .Reada 

30 16 62 54 714 

50 3 633 31 7J 64 804 

100 3 668 87 119 94 971 

150 3 674 92 125 98 991 

200 3 675 92 126 99 994 

250 3 675 92 126 99 995 

300 3 675 92 126 99 995 

The decrease in water flux across the reaches translates directly into a reduction in the RDX mass flux 
across the reaches. The data in Table A-13 show significant differences between the baseline reactive 
simulation (Run #2) and Run #8. In Run #8, the total RDX mass exiting the perched ground drops from 
2.773 kg (Run #2) in the baseline simulation to 995 kg (Run #8). The cumulative mass exiting the 
perched groundwater flow syitem in Run #8 (995 kg) is less than half the total from Run #5 (2,015 kg). 
The removal of re-injection clearly creates a depressed water table in the vicinity of the RDX plume, 
which served to stagnate the RDX plume and allow natural attention to act on the plume for a longer 
period oftime. 

Significant changes in cumulative mass for the 300-year period of simulation ocrur at Reaches One 
through Four when cOOlparing baseline simulation results (Run #2) to Run #8 (Reach I, 1,737 kg to 675 
kg; Reach 2, 260 kg to 98 kg; Reach 3, 445 kg to 126 kg; and Reach 4, 327 kg to 99 kg). 

The operation of the groundwater pump and treat system, excluding re-injection, results in a reduction of 
1,020 kg ofRDX exiting the perched groundwater flow syitem relative to Run #5, which includedre
injection. Therefoce, the elimination of re-injecting treated perched groundwater decreases predicted 
RDX mass flux by 1,020 kg over the 300-year period of simulation. 

The cumulative and instantaneous flux ofwater and RDX across each of the reaches is depicted 
graphically in Figure A-25. The cumulative water flux (Figure A-25, lower left) is similar to results 
p:-esented foc previous simulations, but close examination reveals the decrease in cumulative water flux 
foc each reach. The annulative RDX mass (Figure A-25, upper left) reflects the significant decrease in 
RDX mass exiting the perched groundwater flow syitem, especially when compared to the baseline 
simulation (Figure A-22). For Reach 1, the instantaneous RDX mass flux (Figure A-25, upper right) 
decreases from about 41 kg/ycar to 2 to 3 kglyear coincident with the operation ofthe pump and treat 

A-69 



.Ttuu2006 

system. Following snut down of the system, the rate inaeases to nearly 3 kgly around 50 years, then 
slowly declines to negligible rates « 1 kgIy) after 75 years. Reaches Three and Four exhibit similar 
trends in the fIrst 30-years of simulation time and a slight rebound after system shut down. The 
instantaneous water flux crops across all reaches during the fJ.rst 30-years, then rebounds to cpasi-steady 
state rates between 100 to 150 years into the simulation. 

During the 30-year period of operation, the groundwater pump and treat sy!:tem removes 2,798 kg of 
RDX from the perched groundwater flow sy!:tem. This mass is pennanently removed from the perched 
groundwater flow sy!:tem and cannot migrate to the underlying Ogallala Aquifer. In addition to the mass 
removed, the operation of the pump and treat system with no re-injection alters the perched groundwater 
flow field, reducing lateral flow gradients toward the perched groundwater extent. Travel times to the 
boundaries are increased, allowing more time for degradation, and the volume ofperched groundwater 
leaving the southea!:t area is reduced by 1.5 billion gallons (an average reduction of9.4 gpm) over the 
300-year period of simulation. 

A. 4.2.2. 2 Run #8 SUI11I'IU11JI 

Run #8 incorporates the effects of the 30-years operation of the groundwater pump and treat sy!:tem with 
no re-injection and reactive transport (sorption and degradation). Run #8 is identical to Run #5 with the 
only exception being that re-injection oftreated groundwater is removed from the simulation. The 
volume ofwater exiting the perched groundwater flow system dropped by 1.8 billion gallons relative to 
the baseline simulation (Run #1) and totaled 26.8 billion gallons over the 300-year period of simulation. 
In this same 300-year period, a total of995 kg ofRDX is predicted to exit the perched groundwater flow 
system in the absence of any remedial actions compared to a baseline re5nlt of 2,773 kg. This is a 
reduction of 64% whm compared to the cumulative RDX reactive baseline re5nlts. The peak 
instantaneous RDXmass flux out ofthe perched groundwater flow system drops from 68.7 kglyear in the 
baseline simulation to 41 kglyear under Run #8. Therefore, operation of the groundwater pump and treat 
sy!:tem for a period of30-years with no re-injection, coupled with naturally-occurring processes (reactive 
transport) is predicted to deaease by a factor of 64% the cumulative RDX mass flux exiting the perched 
groundwater flow system (assuming the parameters for sorption, degradation, and pump and treat flow 
rates are representative for the period of simulation). 

A.4.3 Horizontal Well Scenarios 

These runs comprise simulations in which the placement of one or more horizontal wells in key areas of 
the model domain are supplemental to the operation of the exi!:ting extraction system over the 30-year life 
span of an expected remediation sy!:tem. The effects of a horizontal well were simulated through the use 
of the crain cell boundary condition. All runs in this category were conducted with the historical average 
pumping rate applied at existing wells. The other various componmts evaluated in this set of simulations 
included the application and exclusion of injection of water in the exi!:ting injection wells, reactive and 
non reactive transport, reduced recharge at ditches and playas, and the extmsion of the period of 
operation to 60 years. 

A total of 14 separate horizontal well scmarioswere modeled as a part of this CMSIFS effort. Each of 
these were perturbations ofthe number ofwells, operation of the exi!:ting extraction and/or injection 
system, and the reduction ofrecharge at playas and ditches (Table A-8). Of these 14 simulations, 4 are 
described in detail here as key runs. These 4 were selected based on high perfonnance in relation the 
stated evaluation metries and the featured perturbation simulated in the model. The four key runs detailed 
here include the simulation of the operation of6 horizontal wells with no injection (Run #22), 8 
horizontal wells with no injection (Run #23), 8 horizontal wells with no injection and reduced recharge 
(Run #24), and 10 horizontal wells with no injection (Run #25). 
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A. 4.3. 1 Run #22: Reactive Transport with Extraction, No Injection and Six Horizontal Wells 

Reactive transport is simulated in conjl.U1ction with six hocizontal wells (Figure A-26), and the exi&ing 
groundwater pwnp and treat sy&em (with no re.injection) from Rlln #22 (M:SPerched_20051201A_lRB) 
in Table A·8. The addition of six horizontal wells in areas selected based on a combination of higher 
saturated thickness and/or high concentration ofRDX in groundwater further serves to reduce driving 
head to the edges ofthe perched groundwater, thus reducing mass ofRDX and volumetric water flux out 
of the perched zone. Table A·8 indicates that Rl.U1 #22 is specified as simulation of: 

• 	 Reactive contaminant transport (the effects of sorption [Kd equal to 0.171 Llkg] and degradation 
[7.57E-05 l/days] are included) 

• 	 Active extraction sy&em is in operation 

• 	 Six horizontal wells 

• 	 No active injection sy&em is in operation 

• 	 Nocmal rates of recharge [same "post-Pantex Plant" recharge rates used in the calibrated flow 
model documented in the Subsurface MOdeling Report (BWXT Pantex/SAIC, 2004) and in 
Appendix N of the Baseline HHRA (BWXT Pantex/SAIC, 2006)]. 

A 4. 3.1.1 Run #22 Results 

RDX reactive transport was simulated for a period of 300-years. During the fir& 30-years, the exi&ing 
groundwater pwnp and treat sy&em with no re-injection of treated groundwater. was operational. 
Additionally. six horizontal wells extracted water from the perched groundwater during the 30-year 
remediation life cycle. After 30'years, the pump and treat sy&em was !tlut down, and only reactive 
transport (NA processes) was simulated foc the remaining 270 years. Sorption and degradation are 
included. 

The volume ofwater and mass ofRDX migrating across each reach are tabulated (Table A-14). The 
volume of water leaving each reach ofthe model decreases relative to the baseline simulations (Runs #1 
and #2) with the total volwne of water exiting the perched groundwater flow syg:em calculated at 24.4 
billion gallons, a reduction of 4.2 billion gallons relative to the baseline simulation. 

Table A-14 !tlows the greatest volwne ofperched groundwater (15.9 billion gallons) migrates across 
Reach Zero over the 300-year simulation time. The addition ofhorizontal wells in areas upgradient of the 
flow path to Reach Zero served to reduce flow across Reach 1 by 1.9 billion gallons from Rl.U1 #1. In the 
southeast area, Reach 1 has the highe& flux ofwater. totaling 4.7 billion gallons over the 300-year period 
of simulation. Reaches Two and Three are similar. having 1.5 and 1.3 billion gallons, respectively. 1.0 
billion gallons of perched groundwater is transmitted across Reach 4 over 300-years. The most 
significant decrease from Rlln #1 occurs across Reach Zero, which dropped by 1.9 billion gallons. Reach 
1 !tlowed a predicted drop of 1.2 billion gallons over the 300-year period of simulation. Reach 2 (290 
million gallons), Reach 3 (410 million gallons), and Reach 4 (400 million gallons) exhibited lesser 
declines. 
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Table A-14. Run #22 Reach Reports 

The decrease in water flux across the reaches translates directly into a reduction in the RDX mass flux 
across the reaches. The data in Table A·14 mow significant differences between the baseline reactive 
simulation (Run #2) and Run #22. In Run #22, the total RDX mass exiting the perched groundwater 
ctq>s from 2,773 kg (Run #2) in the baseline simulation to 518 kg (Run #22), which is a resultant 81% 
reduction. The largest RDX flux reructioo was demonstrated at Reach I, with a 30 and 300-year 
rumulative RDX mass flux of 266 kg and 328 kg~ respectively, compared to 1,450 kg and 1,737 kg in 
Run #2. 

The operation of Ihe groundwater pump and treat system, excluding re-injection. and the addition ofthe 
six horizontal wells results in a reruction of 447 kg of RDX exiting the perched groundwater flow system 
relative to Run #8. which excluded horizontal wells. Therefore. the inclusion of the six horizootal wells 
in the perched groundwater decreases predicted RDX mass flux by 447 kg over the 300-year period of 
simulation, or an approximate 45% improvement. relative to the existing JXl1l1P and treat ~em with no 
re-injection alone. 

The cumulative and instantaneous flux of water and RDX across each of the reaches is depicted 
graphically in Figure A-27. The cumulative water flux (Figure A-27, lower left) is similar to other 
horizontal well runs presented earlier. The cumulative RDX mass (Figure A-27, uwer left) reflects the 
significant decrease in RDX mass exiting the perched groundwater flow system. especially when 
compared to the baseline simulation (Figure A-22). Foc Reach I, the instantaneous RDX mass flux 
(Figure A-27. upper right) decreases from about 23.5 kglyear to <1 kglyear coincident with the operation 
of the JXl1l1P and treat ~em and horizontal wells. Following shut down of the system. the rate increases 
to around 2 kglyear between 50 and 75 years. then slowly declines to negligible rates «1 kgIy) after 75 
years. Reaches Three and Four exhibit similar trends in the first 30-years of simulatioo time and a slight 
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rebound after sy5tem shut down. The instantaneous water flux drops across all reaches during the first 
30-years, then rebounds to <J.Iasi-steady &ate rates between 150 to 200 years into the simulation. 

During the 30-year period of operation. the groundwater pump and treat sy&em with the six horizontal 
wells removes 3,126 kg of RDX from the perched groundwater flow sy5tem. This mass is permanently 
removed from the perched groundwater flow system and cannot migrate to the underlying Ogallala 
Aquifer. In addition to the mass removed, the operation of the pump and treat system with no re-injection 
alters the perched groundwater flow field, reducing lateral flow gradients toward the perched groundwater 
extent. Travel times to the boundaries are increased, allowing more time for degradation. and the volume 
of perched groundwater leaving the southeast area is rewced by 2.3 billion gallons relative to Runs #1 
and #2 (an average reduction of 14.6 gpm) over the 300-year period of simulation. 

A. 4.3. 1.2 Run #22 SUmmary 

Run #22 incorporates the effects of 30-years of operation ofthe groundwater pump and treat system with 
no re-injection. six horizontal wells and reactive transport (sorption and degradation). The volume of 
water exiting the perched groundwater flow sy5tem dropped by 4.2 billion gallons relative to the baseline 
simulation (Run #l) and totaled 24.4 billion gallons over the 300-year period of simulation. In this same 
300-year period, a total of 518 kg ofRDX is predicted to exit the perched groundwater flow sy5tem in the 
absence of any remedial actions compared to a baseline reactive result of 2.773 kg. This is a rewction of 
81% when compared to the rumulative RDX baseline reactive rerults. The peak instantaneous RDX mass 
flux out of the perched groundwater flow sy5tem crops from 68.7 kg/year in the baseline simulation to 
23.5 kg/year under Run #22. Therefore. operation of the groundwater pump and treat sy5tem for a period 
of 30-years with no re-injection, coupled with naturally-ocrurring processes (reactive transport) is 
predicted to decrease by 81% the cumulative RDX mass flux exiting the perched groundwater flow 
sy5tem (assuming the parameters for sorption. degradation. and pump and treat flow rates are 
rq:>resentative for the period of simulation). 

A.4.l.2 Run #23: Reactive Transport with Extraction, No Injection and Eight Horizontal Wells 

Reactive transport is simulated in conjunction with eight horizontal wells (Figure A-26) and the exi5ting 
groundwater pump and treat sy5tem (with no re-injection) in Run #23 (MSPerched_20051202a_TRB) in 
Table A-8. The addition of eight horizootal wells (wells 10-15, 20 and 21 in Figure A-26) in areas 
selected based on a combination of higher saturated thickness and/or high concentration ofRDX in 
groundwater further serves to reduce driving head to the edges of the perched groundwater. thus reweing 
mass ofRDX and volumetric water flux out of the perched zone. Table A-8 indicates that Run #23 is 
specified as simulation of: 

• 	 Reactive contaminant transport (the effects of sorption I.'KI1 equal to 0.171 LIkg] and degradation 
[7.57E-05 l/days] are included) 

• 	 Active extraction sy5tem is in q>eration 

• 	 Eight horizontal wells 

• 	 No active injectioo sy5tem is in operatioo 

• 	 Normal rates of recharge [same "post-Pantex Plant" recharge rates used in the calibrated flow 
model dorumented in the Subsurface Modeling Report (BWXT PantexiSAIC, 2004) and in 
Appendix N of the B~eline HHRA (BWXT PantexiSAIC. 2006)]. 
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A.4.12.1 Run #23 Results 

RDX reactive transport was simulated for a period of300-years. During the first 3()..years, the existing 
groondwatcr pmnp and treat system with no re-injection oftreated groundwater. was operaticnal. 
Additicnally. eight horizontal wells extracted water from the perched groundwater dJring the 30-year 
remediation life cycle. After 30-years, the pump and treat system was SlUt down, and cnly reactive 
transport (NA processes) were simulated for the remaining 270 years. Sorption and degradaticn are 
included. 

The volume ofwater and mass ofRDX migrating across each reach are tabulated (Table A·IS). The 
volume ofwater leaving each reach ofthe model decreases relative to the baseline simulaticn (Run #1) 
with the total volume ofwater exiting the perched groundwater flow system calculated at 23.6 billion 
gallons, a reduction of 5.0 billicn gallons relative to the baseline simulaticn. 

Table A-IS. Run #23 Reach Reports 

Table A-IS mows the greateslvolmne of perched groundwater (15.5 billion gallcns) migrates across 
Reach Zero over the 300-year simulation time. The addition ofhorizontal wells in areas upgradient of the 
flow path to Reach Zero reduces this number by 2.3 billion gallons from Run #1. In the sootheast area, 
Reach 1 has the highest flux ofwater, totaling 4.5 billion gallons over the 300-year period ofsimulation. 
The most significant decrease from Run #1 occurs across Reach Zero, which drowed by 2.3 billion 
gallons. Reach 1 shmved a {X'edicted drop of 1.4 billion gallcns over the 300-year period ofsimulaticn. 
Reach 2 (340 million gallons), Reach 3 (470 million gallons), and Reach 4 (450 million gallcns) exhibited 
lesser declines. 

The decrease in water flux across the reaches translates directly into areduction in the RDX mass flux 
across the reaches. The data in Table A·IS mow significant differences between the baseline reactive 
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simulation (Run #2) and Run #23. In Run #23, the total RDX mass exiting the perched ground drops 
from 2,773 kg (Run #2) in the baseline simulation to 480 kg (Run #23), which is an improvement of 83%. 
The largest RDX flux improvement was demonstrated at Reach I, with a 30 and 300-year cumulative 
RDX mass flux of 265 kg and 317 kg, respectively, compared to 1,459 kg and 1,737 kg in Run #2. 

The operation of the groundwater pump and treat system, excluding re-injection, and the addition of the 
eight horizontal wells results in a reduction of 2,293 kg of RDX exiting the perched groundwater flow 
system relative to Run #8, which excluded horizontal wells. Therefore, the inclusion of the eight 
horizontal wells in the perched groundwater decreases predicted RDX mass flux by 303 kg over the 300
year period of simulation, or an approximate 83% reduction relative to the existing pump and treat 
system. 

The cumulative and instantaneous flux of water and RDX across each of the reaches is depicted 
graphically in Figure A-28. The cumulative water flux (Figure A-28, lower left) is similar to other 
horizontal well runs present earlier. The rumulative RDX mass (Figure A-28, upper left) reflects the 
significant decrease in RDX mass exiting the perched groundwater flow system, especially when 
compared to the baseline simulation (Figure A-22). For Reach I, the instantaneous RDXmassflux 
(Figure A-28, upper right) decreases from about 23.5 kg/year to < 1 kg/year coincident with the operation 
of the pump and treat system and horizontal wells. Following shut down of the system, the rate increases 
to nearly 1.5 kg/year between 50 and 75 years, then slowly declines to negligible rates « 1 kgly) after 75 
years. Reaches Three and Four exhibit similar trends in the first 30-years of simulation time and a slight 
rebound after system &1ut down. The instantaneous water flux drops across all reaches during the first 
30-years, then rebounds to quasi-steady state rates between 150 to 200 years into the simulation. 

During the 30-year period of operation, the groundwater pump and treat system with the eight horizontal 
wells removes 3,126 kg of RDX from the perched groundwater flow system. This mass is permanently 
removed from the perched groundwater flow system and cannot migrate to the underlying Ogallala 
Aquifer. In addition to the mass removed, the operation of the pump and treat system with no re-injection 
alters the perched groundwater flow field, reducing lateral flow gradients toward the perched groundwater 
extent. Travel times to the boundaries are increased, allowing more time for degradation, and the volume 
of perched groundwater leaving the southeast area is reduced by 2.62 billion gallons relative to Runs #1 
and #2 (an average reduction of 16.6 gpm) over the 300-year period of simulation. 

A4.3.2.2 Run #23 SummaIJI 

Run #23 incorporates the effects of the 30-years operation of the groundwater pump and treat system with 
no re-injection, eight horizontal wells, and reactive transport (sorption and degradation). The volume of 
water exiting the perched groundwater flow system drowed by 5.0 billion gallons relative to the baseline 
simulation (Run #1) and totaled 23.6 billion gallons over the 300-year period of simulation. In this same 
300-year period, a total of 480 kg ofRDX is predicted to exit the perched groundwater flow system in the 
absence of any remedial actions compared to a baseline reactive result of 2,773 kg. This is a reduction of 
83% when compared to the rumulative RDX baseline results. The peak instantaneous RDX mass flux out 
of the perched groundwater flow system crops from 68.7 kglyear in the baseline simulation to 23.5 
kglyear under Run #23. Therefore, operation of the groundwater pump and treat system for a period of 
30-yearswith no re-injection, coupled with naturally-occurring processes (reactive transport) is predicted 
to decrease by 83% the rumulative RDX mass flux exiting the perched groundwater flow system 
(assuming the parameters for sorption, degradation, and pump and treat flow rates are representative for 
the period of simUlation). 
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A.4.3.3 	 Run #24: Reactive Transport with Extraction, No Injection, Fight Horizontal Wells, and 
Reduced Redtarge 

Reactive transport is simulated in conjunction with eight horizontal wells (Figure A-26), the existing 
groundwater ptnnp and treat system (with no re-injection), and with redlced recharge at the ditches and 
playas in Run #24 (MSPerched_20051202c_'IRB) in Table A-8. The only difference between Run #24 
and Run #23 is the reduction of the recharge tenn in areas of the ditches and playas by a factor of 10. As 
&lown in the water balance (l"esented earlier (Table A-7), recharge (l"ovides the vast majority of water 
and driving head to the perched groundwater zone. Reductioo of the major sources of that recharge is 
representative of potentially re-directing Slrface water runoff to locatioos off of Pantex Plant or otherwise 
away from perched groundwater recharge zooes through alternative use or increased evaporatioo. The 
method of exerution of a reduction of recharge is not developed here, rut it is disrussed in Section 9 of 
the main report text. This recharge reduction represents a significant impact to the overall water rudget 
and mass balance of the perched groundwater. Table A-8 indicates that Run #24 is specified as 
simulation of: 

• 	 Reactive contaminant transport (the effects of sorption ~ equal to 0.171 LIkg] and degradation 
[7.57E-05 l/days] are included) 

• 	 Active extractioo system is in operation 

• 	 No active injectioo sys:.em is in operatioo 

• 	 Reduces rates of recharge [10 times less recharge at ditches and playas that those rates used in the 
calibrated flow model documented in the Subswface Modeling Reporl (BWXT PantexlSAIC, 
2004) and in Appendix N of the Baseline HHRA (BWXT PantexlSAIC, 2006) for pos:.-Pantex 
Plant operatioos]. 

A.4.3.3.1 Run #24 Results 

RDX reactive transport was simulated for a period of300-years. During the first 30-years, the existing 
groundwater ptnnp and treat system with no re-injection of treated groundwater, was operatiooal. 
Additiooally, eight horizontal wells were allowed to receive water from the perched groundwater during 
the 30-year remediation life cycle. After 30-years, the pump and treat sy&em was &lut down, and ooly 
reactive transpcrt (NA (l"ocesses) were simulated for the remaining 270 years. Soqtion and degradation 
are included Redlced recharge rates were applied throughout the simulation. 

The volume of water and mass ofRDXmigrating across each reach are tabulated (Table A-I6). The 
volume of water leaving each reach of the model decreases relative to the baseline simulatioo (Run #1) 
with the total volume of water exiting the perched groundwater flow system calculated at 8.96 billion 
gallons, a reduction of 19.6 billion galloos relative to the baseline simulatioo. 
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Table A-I'. Run #24 Reach Reports 

Table A-16 shows the greatest volume of perched groundwater (5.1 billion gallons) migrates across 
Reach Zero over the 300-year simulation time. In the southeast area. Reach 1 has the highest flux of 
water, totaling 2.2 billion gallons over the 300-year period of simulation. The flux of water for Reaches 
Two and Three are 890 million and 470 million gallons, respectively. 250 million gallons of perched 
groundwater is transmitted across Reach 4 over 300-years. The most significant decrease from Run #1 
occurs across Reach Zero, which dropped by 12.7 billion gallons. Reach 1 showed a predicted drop of 
3.6 billion gallons over the 300-year period of simulation. Reach 2 (870 million gallons), Reach 3 (1.3 
billion gallons), and Reach 4 0.2 billion gallons) exhibited lesser declines. 

The decrease in water flux across the reaches translates into a reduction in the RDX mass flux across the 
reaches. The data in Table A-6 show differences between the baseline reactive simulation (Run #2) and 
Run #24. In Run #24. the total RDXmass exiting the perched ground drops from 1,482 kg (Run #2) in 
the baseline simulation to 514 kg (Run #24). The largest RDX flux improvement was demonstrated at 
Reach I, with a 30 and 300-year cumulative RDX mass flux of 282 kg and 350 kg, respectively, 
compared to 1,405 kg and 1,737 kg in Run #2. 

The operation of the groundwater pump and treat system. excluding re-injection, the addition of the eight 
horizontal wells and rewced recharge results in a reduction of 431 kg of RDX exiting the perched 
groundwater flow system relative to Run #8, which excluded horizontal wells. Therefore, the inclusion of 
the eight horizontal wells and the reduced recharge in the perched groundwater decreases the predicted 
RDX mass flux by 431 kg over the 300-year period of simulation. or 43% reduction, relative to the 
qleration of the existing pump and treat system with no re-injection. 

The cumulative and instantaneous flux ofwater and RDX across each of the reaches is depicted 
graphically in Figure A-29. The cumulative water flux (Figure A-29, lower left) is significantly different 
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from all other models. The reduced recharge effectively lessens the slope of the cumulative water flux 
rurve. The cumulative RDX mass (Figure A-29, upper left) reflects the significant decrease in RDX mass 
exiting the perched groundwater flow system, especially when compared to the baseline simulation 
(Figure A-22). For Reach I, the instantaneous RDX mass flux (Figure A-29, upper right) decreases from 
about 23.5 kg/year to <1 kglyear coincident with the operation of the pump and treat system and 
horizontal wells. Following ~ut down of the system, the rate increases to nearly 2.5 kglyear between 50 
and 75 years, then slowly declines to negligible rates « 1 kgly) after 75 years. Reaches Three and Four 
exhibit similar trends in the ftrst 30-years of simulation time and exhibit almost no rebound after system 
~ut down. The instantaneous water flux drops across all reaches during the ftrst 30-years, then rebounds 
to quasi-steady state rates between 100 to 150 years into the simulation. The reduction in recharge 
significantly alters the quasi-steady state instantaneous water flux out of the model because of the new 
water balance created with much less recharge. 

During the 30-year period of operation, the groundwater pump and treat system with the eight horizontal 
wells removes 3,338 kg of RDX from the perched groundwater flow system. This mass is permanently 
removed frcm the perched groundwater flow system and cannot migrate to the underlying Ogallala 
Aquifer. In addition to the mass removed, the operation of the pump and treat system with no re-injection 
alters the perched groundwater flow fteld. reducing lateral flow gradients toward the perched groundwater 
extent. Travel times to the boundaries are increased, allowing more time for degradatim, and the volume 
of perched groundwater leaving the southeast area is redlced by 6.9 billion gallons relative to Runs #2 (an 
average reduction of 43.8 gpm) over the 300-year period of simulation. 

A.4.3.3.2 Run #24 Summary 

Run #24 incorporates the effects of the 30-years of operation of the groundwater pump and treat system 
with no re-injection, eight horizontal wells and reactive transport (sorption and degradatim), and reduced 
recharge at the ditches and playas. The volume of water exiting the perched groundwater flow system 
<topped by 19.6 billion gallons relative to the baseline simulation (Run #2) and totaled 8.96 billion 
gallons over the 300-year period of simulation. In this same 300-year period. a total of 514 kg ofRDX is 
predicted to exit the perched groundwater flow system in the absence of any remedial actions compared to 
a baseline reactive result of 2,773 kg. This is a reduction of 81% when compared to the rumulative RDX 
baseline reactive results. The peak instantaneous RDX mass flux out of the perched groundwater flow 
system drops frcm 68.7 kglyear in the baseline simulation to 23.5 kglyear under Run #24. Therefore, 
operation of the groundwater pump and treat system for a period of 30-years with no re-injection, coupled 
with naturally-occurring processes (reactive transport) is predicted to decrease by 81% the rumulative 
RDX mass flux exiting the perched groundwater flow system (assuming the parameters for sCl"{tion, 
degradation, and pump and treat flow rates are representative for the period of simulatim). 

A.4.l.4 Run #25: Reactl\le Transport with Extraction, No Injection, and 10 Horizontal Wells 

Reactive transport is simulated in conjunction with 10 horizontal wells (Figure A-26), and the existing 
groundwater pump and treat system (with no re-injection) in Run #25 (MSPerched_20051202b_1RB) 
from Table A-8. The addition of 10 horizontal wells in areas selected based on a ccmbination of higher 
saturated thickness and/or high concentration ofRDX in groundwater further serves to reduce the driving 
head to the edges of the perched groundwater, thus reducing mass ofRDX and volumetric water flux out 
of the perched zone. Table A-8 indicates that Run #25 is specified as simulatim of: 

• 	 Reactive contaminant transport (the effects of sorption ~ equal to 0.171 LIkg] and degradation 
[7.57E-05 l/days] are included) 

• 	 Active extractim system is in operation 
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• 	 10 horizontal wells 

• 	 No active injection system is in operation 

• 	 Normal rates of recharge (same "post-Pantex Plant" recharge rates used in the calibrated flow 
model documented in the Subsurface Modeling Report (BWXT Pantex/SAIC, 2004) and in 
Appendix N of the Baseline HHRA (BWXT PantexiSAIC, 2006). 

A 4. 3.4.1 Run #25 Results 

RDX reactive transport was simulated for a period of 300-years. During the first 30-years, the existing 
groundwater pump and treat system with no re-injection of treated groundwater, was operational. 
Additionally, 10 horizontal wells extracted water from the perched groundwater during the first 30-years. 
After 30-years, the pump and treat system and the horizontal wells were shut down, and only reactive 
transport (NA processes) was simulated for the remaining 270 years. Soqtion and degradation are 
included. 

The volume of water and mass ofRDX migrating across each reach are tabulated (Table A-17). The 
volume of water leaving each reach ofthe model decreases relative to the baseline simulation (Run #2) 
with the total volume of water exiting the perched groundwater flow system calculated at 20.8 billion 
gallons, a reduction of 7.8 billion gallons relative to the baseline simulation. 

Table A-17 shows the greatest volume of perched groundwater (12.96 billion gallons) migrates across 
Reach Zero over the 300-year simulation time. The addition ofhorizontal wells in areas in the upgradient 
in the flaw path to Reach Zero served to reduce this number by 4.9 billion gallons from Run #2. The 
most significant decrease from Run #1 occurs across Reach Zero, which dropped by 4.9 billion gallons. 
Reach 1 showed a predicted drop of 1.5 billion gallons over the 300-year period of simulation. Reach 2 
(370 million gallons), Reach 3 (510 million gallons), and Reach 4 (470 million gallons) exhibited lesser 
declines. 
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Table A-17. Run #25 Reach Reports 

The decrease in water flux across the reaches translates into a reduction in the RDX mass flux across the 
reaches. The data in Table A-17 SlOW significant differences between the baseline simulation (Run #2) 
and Run #25. In Rtm #25, the total RDX mass exiting the perched ground <tops from 1,482 kg (Rtm #2) 
in the baseline simulation to 497 kg (Run #25), which is an improvement of82%. The large& RDX flux 
improvement was demon&rated at Reach I, with a 30 and 300-year rumulative RDX mass flux of 276 kg 
and 327 kg. respectively, compared to 1,405 kg and 1,737 kg in Run #2. 

The operation ofthe groundwater pump and treat system, excluding re-injection, and the addition ofthe 
10 horizontal wells results in a reduction of398 kg ofRDX exiting the perched groundwater flow sy&em 
relative to Run #8, which excluded horizontal wells. Therefore, the inclusion ofthe horizontal wells 
decreases predicted RDX mass flux by 398 kg over the 300-year period of sinrulation, or an approximate 
improvement of400/0 relative to the existing pump and treat system. 

The cunrulative and in&mtaneous flux ofwater and RDX across each ofthe reaches is dq>icted 
graphically in Figure A-30. The clDtlulative RDX mass (Figure A-30, upper left.) reflects the significant 
decrease in RDX mass exiting the perched groundwater flow sy&em, especially when compared to the 
baseline simulation (Figure A-22). For Reach I, the in&mtaneous RDX mass flux (Figure A-30, upper 
right) decreases from about 23.8 kglyear to <1 kglyear coincidentwith the qleration of the pump and 
treat sy&em and horizontal wells. Following shtt down ofthe system, the rate increases to nearly 1 
kglyear between 50 and 75 years. then slowly declines to negligible rates « 1 kgIyr) after 75 years. 
Reaches Three and Four exhibit similar trends in the first 30-years of simulation time and a slight rebotmd 
after sy&em Slut down. The in&antaneous water flux drops across all reaches during the frrst 30-years, 
then rebounds to quasi-&eady &ate rates between 150 to 200 years into the simulation. 
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During the 30-year period of operation, the groundwater pump and treat system with the 10 horizontal 
wells removes 3,157 kg ofRDX from the perdIed groundwater flow system. This mass is permanently 
removed from the perdIed groundwater flow system and can not migrate to the underlying Ogallala 
Aquifer. In addition to the mass removed, the operation of the pump and treat system with no re-injection 
alters the perdIed groundwater flow field, reducing lateral flow gradients toward the perched groundwater 
extent. Travel times to the boundaries are increased, allowing more time for degradation, and the volume 
of perched groundwater leaving the southeast area is reduced by 2.87 billion gallons relative to Runs #1 
and #2 (an average reduction of 18.2 gpn) over the 300-year period of simulation. 

A 4. 3. 4. 2 Run #25 Summary 

Rlln #25 incorporates the effects ofthe 30-years operation of the groundwater pump and treat system with 
no re-injection, 10 horizontal wells, and reactive transport (sorption and degradation). Run #25 is 
identical to Run #8 with the only exception being the inclusion of 10 horizontal wells. The volume of 
water exiting the perched groundwater flow system dropped by 7.7 billion gallons relative to the baseline 
simulation (Run #1) and totaled 20.8 billion gallons over the 300-year period of simulation. In this same 
300-year period, a total of497 kg ofRDX is predicted to exit the perdIed groundwater flow system in the 
absence of any remedial actions compared to a baseline reactive result of 2.773 kg. This is a rewction of 
82% when compared to the rumulative RDX baseline results. The peak instantaneous RDX mass flux out 
of the perched groundwater flow system drops from 68.7 kg/year in the baseline simulation to 23.8 
kglyear under Rlln #25. Therefore, operation of the groundwater pump and treat system for a period of 
30-years with no re-injection, coupled with naturally-occurring processes (reactive transport) is predicted 
to decrease by 82% cumulative RDX mass flux exiting the perched groundwater flow system (assuming 
the parameters for sorption, degradation, and pump and treat flow rates are representative for the period of 
simulation). 

A.4.4 VertJcal ExtractJon Wdl Scenarios 

These runs comprise simulations in which the placement oflines of vertical wells in key areas ofthe 
model domain are supplemental to the operation of the existing extraction system over the 30-year life 
span of an expected remediation system. All runs in this category were conducted with the historical 
average pumping rate applied at existing wells. The other various components evaluated in this set of 
simulations included the application and exclusion of injection ofwater in the existing injection wells, 
reduced redIarge at ditdIes and playas, and the extension of the period ofoperation to 60 years. 

Rllns #27 through #35 (Table A-8) evaluated the placement of up to eight lines of additional extraction 
wells installed perpendicular to groundwater flow and RDX migration. Rllns #27 to #34 provided an 
evaluation ofthe stepwise addition of lines ofnew extraction wells and included the rurrent groundwater 
pump and treat system (with re-injection of treated groundwater). Of the nine simulations in this series. 
Run #35, which did not include re-injection, had the best predicted performance in terms ofminimizing 
the cumulative mass flux ofRDX out ofthe perdIed groundwater flow system, thus it is the only scenario 
presented in detail here. 

A4.4.1 Run #35: 87 VertJcal Wells with ReactJve Transport with Extraction and No InJoctJon 

Lines ofvertical extraction wells were located in areas to maximize RDX removal and avoid duplication 
of the Qment pump and treat system. The lines ofwells ranged between 1880 feet to 2980 feet in length. 
Well spacing within a line was set to ensure cone of influence overlap with adjacent extraction wells. 
Spacing between eadI line was selected based upon RDX travel time over a 30-year period such that 
adjacent lines ofwells would capture the RDX upgradient of eadI line ofwells. The existing 
groundwater pump and treat system operation and reactive transport were included in Run #35. 
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Of the nine simulations in this series, Run #35 had the best lX'edicted perfonnance in terms ofminimizing 
the cumulative mass flux ofRDX out ofthe perched grrundwater flow system. Run #35 ccnsisted of the 
lX'edicted pcrfonnance of 87 extraction wells installed in eight lines as shown in Figure A-31. The 
existing groundwater pump and treat system operation was also included in the simulation. Re-injection 
of treated gromdwater was not included in Run #35 to reruce to the extent possible. the volume of 
perched groundwater in the flow system. Table A-8 indicates that Run #35 is specified as simulation of: 

• 	 Reactive contaminant transport (the effects of sorption I:Krs equal to 0.171 LIkg] and degradation 
[7.57E-05 l/days] are included) 

• 	 Active extracticn system is in operation 

• 	 Eight lines of extraction wells, totaling 87 additional wells 

• 	 No active injecticn system is in operaticn 

• 	 Nocmal rates of recharge [same "post-Pantex Plant" recharge rates used in the calibrated flow 
model documented in the Subsurface Modeling Report (BWXT PantexlSAIC, 2004) and in 
Appendix N of the Baseline HERA (BWXT PantexlSAlC, 20(6)]. 

A.4.4.1.1 Run#35Results 

A total of eight lines of new extraction wells along with the existing grrundwater pump and treat system 
(with no re-injection of treated grrundwater), were operationaJ. After 30-years, the combined extraction 
system was Stut down, and only reactive transport (NA processes) were simulated for the remaining 270 
years. Individual extraction rates for each well were assigned at 50 gpm at the start of the simulation. 
The wells induced a dewatered ccndition in the model within 5 years of the simulation, resulting in 
average extracticn rate for the 87 wells of less than 1.5 gpm tbrrughrut the rest of the 30-year period of 
system operaticn. 

The volume ofwater and mass ofRDX migrating across each reach are tabulated (Table A-18). The 
volume of water leaving each reach ofthe model decreases relative to the baseline simulaticn (Run #1) 
with the total volume of water exiting the perched gromdwater flow system calculated at 26.0 billion 
gallons, a reduction of 2.6 billicn gallons relative to the baseline simulaticn. 

Table A-I8 Stows the greatest volume of perched groundwater (17.33 billion gallons) migrates across 
Reach Zero over the 300-year simulation time. In the southeast area. Reach 1has the highest flux of 
water, totaling 4.82 billion gallcns over the 300-year period of simulation. Relative to the baseline 
simulation (Run #2). the most significant decrease occurs across Reach 1. which cropped by just over I 
billion gallcns. 

The decrease in water flux across the reaches translates into a reduction in the RDX mass flux across the 
reaches. The data in Table A-I8 Stow differences between the baseline reactive simulaticn (Run #2) and 
Run #35. In Run #35. the total RDXmass exiting the perched ground drops fr0012,773 kg (Run #2) in 
the baseline simulation to 161 kg (Run #35), which is an improvement of94%. The largest RDXflux 
improvement was demonstrated at Reach I, with a 30 and 300-year QJIl1ulative RDX mass flux of 76 kg 
and 199 kg. respectively, compared to 1,405 kg and 1,737 kg in Run #2. 
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Table A-18. Run #35 Reach Reports 

RIBI #JS MtHJeI MSP~rch«l12010StJ 

CmDiidative Wiattr AcroSsGHB Reaches Immons OflaDom)c . . ... 
Model Year Reach 0 Reachi Reach 2 Readl3 : mdir+,~ ~;iTlI&i\:' 

30 1870 70 45 15 32 2031 

50 2936 179 66 19 38 3239 

100 5712 997 299 230 199 7438 

150 8592 1944 585 505 412 12038 

200 11502 2901 875 784 629 16690 

250 14416 3800 1165 1064 847 21352 

300 17332 4819 1.455 1344 1065 26015 

.; .....:,;':..' , ".: ";:XC~eM:usACrOils GHBRead.:~(ki)':;:'.;, 1;;;Y;":,;d,' ',i;': ;,; 

".'Model Year :r I;: R~Cil~~\~1"li~Cif:fi, ;'; i:,a'dlZ' ,. (::R~dl3;;\ ·¥·if~dI''ii' ;"T~~; 

30 1 76 0 10 17 104 

50 1 81 1 11 18 111 

100 1 92 11 19 24 146 

150 1 98 13 21 26 159 

200 1 99 13 22 26 161 

250 1 99 13 22 26 161 

300 1 99 13 22 26 161 

The addition of 87 extraction wells to the existing pump and treat system (excluding re-injection), results 
in a reduction of 161 kg of RDX exiting the perched groundwater flow system relative to Run #8, which 
consisted only of the existing pump and treat system (and excludedre-injection). Therefore, the inclusion 
of the 87 vertical wells in the perched groundwater decreases predicted RDX mass flux by 834 kg over 
the 300-year period of simulation, or an approximate 84% improvement relative to the existing pump and 
treat system. 

The cumulative and instantaneous flux of water and RDX across each of the Reaches is depicted 
graphically in Figure A-32. The cumulative water flux (Figure A-32, lower left) is similar to results 
(X"esented for previous simulations, but close examination reveals the decrease in cumulative water flux 
for each Reach. The cumulative RDX mass (Figure A-32, upper left) reflects the significant decrease in 
RDX mass exiting the perched groundwater flow system, especially when compared to the baseline 
simulation (Figure A-22). For Reach 1, the instantaneous RDX mass flux (Figure A-32, upper right) 
decreases from about 23.5 kglyear to < 1 kglyear coincident with the operation of the pump and treat 
system. Following ~ut down ofthe system, the rate increases to over 0.5 kWyear between 50 and 75 
years, then slowly declines to negligible rates «< 1 kWy) after 75 years. Reaches Three and Four exhibit 
similar trends in the first 30-years of simulation time and a slight rebound after system ~ut down. The 
instantaneous water flux crops across all reaches during the first 30-years, then rebounds to quasi steady 
state rates between 100 to 150 years into the simulation. 

I:Xtring the 30-year period of operation, the combined groundwater pump and treat system removes 4,308 
kg of RDX from the perched groundwater flow system. This mass is permanently removed from the 
perched groundwater flow system and cannot migrate to the underlying Ogallala Aquifer. The operation 
of the combined pump and treat system with no re-injection alters the perched groundwater flow field, 
reducing lateral flow gradients toward the perched groundwater extent. Travel times to the boundaries are 
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increased. allowing more time for degradation, and the voltnne of permed grolDldwater leaving the 
southeast area is reduced by 2.1 billion gallons (an average reduction of 13.1 gpm) over the 300-year 
period of simulation. 

A4.4.1.2 Run #35 SU1'tJ1'IWY 

Run #35 comtyises eight lines ofextraction wells and the grolDldwater pump and treat system and the 87 
additional vertical wells (with no re-injection) extrading perched grolDldwater foc a 30-year period lDlder 
reactive transport conditions. The volume of water exiting the perched groundwater flow system <topped 
by 2.6 billion gallons relative to the baseline simulation (Run #2) and totaled 26.0 billion gallons over the 
300-year period ofsimulation. In this same 300-year period. a total of 161 kg ofRDX is predicted to exit 
the permed groWldwater flow system in the absence of any remedial actions compared to a baseline 
reactive re!J.llt of 2,773 kg. Thls is a redtction of 94% when compared to the Ctnnulative RDX baseline 
results. The peak instantaneous RDX mass flux out of the permed groundwater flow system drops from 
68.7 kglyear in the baseline simulation to 23.5 kglyear under Run #35. Therefore, the combined 
operation of eight lines of vertical extraction wells in conjunction with the groundwater pump and treat 
system for a period of30-years (with no re-injection), coupled with naturally-occurring processes 
(reactive transport) is predicted to decrease by 94% the Ctnnulative RDX mass flux exiting the perched 
groundwater flow system (assuming the parameters foc sorption, degradation, and pump and treat flow 
rates are rq>resentative for the period of simulation). 

A.4.5 F.llhanced decay Scenarios 

These fWlS comprise simulations in which the placement ofzones with high rates ofdecay spaced 
approximately at locations of 100year travel times throughout the RDX pltnne from the source areas to the 
boundary of the model (Figure A-33). Rwt #37 included the effects of the existing pump and treat 
system. Because Run #36 did not include the pump and treat system, it allows foc evaluation ofthe 
addition of biological oc memical decay amendments alone. Therefore, only Rwt #36 of these two is 
discussed here. 

Run #38 takes a similar approach to Run #36, but the enhanced decay zones are focused just upgradient 
of the Reach 1 area and the southeast portion ofthe perched groundwater (Figure A-33). Run #38 is also 
discussed in detail in this section. 

A.4.5.1 Run #36: Reactive Transport with Enhanced decay Zones 

Run #36 simulated zones of enhanced decay of RDX throughout the RDX plume area through application 
of location-specific Slort half-lives. No injection or extraction, even with the biodecay zones, was 
applied during the active remediation period of these simulations. The zones ofenhanced decay were 
placed along the general permed flow path within the perdIed groundwater at locations of to-year 
advective travel times. The acting low half-life in these zones was applied only during the 30-years of 
expected implementation of any active system that would be required operate to emplace enhance the 
geochemistry of the area. Nonnal, reactive transport conditions were applied after the 30-years of 
enhanced decay zones. Table A-8 indicates that Run #36 is specified as simulation of: 

• 	 Reactive contaminant transport (the effects of sorption l.Kd equal to 0.171 LIkg] and degradation 
[7.57E-05 l/days] are included), 

• 	 No active extraction system is in operation, 

• 	 Enhanced decay zones active dtring the 30-years of active remediation (half-life = 10 days), 
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• 	 No active injection sy!tem is in operation, 

• 	 Normal rates of recharge [same "post-Pantex Plant" recharge rates used in the calibrated flow 
model dOOlmented in the Subsurface Modeling Report (BWXT Pantex/SAIC, 2004) and in 
Appendix N of the Baseline HHRA (BWXT PantexiSAIC, 2006)]. 

A.4.5.1.1 Run #36 Results 

The volume ofwater and mass ofRDX migrating across each reach are tabulated (Table A-19). The 
volume of water leaVing each reach ofthe model is essentially identical to baseline Runs #1 and #2 (28.4 
billion gallons), as would be expected in the absence of active extraction or injections. 

Table A-19. Run #36 Reach Reports 

1803 5SJ 


SO 3000 
 980 


100 5992 
 1975 


150 8902 
 2940 


200 11894 
 3905 


250 14811 
 4862 


17654 


189 2926 

319 4886 

569 9728 

793 14400 

1010 

1227 

~'~*~';~,~·'~~:',~.·~:,l:~::~ :::;;:;:;;:ri!t~~~' t~·~~~~, 
" 

:;~~~.~"~':~ai:&~i~i 
27 101 47 403 

SO 

30 3 224 

436 

100 

5 227 43 104 58 

lOS 71 4705 240 49 

lOS 76 485 

200 

ISO 5 247 50 

109 765 247 51 488 

109 76250 5 247 51 489 

300 5 109 76 489247 51 

The inclusion of reactive zones representing shorter degradation times and a fa!ter half-lives results in 
differences between the baseline reactive simulation (Run #2) and Run #36. In Run #36, the total RDX 
mass exiting the perched groundwater drops from 2,773 kg (Run #2) in the baseline simulation to 489 kg 
(Run #36). Reach 1 exhibited differences in OJrnulative mass flux at 30-years (1,450 kg to 224 kg) and 
300-years (1,737 kg to 247 kg). The differences in RDXmass flux can be attributed to RDX degradation 
as the plume migrates through the zones ofshort half-life. 

This same information is Slown graphically in four charts Slown in Figure A-34. The cumulative water 
volume over time (Figure A-34. lower left) and in!:tantaneous water flux (Figure A-33.lower right) are 
the same as shown in Figure A-22 for Run #2. The Olmulative mass (Figure A-34, upper left) SlOWS a 
steady increase over the ftrst 50 to 75 years then gradually flattens indicating that nearly all mass has 
migrated out of the perched groundwater flow system within this 75 to 100 year period oftime. 
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The instantaneous mass flux (Figure A-34, upper right) depicts the mass flux in kgIyear migrating across 
each reach. The peak instantaneous mass flux has dropped to 26.7 kgIyr in comparison to Run #2. The 
instantaneous mass flux !bows a !barp ina-ease in the first 10 years followed by gradual decrease through 
75 to 100 years into the simulation. 

A4.5.1.2 Run #36 Summary 

Run #36 comJrises zones of ina-eased biodecay throughout the RDX plume area during the 30-years of 
active treatment. No extraction or injectim is occming during this remedial time frame. The volume of 
water exiting the perched groundwater flow system is essentially the same as the baseline scenarios 
condtcted in Runs #1 and #2. In this same 300-year period, a total of 489 kg ofRDX is predicted to exit 
the perched groundwater flow system compared to a baseline result of 2,773 kg. This is a reduction of 
82% when compared to the annulative RDX baseline reactive results. The peak instantaneous RDX mass 
flux out of the perched groundwater flow system d:ops from 68.7 kgIyear in the baseline simulation to 
26.7 kgIyear under Run #36. Therefore. the emplacement of enhanced decay zones through the RDX 
plume for a period of 30. coupled with naturally-oca.uring processes (reactive tran~ort) elsewhere is 
Jredicted to dea-ease by 820,4, the cumulative RDX mass flux exiting the perched groundwater flow 
system (assuming the parameters for sorption, degradatim, and pump and treat flow rates are 
representative for the period of simulation). 

A.4.5.2 Run #38: Reactl'Ve Transport with Focused Enhanced decay Zones 

Run #38 simulated zones of enhanced decay ofRDX in focuses areas ofthe RDX plume area through 
application of 10ca1ion.~ecific !bort half-lives. No injectim (J' extractim, even with the biodecay zones. 
was applied during the active remediation period of these simulatims. The zones ofenhanced decay were 
placed in areas protecting ofReach 1 and the southeast area of the perched groundwater. The acting low 
half-life in these zmes was applied only during the 30-years ofexpected implementation ofany active 
injectim system that would be required to enhance the geochemistry of the area. N«mal, reactive 
tran~ort conditions were applied after the 30-years ofenhanced decay zones. Table A-8 indicates that 
Run #38 is specified as simulation of: 

• 	 Reactive contaminant transport (the effects of sorption I.'Kct equal to 0.171 LIkg] and degradation 
[7.57E-05 lIdays] are included) 

• 	 No active extraction system is in operation 

• 	 Fnhanced decay zones active daring the 30-years of active remediation (half-life =10 days) 

• 	 No active injectim system is in operatim 

• 	 N«mal rates of recharge [same "post-Pantex Plant" recharge rates used in the calibrated flow 
model doannented in the Subsurface M'odeJing Report (BWXTPantexlSAlC, 2004) and in 
Awendix N ofthe Baseline HHRA (BWXT PantexlSAIC, 2006)]. 

A4.5.2.1 Run #38Results 

The volume of water and mass ofRDX migrating across each reach are tabulated (Table A-20). The 
volume of water leaving each reach of the model is essentially identical to baseline Runs #1 and #2 (28.3 
billion gallons). as would be expected in the absence of active extraction or injections. 
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TableA-20. Run #38 Reach Reports 

lbut #JI.Mo4.t!1 MSJ1rm:heILZ(}{}U Z21b_ TRB 

C~W..,.AeI'4S:S' GHB BetIc_ (milliom ~gtdltms) 

~Yeii:;; !r1i~aicjH '';R~d.l R~cb2 'i~i';:' "" ..~,~;t~" '<~~ -:,~' .,~~.. Ream4. 

30 1803 583 169 182 189 2926 
• 

SO 3037 950 1 289 4808 

100 6112 1870 492 538 9506 

ISO 9201 2790 728 714 785 14219 

200 12268 3703 958 935 1040 18903 

250 15335 4623 1197 1159 1287 23601 

300 18402 5543 1376 1534 28284 
Il1r,:~r?y i\;!;(~1Jf;Jl"'i('· .' ·,j;M.lj'A&\.~;GHIf+;!;~~W:";'J~~·)::; :·.f'ic.;ltKr .." 

Kea.c:aes (q, .. . .' .. . .' 
<; ...... ".!;; ........... '. 

.MOdelYe.r 1:~d.O Reami :Reaclt2 Readt3 Iieati:t~b f,.; li~. ,. 'f> 

. TOtal 

30 I 3 41 19 38 182 284 

SO 4 70 23 87 262 446 

1 5 126 45 137 311 624 

ISO 5 134 47 141 317 644 

200 5 135 48 142 317 646 

2S0 5 135 48 142 317 646 

300 5 135 48 142 317 646 

The inclusion of reactive zones representing shorter degradation times and a faster half-lives results in 
differences between the baseline reactive simulation (Run #2) and Run #38. In Run #38, the total RDX 
mass exiting the perched groundwater drops from 2,773 kg (Run #2) in the baseline simulation to 646 kg 
(Run #38). Reach ()ne exhibited differences in cumulative mass flux at 30-years (1,450 kg to 41 kg) and 
300-years (1.737 kg to 135 kg). The differences in RDX mass flux can be attributed to RDX degradation 
as the plume migrates through the zones ofshort half-life. 

This same information is shown graphically in four charts shown in Figure A-35. The cumulative water 
volume over time (Figure A-35, lower left) and instantaneous water flux (Figure A-35, lower right) are 
the same as shown in Figure A-22 for Run #2. The rumulative mass (Figure A-35, upper left) shows a 
steady increase over the fIrSt 50 to 75 years then gradually flattens indicating that nearly all mass has 
migrated out of the perched groundwater flow system within this 150 to 200 year period oftime. 

The instantaneous mass flux (Figure A-35, upper right) depicts the mass flux in kgIyear migrating across 
each reach. The peak. instantaneous mass flux has dropped to 23.5 kglyear in cOOlparison to Run #2. The 
instantaneous mass flux shows a sharp increase in the first 10 years followed by gradual decrease through 
200 to 250 years into the simulation. 

A. 4.5.2. 2 Run #38 Summt1!l' 

Run #38 comJX"ises zones of increased biodecay in focused areas of the RDX plume area during the 30
years of active treatment No extraction or injection is ocrurring during this remedial time frame. The 
volume ofwater exiting the perched groundwater flow system is essentially the same as the baseline 
scenarios conducted in Runs #1 and #2. In this same 300-year period, a total of646 kg ofRDX is 
JX"edicted to exit the perched groundwater flow system compared to a baseline result of 2,773 kg. This is 
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a reduction of 300/0 when compared to the rumulative RDX baseline reactive results. The peak 
instantaneous RDX mass flux out ofthe perched groundwater flow system drops from 68.7 kglyear in the 
baseline simulation to 23.5 kglyear under Run #38. Therefore. the emplacement ofenhanced decay zones 
through the RDX plume for a period of 30, coupled with naturally-ocrurring processes (reactive 
tran!:port) elsewhere is predicted to decrease by76% the cumulative RDX mass flux exiting the perched 
groundwater flow system (8.SSllming the parameters for sorption, degradation. and Jlll11P and treat flow 
rates are representative for the period of simulation), 

A.S SUMMARY OF RESULTS 

The Baseline HERA identified COCs in groundwater under current and future conditions, in the absence 
of active remediation. This appendix provides a fate and transport evaluation for comparison of potential 
remedial alternatives that may be protective of underlying Ogallala A<pifer. This awendix does not 
provide an evaluation of the cost, implementability, or other considerations pertaining to the execution of 
any alternative evaluated. 

To complete this evaluation, a single-layer sa-eening level model was constructed and calibrated to permit 
rapid evaluation of remedial alternatives. The screening model parameters were copied from the site wide 
model and the F1M models model using same parameters from Baseline Human Health Ri&ic Assessment. 
The sa-eening model focuses on flow and tran!:portwithin the perched groundwater flow system only. 
The lateral water and RDX mass flux out ofspecified areas ofthe model boundaries (GHB reaches) are 
used as a proxy foc the vertical water and RDX mass flux to the FGZ and underlying Ogallala Aquifer. 
The primary metric foc alternative evaluation is Primary metric for evaluation ofalternatives is the 
reduction of RDX mass flux out of the perched groundwater flow system through the GHB reaches. As a 
secondary metric. average concentrations in groundwater exiting each reach were calculated by dividing 
the instantaneous RDX mass flux into the instantaneous water flux for each reach. For comparison 
PJrposes, the average concentrations over time were tabulated (Attachment 1A) for each run presented in 
Table A-2l. 

A total of 37 runs representing a baseline coodition, NA conditions, and various remedial alternatives 
were completed for evaluation as shown in Table A·8, with detailed results presented in Attachments 1 A 
and 2A. The 37 models were generally grouped into categories representing the exi&ing pump and treat 
sy5tem, potential horizontal well placement, additiooal vertical extraction well placement, and enhanced 
decay simulations. Attachment 1 A provides a detailed ranking among each of these scenarios 
summarized in Table A·8 for both RDX and water mass flux out of the GHB cells and sunnnary graJils of 
flux out the GHB cells. Attachment 2A presents the water table. saturated thickness, and RDX 
concentration in groundwater for key time steps in each of the screening alternatives at 5 years into active 
remediation; at the end of active remediatioo at 30-years; and at 150 years, which corre!:ponds roughly 
with the return ofmo5t models to a quasi-5teady state water mass balance. 

The mo5t important ofthese scenarios are described in detail here in Appendix A. Table A-21 
summarizes the primary and secondary evaluation metrics foc each ofthe key sa-eening alternatives. 
Specifically, the key observations from these scenarios sunnnarized in Table A-21 are: 

• 	 Site data hi5torically indicate that NA is ocrurring to an extent in perchedgroundwatcr at Pantex 
Plant. The rate of NA is uncertain, but all modeling calculations accounting for NA have 
employed a rate at the low end of literature values. NA could potentially play a significant role in 
remedial design, as Table A-21 shows that NA alone, Run #2, has the potential to remove on the 
order of 6,300 kg ofRDX fran the sy5tem in 300-years. 
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• 	 Adding the existing pump and treat system to the NA OCClUTing at the site results in only a small 
relative improvement in RDX mass flux out of the GHB cells. Table A-21 shows that Run #5 
exhibits only a 27% reduction in total RDX mass flux leaving the perched groundwater at the 
GHB cells over a 300-year period (2,015 kg in Run #5, and 2,773 kg in Run #2). 

• 	 Run #8 shows that removing the re-injection from the operation of the pump and treat system 
results in a significant 64% reduction (Table A-21) in total RDX mass flux leaving the perched 
groundwater at the GHB cells over a 300-year period. Removing injection from the pump and 
treat system improves the performance of the remedial design relative to just NA (995 kg in Run 
#8, and 2,773 kg in Run #2). 

• 	 Radt of the key horizontal well scenarios presented here show improvements to the overall RDX 
flux out ofthe GHB cells when compared with all other alternatives. This is partly because the 
horizontal wells are additional remediation components to the pump and treat systems, and do not 
act alone in these models. The best of these, Run #24 also included a reduction in redtarge 
through the ditdtes and playas. Run #24 indicates that limiting recharge in conjunction with an 
active remediation sdteme results in a 81% reduction (Table A-21) in total RDXmassflux 
leaving the perched groundwater at the GHB cells over a 300-year period relative to just NA 
(514 kg in Run #24. and 2,773 kg in Run #2). Maintaining the same redtarge conditions as all 
other models. Run #25 indicates that the addition of 10 horizontal wells to the pump and treat 
results in a 82,0/0 reruction (Table A-21) in total RDX mass flux leaving the perched groundwater 
at the GHB cells over a 300-yearperiodrelative tojust NA (497 kg in Run #25, and 2,773 kg in 
Run #2). 

• 	 Table A-21 shows that that the addition of87 new extraction wells (Run #35) to the pump and 
treat system without re-injection results in the most RDX mass removed for treatment (4,308 kg) 
compared to any of the key simulations. The addition of the 87 extraction wells throughout the 
RDX plume does not show a significant improvement in performance of the existing pump and 
treat system without re-injection when evaluated against the metric of total RDX flux out of the 
GHB cells (161 kg in Run #35, 995 kg in Run #8). 

• 	 The biodecay runs indicated that enhanced degradation zones can reduce the mass of RDX 
exiting the perdted groundwater. Run #36 showed a total of 489 kg of RDX is predicted to exit 
the perched groundwater flow system compared to a baseline result of 2,773 kg (Run #2). This is 
a reduction of 82% when compared to the cumulative RDX baseline reactive results. The mIYor 
effect of the biodecay amendnent application is the elimination ofthe higher RDX instantaneous 
mass flux terms leaving the model in early time. A focused application of the amendment served 
to reduce the early time impacts. The application ofany biodecay amendments to groundwater 
would require significant injection efforts, which could potentially result in an increase ofvolume 
of water and RDX mobilization to the edges of the perched groundwater. 

Overall, the key feature in eadt of the best screening alternatives is the reruction in the driving hy(hulic 
gradient in the perched groundwater to the model boundary, whidt is set at the location the perdted 
groundwater is 0.5 ft in thickness. The reruction in the gradient slows down the groundwater velocity, 
the contaminant velocity, and results in more time for the action ofNA processes on the contaminant. 
Installation of new horizontal wells and/or vertical wells foc extraction can be effective at reducing 
hydraulic gradients. but the technical difficulty of placement and the cost of design/construction/operation 
may be prohibitive .. The existing JXlmp and treat system without re-injection can act an agent for 
dewatering the perched groundwater, thus reducing the ctiving hyd:'aulic gradients to the perdted margin, 
and adtieving mudt of the desired goals of limiting the RDX flux through the FGZ. The existing pump 
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and treat syg:em is well-placed in areas ofhigh RDX concentrations for significant mass removal for 
treatment. Abetter under&anding ofthe NA rates actually at work. at Pantex Plant could indicate that use 
ofthe existing system without re-injectilXl, in ccmbination with a higher (likely engineered) RDX 
degradation rate, could effectively reduce RDX impacts to the Ogallala Aquifer. 

The results reported herein are the readt use of a simplified screening level model for ranking 
remediation alternative. The results are not intended foc use beyond it's intended purpose. Infocmation is 
(l'ovided IXl RDX concentrationswith time, with the under&anding that the SLM solves foc only a part of 
the flow system, the most mobile part. While discussilXls are included in the text that documents the 
limitations ofthe ap(l'oach, the value is the rapid screening and aggregatilXl of the cause and effect of 
various remediatilXl approaches for the RDX in the perched groundwater is realized. Translating the 
model results to an actilXlable plan is disrussed in SectilXl 7. These include such items as the engineered 
feasibility I diffirultly of installing a robust vertical or horizontal well syg:em in thin aqJifer zones where 
the flow is clXltrolled by the uncertain topography of the FGZ. 

The infonnatilXl from the SERDP, ESTCP, nRC, Pantex Plant and this 2D·SLM model is then used to 
evaluate how the preferred alternative would perfocm IXl a site-wide scale. The effective perfonnance 
within the treatment zones is upscaled in this analysis, based in part on the above work.. The fully 3D 
coupled flow and tran~ort is computed fully transient from initial conditions through 250 years in the 
fulllre. During this time, the Ogallala Aquifer is modeled as declining for the next 100 years, and then is 
held steady at that condition. The perched groundwater re~onds as it would under natural forces. The 
extended site-wide is under development. It comprises of 20-slices from land auface to the bottom of the 
Ogallala Aquifer and has an extent ofl7-square miles as shown in theSubswface Modeling Repol1. This 
simulation will provide the quantified insight into the expected effectiveness ofthe preferred alternative 
IXl the water qJality in the perched groundwater and Ogallala Aquifer, as an integrated syg:ern. This 
model includes all the RDX mass in the complete system; the draining vadose zone and the FGZ, in three
dimensions. 
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Table A-21. Summary of Selected Modelbtg Results for Alt(S'nadves Evaluated 

Cumulative Mass Oat CumulatIve 
(ki) Man Cunmladve 

Cumulative Emadled- Mass Decayed 
Water Oat Active in Soil and 
(mDHCDS G Entire Ranetlad.on Wats-

R_# Descriptloo CaDOIIS) Reach! Perched (ki) (It&) 
1 Baseline simulation 28,596 1313 2343 - -
2 Baseline reactive (NA) 28,596 1737 2m - 6301 

Baseline reactive, reduced 
3 recharge beneath playas and 12,522 1622 2449 - 5823 

ditches 

5 Pump and treat, existing 28,484 1302 2015 2561 4947
system with re-injection 

8 Pump and treat, existing 26,772 675 995 2798 4122
system, no re-injccti on 
Pump and treat, existing 

22 system, no re-injection, plus 24,419 328 518 3126 3338 
six horizontal wells 
Pump and treat, existing 

23 system, no re-injection, plus 23,599 317 480 3158 3166 
cil(ht horizontal wdls 

Pw!.p and treat, existing 
system, no re-injection, plus 

24 eight horizontal wells and 8,958 350 514 3338 2963 
reduced recharge beneath 

ditches and playas 
Ptmp and treat, existing 

25 system, no re-injection, plus 20,834 328 497 3157 3160 
10 horizontal wdls 

Ptmp and treat, existing 

35 system. no rc-injection, plus 26,015 99 161 4308 2189
eight lines ofvertical 

extraction wells 

36 Biodccay Amendment, no 28,411 248 489 - 8340
pump and treat system 

Focused Biodecay 
38 Amendment, no pump and 28,284 135 646 - 8114 

treat system 
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Figure A-I. Flow Paths Selected for Sit~Specific Biodegradation Calculations 
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TCE Concentration Along Flow Path 1 
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Pantex Plant Groundwater Corrective Measures Study (CMS), Amarillo, Texas 

Summary of Alternatives 


Remedial Alternatives 
Non DlscoU'lted eosta 

Capital Cost I 
Duration 

(yr) O&M Cost 
Duration 

(yr) Total Cost 

1 No Action $0 0 I $0 I 0 $0 

2 Monitored Natural Attenuation (MNA) $2,289,000 <1 $12,212,000 30 $14,501,000 

3 Existing Pump and Treat $3,193,000 1 $39,517,000 30 $42,710,000 

4a Enhanced Pump and Treat using Horizontal Wells $15,629,000 I 
I 

1 $89,693,000 30 $105,322,000 

4b Enhanced Pump and Treat using Vertical Wells 
, 

$11,286,000 2 $63,326,000 30 $74,612,000 

5 MNA with Targeted Treatment $45,267,000 2 $616,504,000 30 $661,771,000 

6.1 
Modification No. 1 - Permeable Reactive Barrier with 
Sodium Dlthionite 

$108,070,000 2 $100,937,000 30 $209,007,000 

5.2 
Modification No. 2 - Permeable Reactive Barrier with 
Calcium Polysulfide 

$22,240,000 2 $52,321,000 30 $74,561,000 

5.3 
Modification NO.3 - Chemical Oxidation using 
Potassium Permanganate 

$45,267,000 2 $136,475,000 30 $181,742,000 

R1 
Recommended Alternative - Enhanced Pump and 
Treat using Horizontal Wells and Vertical Wells 

$8,262,000 2 $8S,939,000 30 $97,201,000 

1 

2 

3 

4a 

4b 

5 

5.1 

6.2 

5.3 

R1 

Discot.nted eost" (Nominal Rate • 3.1~ 
Remedial Alternatives Duration Duration 

Capital Cost (yr) O&MCost (yr) 

No Action $0 0 $0 0 

Monitored Natural Attenuation (MNA) $2,289,000 <1 $6,850,849 30 

Existing Pump and Treat $3,193,000 1 $24,462,000 30 

Enhanced Pump and Treat using Horizontal Wells $15,629,000 1 $56,475,000 30 

Enhanced Pump and Treat using Vertical Wells $11,286,000 2 $38,745,000 30 

MNA with Targeted Treatment $46,267,000 2 $442,150,000 30 

Modification No.1 - Permeable Reactive Barrier with 
$108,070,000 2 $74,514,000 30Sodium Dlthlonlte 

-

Modification No. 2 - Permeable Reactive Barrier with 
$22,240,000 2 $37,345,000 30Calcium Polysulfide 

Modification No. 3 - Chemical Oxidation using 
$46,267,000 2 $107,763,000 30Potassium Permanganate 

Recommended Alternative - Enhanced Pump and 
$8,262,000 2 $56,173,000 30Treat using Horizontall Wells and Vertical Wells 

Total Cost 

$0 

$9,139,849 

$27,655,000 

$72,1 04,000 

$50,031,000 

$487,417,000 

$182,584,000 

$59,685,000 

$153,030,000 

$64,435,000 

a. The guidance document used to develop these cost estimates is The Guide to Developing and Documenting Cost Estimates DJring the Feasibility 
Study prepared by the United States Environmental Protection Agency . July 2000 . EPA 54D-R-00-002. 

b. The base year of comparison and cost data will be CY2005. The "real" discounted rates used to calculate present values are based on OMB Circular 
No . A-94 merrorandum dated January 31, 2005. 

Pudax eMS GWCo"Ju.. 16 ::ms,,1s 



Pantel( Plant Growulwater CorrectiYe Measures Study (eMS). Arnilrillo, Texas 

Alternative 2 • Monttored Na1JJral Attenuation (MNA) 


Key Param ers and Asswnptlons 


Key Parameters and Assumptions: 

Item Unit Value Notes 

Capital Cost 

!.i!:ns:! Ul!e Cootrols 

hrs 

$lhr 

hrs 

1,000 

100 

240 

Assume 1000 hrs to periomn title search, review and revise deed, 
and provide notice to publ ic 

Assume 240 hrs to place groundwater use restrictions with local and 

Deed Restriction and Notice to Pu bl ic 
LegalfTech nic al Labor 

Groundwater !.!l!e R~l!!rl~tiQns 

Groundwater Use Restrictions 

LegaVTechnical Labor 

Site Work 

$lhr 100 state regulatory agencies 

Civi I Su rvey day 4.0 Survey for deed restrictions and monitoring wells. RSMeans 01107 

Civil Survey $/day 875 7001100. 

Civil Survey Monuments ea 20 Assume 20 monuments around groundwater use restriction area. 
Civil Survey Monuments $/ea 108 RSMeans 011077000600. 

Survey Drawings hours 60 Assume plat map drawings for deed restrictions . 

Survey Drawings $/hr 50 
Install Signs on Posts ea 20 Assume warning signs located at each monument noted above . 
Install Signs on Posts 

Monitoring Wells 

$/ea 136.50 RSMeans 028907000100 & 1500 Add 50% for custom letters. 

Mob/Site Preparation $/lot 3,000 Based on vendor quote Inc mob/demob and decon pad 

Perched Wells ea 2 Includes installation of 4-in PVC monitoring wells to an average 
Perched Wells $/ea 46,000 depth of 300 ft. Includes drilling with air rotary rig, well installation, 

Geologist, and lOW handling (100% nonhazardous) Cost based on 
vendor quote and historical well installation cost. 

Ogallala Wells ea 8 Includes installation of 5-in stainless steel monitoring wells to an 
average depth of 450 ft. Includes drilling with air rotary rig, well 

Ogallala Wells 

Plans and Reeorts 

$/ea 

hrs 
$lhr 

135,000 

400 

85 

installation , outer steel casing to 300 ft, Geologist, and lOW handling 
(100% nonhazardous) Cost based on vendor quote and historical 
well in stallation cost. 

Includes reviewing construction OC data and report preparation. Corrective Action Completion Report 
Tech nical Labor 

Pantex CMS GWCostJune 26 2006 .xls 2 



Pantex Plant Groundwater Corrective Measures study (eMS). Amarillo, Texas 

Alternative 2 • Monitored Natural Attenuation (MNA) 


Key Parameters and Assumptions 


Key Parameters and Assumptions: 

Item Unit Value Notes 

O&M (Years 0 to 301 
Inclu des sampling approximately 28 existing wells in the Ogallala 
aquifer at various sampling intervals for a total of 68 wells sampled Groundwater Sam~lna & Analvsis 

Annual Sampling years 30 per year. Also includes sampling approximately 35 wells in the 
Perched aquifer at various sampling intervals for a total of 59 wells 

hrfyr 800 sampled per year Also includes sampling approximately 8 new wells 
$lhr 60 in the Ogallala aquifer and 2 new in the Perched aquifer at various 

$/year 48,000 sampling intervals for a total of 14 wells (assume semi·annual 
sampling) . The 141 wells will be sampled in 40 days (4 wells/day) 
including 4 days for prep and cleanup . Samp'les will be collected and 
analyzed for explosives and MNA parameters . Assumes 2 sampling 
technicians at 10 hours/day. 

Other Drect Sampling Costs $/year 16,000 Includes vehicle, miscellaneous OOCs, and H&S services . 

Analytical Cost $/year 46,085 Includes laboratory cost to analyze samples for explosives (163 @ 
$140) and MNA parameters (141 @$165) Includes 10% duplicate 
and 5% rinsate for explosives 

Data Management 

Reporting 

$/year 12,960 Includes 1.5 hrslwell sampled for data management & validation . 

Sampling and Analysis Reports $/year 40,000 I nclu des preparing a quarterly sampling data summary to meet the 
requirements of the S&A plan. Assume $10K per quarter. 

Site Insp_ection and Maintenance years 

events 

30 

60 I nspect site semi·annu ally. Site Inspection 

Site Inspections hrst'year 80 Inspect properties to verity land use controls are in place Also 
Field Labor $lhr 60 inspect wells, signs. and complete check/ist for annual report . 

Site Maintenance $/year 2,000 Assume periodiC maintenance cost of $2000/year . 

Well Abandonment /Year 30) 
Abandon Wells lot 1 Includes 127 wells. Includes, mob, grout, backhoe, and tnuck. 

Abandon Wells $/lot 2,661,370 Existing wells that are not part of this alternative are not included. 

Pantex CMS GW Cost June 262006.>:15 3 



pantex Plant Groundwater Corrective Measures study (CMS), Amarfllo, Texas 

Alternative 2 - Monitored Natlral Attenuation (MNA) 


Cost Estimate 


CAPITAL COST S2,288 ,690 

Activity (unitl Ouantity Unit Cost Total 

Land Use Controls 

Deed Restriction and Notice to Public (hrs) 

Groundwater Use Restrictions 

1,000 $100.00 $100,000 

Groundwater Use Restrictions (hrs) 

Site Work 

240 $100.00 $24,000 

Civil Survey (day) 4 $875.00 $3,500 
Civil Survey Monuments (ea) 20 $108.00 $2,160 
Survey Drawings (hrs) 60 $50.00 $3,000 
Install Signs on Post (ea) 

Monitoring Wells 

20 $136 50 $2,7 30 

Mob/Site Preparation (lot) 1 $3,000.00 $3,000 

Perched Wells (ea) 2 $46,00000 $92,000 

Ogallala Wells (ea) 

Plans and Reports 

8 $135,00000 $1,080,000 

Corrective Action Completion Report (hrs) 400 $85 .00 $34,000 

Subtotal $1 ,344,390 

Design 
oIke Overhead 
Field Overhead 

8% 
5% 
15% 

$107,551 
$67,220 

$201,659 

Subtotal $1}20,819 

Profit 
Contingency 

8% 
25% 

$137,666 
$430,205 

Total $2,288,690 

Pantex CMS GW Cost June 26 2000 .xls 4 



pantex Plant Groundwater Corrective Measures study (CMS), Amarillo, Texas 

Alternative 2 • Monitored Natural Attenuation (NINA) 


Cost Estimate 


OPERATION AND MAINTENANCE S12.212.180 

Activity (unit) Quantity Unit Cost Total Present Value 

O~M S5!,ml2ling ~ ~nal)!sis !ye5!,[s 0-301 

30 $48,000 $1,440,000 $928,775Annual Sampling Labor (years) 

Other Direct Sam piing Costs (years) 30 $16,000 $480,000 $309,592 

Analytical Costs (years) 30 $46,085 $1,382,550 $891,721 
Data Management (years) 30 $12,960 $388,800 $250,769 

Reporting 

Sampling and Analysis Reports (year) 30 $40,000 $1 ,200 ,000 $773,980 

Site Inspection and Maintenance 

30 $4,800 $144,000 $92,878Site Inspection (years) 
Site Maintenance (years) 30 $2,000 $60,000 $38,699 

Well Abandonment {year30} 

1 $2 ,661,370 $2 ,661,370 $1 ,064,989 Abandon Wells (l ot) 

Subtotal $7,756,720 I $4,351,403 

Design 
Office Overhead 

8% 
5% 

$620,538 I 
$387,836 

$348,112 
$217,570 

Field Overhead 15% $1,163,508 $652,710 

Subtotal $9,928,602 $5,569,796 

Profit 8% I $794,288 $445,584 
Contingency 15% $1,489 ,290 I $835,469 
Total $12,212,180 $6,850,849 

TOTAL AL TERNAllVE CAPITAL AND O&M COST S14,500,870 

Pantex CMS GW Cost June 26 2000.xls 5 



Pantex Plant GroundWi1ter Corrective Measures study (CMS), Amanllo, Texas 

AJtematJve 3 • existing PU"1l and Treat 


Key Parameters and Assumptfons 


Key Parameters and Assumptions: 

Item Unit Value Notes 

Capital Cost 

Land Use Controls 

Deed Restriction and Notice to Public 

Legal/Tech n ic al Labor 

Ground~i!ter Use B~lit[is;tIQns 

hrs 
$/hr 

hrs 

1,000 
100 

240 

Assume 1000 hrs to perform title search, review and revise deed, 
and provide nODce to public 

Assume 240 hrs to place groundwater use restricDons with local and Groundwater Use Restrictions 
LegaliTech nic al Labor 

Site Work 

$/hr 100 state regulatory agencies . 

Civil Survey day 4 .0 Survey for deed restrictions and monitoring wells . RSMeans 01107 

Ovil Survey $/day 875 7001100 . 

Ovil Survey Monuments ea 20 Assume 20 monuments around groundwater use restriction area 
Ovil Survey Monuments $/ea 108 RSMeans 01107 7000600. 

Survey Drawings hours 60 Assume plat map drawings for deed restrictions . 

Survey Drawings $/hr 50 
Install Signs on Posts sa 20 Assume warning signs located at each monument noted above 
Install Signs on Posts 

Monitoring Wells 

$/ea 13650 RSMeans 028907000100 & 1500. Add 50% for custom letters 

MoblSite Preparation $/lot 3,000 Based on vendor quote. Inc mobldemob and decon pad 

Perched Wells sa 2 I nclu des installation of 4-in PVC monitoring wells to an average 

Perched Wells $/ea 46,000 depth of 300 ft . Includes drilling with air rotary rig, well installation, 
Geologist, and IDW handling (100% nonhazardous) Cost based on 
vendor quote and historical well installation cost. 

Ogallala Wells ea 8 Includes installation of 5-in stainless steel monitonng wells to an 
average depth of 450 ft. Includes drilling with air rotary rig, well 

Ogallala Wells 

~t~[!tlon Poml ilnd Spriokier 

$/ea 135,000 installation, outer steel casing to 300 ft, Geologist, and lOW handling 
(100% nonhazardous). Cost based on vendor quote and historical 
well installation cost. 

Includes detention pond to hold 30 days of extraction system flow . 
Based on existing systems fiow of 160,000 GPD. Total for 30 days =~ 

Earthwork (Cut and Fill ) cy 11,100 4.8 million gallons Assume 200 x 250 ft x 15 It deep Assumed 
Earthwork (Cut and Fill ) $/cy 5.09 bermed storage pond with 6 ft cut an d 9 ft berm RSMeans 

G10301153150. 
Liner sf 69,600 Includes 6-in sand layer, 40-mil HDPE liner, and 3-in pea gravel 

Liner $/sf 1.29 
ballast with perimeter anchor trench . Cost based on RACER 
parametric model 

Pumps and Piping lot 1 Includes underground cast iron pipingtrom treatment building to 

$lIot 135,000 pond (1 ea . 4-in lines @ 2,500-ft) and trom pond to irrigation plot (1 
ea. 4-in lines @500-tt).lncludes 1 pump plus a backup pump trom 
treatment bldg . to pond with electrical hookup. Cost based on 
RACER parametric model. 

Pantex CMS GWCost June 26 2006 .xls 6 



Pantex Plant Groundwater COITective Measures SbJdy (CMS), ArmJUlo, Texas 

Alternative 3 - Existing PUfT1I and Treat 


Key Parameters and Assumptions 


Key Parameters and Assumptions: 

Item Unit Value Notes 

Irrig ati on System 

Plans and Rel20rts 

lot 

$/lot 

hrs 
$/hr 

1 

250 ,000 

400 

85 

Assume new irrigation system is constructed to accommodate the 
160,000 GPD. Includes irrigating 200 acres using two each self-
propelled center pivot sprinkler system that rotate around the pivot 
point and has the lowest labor requirements of the aboveground 
systems. Includes replacement sprinkler Includes pumps, piping, 
and freeze protection at the sprinkler. 

Includes reviewing construction QC data and report preparation. Corrective Action Completion Report 

Technical Labor 
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Pantex Plant Groundwater Corrective Measures study (eMS) Amarillo, Texas 

Alternative 3 • Existing PUfT1J and Treal: 


Key Parameters and ASSLmptfons 


Key Parameters and Assumptions: 

Item Unit Value Notes 

O&M {Years 0 to 30) 
New Irrigation S:tstem 

Pum e and Treat O&M 

O&M {Years 0 to 30) 

years 

$/year 

Years 

$/year 

30 

43,600 

30 

534,500 

O&M of the sprinkler will be $148/acre and includes power and 
maintenance Assume sprinkler and pump are replaced every 10 
years Assumes 4,400 hours operation per year. 

Based on existing estimated contractor O&M cost for extracbon 
wells, GAC units, ion exchange, controls, and other miscellaneous 
equipment. Program Management, Design, Engineering Support, 
and Overhead included in markups. Sampling and analysis of 
extraction wells is not included. Cost based on PANTEX existing 
system cost. 

In clu des sam pli n g approxi mate~ 28 existi n g well s in th e Ogall ala 
aquifer at various sampling intervals for a total of 68 wells sampled Groundwater Sam(2ling & Anall!sis 

Annual Sampling years 30 per year Also includes sampling approximately 35 wells in the 
Perched aquifer at various sampling intervals for a total of 59 wells 

hrlyr 800 sampled per year Also includes sampling approximate~ 8 new wells 
$/hr 60 in the Ogallala aquifer and 2 new in the Perched aquifer at various 

$/year 48,000 sampling intervals for a total of 1L1 wells (assume semi-annual 
sampling) The 141 wells will be sampled in 40 days (4 wells/day) 
including 4 days for prep and cleanup. Samples will be collected and 
analyzed for explosives and MNA parameters. Assumes 2 sampling 
technicians at 10 hours/day. 

Other Direct Sampling Costs $/year 16,000 Includes vehicle, miscellaneous ODCs, and H&S services. 

Analytical Cost $/year 46,085 Includes laboratory cost to analyze samples for explosives (163 @ 
$140) and MNA parameters (141 @$165). Includes 10% duplicate 
and 5% rinsate for explosives. 

Data Management 

Re(2ortlng 

$/year 12,960 Inclu des 1.5 hrs/well sampled for data management & validation 

Sampling and Analysis Reports $/year 40,000 I nclu des preparing a quarterly sampling data summary to meet the 
requirements of the S&A plan. Assume $10K per quarter 

Site Inseection and Maintenance years 

events 

30 

60 Inspect site semi-annually Site Inspection 

Site Inspections hrslyear 80 Inspect properties to verify land use controls are in place. Also 
Field Labor $lhr 60 inspect wells, signs, and complete checklist for annual report. 

Site Maintenance $/year 2,000 Assume periodic maintenance cost of $2000/year 

Well Abandonment (Year 301 
Abandon Wells lot 1 I nclu des 127 wells. I ncludes, mob, grout, backhoe, and truck. 

Abandon Wells $/lot 2,661,370 
Existing wells that are not part of this alternative are not included 
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Pantex Plant Groundwater Corrective Measures Study (CMS), Amarillo, Texas 
Alternative 3 • Existing Pump and Treat . 

Cost Estimate 

CAPITAL COST $3 ,193,146 

Activity (unit) Quantity Unit Cost Total 

Land Use Controls 
Deed Restriction and Notice to Public (hrs) 

Groundwater Use Restrictions 

Groundwater Use Restrictions (hrs) 

Site Work 

Civil Survey (day) 

Civil Survey Monuments (ea) 

Survey Drawings (hrs) 

Install Signs on Post (ea) 

Monitorino Wells 

Mob/Stte Preparation (lot) 

Perched Wells (ea) 

Ogallala Wells (ea) 

Detention Pond and Irrigation S~stem 

1,000 

240 

4 

20 

60 

20 

1 

2 

8 

11,100 

$100.00 

$10000 

$875.00 

$108 .00 

$50.00 

$136.50 

$3,000.00 

$46,000.00 

$135,000 .00 

$5.09 

$100,000 

$24,000 

$3,500 

$2,160 

$3,000 

$2,730 

$3,000 

$92,000 

$1,080,000 

$56,499Earthwork (Cut and Fill) (cy) 

Liner (sf) 69,600 $1 .29 $89.784 

Pumps and Piping (lot) 1 $135,000.00 $135,000 

Irrigation System (lot) 1 $250,00000 $250,000 

Plans and Reoorts 

Corrective Action Completion Report (hrs) 400 $85.00 $34,000 

Subtotal $1,875,673 

Design 
Office Overhead 
Field Overhead 

8% 
5% 
15% 

$150,054 

$93.784 
$281,351 

Subtotal $2,400,861 

Profit 
Contingency 

8% 
25% 

$192,069 
$600,215 

Total $3 ,193,146 
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Partex Plant Groundwater Corrective Measures Study (CNS), Amarillo, Texas 

Alternative 3 • Existing Pump and lteat 


Cost Estimate 


OPERAnON AND MAINTENANCE S39.516 .999 

Activity (unit) Quantity Unit Cost Total Present Value 

New Irrigation System 

New Irrigation System (years) 

Pump and Treat O&M 

Pump and Treat O&M (years) 

O&M Sameling & Anal~sls !years O.JO} 

30 

30 

30 

$43.600 

$534 ,500 

$48.000 

$1,308,000 

$16.035 .000 

$1,440,000 

$843 ,638 

$10 ,34 2,301 

$928,775Annual Sampling Labor (years) 

Other Direct Sampling Costs (years) 30 $16,000 $480,000 $309,592 

Analytical Costs (years) 30 $46,085 $1,382.550 $891,721 

Data Management (years) 

Reporting 

30 $12,960 $388.800 $250,769 

Sampling and Analysis Reports (year) 

Site InspectlQn ~nd Maintenan!;e 

30 

30 

30 

1 

$40,000 

$4,800 

$2,000 

$2.661,370 

$1 ,200 ,000 

$144,000 

$60.000 

$2.661,370 

$773,980 

$92,878 

$38,699 

$1.064,989 

Site Inspection (years) 

Site Maintenance (years) 

We!! Abandonment !year30} 

Abandon Wells (lot) 

Subtotal $25,099,720 $15,537,342 

Design 

Office Overhead 
Field Overhead 

8% 

5% 
15% 

$2,007,978 
$1,254,986 
$3,764 ,958 

$1,242,987 
$776,867 

$2,330,601 

Subtotal $32,127,642 $19,887,798 

Profit 
Contingency 

8% 
15% 

$2,570,211 
$4,819,146 

$1,591,024 
$2,983,170 

Total $39,516 ,999 $24,461,992 

TOTAL AL TERNA nVE CAPITAL AND O&M COST $42,710,145 
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Pantex Plant Groundwater Corrective Measures: study (CMS" Amarillo, Texas 

Alternative 4a - Enhanced PUrJl) and Tre using Horiz.ontal Wells 


Key Parameters and Assumptions 


Key Parameters and Assumptions: 

Item Unit Value Notes 

Capital Cost 

ILand Use Controls 

Public hrs 1,000 Assume 1000 hrs to perform title search, review and revise deed, and 

LegalfTechnical Labor 

Groundwater Use Restrictions 

$/hr 100 provide notice to pu bli c 

Groundwater Use Restrictions hrs 240 Assume 240 hrs to place groundwater use restrictions with local and 

LegalfTechnical Labor 

Site Work 

$/hr 100 state regu I atory agen cies. 

Civil Survey day 20.0 Survey for deed restrictions, monitoring wells, extraction wells, piping , 

Civil Survey $/day 875 pond, and spnnkler system RSMeans 01107 700 1100. 

Civil Survey Monuments 9a 20 Assume 20 monuments around groundwater use restriction area . 
Civil Survey Monuments $/ea 108 RSMeans 011077000600. 

Survey Drawings hours 300 Assume plat map drawings for deed restrictions. 

Survey Drawings $/hr 50 
Install Signs on Posts ea 20 Assume warning signs located at each monument noted above . 
Install Signs on Posts 

Monitoring Wells 

$/ea 136.50 RSMeans 028907000100 & 1500. Add 50% for custom letters . 

Mob/Srte Preparation $/lot 3,000 Based on vendor quote . Inc mob/demob and decon pad . 

Perched Wells ea 2 I ncludes installation of 4-in PVC monitoring wells to an average depth 

Perched Wells $/ea 46,000 
of 300 ft Includes drilling with air rotary rig , well installation, Geologist, 
and lOW handling (100% nonhazardous) Cost based on vendor quote 
and historical well installation cost. 

Ogallala Wells ea 8 I ncludes installation of 5-in stainless steel monitoring wells to an 

Ogallala Wells $/ea 135,000 average depth of 450 ft. Includes drilling with air rotary rig, well 
Installation, outer steel casing to 300 ft, Geologist, and 100 handling 
(100% nonhazardous) . Cost based on vendor quote and historical well 
installation cost. 

Treatment System Upgrades ea 1 Based on existing treatment capacities, it is anticipated that the existing 

1

$/ea 350 ,000 system will be able to treat the increased flow except for the chromium 
contaminated water . It is assumed that the existing system capacity of 
150 GPM will need to be tripled Included is an addrtional 300 GPM ion 
eXChange system with piping. Cost based on PANTEX existing system 
cost and includes cost for placement of initial ion exchange canisters 
plus allowan ces for new piping, controls , canister units, shipping, and 
setup . Assume no additional building area is required 
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Pantex Plant GroumfWclter Corredlve M ures Study (eMS), Amarillo, Texas 

Altemalve 4a • Enhanced PUrt1) and Tr using Horizontd Wells 


Key Parameters and Assumptions 


Key Parameters and Assumptions: 

Item Unit Value Notes 

Detention Pond and Sprinkler 

~ 
Includes two detention ponds to hold 30 days of extraction system flow 
Based on existing and new systems fiow of 590,000 GPO. Total for 30 

Earthwork (Cut and Fill ) cy 38,700 days =17 .7 million gallons. For Pond No.1, assume 200 x 250 ft x 15 
Earthwork (Cut and Fill) $/cy 509 ft deep. For Pond No.2, assume 400 x 310ft x 15 ft deep . Assumed 

bermed storage pond with 6 ft cut and 9 ft berm. RSMeans 
G10301153150 . 

Liner sf 223,600 Includes 6·in sand layer, 40-mil HOPE liner, and 3-1n pea gravel ballast 

Liner $/sf 1.29 
with perimeter anchor trench. Cost based on RACER parametric 
model. 

Pumps and Piping lot 1 I ncludes underground cast iron piping from treatment building to both 

$/Iot 590,000 ponds (1 ea 6-in lines @ 7,100·ft) and from ponds to irrigation plots 
(multiple 4-in lines @ 11,OOO.ft). Includes 1 pump plus a backup pump 
from treatment bldg . to ponds with electrical hookup , Cost based on 
RACER parametric model. 

Irrigation System lot 1 Assume new Irrigation system is constructed to accommodate the 

Exploratory Holes 

$/lot 700,000 590,000 GPO . Includes irrigating 700 acres USing six each self
propelled center pivot sprinkler system that rotate around the pivot point 
and has the lowest labor requirements of the aboveground systems 
I ncludes two replacement sprinklers Includes pumps, piping, and 
freeze protedion at the sprinkler. 

Exploratory Boreholes ea 102 Assume TO 280' (2-inch) - Includes Air Rotary Casing Added $500 

Exploratory Boreh oles 

Enhanced Pumo and Treat 

$/ea 18,500 for lOW handling and disposal (100% nonhazardous) 

Mob/Site Preparation $/lot 3,000 Based on vendor quote . 
Horizontal Well Installation ea 6 I ncludes installation of 6-in stainless steel horizontal wells . Average 
Horizontal Well Installation $/ea 480,000 screen length is 1,100 If at a depth of 280-ft. Includes drilling well, well 

installation, pump w/controls, secondary piping, Geologist, and lOW 
handling (100% nonhazardous) Cost based on RACER parametric 
model. 

Primary Piping 

Plans and Reports 

$/Iot 864,000 Includes 17,000 LF of 6·in avg steel extraction piping . Cost based on 
RACER parametric model. 

Corrective Action Completion Report hrs 1,000 Includes reviewing construction OC data, O&M manuals, and report 
Technical Labor $/hr 85 preparation. 
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Pantex Plant Groundwater Corrective Measures study (CMSt. AmarUlo, Texas 

Alternative 4a - Enhanced PURlJ and Treat using Horizontal Wells 


Key Parameters and Assumptions 


Key Parameters and Assumptions: 

Item Unit Value Notes 

O&M (Years 0 to 301 

Years 30 Based on existing estimated contractor O&M cost for extraction wells, 
GAC units, ion exchange, controls, and other miscellaneous 

PumtLand '[rulO&M 

$lyear 1,509,000 equipment Program Management, Design , Engineering Support, and 
Overhead included in markups. Sampling and analysis of extraction 
wells is not included . The flow will increase by 300 GPM over the 
existing 110 GPM fiow The cost for the new and current system was 
calculated based on unit rates of the current system . 

New Irrigation System Zone No. 1 years 30 O&M at the sprinkler will be $148/acre and includes power and 

$lyear 101 ,200 maintenance. Assume sprinkler and pump are replaced every 10 years 
Assumes 4,400 hours operat ion per year 

O&M (Years 0 to 30) 

Groundwater Sam ~lIng & Ana~sls 

years 30 

I ncludes sampling approximately 28 existing wells in the Ogallala 
aquifer at various sampling intervals for a total of 68 wells sampled per Annual Sampling 

hrlyr 800 
year. Also includes sampling approximately 35 wells in the Perched 
aquifer at various sampling intervals for a total of 59 wells sampled per 

$/hr 60 year . Also includes sampling approximately 8 new wells in the Ogallala 
$lyear 48,000 aquifer and 2 new in the Perched aquifer at vari ous sampling intervals 

for a total of 14 wells (assume semi-annual sampling) . The 141 wells 
will be sampled in 40 days (4 wells/day) including 4 days for prep and 
cleanup Samples will be collected and analyzed for explosives and 
MNA parameters. Assumes 2 sampling technicians at 10 hours/day 

Other Direct Sampling Costs $lyear 16 ,000 Includes vehicle, miscellaneous ODes, and H&S services . 

Analy1ical Cost $/year 46,085 Includes laboratory cost to analyze samples for explosives (163 @ 
$140) and MNA parameters (141 @ $165) Includes 10% duplicate 
and 5% rinsate for explosives . 

Data Management 

Reporting 

$/year 12,960 Includes 1.5 hrstwell sampled for data management & validation . 

Sampling and Analysis Reports $/year 40,000 Includes preparing a quarterly sampling data summary to meet the 
requirements of the S&A plan Assume $10K per quarter. 

Site Inspection and Maintenance years 30 

Site Inspection events 60 Inspect site semi-ann ually . 
Site Inspections hrslyear 80 Inspect properties to verify land use controls are in place. Also inspect 
Field Labor $/hr 60 wells, signs, and complete checklist tor annual report 

Srte Maintenance 

Well Abandonment !Year30j 

$/year 2,000 Assume periodic maintenance cost at $2000/year 

Abandon Wells lot 1 Includes 127 vertical and 6 horizontal wells . Includes , mob, grout, 

Abandon Wells $/lot 3,568,570 backhoe, and truck. Existing wells that are not part at this alternative 
are not included. 
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Pantex Plant Groundwater COrrective Measures Study (CMS), Amart110, Texas 

Alternative 4a - Enhanced Pump and Treat ustng HortzontaJ Wells 


Cost Est! mate 


CAPITAL COST $15,629,423 

Activity (unit) Quantity Unit Cost Total 

Land Use Controls 

Deed Restriction and Notice to Public (hrs) 

Groundwater Use Restrictions 

Groundwater Use Restncbons (hrs) 

Site Work 

Civil Survey (day) 

Civil Survey Monuments (ea) 

Survey Drawings (hrs) 

Install Signs on Post (ea) 

Monltorina Wells 

Mob/Site Preparation (lot) 

Perched Wells (ea) 

Ogallala Wells (ea) 

Treatm ent S:istem Ul2grades 

Detention Po[]d !a[]g Irogation Sllstem 

1,000 

240 

20 

20 

300 

20 

1 

2 

8 

1 

38,700 . 

$100 00 

$100 .00 

$875 .00 

$108 .00 

$50.00 

$136 .50 

$3,00000 

$46,000.00 

$135,000.00 

$350,000.00 

$5.09 

$100,000 

$24,000 

$17,500 

$2 ,160 

$15,000 

$2}30 

$3,000 

$92,000 

$1,080,000 

$350,000 

$196,983Earthwork (Cut and Fill) (cy) 

Liner (sf) 223,600 $1.29 $288,444 

Pumps and Piping (lot) 1 $590,00000 $590,000 

Irrigation System (lot) 

EXl2loratol)' Holes 

1 $700,000.00 $700,000 

Exploratory Boreholes 

Enhanced Puml2 and Treat 

102 

1 

$18,500 .00 

$3,000 

$1,887,000 

$3,000Mob/site Preparation (lot) 

Horizontal Well Installation (ea) 6 $480,000.00 $2,880,000 

Primary Piping (lot) 1 $864 ,000.00 $864,000 

Plans and Rel20rts 

Corrective Action Completion Report (hrs) 1,000 $85.00 $85.000 

Subtotal $9.180.817 

DeSign 
Office Overhead 
Field Overhead 

8% 
5% 
15% 

$734,465 

$459,041 
$1.377,123 

Subtotal $11.7 51,44 6 

Profit 
Contingency 

8% 
25% 

$940.116 
$2.937.861 

Total $15.629,423 
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Pantex Plant Groundwater Corrective Measures study (eMS), Amarillo, Texas 

Alternative 4a • Enhanced Pump and Treat using Horizontal Wells 


Cost Estimate 


OPERATION AND MAINTENANCE $89,693,442 

Activit~Junit) Quantity Unit Cost Total Present Value 

O&M (Years 0 to 30) 

Pum p and Treat O&M 

Pump and Treat O&M (years) 

New Irrigation System 

New Inrgation System (years) 

O&M Sampling & Anal:isis 

30 

30 

30 

$1,509,000 

$101,200 

$48,000 

$45,270,000 

$3,036,000 

$1,440,000 

$29,198,378 

$1,958,168 

$928,775Annual Sampling Labor (years) 

Other Direct Sampling Costs (years) 30 $16,000 $480,000 $309,592 

Analytical Costs (years) 30 $46,085 $1,382,550 $891,7 21 

Data Management (years) 

Reporting 

30 $12,960 $388,800 $250,769 

Sampling and Analysis Reports (year) 

Site Inspection and Maintenance 

30 

30 

30 

1 

$40,000 

$4,800 

$2,000 

$3,568,570 

$1,200,000 

$144,000 

$60,000 

$3 ,568,570 

$773 ,980 

$92,878 

$38,699 

$1,428,020 

Site Inspection (years) 

Site Maintenance (years) 

Well Abandonment lYear301 

Abandon Wells (lot) 

Subtotal $56,969,920 $35,870,980 

DeSign 
Office Overhead 
Field Overhead 

8% 

5% 
15% 

$4 ,557 ,594 
$2,848,496 
$8 ,545,488 

$2 ,8 69 ,678 

$1,793,549 
$5,380,64 7 

Subtotal $72.921,498 $45,914,854 

Profit 
Contingency 

8% 
15% 

$5,833,720 
$10,938,225 

$3,673,188 
$6,887,228 

Total $89,693,442 $56,4 75,270 

TOTAL ALTERNATIVE CAPITAL AND O&M COST S105,322,865 
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pantex Plant Groundwatec Corrective Meas study (CMS), Amarillo, Texas 

Alternative 4b - Enhanced Pump and Treat u n9 VertIcal Wells 


Key Parameters and Assul1lltions 


Key Parameters and Assumptions: 

Item Unit Value Notes 
Capital Cost 

Land Use Controls 

hrs 1,000 Assume 1000 hrs to perform title search, review and revise deed, and Public 

LegalfTechnical Labor 

Groundwater Use Restrictions 

$/hr 100 provide notice to publi c 

Groundwater Use Restrictions hrs 240 Assume 240 hrs to place groundwater use restrictions with local and 

LegalfTechnical Labor 

Site Work 

$/hr 100 state regulatory agen cies. 

Civil Survey day 20 .0 Survey for deed restrictions, monitoring wells, extraction wells, piping, 

Civil Survey $/day 875 pond, and sprinkler system RSMeans 01107 700 1100. 

Civil Survey Monuments ea 20 Assume 20 monuments around groun dwater use restriction area 
Civil Survey Monuments $/ea 108 RSMeans 01107700 0600. 

Survey Drawings hours 300 Assume plat map drawings for deed restrictions . 

Survey Drawings $/hr 50 
I nstall Signs on Posts ea 20 Assume waming signs located at each monument noted above. 
I nstall Signs on Posts 

Monitoring Wens 

$/ea 136.50 RSMeans 028907000100 & 1500. Add 50% for custom letters. 

Mob/Site Preparation $/Iot 3,000 Based on vendor quote. Inc mob/demob and decon pad 

Perched Wells ea 2 I ncludes installation of 4-in PVC monitoring wells to an average depth 

Perched Wells $lea 46,000 of 300 ft. Includes drilling with air rotary rig, well Installation , Geologist, 
and lOW handling (100% nonhazardous) . Cost based on vendor quote 
and historical well installation cost. 

Ogallala Wells ea 8 Includes installation of 5-in stainless steel monitoring wells to an 

Ogallala Wells $/ea 135,000 average depth of 450 ft . Includes drilling with air rotary rig, well 
installation, outer steel casing to 300 ft, Geologist, and lOW handling 
(100% nonhazardous) Cost based on vendor quote and historical well 
installation cost. 

Treat Sllstem Upgrades ea 1 Based on existing treatment capacities, it is anticipated that the 

Detention Pond and S!;!rlnkler 

$/ea 175,000 existing system will be able to treat the increased flow except for the 
chromium contaminated water . It is assumed that the existing system 
flow capacity of 150 GPM will need to be doubled. Included is an 
additional 150 GPM ion exchange system with piping Cost based on 
PANTEX existin g system cost. 

Includes two detention ponds to hold 30 days of extraction system 
flow. Based on existing and new systems now of 360,000 GPO. Total Sllstem 

Earthwork (Cut and Fill ) cy 24,000 for 30 days = 17.7 million gallons For Pond No . 1, assume 200 x 250 
Earthwork (Cut and Fill ) $/cy 5.09 ft x 15 ft deep For Pond No.2, assume 200 x 290 ft x 15 ft deep 

Assumed bermed storage pond with 6 ft cut and 9 ft berm. RSMeans 
Gl0301153150. 
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Pantel Plant Groundwater Corrective Meas . es study (CMS), Amarfllo, Texas 

Alternative 4b • Enhanced Pump and Treat using VertIcal WelJs 


Key Parameters and Assu~tlons 


Key Parameters and Assumptions: 

Item Unit Value Notes 

!;let~lJtlon PoOd !oDd S(;![iokier 
System 

Liner sf 148,800 Includes 6-in sand layer, 40-mil HOPE liner, and 3-in pea gravel ballast 

Liner $/sf 1.29 
with perimeter anchor trench . Cost based on RACER parametric 
model. 

Pumps and Piping lot 1 Includes underground cast iron piping from treatment building to both 

$lIot 425,000 ponds (1 ea . 6-in lines @ 2,500-ft) and from ponds to irrigation plots 
(multiple 4-in lines @ 12,500-ft) Includes 1 pump plus a backup pump 
from treatment bldg. to ponds with electrical hookup . Cost based on 
RACER parametric model. 

Irrigation System lot 1 Assume new irrigation system is constructed to accommodate the 

$lIot 500,000 360,000 GPO. Includes irrigating 400 acres using four each self-
propelled center pivot sprinkler system that rotate around the pivot 
point and has the lowest labor requirements of the aboveground 
systems . Includes two replacement sprin~ers. Includes pumps, 
piping, and freeze protection at the sprinkler . 

eoba!]!;;ed Puml2 ~ml Treat 
$lIot 3,000 Based on vendor quote. Mob/Site Preparation 

Extraction Well Installation ea 87 

Extraction Well Installation $/ea 42,000 Includes installation of 6-in PVC extraction wells with 20-ft stainless 
steel screened interval. Includes mud drilling, well installation, and 
pump w/controls . Cost based on RACER parametric model. Added 
$1,000 for lOW handling and disposal (100% nonhazardous) 

Extraction Well Piping (4-in) If 10,150 Includes excavating trench and installing 4-in Sch . 40 PVC pipe with 
Extraction Well Piping (4-in) $lIf 12.90 fittings . Includes backfill and compaction 

Extraction Well Piping (1-in) If 1,015 Includes excavating trench and installing 1-in Sch. 40 PVC pipe with 

Extraction Well Piping (1-in) $iIf 5.73 fittings Includes backfill and compaction 

Plans aDs! Rel20rts 

hrs 
$/hr 

1,000 
85 

Includes reviewing construction QC data, O&M manuals, and report 
preparation . 

Corrective Action Completion Report 
Technical Labor 
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pantex Plant Groundwater Corrective Measures Study (eMS), Amarillo, Texas 

Alternatfw 4b • Enhane Pump and Treat using Vertical Wells 


Key Parameters and AssurJ1)tlons 


Key Parameters and Assumptions : 

Item Unit Value Notes 

Q&M !years 0 to ~l 
Years 30 Based on existing estimated contractor O&M cost for extraction wells, 

GAC units, ion exchange, controls, and other miscellaneous 
Pume and Treat O~M 

$/year 902,200 equipment. Program Management, Design, Engineerin g Support, and 
Overhead included in markups. Sampling and analysis of extraction 
wells is not included. The flow will increase by 130 GPM over the 
existing 110 GPM flow The cost for the new and current system was 
calculated based on unit rates of the current system. 

New Irrigation S:istem Zone No.1 years 
$/year 

30 
87,200 

O&M of the sprinkler will be $148/acre and includes power and 
maintenance. Assume sprinkler and pu mp are replaced every 10 
years Assumes <1,400 hours operation per year 

Includes sampling approximately 28 existing wells in the Ogallala 
aquifer at various sampling intervals for a total of 68 wells sampled per 

0&I0.Il (Years 0 to 30) 

Groundwater Sampling & Anal:isis 

Annual Sampling years 30 year Also includes sampling approximately 35 wells in the Perched 
hr/yr 800 aquifer at various sampling intervals for a total of 59 wells sampled per 

$/hr 60 year Also includes sampling approximately 8 new wells in the 

$/year 48,000 
Ogallala aquifer and 2 new in the Perched aquifer at various sampling 
intervals for a total of 14 wells (assume semi-annual sampling) . The 
141 wells will be sampled in 40 days (4 wellslday) including 4 days for 
prep and cleanup. Samples will be collected and analyzed for 
explosives and MNA parameters Assumes 2 sampling technicians at 
10 hours/day 

Other Direct Sampling Costs $/year 16,000 Includes vehicle, miscellaneous ODCs, and H&S services. 

Analytical Cost $/year 46,085 Includes laboratory cost to analyze samples for explosives (163 @ 
$140) and MNA parameters (141 @$165) Includes 10% duplicate 
and 5% rinsate for explosives. 

Data Management 

Reporting 

$/year 12,960 Includes 1.5 hrslwell sampled for data management & validation. 

Sampling and Analysis Reports $/year 40,000 I ncludes preparing a quarterly sampling data summary to meet the 
requirements of the S&A plan . Assume $10K per quarter 

Site IO:i12ect!on ansi Miil:!!enanc~ years 

events 

30 

60 I nspect site semi-annually Site Inspection 
Site Inspections hrs/year 80 I nspect properties to verify land use controls are In place Also inspect 
Field Labor $/hr 60 wells, signs, and complete checklist for annual report . 

Site Maintenance $/year 2,000 Assume periodiC maintenance cost of $2000/year. 

Well 8!2!!.odQoment [Yn[ ~Ol 
lot 
$~ot 

1 
5,444,900 

Includes 214 wells. Includes, mob, grout, backhoe, and truck. Existing 
wells that are not part of this alternative are not included. 

Abandon Wells 
Abandon Wells 
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Pantex Plant GroundWater Corrective Measures Study (CMS) , Amar1110, Texas 

Alternative 4b • Enhanced Pump and neat using Vertical Wells 


Cost estimate 


CAPITAL COST S11.285 ,640 

Activity (unit) Quantity Unit Cost Total 

Land Use Controls 

Deed Restriction and N atice to Public (hrs) 

Groundwater Use Restrictions 

Groundwater Use Restrictions (hrs) 

Site Wor1< 

Civil Survey (day) 

Civil Survey Monuments (ea) 

Survey Drawings (hrs) 

Install Signs on Post (ea) 

Monitorina Wells 

Mob/Site Preparation (lot) 

Perched Wells (ea) 

Ogallala Wells (ea) 

Treat Svstem Upgrades (lot) 

1,000 

240 

20 

20 
300 

20 

1 

2 

8 

1 

$100 .00 

$100.00 

$87500 
$108.00 

$50.00 

$13650 

$3,000.00 

$46,000.00 

$135,000 .00 

$175 ,00000 

$100,000 

$24,000 

$17 ,500 

$2,160 

$15,000 

$2,730 

$3,000 

$92,000 

$1,080,000 

$175,000 

Detention Pond 

Earthwork (Cut and F'ill ) (cy) 24,000 $509 $122,160 

Liner (sf) 148,800 $1.29 $191 ,952 

Pumps and Piping (lot) 1 $425,000 .00 $425,000 

Irrigation System (lot) 

Enh!![I!,es! e!.l!D1! iHls! Treat 

1 

1 

$500,000 .00 

$3,000 

$500,000 

$3,000Mob/Site Preparation 

Extraction Well Installation 87 $42,00000 $3,654 ,000 
Extraction Well Piping (4-in) 10 ,150 $12.90 $130 ,935 

Extraction Well Piping (1 - in) 1,015 $5 .73 $5 ,816 

Plans and Reports 

Corrective Action Completion Report (hrs) 1,000 $85.00 $85,000 

Subtotal $6,629,253 

Design 
Office Overhead 
Field Overhead 

8% 
5% 
15% 

$530,340 
$331,463 
$994 ,388 

Subtotal $8,485,444 

Pront 
Contingency 

8% 
25% 

$678,836 
$2,121,361 

Total $11,285,640 

Pantex CMS GW Cost June 26 2006.xls 19 



Pantex Plant GrolUldwater Corrective Measures Study (CMS) , Amartllo, Texas 

Alternative 4b . Enhanced Pump and near using Vertical Wells 


Cost estimate 


OPERATION AND MAINTENANCE 

Activity (unit) Quantity Unit Cost Total 
O&M (Years 0 to 30) 

Pump and Treat O&M 

Pump and Treat O&M (years) 30 $902,200 $27,066,000 

New Irrigation System 

New Irrigation System (years) 30 $87,200 $2,616,000 

O&M Sampling & Analysis 

Annual Sampling Labor (years) 30 $48,000 $1 ,440,000 

Other Direct Sampling Costs (years) 30 $16,000 $480,000 

Analytical Costs (years) 30 $46,085 $1,382,550 

Data Management (years) 30 $12 ,960 $388,800 

Reporting 

Sampling and Analysis Reports (ea) 30 $40,000 $1,200,000 

Site Ins2ection and Maintenance 

Site Inspection (years) 30 $4,800 $144,000 

Site Maintenance (years) 30 $2,000 $60 ,000 

Well Abandonm ent (Year 30l 
Abandon Wells (lot) 1 $5,444,900 $5,444,900 

Subtotal $40,222,250 

Design 8% $3,217,780 
Office Overhead 5% $2,011,113 
Field Overhead 15% $6,033 ,338 

Subtotal $51,484,480 

Profit 8% $4,118,758 
Contingency 15% $7,722,672 

Total $63,325,910 

S63 .325 .910 

Present Value 

$17,457,108 

$1,687,275 

$928,775 

$309,592 

$891,721 

$250,769 

$773 ,980 

$92,878 

$38,699 

$2,178,863 

$24,609,661 

$1,968 ,773 
$1,230,483 
$3,691,449 

$31,500,365 

$2,520,029 
$4,725,055 

$38.7 45,450 

TOTAL ALTERNATIVE CAPITAL AND O&M COST $74 ,611 ,551 
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Pantex Plant Groundwater COmlctlve Measures study (eMS), Amarillo, Texas 

Altematlve 5 - MNA with Targeted Treatment 


Key Parameters and Assumptions 


Key Parameters and Assumptions: 

Item Unit Value Notes 
Capital Cost 

band Un Controls 
hrs 1,000 Assume 1000 hrs to perform title se1J"ch , review and revise deed, Deed Restriction and Nobce to Put)ic 

Legalffechnical Labor 

Groundwater Use Restrictions 

$/hr 100 and provide notice to public 

Groundwater Use Restrictions hrs 240 Assume 240 hrs to place groundwater use restrictions with local and 

Legalffechnical Labor 

Site Work 

$lhr 100 state regulatory agencies . 

Civil Survey day 30.0 Survey for deed restrictions, monitoring wells, injection wells , 

Civil Su rvey $/day 875 extraction wells , piping, pond , and sprinkler system. RSMeans 01107 
7001100. 

Civil Survey Monuments ea 20 Assume 20 monuments around groundwater use restriction area 
Civil Survey Monuments $Iea 108 RSMeans 01107 7000600. 
Survey Drawings hours 300 Assume plat map drawings for deed restrictions . 

Survey Drawings $/hr 50 
Install Signs on Posts ea 20 Assume waming signs located at each monument noted above. 
Install Signs on Posts 

IMonitorlna Wells 

$/ea 136.50 RSMeans 028007000100 & '1500. Add 50% for custom letters . 

Mob/Site Preparation $~ot 3,000 Includes installation of 4-in PVC monitoring wells to an average 
Perched Wells ea 2 depth of 300 ft . Includes drilling with air rotary rig, well installation, 

Perched Wells $/ea 46,000 Geologist, and lOW handling (100% nonhazardous) Cost based on 
vendor quote and historical well instalation cost. 

Ogallala Wells ea 8 Includes installation of 5-in stEinless steel monitoring wells to an 

Ogallala Well s 

Detention Pond and Serlnkler 

$/ea 135,000 
average depth of 450 ft . Iinciudes drilling with Eir rotary rig, well 
installation, outer steel casing to 300 ft, Geologist, and lOW handling 
(100% nonhazardous) . Cost based on vendor quote and historical 
well installation cost. 

Includes detention pond to hold 30 days of extraction system flow. 
Based on existing systems How of 160,000 GPO. T etal for 30 days =ISvstem 

Earthwork (Cut and Fill ) cy 11,100 4 .8 million galorls Assume 200 x 250 ft x 15 ft deep . Assumed 
Earthwork (Cut and Fill ) $Icy 509 bermed storage porld with 6 ft cut and 9 ft berm RSMeans 

G10301153150. 
Liner sf 69,600 Includes 6-in sand layer, 40-mil HOPE liner, and 3-in pea gravel 

Liner $/sf 1.29 
ballast with perimeter anchor trench . Cost based on RACER 
parametric model . 

Pumps and Piping lot 1 Includes underground cast iron piping from treatment builcing to 

$lIot 135,000 pond (1 ea . 4-in lines @2,500-ft) and from pondto irrigEtion plot (1 
ea , 4-in lines @ 500-ft) Includes 1 pump plus a backup pump from 
treatment bldg. to pond with electrical hookup . Cost based orI 

RACER p1J"ametric model. 
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Pantex Plant Groundwater Corrective Measures study (CMS), Amarillo, Texas 

Altematlve 5 - MNA with Targeted Trntm ent 


Key Parameters and Assumptions 


Key Parameters and Assumptions: 

Item Unit Value Notes 

Detention Pond and Sl2rinkler 
System 

Irrigation System 

ElIl2loratoty Hol~s 

lot 

$/lot 

ea 

1 

250,000 

766 

Assume new irrigation system is constructed to accommodate the 
160,000 GPO. I ncludes irrigating 200 acres using two each self-
propelled center pivot sprinkfer system that rotate around the pivot 
point and has the lowest labor requirements of the aboveground 
systems Includes replacement sprinkfer Includes pumps, piping, 
and freeze protecbon at the sprinkfer . 

Assume TD 280' (4-inch) - I ncludes Air Rotary Casing Added $500 Exploratory Boreh oles 
Exploratory Boreholes 

Anaerobic In Situ BIoremedlation 

In[ectlon Cal2!tal ~ull2ment !;;2E 

$/ea 

aa 

18,500 

1 

for ILJN hancling and disposal (100% nonhazardous). 

Includes insulated 60 It x 40 It x 12 It pre-engineered storage Storage Building 

Storage Building $/ea 81,000 building. Includes floor, electric, water, sewer, and HVAC 

Steel Tanks ea 2 10,000 go3 steel tanks with mixer, pump, and connections . Includes 
Steel Tanks $/ea 14,000 delivery 

Mobile Work Platforms ea 6 OSHA rated mobile work platform to 500 Ibs Grainger 2324T1 

Mobile Work Platforms $/ea 500 
Hydrant with hose ea 2 Anti-freeze hydrant installed with 100 It hose 

Hydrant with hose $/ea 350 
Injection system Controls lot 1 Includes pump, chemical metering system, and controls with remote 
Injection system Contras $~ot 20000 access an d aI arm s. 

MoblSite Preparation $~ot 3,000 Based on vendor quote 

Injection Wells ea 203 Assume TO 280' (4-inch PVC casing) - Indudes mud drilling, well 
Injection Wells $/ea 20,500 installation, and pump w/controls. Unit rate based on pilot study cost. 

Added $500 for lOW handling and dsposal (100% nonhazardous) 

Injection Well Piping (4-in) If 20,400 Includes excavating trench and installing 4-in stainless steel pipe 

Injection Well Piping (4-in) $M 117 .00 with fittings. Includes backfill arld compaction. 

Injection Well Piping (1-in) If 6,790 Includes excavating trench and installing 1-in stainless steel pipe 

Injection Well Piping (1-in) $/lf 2700 with fittings . I ncludes backfill and compaction. 

New Puml2 and Treat 
Trei!1m~t:!t ~ste!!l ea 1 Assume the existing treatment system is used to treat extracted 

$/ea $0 water. The existing treatment capacities of 150 GPM will be able to 
treat the extracted water of up to 50,000 gallwell at 10 GPM from up 
to 15 wells. 
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Pantex Plant Groundwater Corrective Measures Study (eMS), Amarillo, Tens 

Altemative 6 - MNA with Targeted Treatment 


Key Parameters and Assumptions 


Key Parameters and Assumptions: 

Item Unit Value Notes 

ElStractlQ[] ~l!lIs and Pi~!lg 

$/1ot 3,000 Based on vendor qJote . Mob/Site Preparation 
Extraction WelllnstailElion ea 178 

Extraction WelllnstailElion $/ea 42,000 I ncludes installation of 6-in PVC extraction wells with 20-ft stainless 
steel screened interval. Includes mud drilling, well installation, and 
pump w/controls . Cost based on RACER parametric model. Added 
$1.000 for IDW handling and disposal (100% nonhazaroous) 

Extraction Well Piping (4-in) If 20,300 Includes excavating trench and installing 4-in Sch. 40 PVC pipe with 

Extraction Well Piping (4-in) $M 12.90 frttings . lncludes backfill and compaction . 

Extraction Well Piping (1-in) ~ 2,030 I ncludes excavating trench and installing 1-in Sch. 40 PVC pipe with 

Extraction Well Piping (1-inl 

elan!ii ICd IRe~orDl 

$lIf 

hrs 
$lhr 

5.73 

1,000 
85 

fittings. I ncludes backfill and compaction . 

Includes reviewing construction QC dEla, O&M manuals, and report 
preparation . 

Corrective Action Completion Report 
Technical Labor 
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Pantex Plant Groundwater Corrective Measures study (CMS), Amarillo, Texas 

Alternative 5 - MNA with Targeted Treatment 


Key Pan-m.ters and Assumptions 


Key Parameters and Assumptions: 

Item Unit 

Q&M !ye!!~ 0 to 101 

New Irrigation S~tem 

Pum~ aos;! Ireat O~ 

Anaerobic In Situ Bioremediatlon 

In Situ Bioremediation 
In Situ Bioremediation 

Labor, Equipment, and Supplies 
Electron Donor Materials 

Performance Sam~ling & An!!lysls 

Annual Sampling 

Annual Sampling 

Other Direct Sampling Costs 

An alytical Cost 

Data Management 

O&M (Years 11 to ~l 

New Irrigation System 

Pump !!nd neat O&lv1 

years 
$/year 

Years 

$/year 

years 

events 
wells 

$/well 
$/well 

years 

wells 

events 

day/event 

hr/event 

$/hr 

$/event 

$/event 

$/event 

$/event 

years 
$/year 

Years 

$/year 

Value 

10 
43,600 

10 

427,600 

10 

20 
203 

8,000 
51 ,000 

10 


178 


41 


49 


980 


60 


58,800 


18,000 


74,200 


21,360 


20 

28,800 


20 


213,800 


Notes 

O&M of the sprinkler will be $148/acre and includes power and 
maintenance. Assume sprinkler and pump are replaced every 10 
years Assumes 4,400 hours operation per year. 

Based on eXisting estimated contracta- O&M cost for extraction 
wells, GAC units, ion exchange, controls, and other miscellaneous 
equipment. Program Management. Design, Engineering Support, 
and Overhead included in markups. Sampling and analysis of 
extraction wells is not included . Cost based on PANTEX existing 
system cost. Assume same labor and equipment required under this 
altemative, but reduce cost by 20% for less resin/carbon required 

Includes semiannuE.! injections for 10 years and 20 events . Includes 
injection of 203 injection wells with electron donor material. Assumes 
10 GPM for a total of 30,000 gal per well over 2.1 days Assumes 
1,800 gals of electron donor material per well 

Based on automated injection system and includes performance 
monitoring 

Includes sampling approximately 178 new extraction wells The 
wells will be sampled monthly for Years 0-2 and semi-annually for 
Years 3-10 in 49 days (4 wells/day) including 4 days for prep and 
cleanup There are 41 events . Samples will be collected and 
analyzed for VOCs, explosives, metals and standard field 
parameters (temp, conductivity, pH, redox, and dissolved oxygen). 
Assumes 2 sampling technicians El10 hours/day 

Includes vehicle, miscellaneous ODCs, field parameter equipment , 
and H&S services. 

In clu des I aba-atory cost to an alyze samples for VOCs (250 @ $100). 
explosives (205 @$140), and metals (205@ $100) Includes 10% 
duplicate, 5% rinsate , and trip blanks 

Includes 2 hrs/well sampled fa- data management & validation . 

O&M of the sprinkler will be $148/acre and includes power and 
maintenance. Assume sprinkler and pu mp are replaced every 10 
years Assumes 4,400 hours operation per year. 

Based on existing estimated contractor O&M cost for extraction 
wells, GAC units, ion exchange, controls, and other miscellaneous 
equipment. Program Management, Design, Engineering Support, 
and Overhead included in markups. Sampling and analysis of 
extraction wells is not included. Cost based on PANTEX existing 
system cost. Assume same labor is required for Years 11-30 under 
this alternative, but reduce cost by an additional 50% for less 
resin/carbon and equipment 
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Pantex Plant Grounc:twater Corrective Measures Study (CMS), Amarillo, Texas 

Alternative 6 - MNA with Targeted Treatment 


Key Parameters and Assumptions 


Key Parameters and Assumptions: 

Item Unit Value Notes 

Anuro~c In Situ Bioremedlation years 
events 

20 
40 

Includes semiannua injections for Years 11-20. Total "",ents =40 
events . Includes injection of 69 injection wells with electron oonorIn Situ BioremediElion 

In Situ BioremediElion wells 69 material. Assumes 10 GPM for a total of 30,000 gal per well over 2.1 
days . Assumes 1,800 gals of electron donor materia per well. 

Labor, Equip-nent, and Su~lies $/well 8,000 Based on automated injection system and includes performance 
Bectron Donor Materials $/well 51,000 monitoring 

~erformlns;~ Sl!!!ellng ~ t.!:!lbllil years 

wells 

20 

69 Includes sampling approximatety 69 new extraction wells . The wells Annual Sampling 

Annual Sampling events 40 will be sampled semi-annually for Years 3-10 in 22 days (4 wells/day) 

day/event 22 including 4 days for prep and cleanup . There ere 40 events . 

[ 
hr/event 440 

Samples will be collected and analyzed for VOCs, explosives, metas 
and standerd field parameters (temp, conciJctivity, pH, redox, and 

$/hr 60 dissolved oxygen) Assumes 2 sampl ing technicians at 10 
$/"",ent 26,400 hours/day 

Other Direct Sampling Costs $/event 7,000 Includes vehicle, miscellaneous ODCs, field parameter equipment, 
and H&S services . 

Analytical Cost $/event 74,200 Includes laboratory cost to analyze samples for VOCs (250@ $100), 
explosives (205 @$140), and metals (205 @ $100) . Includes 10% 
duplicate, 5% rinsate, ood trip blanks . 

Data Management 

o&M (Years 0 to 30) 

[Groundwater Sam DI ina &Analvsis 

$/"",ent 8,280 Includes 2 hrs/well sampled for data management & vaidation . 

Includes sampling a~roximatety 28 existing wells in the Ogallala 
aquifer at various sampling intervals for a tctal of 68 wells sampled 

Annual Sampling years 30 per year Also includes sampling approximately 35 wells in the 

hr/yr 800 Perched aquifer El various sampling intervals for a tctal 01 59 wells 
sampled per yeer Also includes sampling approximately 8 new wells 

$/hr 60 in the Ogallala aquifer and 2 new in the Perched aquifer at various 
$/yeer 48,000 sampling intervals for a tctal of 14 wells (assume semi-annual 

sampling) . The 141 wells will be samped In 40 days (4 wells/day) 
including 4 days for prep and cleanup. Samples will be collected and 
analyzed for explosives and MNA parameters. Assumes 2 sampling 
technicians at 10 hours/day . 

Other Direct Sampling Costs $/yeer 16,000 Includes vehicle, miscellaneous ODCs, and H&S services. 

An alytical Cost $/yeer 46,085 Includes laboratory cost to analyze samples for explosives (163 @ 
$140) and MNA perameters (141 @ $165) Includes 10% duplicate 
and 5% rinsate for explosives . 

, Data Management 

Reporting 

$/year 12,960 Includes 1.5 hrs/well sampled for data management & validation . 

Sampling and Anaysis Reports $/yeer 40,000 Includes preparing a QJarterly sampling data summary to meet the 
reQJirements of the S&A plan . Assume $10K per quarter. 

Performance Monitoring Report $/yef5 40,000 Includes preparing a semiannual performance monitoring report . 
Assume $40K per report . 
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Pantex Plant Groundwater Corrective Measures Study (eMS), Amarillo, Texas 

Altematlve 5 - MNA with Targeted Treatment 


Key Parameters and Assumptions 


Key Parameters and Assumptions: 

Item Unit Value Notes 

Site Insl2ection and Maintenance years 

events 
hrs!\,ear 

$/hr 
$/ye21 

lot 
$/lot 

30 

60 
80 
60 

2,000 

1 
9,727)00 

Inspect site semi-annual~ 
Inspect properties to verify land use controls are in place Also 
inspect wells, signs, and complete checklist for annual report 

Assume periodic maintenance cost ct $2000!\,ear 

Includes 508 wells Includes, mob, grout, backhoe, and truck. 
Existing wells that are not part of this alternative are not included. 

Site Inspection 
Site Inspections 
Field Labor 
Site Maintenance 

Well Abandonment lYear 30l 
Abandon Wells 
Abandon Wells 
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Pant ex Plant Groundwater Corrective Measures Study (CMS,. Amarillo, Texas 

Alternative 5 - MNA with Targeted Treabnent 


Cost Estimate 


CAPITAL COST $45.267.319 

Quantity Unit Cost Activity lunit) Total 

Land Use Controls 

$100.00Deed Restriction and Notice to Public (hrs) 1.000 $100,000 

Groundwater Use Restrictions 

Groundwater Use Restrictions (hrs) 240 $10000 $24,000 

Site Wor1< 

Civii Survey (day) 30 $875.00 $26,250 
Civil Survey Monuments (ea) 20 $108.00 $2,160 
Survey Drawings (hrs) 300 $50.00 $15,000 
Install Signs on Post (ea) $2}30$136 .5020 

Monitoring Wells 

1Mob/Site Preparation (lot) $3,000 .00 $3,000 

Perched Wells (ea) 2 $46,00000 $92,000 
Ogallala Wells (ea) 8 $135,000.00 $1,080,000 

Detention Pond 

Earthwork (Cut and Fill) (cy) 11,100 $5.09 $56,499 
Liner (sf) 69,600 $1 .29 $89,784 

Pumps and Piping (lot) 1 $135,000.00 $135,000 

Irrigation System (lot) $250,000.001 $250,000 

Exploratory Holes 

Exploratory Boreholes 766 $18,50000 $14,171,000 

8naecobic 10 Sltld Bi!H:emedj.,tio!] 

Iniection CaDital EaulDment Cost 


Storage Building 1 $81,000 $81,000 
Steel Tanks 2 $14 ,000.00 $28,000 
Mobile Work Piatforms 6 $500 $3,000 
Hydrant with hose $700 
Injection System Controls 

2 $350 
1 $20,000 $20,000 

Mob/Site Preparation 1 $3,00000 $3 ,000 
Injection Wells 203 $20,500.00 $4,161,500 
Injection Well Piping (4-in) 20,400 $117 .00 $2,386,800 
Injection Well Piping (1-in) 6,790 $2700 $183,330 

!;1!tractlo!] Wells and Pi!;ling 

Mob/Site Preparation 1 $3,000 $3,000 
Extraction Well Installation 178 $42,000 $7,476,000 
Extraction Well Piping (4-in) 20,300 $12.90 $261,870 
Extraction Well Piping (1-in) 2,030 $5.73 $11 ,632 

Pantex CMS GWCostJune 26 2006.xls 27 

http:20,500.00
http:250,000.00
http:135,000.00
http:135,000.00


Pantex Plant Groundwater Corrective easures study (CMS), Amarillo, Texas 

Alternative 5 • MNA with Targeted Treatment 


Cost Estimate 


Activity (unit) Quantity Unit Cost Total 

Plans and Reports 
Corrective Action Completion Report (hrs) 1,000 $85.00 $85,000 

Subtotal $30,7 52 ,2 55 

Design 
Office Oveitlead 
Field Overhead 

2% 
3% 
10% 

$615,045 
$922.568 

$3,075,225 

Subtotal $35 ,365,093 
Profit 
Contingency 

8% 
20% 

$2,829,207 
$7,073,019 

Total $45,267,319 
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Pantex Plant Groundwater Corrective Measures study (CMS), Amarillo, Texas 

Alternative 5 · NA with Targeted Treatment 


Cost Estimate 


OPERATION AND MAINTENANCE $616,503,886 

Activity (unit 1 Quantity Unit Cost Total Present Value 

O&M (Years 0 to 30) 

New Irrigation SYStem (Years 0 to 10) 

New Irrigation System (years) 

PumD and Treat O&M (Years 0 to 101 

Pump and Treat O&M (years) 

In1>ltu Bfore"ledlatlon (Year.lO~o 101 

10 

10 

10 

10 

$43,600 

$427 ,600 

$3,248,000 

$20,706,000 

$436,000 

$4,276,000 

$ 32,4 80 ,000 

$207,060,000 

$370,026 

$3,628,970 

$27 ,565,239 

$175,728,396 

Labor, Equipment, and Supplies (years) 

Electron Donor Materials (years) 

Performance SamDfing & Analysis {Years 0 to 

ill 
Annual Sampling Labor (events) 41 $58,800 $2,410,800 $2,205,342 

Other Direct Sampling Costs (events) 41 $18,000 $738,000 $675,105 
Analytical Costs (events) 41 $74,200 $3 ,04 2,200 $2,782,931 

Data Management (events) 

Neltllrrig~tfon ~~stem {Years 1:] to 30l 

41 

20 

20 

20 

$21,360 

$28,800 

$213 ,800 

$1,104 ,000 

$875,760 

$576 ,000 

$4 ,276,000 

$22,080,000 

$801 ,124 

$312 ,844 

$2 ,322,435 

$11 ,992,370 

New Irrigation System (years) 

Puml:! and Treat O&M (years 11 to 301 

Pump and Treat O&M (years) 

In Situ Bioremediatlon {Years 11 to 301 

Labor, Equipment, and Supplies (years 1 
Electron Donor Materials (years) 20 $7,038,000 $140,760,000 $76,451,356 

Pe[[orma[]ce S~ml2li[!g & Anal~sfs (Yea!]! :]1 
to 30) 

Annual Sampling Labor (events) 40 $26,400 $1,056,000 $577,959 
Other Direct Sampling Costs (events) 40 $7 ,000 $280,000 $153 ,247 
Analytical Costs (events) 40 $74,200 $2,968,000 $1,624,416 

Data Management (events) 40 $8,280 $331,200 $181 ,269 

GW Monitorlnll Sam Dlina & AnaiVsis 

Annual Sampling Labor (years) 30 $48,000 $1,440,000 $928,775 
Other Direct Sampling Costs (years) 30 $16,000 $480,000 $309,592 
Analytical Costs (years) 30 $46,085 $1,382,550 $891,721 
Data Management (years) 30 $12,960 $388,800 $250,769 

Rel:!orting 

Sampling and Analysis Reports (year) 30 $40,000 $1,200,000 $773,980 
Performance Monitoring (year) 30 $40,000 $1,200,000 $773 ,980 
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Pantex Plant Groundwater Corrective easures Study (CMSI. Amari"o, Texas 

Alternative 5 • MNA with Targeted Treatment 


Cost Estimate 


Activity (unit) Quantity Unit Cost Total Present Value 

Site Insoectlon and Maintenance 

Site Inspection (years) 

Site Maintenance (years) 

Well Abandooment {Year30] 

30 

30 

1 

$4,800 

$2,000 

$9,727,700 

$144,000 

$60,000 

$9 ,727,700 

$92,878 

$38,699 

$3,892 ,694 Abandon Wells (lot) 

Subtotal $439,669,010 $315,326,116 

Design 

Office Overtlead 
Field Overhead 

1% 

3% 
10% 

$4,396,690 

$13,190,070 
$43,966,901 

$3,153,261 

$9,459,783 
$31,532,612 

Subtotal $501,222,671 $359,4 71.772 

Profit 
Contingency 

8% 
15% 

$40,097,814 
$75,183.401 

$28,7 57,7 42 
$53,920,766 

Total $616,503,886 $442.150,279 

TOTAL ALTERNATIVE CAPITAL AND O&M COST S661 .771 .205 
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Pantu Plant Groundwater Corrective Measures Study (CMS), Amarillo, Texas 

Alternative 6 - Modification No. 1 - Permeabl. Reactive Bamer With Sodium Dlthlonite 


Key Parameters and Assumptions 


Key Parameters and Assumptions: 

Item Unit Value Notes 
Capital Cost 

Land Use Controls 
Deed Restriction and Notice to Public 
LegaifTechnical Labor 

Groundwater Use Restrictions 

Groundwater Use Restriction s 
LegaifTechnical Labor 

Sit. Work 

Civil Survey 
Civil Survey 

Civil Survey Monuments 
Civil Survey Monuments 
Survey Drawings 
Survey CXawings 
Install Signs on Posts 
Install Signs on Posts 

Monitoring Wells 

Mob/Site Preparation 

Perched Wells 
Perched Wells 

Ogallala Wells 

Ogallala Wells 

Performance Wells 
Perfomnan ce Well s 

EX121QrmoDlI:!Qles 

hrs 
$/hr 

hrs 
$lhr 

day 
$/day 

ea 
$/ea 
hours 
$lhr 
ea 

$/ea 

$'Iot 

ea 
$/ea 

ea 

$/ea 

ea 
$/ea 

ea 
$/ea 

1,000 
100 

240 
100 

30.0 
875 

20 
108 
300 
50 
20 

136.50 

3,000 

2 
46 ,000 

8 

135,000 

340 

46,000 

679 
18,500 

As sume 1000 hrs to perform title search, review and revise deed, and 
prCNide notice to public 

Assume 240 hrs to place grouncmeter use restrictions with local a'ld 
state regulatory agencies 

Survey for deed restrictions, monitoring wells, injection wells, extraction 
wells, pipng, pond, and sprinkler system RSMeans 011077001100. 

Assume 20 monuments around groundwater use restriction area. 
RSMeans 01107 700 0600. 
Assume plat m~ dra.vings for deed restrictions. 

Assume waming Signs loceted at each monument noted abCNe . 
RSMeans 028907000100 & 1500. Add 50'1'0 for custom letters. 

Includes installation of 4-in PVC monitoring wells to an average depth 
cI. 300 ft. Includes drilling with air rotary rig, well installation, Geologist, 
a'ld 100 handling (100% nonhazEJdous) Cost based on vendor quote 
a'ld historical well installation cost . 

Includes installation of 5-in stainless steel monitoring wells to an 
average depth cI. 450 ft. Includes drilling with air rotary rig, well 
installation, outer steel casing to 300 ft, Geologist, and 100 handling 
(100'1'0 nonhazardous). Cost based on vendor qJote and historical well 
installation cost. 

Includes installation of 4-in PVC monitoring wells to an average depth 
cI. 300 ft . Includes drilling with air rotary rig, well instalation, Geologist, 
ood 1M handling (100% nonhazardous) Cost based on vendor quote 
a'ld historical well instcilation cost . 

Assume TO 280' (2-inch) - Includes Air Rctary Casing. Added $500 for 
100 handling and disposal (100'1'0 nonhazardous) 

Exploratory Boreholes 
Exploratory Boreholes 
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Pantex Plant Groundwater Corrective M easur8S study (CMS), Amarillo, Texas 

Alternative 5 • Modification No 1 - Penneable Reactive Barrier with Sodium Dlthlonlte 


Key ParameteB and Assumptions 


Key Parameters and Assumptions: 

Item Unit Vaue Notes 

Permeable Reactive Barrier with 
~odium Dithioni!e 

ea 1 Includes insulated 60 ft x 40 ft x 12 It pre-engineered storage building . 

Injection C~l2lt~1 Eguil2!!!ent Cost 
Storage Building 

Storage Building $Iea 81,000 Includes fioor, electric , water, sewer, Erld HVAC 

Steel Tanks ea 2 10,000 gal steel tanks with mixer, pump, and connections . Inc lu des 
Steel Tanks $Iea 14,000 delivery 

Mobile Work Platforms ea 6 OSHA rated moble work platform to 500 Ibs . Grainger 2324T1 

Mobile Work Platfomns $Iea 500 

HyctErlt with hose ea 2 Anti-freeze hydrErlt installed with 100 ft hose. 

HyctErlt with hose $/ea 350 

I njection System Controls lot 1 Includes pump, chemica meteling system, Erld controls with remote 
InJection System Controls $flot 20000 access and alarms . 

MoblSite Preparation $flot 3,000 Based on vendor quote. 

Injection Wells ea 679 Assume TD 280' (4-inch Stainless) - Includes mud drilling, w~1 
I njection Wells $/ea 60,500 installation, Erld pump wlcontrols . Umt rate based on pilot study cost. 

Added $500 lor 100 handling Erld disposa (100% nonhazardous) , 

Injection Well Piping (4-in) If 20 ,400 Includes excavating trench and installing 4in stanless steel Dpe with 

Injection Well Piping (4-in) $/11 117.00 fittings. Includes backfill and compaction 

Injection Well Piping (1 -in) If 6,790 Includes excavating trench and installing 1-in 4-in stainless ste~ pipe 

Injection Well Piping (1-in) 

New PU!!l12 !![]2 !reit 

$/lf 2700 with fittin gs I ncl udes bac~ill and compaction , 

Treatme!l~ S~tem ea 1 Assume the existing treatment system is used to treat extracted water 

Plans and Re~rts 

$Iea 

hrs 
$lhr 

0 

1,000 

85 

The existing treatment capacities of 150 GPM "Jill be aIole to trea the 
extracted water rj up to 50,000 gal/well at 10 GPM, This will allow a 
minimum of 15 wells to pumped concurrent~ 

Includes reviewing construction QC data, O&M manuals, and report 
preparation . 

Corrective Action Competion Report 

Tech nical Laloor 
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Pantex Plant Groundwater Corrective Measures Swdy (eMS" Amarillo, Te)(as 

Alternative 6 - Modification No. 1 - Permeable Reactlve Barrier with Sodium Oithlonlte 


Key Parameters and Assumptions 


Key Parameters and Assumptions: 

Item Unit Vaue Notes 

O&M !Ye!l[!i 0 to 3O} 

years 
events 

1 
1 

Includes one injection event. Includes injection in 679 wells with 
sodium cithionite. Assumes 10 GPM for a total of 40,000 ga per well 

PRB with Sodium Olthionite 

Permeat)e Reactive Banier 
Permeat)e Reactive Barrier wells 203 (Ner 2.8 days Assumes 0.95'1'0 sodium cithionite solution. 
Labor, Equipment, and Supplies $'well 9,000 Based on automated injection system and includes performa1ce 
Socium Dithionite Materials $'well 108,000 monitoring. 

O~M !Ye~[§ 0 to 3O} years 

wells 

events 

30 
340 

81 
Includes sampling approximEie~ 340 new wells downgradient r:J the 
injection wells . The wells will be sampled month~ fa' Years 0-2 and 

Performance Sam2!ing &Ana~sls 

Annual Sampling 
day/event 89 semi-annually for Years 3-30 in 89 days (4 wells/day) including 4 days 

for prep and cleanup There are 81 events. Samples will be collected 
hr/event 1.780 and anayzed for VOCs, explosives, metas and standard field 

$lhr 60 parameters (temp , conductivity, pH , redox , and dissolved oxygen) . 
$/event 100,800 Assumes 2 sampling techniCians at 10 hours/day. 

Other Direct Sampling Costs $/event 34,000 Includes vehicle, miscellaneous ODCs , field parameter equipment, and 
H&S services . 

Anaytica CoS! $/event 137,240 Includes laba'Eiory cost to analyze samples for VOCs (434 @ $100), 
explosives (391 @ $140) , and metas (391 @$100) Includes 10% 
duplicEie, 5% rinsate, and trip blanks. 

Data Management 

O&M (Years 0 to 30) 

G[Q!.I!J2mte[ Smu!lIng & AnalYsis 

$/event 40,800 Includes 2 hrstwell sampled for data management & validEiion . 

Includes sampling approximEie~ 28 existing wells in the Ogallala 

Annual Sampling years 30 aquifer at various sampling intervas for a tota of 68 wells sampled per 

hr/yr 800 
year. Also indudes sampling approximEie~ 35 wells in the Perched 
aquifer at various sampling intervals fa' a total of 59 wells sampled per

$lhr 60 year. Also indudes sampling approximEie~ 8 new wells in the Ogallala 
$/year 48,000 aquifer and 2 new in the Perched aquifer Ei various sampling intervals 

for a total r:J 14 wells (assume semi-annual sampling). The 141 wells 
will be sampled in 40 days (4 wells/day) including 4 days for prep and 
clea1up Samples will be collected and analyzed for explosives and 
MNA parameters. Assumes 2 sampling technicians Ei 10 hours/day 

Other Direct Sampling Costs $/year 16,000 Includes vehicle, miscellaneous ODCs, and H&S services . 

Analytica Cost $/year 46,085 Includes laba'Eiory cost to analyze samples for explosives (163 @ 
$140) and MNA parameters (141 @ $165) Includes 10% duplicate 
and 5% rinsEie for explosives . 

Data Management 

Reporting 

$/year 12,960 Includes 1.5 hrs/well sampled for data management & validation . 

Sampling and Analysis Reports $/year 40,000 Includes preparing a qJarterly sampling data summary to meet the 
reqJirements of the S&A plan . Assume $10K per qJarter 

Performance MonitOring Report $/event 40 ,000 Includes preparing a performance monitoring report. Assume $40K per 
report . 
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Pantex Plant Groundwater Corrective Measu~s Study (eMS), Amarillo, Texas 

Alternative 6 - Modification No 1 - Perm.able Reactive Barrier with Sodium Dithlonl e 


Key Paramet.r.i and Assumptions 


Key Parameters and Assumptions: 

Item Unit Vaue Notes 

Site Ins~ction and Maintenance years 

events 
hrs/year 

$/hr 

$/year 

lot 
lIlot 

30 

60 
80 

60 

2,000 

1 
13,752,500 

Inspect site semi-annually 
Inspect properties to verify land use controls are in place 
weils, signs, and complete checklist for annual report 

Assume periodic maintenance cost of $200CVyear 

Also inspect 

Includes 1,146 wells . Includes, mob, grout. backhoe, and truck. 
Existing wells thai are not part of this alternative are not included . 

SITe Inspection 
Site Inspections 
Field LeDor 

Site Maintenance 

Well Abandonment !rear 30} 
Abandon Wells 
Abandon Wells 
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Pantex Plant Groundwater Corrective Measures study (CMS), AmarillO, Texas 

Alternative 5 • Modification No. 1 · Permeable Reactive Barrier with Sodium Dithlonlte 


Cost Estimate 


CAPITAL COST S108,069780 

Activity (unit) Quantity Unit Cost Total 

ancLUse Control~ 
Deed Restriction and Notice to Public (hrs) 

Groundwater Use Restrictions 

1,000 $10000 $100,000 

Groundwater Use Restrictions (hrs) 

Site Work 

240 $100,00 $24,000 

Civil Survey (day) 30 $87500 $26,250 

Civil Survey Monuments (ea) 20 $108 ,00 $2,160 
Survey Drawings (hrs) 300 $50.00 $15,000 

Install Signs on Post (ea) 

Monitoring Wells 

20 $136.50 $2,730 

MoblSite Preparation (lot) 1 $3,000.00 $3,000 

Perched Wells (ea) 2 $46,000.00 $92,000 

Ogallala Wells (ea) 8 $135,000.00 $1,080,000 

Performance (ea) 

Exoloratorv Holes 

340 $46,000 .00 $15,640,000 

Exploratory Boreholes 

PRB with Sodium Dlthlonite 
Inlectlon Caoital Eauloment Cost 

679 $18,500.00 $12,561,500 

Storage Building 1 $81,000 $81 ,000 

Steel Tanks 2 $14,000.00 $28 ,000 
Mobile Work Platforms 6 $500 $3,000 

Hydrant with hose 2 $350 $700 
Injection System Controls 1 $20 ,000 $20,000 

MoblSite Preparation 1 $3,00000 $3,000 
Injection Wells 679 $60,500.00 $41,079,500 

Injection Well Piping (4-in) 20,400 $117.00 $2,386,800 
Injection Well Piping (1-in) 

Plans and Reports 

6,790 $27 .00 $183 ,330 

Corrective Action Completion Report (hrs) 1,000 $85 .00 $85,000 

Subtotal $73,416,970 

Design 
Office Overhead 
Field Overhead 

2% 
3% 
10% 

$1,468,339 
$2,202,509 
$7,341,697 

Subtotal $84,429,516 
Profit 
Contingency 

8% 
20% 

$6,754,361 
$16,885,903 

trotal $108,069,780 
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pantex Plant Groundwater Corrective Measur s study (CMS), Amarillo, Texas 
Alternative 5 • Modification No. 1 · Permeable Reactive Samer with Sodium Dlthlonlte 

Cost Estimate 

OPERATION AND MAINTENANCE S 100,937 ,213 

Activity (unit) Quantity Unit Cost Total Present Value 

O&M (Years 0 to 30) 

Sodium Dithionite Inlections 

Labor, Equipment, and Supplies 1 $1 ,827,000 $1 ,827,000 $1,772,066 

Sodium Dithionite Materials 1 $21,924,000 $21,924,000 $21,264,791 

Performance Sam~ling & Anal~sis 

Annual Sampling Labor (events) 81 $106,800 $8,650,800 $6,343,729 

Other Direct Sampling Costs (events) 81 $34,000 $2,754,000 $2 ,019,539 

Analytical Costs (events) 81 $137 ,240 $11,116,440 $8,151,810 

Data Management (events) 81 $40,800 $3,304,800 $2,423,447 

GW Monitoring Sa!D~ling ~ 8nal~sls 
Annual Sampling Labor (years) 30 $48,000 $1,440,000 $928,775 

Other Direct Sampling Costs (years) 30 $16,000 $480,000 $309,592 

Analytical Costs (year:;) 30 $46,085 $1,382,550 $891,721 

Data Management (years) 30 $12,960 $388,800 $250,769 

ReDortina 

Sampling and AnalYSIs Reports (year) 30 $40,000 $1,200,000 $773,980 
Performance Monitoring (event) 89 $40,000 $3,560,000 $2,375,928 

Site Inscectlon and Maintenance 

Site Inspection (years) 30 $4,800 $144,000 $92,878 

Site Maintenance (years) 30 $2,000 $60,000 $38,699 

Well Abandonment !Year301 

Abandon Wells (lot) 1 $13,752,500 $13,752,500 $5,503,281 

Subtotal $71 ,984,890 $53,141,006 

Design 1% $719,849 $531,410 
Office Overhead 3% $2,159,547 $1,594,230 
Field Overhead 10% $7,198,489 $5,314,101 

Subtotal $82,062,775 $60,580,746 

Profit 8% $6,565,022 $4,846,460 
Contingency 15% $12,309,416 $9,087,112 

Total $100,937,21 3 $74,514,318 

TOTAL ALTERNATIVE CAPITAL AND O&M COST $209.006 ,993 
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Pantex Plant Groundwater Corrective M easun!s Study (CM S), Amarillo, Texas 

Alternative 5 - Modification No. 2 - Permeable Reactive Barrier with Calcium Polysulfide 


Key Parameters and Assumptions 


Key Parameters and Assumptions: 

Item Unit Value Notes 
Capital Cost 

!.and!.!i! Cootrols 
hrs 1,000 Assume 1000 hrs to perform title sea-ch , review and revise deed,Deed Restriction and Notice to Public 

Legal/Technical Looor 

Groundwater Use Restrictions 

$/hr 100 and provide notice to public 

Grounclwater Use Restrictions hrs 240 Assume 240 hrs to place groun~ater use restrictions with local and 

LegallTechnical Looor 

Site Work 

$/hr 100 state regulatory agencies 

Civil Survey day 30.0 Survey for deed restrictions , monitoring wells, injection wells, 

Civil Survey $/day 875 extraction wells, piping, pond, and sprinkler system RSMeans 01107 
7001100 . 

Civil Survey Monuments ea 20 Assume 20 monuments around grounclwater use restriction area . 
Civil Survey Monuments $/ea 108 RSMeans 011077000600. 
Survey Drawings hours 300 Assume plat map drawings for deed restrictions 

Survey Drawings $Ihr 50 
Install Signs on Posts ea 20 Assume warning signs located at each monument noted above. 
Install Signs on Posts 

IMonitorina Wells 

$/ea 136.50 RSMeans 028007000100 & 1500. Add 50% for custom letters . 

Moo/Site Prepa-ation $/lot 3,000 

Perched Wells ea 2 Includes installation of 4-in PVC monitoring wells to an average depth 

Perched Wells $/ea 46,000 of 300 ft. I ncludes drilling with air rotary rig, well installation, 
Geologist , and IDW handling (100% nonhazardous) . Cost based on 
vendor quote and historical well instalation cost 

Ogalaa Wells ea 8 Includes installation of 5-in stainless steel monitoring wells to an 

Ogalaa Wells $/ea 135,000 average depth of 450 ft . Includes drilling with air rotary rig, well 
installation, outer steel casing to 300 ft, Geologist, and IDW handling 
(100% nonhazardous) Cost based on vendor quote and historical 
well in stallati on cost. 

Performance Wells ea 170 Includes installation of 4-in PVC monitoring wells to an average depth 

I Performance Wells 

EXDloratorv Holes 

$/ea 46,000 of 300 ft. Includes drilling with air rotary rig, well installation, 
Geologist, and IDW handling (100% nonhazardous) . Cost based on 
vendor quote and historical well instalation cost. 

Explorctory Boreholes ea 340 Assume TD 280' (2-inch) - Includes Air Rotary Casing Added $500 
ExplorElory Boreholes 

t:>erm.e..ble Re3ctj·ve Barrier with 
Calcium Poll/:sulfide 

$/ea 

ea 
$/ea 

18,500 

1 
81 ,000 

for ION handing and disposal (100% nonhazardous). 

Includes insulated 60 ft x 40 ft x 12 ft pre-engineered storage 
building. Includes floor, electric, water, sewer, and HVAC 

IClecti2IJ !:;!eili!1liigYll2me[]t CQst 
Storage 8.Jilding 
Storage 8.Jilding 
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Pantex Plant Groundwater Corrective Measures Study (CMS), Amarillo, Texas 

Alternative 5 - Modification No. 2 - Penneable Reactive Barrier with Calcium Polysulfide 


Key Parameters and Assumptions 


Key Parameters and Assumptions: 

Item Unit Value Notes 

Steel Tanks 
Steel Tanks 
Mobile Work Platforms 

Mobile Work Platforms 
Hydrant with hose 

Hydrant with hose 

Injection System Controls 
Injection System Controls 
Mob/Site Preparation 

I njection Wells 
I njection Wells 

Injection Well Piping (4-in) 

Injection Well Piping (4·in) 
Injection Well Piping (1-in) 
Injection Well Piping (1-in) 

New Pump and Treat 

ea 

$/ea 
ea 

$/ea 

sa 
$/ea 

lot 
$lIot 
$/101 

ea 
$/ea 

If 

$M 
If 

$M 

ea 
$/ea 

hrs 

$/hr 

2 

14,000 
6 

500 
2 

350 

1 
20000 
3,000 

340 
20,500 

20,400 

12.90 
3,400 

5.73 

1 

0 

1,000 

85 

10,000 ga steel tanks with mixer, pump, and connections. Includes 
delivery 
OSI-IA rated mobile work platform to 500 Ibs. Grainger 2324T1 

Anti-freeze hydrant installed with 100 tt hose. 

Includes pump , chemical metering system, and controls with remote 
access and aarms 
Based on vendor q.Jote 

Assume TO 280' (4-inch PVC casing) - Indudes mud drilling, well 
installation, and pump w/controls . Unit rate based on pilot study cost 
Added $500 for lOW handling and cisposal (100% nonhazardous) 

I ncludes excavating trench and installing 4-in Sch 40 PVC pipe with 
fittings. I ncludes backfill and compaction . 

Includes excavating trench and installing 1-in Sch 40 PVC pipe With 
fITtings. I ncludes backfill and compaction 

Assume the existing treatment system is used to treat extracted 
water. The existing treatment capacities of 150 GPM will be able to 
treat the extracted water of up to 50,000 galtwell at 10 GPM. This will 
allow a minimum of 15 wells to pumped concurrently . 

Includes reviewing construction QC d2ia, O&M manuas, and report 
preparElion 

Treatmert SYStem 

Plans and Re~orts 

Corrective Action Completion Report 

Technical Labor 
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Pantex Plant Groundwater Corrective Measures study (eMS), Amarillo, Texas 

Attematlve 5 - Modification No. 2 · Penneable Reactive Barrier with Calcium Polysutflde 


Key Parameters and Assumptions 


Key Parameters and Assumptions: 

Item Unit Value Notes 

O&M lY~iUi 0 to 30} 

years 

events 

1 

1 
Includes one injection event. Includes injection in 340 wells with 
calcium po~sulfide. Assumes 10 GPM ror a total of 25,000 gal per 

PRe witt:! !:;aJ!,;lum Pob£!!ulfide 
Permeable Reactive Barrier 

Permeable Reactive Barrier wells 340 well over 1.7 days. 

Labor, Equipment, and Supplies $lwell 7,000 Based on autOOlated injection system and includes performance 
monitoring 

Calcium Polysulfide Materials $lwell 22.500 Includes 25,000 gal average per well and assumes cacium 
polysulfide is 33% of sodium dithionite solution . 

O&M 1Y!i![S Qto 30} years 30 

IPerformance Samollna & Analvsis wells 

events 

170 

81 
Includes sampling approximate~ 170 new wells down gradient of the 
injection wells . The wells will be sampled monthly for Years 0-2 and Annual Sampling 

day/event 47 semi-annually forYears 3-30 in 47 days (4 wells/day) including 4 
days for prep and clear up There are 81 events. Samples will be 

hr/event 940 collected and analyzed for VOCs, explosives, metals and stardard 
$/hr 60 field parameters (temp, conductivity, pH, redox, and dissolved 

$/event 56 ,400 oxygen) . Assumes 2 sampling techniciars at 10 hours/day. 

Other Direct Sampling Costs $/event 17,000 Includes vehicle, miscellaneous ODCs, field parameter equipment , 
and H&S services. 

Ana~ical Cost $/event 70,940 Includes labcratory cost to analyze samples for VOCs (239 @ $100), 
explosives (196 @$140), and metals (196@$100) Includes 10% 
duplicate, 5% rinsate, ard trip blanks . 

Data Management 

O&M (Years 0 to 30) 

G[oyndwg ~ilml2ling & ~nab£sls 

$/event 20,400 Includes 2 hrslwell sampled fcr data management & validation . 

Includes sampling approximate~ 28 existing wells in the Ogallala 
aquifer at various samping intervals for a tctal of 68 wells sampled 
per year Also includes sampling approximately 35 wells in the 

Annual Sampling years 30 Perched aquifer et various sampling intervals for a tctal of 59 wells 
hrfyr 800 samped per year . Also includes sampling approximately 8 new wells 

$/hr 60 in the Ogallala aquifer and 2 new in the Perched aquifer at various 

$fyear 48,000 samping intervals for a tctal of 14 wells (assume semi-annual 
samping) . The 141 wells will be samped in 40 days (4 wells/day) 
including 4 days for prep and cleanup . Samples will be collected and 
analyzed for explosives and MNA parameters. Assumes 2 sampling 
technicians at 10 hours/day . 

Other Direct Sampling COsts $fyear 16,000 I ncludes vehicle, miscellaneous ODCs, and H&S services . 

Ana~ical Cost $/year 46,085 Includes labcratory cost to analyze samples for explosives (163@ 
$140) and MNA parameters (141 @ $165) Includes 10% duplicate 
and 5% rinsate for explosives 

Data Management 

Reportlna 

$fyear 12,960 Includes 1.5 hrs/well sampled tor data management & validation . 

Sampling and Ana~sis Reports $fyear 40,000 Includes preparing a QJarterly sampling data summary to meet the 
reQJirements of the S&A plan Assume $10K per quarter 

Performance Mooitoring Repcrt $fyear 40,000 I ncludes preparing a performance monitoring report . Assume $40K 
per report . 
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Pantex Plant Groundwater Corrective Measures Study (CMS), Amarillo, Texas 

Altematlve 5 - Modification No. 2 - Permeable Reactive Bamer with Calcium Polysulflde 


Key Parameters and Assumptions 


Key Parameters and Assumptions: 

Item Unit Value Notes 

Site Ins!;!ection and Maintenance years 

events 
hrs,year 

$.Ihr 

$,year 

lot 
$/lot 

30 

60 
80 

60 

2,000 

1 
7,644,500 

I nspect site semi-annual~ 
I nspect properties to verify land use controls are in place Also 
inspect wells, signs, and complete checklist fex annual report 

Assume periodic maintenance cost of $2000,year 

Includes 637 wells. Includes, mob, grout, backhoe, and truck. 
Existing wells that are not part of this altemative are not included. 

Site Inspection 
Site Inspections 
Field Labor 

Site Maintenance 

Well Abandonment rt:ear 3D} 
Abandon Wells 
Abandon Wells 
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pantex Plant Groundwater CorrecUve Measures Study (CMS), Amarillo, Texas 
Altematfve 5 • Modification No.2 - Permeable Reactive Barrier With calcium Potysulftde 

Cost Estimate 

CAPITAL COST S22.239.686 

Activity (un it) Quantity Unit Cost Total 

Land Use Controls 

Deed Restriction and Notice to Public (hrs) 

Groundwater Use Restrictions 

Groundwater Use Restrictions (hrs) 

Site Work 

Civil Survey (day) 

Civil Survey Monuments (ea) 

Survey Drawings (hrs) 

I nstall Signs on Post (ea) 

iMonitorlna WtiJs 

Mob/Site Preparation (lot) 

Perched Wells (ea) 

OgalialaWelis (ea) 

Exploratory Holes 

Exploratory Boreholes 

PRB with Calcium PolYsulfide 

1,000 

240 

30 

20 
300 

20 

1 

2 

8 

340 

'1 

$10000 

$10000 

$87500 
$10800 

$50.00 

$136 .50 

$3,000 .00 

$46,000.00 

$135,000.00 

$18,500 .00 

$81,000 

$100,000 

$24,000 

$26,250 
$2,160 

$15,000 

$2,730 

$3 ,000 

$92,000 

$1,080 ,000 

$6 ,290,000 

$81,000 

Injection Ca~i!al Egull:!m~nt Cost 

Storage Building 
Steel Tanks 2 $14 ,000.00 $28,000 
Mobile Work Platforms 6 $500 $3,000 

Hydrant With hose 2 $350 $700 

Injection System Controls 1 $20,000 $20,000 
Mob/Site Preparation 1 $3,000 .00 $3,000 
Injection Wells 340 $20,500.00 $6,970,000 
Injection Well Piping (4-in) 20,400 $12.90 $263,160 

Injection Well Piping (1-in) 

Plans and Re~orts 

3,400 $573 $19,482 

Corrective Acbon Completion Report (hrs) 1,000 $85.00 $85,000 

Subtotal $15,108,482 

Design 
Office Overhead 
Field Overhead 

2% 
3% 
10% 

$302,170 
$453 ,254 

$1,510,848 
Subtotal $17 ,374,754 

Profit 
Contingency 

8% 
20% 

$1 ,389,980 
$3,474,951 

1T0tai $22,239,686 
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Pantex Plant GroundWater Corrective easures Study (CMS), Amarillo, Texas 

Alternative 5 • Modification No.2· Permeable Reactive Barrier with Calclum Polysulftde 


Cost Estimate 

OPERATION AND MAINTENANCE $52.321.396 

Activtty (un ttl 

O&M (Years 0 to 30) 

PRB l!tlttJ ~al clu!!] PQ!~su Iflde 

Labor, Equipment. and Su pplies 

Calcium Polysulfide Materials 

IPerformance Samplina & Analysis 

Annual Sampling Labor (events) 

Other Direct Sampling Costs (events) 


Anatytical Costs (events) 

Data Management (events) 


GW Monitorinc SamJ'llnQ & AnalYsis 

Annual Sampling Labor (years) 


Other Direct Sampling Costs (years) 


Analytical Costs (years) 


Data Management (years) 


Reoortina 

Sampling and Analysis Reports (year) 
Performance Monitoring (year) 

Site Inspection and Maintenance 

Site I nspection (years) 

Site Maintenance (years) 

W~II Abandonm~Dl (year301 

Abandon Wells (lot) 

Subtotal $37,313,790 $26,633,141 

Design 1% $373,138 $266,331 
Office Overhead 3% $1,119,414 $798,994 
Field Overhead 10% $3,731,379 $2 ,663,314 

Subtotal 

Profit 
Contingency 

Total 

Quantity 

1 

1 

81 
81 

81 

81 

30 

30 

30 
30 

30 
30 

30 
30 

1 

Unit Cost 

$2,380,000 

$7.650,000 

$56,400 
$17,000 

$70,940 

$20,400 

$48,000 

$16,000 

$46 ,085 

$12,960 

$40,000 
$40,000 

$4,800 

$2,000 

$7,644,500 

8% 
15% 

Total 

$2,380,000 

$7,650,000 

$4,568,400 
$1 ,377,000 

$5,746,140 

$1,652,400 

$1,440,000 

$480,000 

$1,382,550 

$388,800 

$1 ,200,000 
$1,200,000 

$144,000 

$60,000 

$7,644,500 

$42,537,7 21 

$3,403,018 
$6,380,658 

$52,321,396 

Present Value 

$2,308,438 

$7,419,981 

$3,350,059 
$1,009,770 

$4 ,213,709 

$1,211,723 

$928,775 

$309,592 

$891,721 
$250,769 

$773,980 
$773,980 

$92,878 

$38,699 

$3 .059 ,068 

$30,361,781 

$2,428 ,942 
$4,554,267 

$37,344,991 

TOTAL ALTERNATIVE CAPITAL AND O&M COST $74.561.082 
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Pantex Plant Groundwater Corrective Measures Study (eMS), Amarillo , Texas 

Alternative 6 - Modification No . 3 - Chemical Oxidation using Potassium Pennanganllte 


Key Parameters and Assum ptlons 


Key Parameters and Assumptions: 

Item 
Capital Cost 

I Unit I Value Notes 

Land Use Controls 

Deed Restriction and Notice to Public 
LegaVTechnical Labor 

hrs 
$lhr 

1,000 
100 

Assume 1000 hrs to perform title secrch , review and revise deed, 
and provide notice to public . 

Groundwater Use Restrictions 

Groundwater Use Restrictions 
LegaVTechnical Labor 

hrs 
$lhr 

240 
100 

Assume 240 hrs to place grounctHater use restrictions with local and 
state regulatory agencies 

Site Work 

Civil Survey 
Civil Survey 

day 
$/day 

30 .0 
875 

Survey for deed restrictions, monitoring wells , injection wells, 
extraction wells, piping, pond, and sJXinkler system. RSMeans 01107 
7001100 

Civil Survey Monuments 
Civil Survey Monuments 
Survey CXawings 

ea 
$/ea 
hours 

20 
108 
300 

Assume 20 monuments around groundwater use restriction area. 
RSMeans 01107 7000600. 
Assume plat map drawings for deed restrictions . 

Survey CXawings 
Install Signs on Posts 
Install Signs on Posts 

$lhr 
ea 

$/ea 

50 
20 

136.50 
Assume warning signs located at each monument noted above. 
RSMeans 028007000100 & 1500. Add 50% for custom letters. 

Monltorina Wells 

Mob'Site Preparation $/Iot 3,000 Based on vendor (!Jote Inc mob/demob and decon pad 

Perched Wells 

Perched Wells 

ea 
$/ea 

2 

46 ,000 

Includes installation of 4-in PVC monitoring wells to an average 
depth of 300 ft . Includes drilling with air rotary rig, well installation, 
Geologist , and IDW handling (100% nonhazardous). Cost based on 
vendor quote and historical well instalation cos!. 

Ogallala Wells 

Ogallala Wells 

ea 

$/ea 

8 

135,000 

I ncludes installation of 5-in stEinless steel monitoring wells to an 
average depth of 450 ft . Includes drilling with air rotary rig, well 
installation, outer steel casing to 300 ft, Geologist, and IDW handling 
(100% nonhazardous) . Cost based on vendor quote and historical 
well installation cos!. 

Detention PorulandSprlnkler 
System 
Earthwork (Cut and Fill ) 
Earthwork (Cut and Fill ) 

cy 
$/cy 

11 ,100 
5.09 

Includes detention pond to hold 30 days of extraction system flow. 
Based on existing systems flow of 160,000 GPD. Total for 30 days = 
4 .8 million galons. Assume 200 x 250 It x 15 ft deep. Assumed 
bermed storage pond with 6 ft cut and 9 It berm . RSMeans 
G10301153150. 

Liner 

Liner 
sf 

$/sf 

69,600 

1.29 

Includes 6-in sand layer, 40-mil HDPE liner, and 3-in pea gravel 
ballast with perimeter anchor trench . Cost based on RACER 
parametric model. 

Pumps and Piping lot 

$/lot 

1 

135,000 

Includes underground cast iron piping from treatment building to 
pond (1 ea . 4-in lines @ 2,500-It) and from pond to irrigEtion plot (1 
ea . 4-in lines @ 500-It) . Includes 1 pump plus a backup pump from 
treatment bldg. to pond with electrical hookup. Cost 
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Pantex Plant Groundwater Corrective Measures Study (CMS), Amarillo , Texas 

Altematlve 5 - M odin cation No 3 - Chemical Oxidation using Potassium Permanganate 


Key Parameters and Assumptions 


Key Parameters and Assumptions: 

Item Unit Value Notes 

I rrigabon System 

Ex~lorato!y Holes 

lot 

$lIot 

ea 

1 

250,000 

766 

Assume new irrigation system is constructed to accommodate the 
160,000 GPO. Includes irrigabng 200 acres using two each self-
propelled center pivot sp-inkler system that rotate around the pivot 
point and has the lowest labor requirements of the aboveground 
systems Includes replacement sprinkler Includes pumps, piping, 
and freeze protection at the sprinkler 

Assume TO 280' (2-inch) - Includes Air Rotary Casing. Added $500 Exploratory Boreholes 

Exploratory Boreholes 

Chemical Oxl~tlo[J Using 
Potassium Permanaanate 

Injection Caeit!!l §Sluie!!leol Cost 

$/ea 

ea 

18,500 

1 

for 1D'vV handing and disposal (100% nonhazardous). 

I ncludes insulated 60 It )( 40 It x 12 It pre-engineered storage Storage Building 

Storage Building $/ea 81,000 building. Includes floor, electric, water, sewer , and HVAC 

Steel Tanks sa 2 10,000 gal steel tanks with mixer, pump, and connections. 1ncludes 
Steel Tanks $/ea 14,000 delivery. 

Mobile Work Platforms ea 6 OSHA rated mobile work platfomr to 500 Ibs. Grainger 2324T1 

Motile Work Platforms $/ea 500 

Hydrant with hose aa 2 Anti-freeze hydrant installed with 100 It hose. 

Hydrant With hose $/ea 350 

I njection System Cootrols lot 1 I ncludes pump, chemical metering system, and controls with remote 
I njection System Cootrols $/lot 20000 access and alamrs 

Mob'Site Preparation $lIot 3,000 Based on vendor quote 

Injection Wells ea 203 Assume TO 280' (4-inch PVC casing) - Includes mud drilling, well 
I njection Wells $/ea 20,500 installation, and pump w/controls. Unit rate based on pilot study cost. 

Added $500 for IDW handling and disposal (100% nonhazardous) 

I njection Well Piping (4-in) If 20,400 I ncludes excavating trench and installing 4-in stainless steel pipe 

Injection Well Piping (4-in) $/11 117.00 with fittings I ncludes backfill and compaction 

Injection Well Piping (1-in) If 6,790 I ncludes excavating trench and installing 1-in 4-in stainless steel pipe 

Injection Well Piping (1 -in) $/lf 2700 with fiWngs. I ncludes backfill and compaction 

~el!l! Pume ilJd Tregt 
Treatment S:tstem ea 1 Assume the existing treatment system is used to treat extracted 

$/ea 0 water. The existing treatment capacities of 150 GPM WIll be able to 
treat the extracted water of up to 50,000 gallwel l at 10 GPM . This 
will allow a minimum of 15 wells to pumped concurrent~ 
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Pantex Plant Groundwater CorrectIve Measures Study (CMS). Amarillo . Texas 

Alternative 5 - ModIfication No. 3 - Chemical Oxidation using PotassIum Permanganate 


Key Parameters and Assumptions 


Key Parameters and Assumptions: 

Item Unit Value Notes 

Extraction Wells and PIeing 

$l1ot 

,

3.000 Based on vendor qJote. Motw'Site Preparation 
Extraction Well Installation ea 178 I ncludes installation of 6-in PVC extraction wells with 20-ft stainless 
Extraction Well Installation $/ea 42,000 steel screened interval. Includes mud drilling, well installation, and 

pump w/controls. Cost based on RACER parametric modeL Added 
$1,000 for IDWhandling and disposal (100% nonhazardous) . 

Extraction Well Piping (4-in) If 20,300 Includes excavating trench and installing 4-in Sch. 40 PVC pipe with 

Extraction Well Piping (4-in) $l1f 12.90 fittings Includes backfill and compaction 

Extraction Well Piping (1-in) ~ 2,030 I ncludes excavating trench and installing 1-in Sch . 40 PVC pipe with 

Extraction Well Piping (1-in) $l1f 5.73 fittings. Includes backfill and compaction 

Plans and Reeorts 

hrs 
$/hr 

1,000 
85 

Includes reviewing construction QC dEta, O&M manuals, and report 
preparation . 

Corrective Action Completion Report 
Technical Labor 
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Pantex Plant Groundwater Corrective Measures Study (CMS" Amarillo , Tuas 

Altematlve 5 • M odlncatlon No 3 - Chemical Oxidation using Potassium Permanganate 


Key Panl.meters and Assumptions 


Key Parameters and Assumptions: 

Item Unit Value Notes 

O&M !years 0 to 101 

years 10 O&M of the sprinkler will be $148/acre and includes power and New 1[[lgation Svstem 

$/yeer 43,600 maintenance . Assume sprinkler and pump are replaced every 10 
years Assumes 4,400 hours operation per year 

Pum~ and Treat O&M Years 10 Based on existing estimated contractor O&M cost for extraction 
wells, GAC units, ion exchange, controls, and other miscellaneous 

$/year 427,600 equipment Program Management, Design, Engineering Support, 
and Overhead included in markups Sampling and analysis of 
extraction wells is not included. Cost based on PANTEX existing 
system cost. Assume same labor and equipment required under this 
alternative, but reduce cost by 20% for less resin/carbon required 

Chemical Oxidation Using Includes semiannua injections for 10 years and 20 events . Includes 
Potassium Permanoanate years 

events 

10 

20 
injection of 203 injection wells with potassium permangEllate . 
Assumes 10 GPM for a total of 30,000 gal per well over 2.1 days . Chemica Oxidation Injection 

Chemica Oxidation Injection wells 203 Assumes 0.50% potassium permangroate solution 

Labor, Equipment, and Supplies $/well 8,000 Based on automated injection system and includes performance 
monitoring 

Potassium Permanganate Materials $/well 2,000 In clu des 30,000 gal average per well an d assu mes potassiu m 
permanganate in 0.5% solution 

Performance Sameling & Anal:isls years 

wells 

10 

178 Includes sampling approximately 178 nEIN extraction wells. The Annual Sampling 

Annual Sampling events 41 wells will be sampled monthly for Years 0-2 and semi-annually for 

day/event 49 Years 3-10 in 49 days (4 wells/day) including 4 days for prep and 

hr/event 980 
cleanup . There are 41 events . Samples will be collected and 
analyzed for VOCs, explosives, metals and standard field 

$/hr 60 parameters (temp, conductivity, pH, redox, and dissolved oxygen) . 
$/event 58,800 Assumes 2 sampling techniCians a 10 hours/day 

Other Drect Sernpling Costs $/event 18,000 I ncludes vehicle, miscellaneous ODCs, field parameter equipment, 
and H&S services . 

An alytical Cost $/event 74,200 Includes laboratory cost to analyze samples for VOCs (250 @ $100), 
explosives (205 @ $140), and metals (205 @ $100). Includes 10% 
duplicate, 5% rinsate, rod trip blanks 

Data Management $/event 21,360 Includes 2 hrslwell sampled for data management & validation 
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Pantex Plant GroundwaterCorreetlve Measures Study (CMS), Amarillo, Texas 

AitematlvI5 - M odlflc:atlon No 3 - Chemical OxidatIon using Potassium Permanganate 


Key Parameters and Assumptions 


Key Parameters and Assumptions: 

Item Unit Value Notes 

O&M C!ears 11 to 3Ql 

years 20 O&M of the sp-inkler will be $148/acre and includes power and Nel!!! Irrlgmio!] Sll~t~m 
$/yeer 28 ,800 maintenance . Assume sprinkler and pump are replaced ~ery 10 

years Assumes 4,400 hours operation per year 

Pume and Treat O&M Years 20 Based on existing estimated contractor O&M cost for extraction 
wells, GAC units, ion exchange, controls , and other miscellaneous 

$/yeer 213,800 equipment. Program Management, Design, Engineering Support, 
and Overhead included in markups Sampling and ana~sis of 
extraction wells is not included. Cost based on PANTEX existing 
system cost. Assume same labor is required for Years 11-30 under 
th is alternEtive, but reduce cost by an additional 50% for less 
resin/carbon and equipment 

!:;hemical Oxidation !.!slng Includes semiannua injections for Years 11-20. Total e-.lents = 40 
Potassium Permanganate years 

events 

20 

40 
events . Includes injection of 69 injection wells with potassium 
permanganate. Assumes 10 GPM for a total ct 30,000 gal per well Chemical Oxidation Injection 

Chemical Oxidation Injection wells 203 over 2.1 days 

Labor, Equipment, and Supplies $/well 2,000 Based on automated injection system and includes performance 
monitoring . 

Potassium Permanganate Materials $/well 2,000 Includes 30,000 gal average per well and assumes potassium 
Permanganate in 0.5% solution . 

Pe!formam;e S~ml2ling & Anaillsis years 

wells 

20 

69 Includes sampling approximate~ 69 new extraction wells . The wells Annual Sampling 

Annual Sampling events 40 will be sampled semi-annually for Years 3-10 in 22 days (4 wells/day) 

day/event 22 including 4 days for prep and cleanup There are 40 events . 

hr/event 440 
Samples will be collected and analyzed for VOCs, explosives, metas 
and standerd field parameters (temp, conductivity, pH, redo, and 

$lhr 60 dissolved oxygen) . Assumes 2 sampling technicians at 10 
$/event 26,400 hours/day 

Other Drect Sampling Costs $/event 7,000 Includes vehicle, miscellaneous ODCs, field parameter equipment, 
and H&S services . 

Analytical Cost $/event 74,200 Includes laboratory cost to analyze samples for VOCs (250 @ $100), 
explosives (205 @$140), and metals (205 @$100) Includes 10% 
duplicate, 5% rinsate, and trip blanks . 

Data Management $/event 8,280 Includes 2 hrstvvell sampled for data management & validation . 
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Pantex Plant Groundwater Corrective Measures Study (CMS), Amarillo , Texas 

Alternative 5 - Modification No 3 - Chemical Oxidation using Potassium Permanganate 


Key ParameteB and Assumptions 


Key Parameters and Assumptions: 

Item Unit Value Notes 

O&M (Years 0 to 30) 
Groundwater Sampling & Analysis 

Includes sampling approximate~ 28 existing wells in the Ogallala 
aquifer at various sampling intervals for a total of 68 wells sampled 

Annual Sampling years 30 per year. Also includes sampling approximately 35 wells in the 

hr.lyr 800 
Perched aquifer el various sampling intervals for a total of 59 wells 
sampled per year Also includes sampling approximately 8 new wells 

$/hr 60 in the Ogallala aqu~er and 2 naN in the Perched aquifer at various 
$/yea 48,000 sampling intervals for a total of 14 wells (assume semi-annual 

sampling) The 141 wells will be sampled in 40 days (4 wells/day) 
including 4 days for prep and cleanup. Samples will be collected and 
analyzed for explosives and MNA parameters Assumes 2 s~pling 
technicians at 10 hours/day . 

Other Direct Sampling Costs $/year 16,000 Includes vehicle, miscellaneous ODCs, and H&S services. 

Ana~tical Cost $/year 46,085 Includes laboratory cost to analyze samples for explosives (163 @ 
$140) and MNA parameters (141 @$165) Includes 10"'{' duplicate 
and 5% rinsate for explosives 

Data Management 

Reporting 

$/year 12,960 Includes 1.5 hrs/well sampled for data management & validation 

Sampling and Analysis Reports $/year 40,000 Includes preparing a Q.Jarterly sampling data summary to meet the 
reQJirements of the S&A plan . Assume $10K per quarter 

Performance Monitoring Report $/year 40,000 Includes preparing a performance monitoring report . Assume $40K 
per report 

Site Inspection and Maintenance years 30 

Site Inspection events 60 Inspect site serni-annual~ 
Site Inspections hrslyear 80 Inspect properties to ver~y land use controls are in place Also 
Field Labor $/hr 60 inspect wells, signs, and complete checklist for annual report 

Site Maintenance 

Well Abandonment (Year 30) 

$/year 2,000 Assume periodiC maintenance cost of $20001year 

Abandon Wells lot 1 Includes 508 wells . Includes, mob, grout, backhoe, and truck. 

Abandon Wells $/lot 9,727.700 Existing wells that are not part of this alternative are not included . 
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Pantax Plant GroundWater Corrective Measures Study (CMS). Amarillo, Texas 

Alternative 5· Modification No. 3· ChemJcal Oxidation using Potassium Permanganate 


Cost Estimate 


CAPITAL COST S45.267,319 

ActivitJ(unit) Quantity Unit Cost Total 

Land Use Controls 

Deed Restriction and Notice to Public (hrs) 

!;![21.![!dwat~r Uu Be&tdctl2ns 

1,000 

240 

$100 .00 

$100 .00 

$100,000 

$24,000Groundwater Use Restrictions (hrs) 

Site Wor\( 

Civil Survey (day) 30 $875.00 $26,250 
Civil Survey Monuments (ea) 20 $108 .00 $2,160 
Survey Drawings (hrs) 300 $5000 $15,000 

Install Signs on Post (ea) 

Monitoring Wells 

20 $136.50 $2,730 

Mob/Site Preparation (lot) 1 $3,000.00 $3,000 

Perched Wells (ea) 2 $46,000 .00 $92,000 
Ogallala Wells (ea) 

Detention Pond 

8 $135,00000 $1,080,000 

Earthwork (Cut and Fill) (cy) 11,100 $5 .09 $56,499 
Liner (sf) 69,600 $1.29 $89,784 
Pumps and Piping (lot) 1 $135,000.00 $135,000 

Imgation System (lot) 

Exploratory Holes 

1 $250,000 .00 $250,000 

Exploratory Boreholes 

Chemical Oxidation Using Potassium 
Permanaanate 
Injection Capital Equipment Cost 

766 

1 

$18,500 .00 

$81,000 

$14,171,000 

$81,000Storage Building 

Steel Tanks 2 $14,000 .00 $28,000 
Mobile Work Platforms 6 $500 $3,000 
Hydrant with hose 2 $350 $700 
Injection System Controls 1 $20,000 $20,000 
Mob/Site Preparation 1 $3,000.00 $3,000 
Injection Wells 203 $20,500 .00 $4,161,500 
Injection Well Piping (4-in) 20,400 $11700 $2,386,800 
Injection Well Piping (1-in) 6,790 $2700 $183,330 

Extraction Wells and Pieing 

1 $3 ,000 $3,000Mob/Site Preparation 
Extraction Well Installation 178 $42,000 $7,4 76,000 
Extraction Well Piping (4-in) 20,300 $12.90 $261,870 
Extraction Well Piping (1-in) 2,030 $573 $11,632 
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Pantex Plant Groundwater Corrective Measures study (CMS), Amarillo, Texas 

Altema va 5· ModtncaUon No. 3 · Chemical Oxidation using Potassium Permanganate 


Cost Estimate 


Activity (un~) Quantity Unit Cost Total 

Plans and ReDorts 

Corrective Action Completion Report (hrs) 1,000 $85.00 $85,000 

Subtotal $30.152,255 

Design 
Office Overhead 
Field Overhead 

2% 

3% 
10% 

$615,045 

$922,568 
$3,075,225 

Subtotal $35,365,093 

Profit 
Contingency 

8% 
20% 

$2,829,207 
$7,073,0 19 

Total $45,267,319 
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Pantex Plant Groundwater Corrective Measures study (CMS,. Amarillo, Texas 

Alternative 5 · Modtfication No. 3 · Chemical Oxidation using Potassium Permanganate 


Cost Estimate 


OPERATION AND MAINTENANCE S136 474 ,738 

Activity (unit) Quantity Unit Cost Total Present Value 

O&M (Years 0 to 30) 

New Irrigation S:(stem {Years 0 to 101 

New Irrigation System (years) 10 $43,600 $436,000 $370,026 

Pume and Treat O&M !years 0 to 101 

Pump and Treat O&M (years) 10 $427 ,600 $4,276,000 $3,628,970 

Chemical Oxidation {Years 0 to 101 

Labor, Equipment, and Supplies (years) 10 $3,248,000 $32.480 ,000 $27,565,239 

Potassium Pemranganate Materials (years) 10 $812,000 $8,120,000 $6,891 ,310 

'Performance SamDlIna & Analvsls ('(ears 0 

f!g...1.Q1 
Annual Sampling Labor (events) 41 $58,800 $2.410,800 $2,205,342 
Other Direct Sampling Costs (events) 41 $18,000 $738,000 $675,105 

Analytical Costs (events) 41 $74,200 $3,042,200 $2,782,931 
Data Management (events) 41 $21 ,360 $875,760 $801,124 

New Irrigation Sllstem {Years 11 to 301 

New Irrigation System (years) 20 $28,800 $576,000 $312 ,844 

PumD and Treat O&M (Years 11 to 30) 

Pump and Treat O&M (years) 20 $213,800 $4,276,000 $2 ,322.435 

Chemical Oxidation (Years 11 to 30) 

Labor, Equipment, and Supplies (events) 40 $406,000 $16,240 ,000 $15.711,784 

Potassium Pemranganate Materials (events) 40 $80,000 $3,200,000 $3,095,918 

Performance Sampllng_&Analysls (Years 11 

~ 
Annual Sampling Labor (events) 40 $26.400 $1,056,000 $577,959 

Other Direct Sampling Costs (events) 40 $7,000 $280 ,000 $153,247 
Analytical Costs (events) 40 $74,200 $2,968,000 $1,624.416 

Data Management (events) 40 $8,280 $331 ,200 $181,269 

GW Monitoring SamE!ling & Anal:(sls 

Annual Sampling Labor (years) 30 $48 ,000 $1,440,000 $928,775 
Other Direct Sampling Costs (years) 30 $16,000 $480,000 $309,592 
Analybcal Costs (years) 30 $46,085 $1,382,550 $891.721 
Data Management (years) 30 $12,960 $388,800 $250,769 

Reporting 

Sampling and Analysis Reports (year) 30 $40,000 $1,200,000 $773,980 
Perfomrance Monitoring (year) 30 $40,000 $1,200,000 $773,980 
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Pantex Plant Groundwater COlTectlve Measures study (CMS), AmaJ1Uo, Texas 

Alternative 5 - Modlftcation No. 3 · Chemical Oxidation using Potassium Permanganate 


Cost Estimate 


Activity (unit) Quantity Unit Cost Total Present Value 

Site Ins!;!ection and MaJntenance 

30 

30 

1 

$4,800 

$2,000 

$9,727,700 

$144,000 

$60,000 

$9,727,700 

$92,878 

$38,699 

$3,892,694 

Site Inspection (years) 

Site Maintenance (years) 

Well Abandonment lYear30] 

Abandon Wells (lot) 

Subtotal $97,329,010 $76,853,006 

Design 
Office Ovemead 

Field Overhead 

1% 
3% 

10% 

$973,290 
$2,919,870 

$9,732,901 

$768,530 
$2,305,590 

$7,685,301 

Subtotal $110,955,071 $87,612,427 

Profit 
Contingency 

8% 
15% 

$8,876,406 
$16,643,261 

$7,008,994 
$13,141,864 

Total $136,4 74,738 $107,763,285 

TOTAL ALTERNATIVE CAPITAL AND O&M COST 5181 .742 .057 
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Pantex Plant Groundwater Corrective Measures Study (CMS,. Amarillo, Texas 

Recommended AHemative • Enhanced PUf11l and Treat using Horizontal Wells and Vertical Wells 


Key Parameters and Assumptions 


Key Parameters and Assumptions: 

Item Unit Value Notes 

Capital Cost 

Lang !.!~e Comrols 

hrs 1,000 Assume 1000 hrs to perform title search, review and revise deed, and Public 
LegalfT echnical Labor 

Groundwater Use Restrictions 

$/hr 100 provide notice to public. 

Groundwater Use Restrictions hrs 240 Assume 240 hrs to place groundwater use restrictions with local and 

LegalfT echnical Labor 

Site Work 

$/hr 100 state regulatory agencies 

Civil Survey day 20.0 Survey for deed restrictions, monitoring wells, extraction wells, piping, 

Civil Survey $/dey 875 pond, and sprinkler system . RSMeans 01107 7001100. 

Civil Survey Monuments ea 20 Assume 20 monuments around groundwater use restriction area . 
Civil Survey Monuments $/ea 108 RSMeans 01107 7000600. 

Survey Drawings hours 300 Assume plat map drawings for deed restrictions. 

Survey Drawings $/hr 50 
Install Signs on Posts ea 20 Assume warning Signs located at each monument noted above 
Install Signs on Posts 

Monltorina Wells 

$/ea 136.50 RSMeans 028907000100 & 1500. Add 50% for custom letters. 

Mob/Site Preparation $/lot 3,000 Based on vendor quote. Inc mob/demob and decon pad 

Perched Wells ea 2 Includes installation of 4-in PVC monitoring wells to an average depth 

Perched Wells $/ea 46,000 of 300 ft. Includes drilling with air rotary rig, well installation , Geologist, 
and IDW handling (100% nonhazardous) Cost based on vendor Quote 
and historical well installation cost. 

Ogallala Wells ea 8 Includes installation of 5-in stainless steel monitoring wells to an 

Ogallala Wells $/ea 135,000 average depth of 450 ft. Includes drilling with air rotary rig, well 
Installation, outer steel casing to 300 ft, Geologist, and 1M handling 
(100% nonhazardous) . Cost based on vendor quote and historical well 
installation cost. 

Treatment Svstem UDorades ea 1 Based on existing treatment capacities, it is anticipated that the existing 

$/ea 350.000 system will be able to treat the increased Now except for the chromium 
contaminated water. It is assumed that the eXisting system capacity of 
150 GPM will need to be tripled I ncluded is an additional 300 GPM ion 
exchange system with piping. Cost based on PANTEX existing system 
cost and includes cost for placement of initial ion exchange canisters 
plus allowances for new piping. controls, canister units, shipping, and 
setup Assume no additi onal building area is required 
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Pantex Plant Groundwater Corrective Measures study (CMSI. Amarillo, Texas 

Recommended A1temaUve - Enhanced Pun., and Treat using Horizontal Wells and Vertical Wells 


Key Parameters and Assumptions 


Key Parameters and Assumptions: 

Item Unit Value Notes 

Detention Pond and Sl2rinkler Includes two detention ponds to hold 30 days of extraction system flow . 
Based on existing and new systems flow of 590,000 GPO. Total for 30~ 

Earthwork (Cut and Fill) cy 38,700 days =17.7 million gallons For Pond No.1, assume 200 x 250 ft x 15 
Earthwork (Cut and Fill ) $/cy 5.09 ft deep For Pond No. 2, assume 400 x 310 ft x 15 ft deep Assumed 

bermed storage pond with 6 ft cut and 9 ft berm. RSMeans 
G10301153150 . 

Lin er sf 223,600 Includes 6-in sand layer, 40-mil HOPE liner, and 3-in pea gravel ballast 

Lin er $/sf 1.29 
with perimeter anchor trench. Cost based on RACER parametric 
model. 

Pumps and Piping lot 1 I ncludes underground cast iron piping from treatment building to both 

$/lot 590,000 ponds (1 ea. 6-in lines @ 7, 100-ft) and from ponds to irrigation plots 
(multiple 4-in lines @ 11 ,OOO-ft) . Includes 1 pump plus a backup pump 
from treatment bldg. to ponds with electrical hookup Cost based on 
RACER parametric model 

Irrigation System lot 1 Assume new irrigation system is constructed to accommodate the 

Enhanced Puml2 and Treat 
(Vertical Wells) 

$/lot 700,000 590,000 GPO. Includes irrigating 700 acres using six each self-
propelled center pivot sprinkler system that rotate arou nd the pivot point 
and has the lowest labor requirements of the aboveground systems 
Includes two replacement sprinklers . Includes pumps, piping, and 
freeze protection at the sprinkler 

MoblSite Preparation $/lot 3,000 Based on vendor quote. 
Extraction Well Installation ea 25 

Extraction Well Installation $/ea 42,000 I ncludes installation of 6-in PVC extraction wells with 20-ft stainless 
steel screened interval. I ncludes mud drilling, well installation, and 
pump w/controls. Cost based on RACER parametric model . Added 
$1,000 for IDW handling and disposal (100% nonhazardous) 

Extraction Well Piping (4-in) If 17,650 Includes excavating trench and installing 4-in Sch. 40 PVC pipe with 

Extraction Well Piping (4-in) $/lf 12.90 fittings I ncludes backfill and compaction 

Extraction Well Piping (1-in) If 4,515 Includes excavating trench and installing 1-in Sch . 40 PVC pipe with 

Extraction Well Piping (1-in) 

PI!!.ns i!.nd Bel10rts 

$1If 

hrs 
$/hr 

5.73 

1,000 

85 

fittings. Includes backfill and compaction 

Includes reviewing construction QC data , O&M manuals, and report 
preparation. 

Corrective Action Completion Report 

Technical Labor 
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Pantex Plant Gro~l(lwater Correctiva Measures Study (CMS), Amarillo, Texas 

Recommended Alternative · Enhanced Pu~ and Treat using Horizontal Wells and Vertical Wetls 


Key Parameters and Assumptions 


Key Parameters and Assumptions: 

Item Unit Value Notes 

O&M !years 0 to 30} 

Years 30 Based on existing estimated contractor O&M cost for extraction wells, 
GAC units, ion exchange, controls, and other miscellaneous 

euml2 aod Treat Q~ 

$,year 1,509,000 equipment Program Management, Design, Engineering Support, and 
Overhead included in markups . Sampling and analysis of extraction 
wells IS not included. The flow will increase by 300 GPM over the 
existing 110 GPM now The cost for the new and current system was 
calculated based on unit rates of the current system . 

New Irriaation Svstem Zone No. 1 years 30 O&M of the sprinkler Will be $148/acre and includes power and 

$,year 101,200 maintenance . Assume sprinkler and pump are replaced every 10 years. 
Assumes 4 ,400 hours operation per year. 

O&M (Years 0 to 30) 

Groundwater Sam~ling & Ana~sis 

years 

hr,yr 

$/hr 

$,year 

$,year 

$,year 

$,year 

$,year 

years 

events 

30 

800 

60 

48,000 
I 

16,000 

46,085 

12,960 

40,000 

30 

60 

I ncludes sampling approximatety 28 existing wells in the Ogallala 
aquifer at various sampling intervals for a total of 68 wells sampled per 
year Also includes sampling approximately 35 wells in the Perched 
aquifer at various sampling intervals for a total of 59 wells sampled per 
year . Also includes sampling approximately 8 new wells in the Ogallala 
aquifer and 2 new in the Perched aquifer at various sampling intervals 
for a total of 14 wells (assume semi-annual sampling) . The 141 wells 
will be sampled in 40 days (4 wells/day) including 4 days for prep and 
cleanup. Samples will be collected and anatyzed for explosives and 
MNA parameters . Assumes 2 sampling technicians at 10 hours/day. 

Includes vehicle, miscellaneous ODes, and H&S services . 

Includes laboratory cost to analyze samples for explosives (163 @ 
$140) and MNA parameters (141 @ $165) Includes 10% duplicate 
and 5% rinsate for explosives . 

Includes 1.5 hrs/well sampled for data management & validation . 

Includes preparing a quarterly sampling data summary to meet the 
requirements of the S&A plan . Assume $10K per quarter. 

Inspect site semi-annually. 

Annual Sampling 

Other Direct Sampling Costs 

Anatytical Cost 

Data Management 

RepOrting 

Sampling and Analysis Reports 

Site Ins~ectfon and Maintenance 

Site Inspection 
Site Inspections hrsfyear 80 Inspect properties to verify land use controls are in place . Also inspect 
Field Labor $/hr 60 wells, signs, and complete checklist for annual report . 
Site Maintenance $,year 2,000 Assume periodic maintenance cost of $2000/year 

Well Abandonment {Year 301 
lot 

$lIot 
1 

3,089,520 

Includes 152 vertical wells . Includes, mob, grout , backhoe , and truck. 
Existing wells that are not part of this alternative are not included . 

Abandon Wells 
Abandon Wells 
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Pantex Plant Groundwater Corrective Measures Study (CMS), Amarillo, Texas 

Recommended Alternative· Enhanced Pump and Treat using Horizontal Wells and Vertical Wells 


Cost Estimate 


CAPITAL COST $8.262 ,382 

Activity (unit) Quantity Unit Cost Total 

Land Use Controls 

Deed Restriction and Notice to Public (hrs) 1,000 $10000 $100,000 

Groundwater Use Restrictions 

Groundwater Use Restrictions (hrs) 240 $100 .00 $24,000 

Site Work 

Civil Survey (day) 20 $875 .00 $17,500 
Civil Survey Monuments (ea) 20 $108.00 $2,160 

Survey Drawings (hrs) $50.00300 $15,000 
Install Signs on Post (ea) 20 $136 .50 $2,730 

Monitoring Wells 

Mob/Site Preparation (lot) 1 $3,000 .00 $3,000 

Perched Wells (ea) 2 $46,000 .00 $92,000 

Ogallala Wells (ea) 8 $135 ,00000 $1,080 ,000 

Treatment S-'ystem Uocrades 1 $350,000 .00 $350,000 

Detention Pond and Irrigation System 

Earthwork (Cut and Fill) (cy) 38,700 $509 $196,983 

Liner (sf) $288,444223,600 $1 29 

Pumps and Piping (lot) 1 $590,000.00 $590,000 

Irngation System (lot) $700,000.00 $700,0001 

Enhanced Pump & Treat (Vertical Wellsl 

Mob/Site Preparation 1 $3,000 $3,000 
Extraction Well Installation $1,050,00025 $42,00000 

Extraction Well Piping (4-in) 17,650 $12.90 $227,685 
4,515 $5 .73 Extraction Well Piping (1-in) $25,871 

Plans and Reports 

Corrective Action Completion R aport (hrs) 1,000 $85 .00 $85,000 


Subtotal 
 $4,853,373 

Design 8% $388,270 
Office Overhead $242,6695% 
Field Overhead 15% $728,006 

Subtotal $6 ,212,317 

Profit $496,9858% 
Contingency $1,553,079 

Total 

25% 

$8,262,382 
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Pantex Plant Groundwater Correctfve Measures Study (eMS" Amarillo, Teus 

Recommended Alternative · Enhanced Pump and Treat using Horizontal Wetls and V rtlcal Wells 


Cost Estimate 


OPERATION AND MAINTENANCE S88.939 .226 
_. 

Activrty (unit) Quantity Unit Cost Total Present Value 

O&M (Years 0 to 30) 

Pump and Treat Q&M 

Pump and Treat O&M (years) 

New Irrigation System 

New Irrigation System (years) 

O&M Sampllna & Analvsis 

Annual Sampling Labor (years) 

Other Direct Sampling Costs (years) 

Analytical Costs (years) 

Data Management (years) 

Reeorting 

Sampling and Analysis Reports (year) 

Site Inspection and Maintenance 

Site Inspection (years) 

Site Maintenance (years) 

Well Abandonment {Year 301 

30 

30 

30 

30 
30 

30 

30 

30 

30 

1 

$1,509,000 

$101,200 

$48,000 

$16 ,000 
$46,085 

$12 ,960 

$40,000 

$4,800 

$2,000 

$3,089,520 

$45,270,000 

$3,036,000 

$1,440,000 

$480,000 
$1 ,382,550 

$388,800 

$1 ,200,000 

$144,000 

$60,000 

$3,089,520 

$29 ,198 ,378 

$1 ,958,168 

$928,775 

$309,592 
$891,721 

$250,769 

$773,980 

$92,878 

$38,699 

$1,236,320 Abandon Wells (lot) 

Subtotal $56,490,870 $35 ,679,280 

Design 
Office Overhead 
Field Overhead 

8% 
5% 
15% 

$4 ,519,270 
$2,824,544 
$8,4 73,631' 

$2,854,342 
$1,783,964 
$5,351 ,892 

Subtotal $72,308,314 $45,669,4 79 

Profit 
Contingency 

8% I15% 
$5,784,665 

$10,846,247 
$3,653,558 
$6,850,422 

Total $88,939,226 $56,173,459 

TOTAL ALTERNATIVE CAPITAL AND Q&M COST S97.201 ,608 
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Peak 
Instantaneous 

CwnulativeFlux Exltlug GHlJ 

RDX Water 

Flux 

RDX 

RUIl Model IdentlRer 
Reactive 

Transport Extraction !!jectlon 
Normal 

Remarle Desc:ri2t1on (k&) (m1111on ,allons) (k&lyear) 

1 

1 

3 

4 

MSPerched_20051108D_TRB 

MSPerched _ 20051108E_ TRB 

MSPerched011306 

MSPerched_20051127B_TRB 

No 

Yes 

Yes 

No 

No 

No 

No 

No 

Baseline Human Health Scenarios 

No Yes Baseline HHRA FI'M 
Baseline HHRA FI'M with 

No Yes retardation and decay 
MSPerched_2005110SE_TRB with 
reduced recharge at Playas and 

No No (1) Ditches 

Model 
MSPerched_20051108D _TRB with 
reduced recharge at Playas and 

No No (I) Ditches 

3,368 

2,773 

2,449 

3,022 

28,596 

28,596 

12,522 

12,522 

60.94 kKfYear (at 
T=5 Years) 

68.70 kglYear (at 
T=10 Years) 

66.38 kglYear (at 
T=lO Years) 

60.49 kglY ear (at 
T=5 Years) 

Existing System Scenarios 

5 MSPerched_20051108B_TRB Yes Yes Yes Yes 

Base model evaluation of existing 
system pumping, Injection and 
reactive transport 

Model 
2,015 28,482 

58.86 kglYear (at 
T=7Years) 

6 MSPerched_20051127A_TRB Yes Yes Yes No (I) 

MSPerchtd_20051108B_TRB with 
reduced recharge at Playas and 

Ditches 1,777 12,496 

54.10 kglYc:ar (at 
T=S Years) 

1 MSPerched_20051108C_TRB No Yes Yes Yes 

Base model evaluation of existing 
system pumping, injection and 
nonreacti ve transport 2,380 28,484 

54.11 kglYc:ar (at 
T=S Years) 

8 MSPerched_20051122B_TRB Yes Yes No Yes 

Model 
MSPerched_20051108B _ TRB 

without injection in stress penod 2 995 26,772 
40.97 kKfYear (at 

T=S Years) 

9 MSPerched_20051122C_TRB No Yes No Yes 

Model 
MSPerched_20051108C_TRB 

Without injection In stress penod 2 2,028 26,772 

49.76 kKfYear (at 
1'=5 Years) 

10 MSPerched_20051127C_TRB (2) No Yes Yes Yes 

Model 
MSPerched_20051108c_TRB with 
60 years of active remediation 1,885 28,390 

54.87kKfYear (at 
T=lOYears) 

11 MSPerched_20051127D_TRB (2) Yes Yes Yes Yes Model 
MSPtrchtd_2005110BB _TRB with 
60 years of active remediation 

1,885 28,390 
S4.87kglYc:ar (at 

T=10 Yc:ars) 
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Peak 
Instantan~us 

Cwnuladve Flux Exiting GlDJ Flux 

RDX Water RDX 

Reactive Normal 
Run Model Identlfter Transport Extraction Injection Remarce Desalpdon (k&) (mHUon Callons) (k&fyear) 

Model MSPerchedl127D _TItSb 
without injection in stress penod 2. 40.97kgNcar (at 

II MSPerched121205a (2) Yes Yes No Yes extended pumping to 60 years 831 25,523 T=5 Years) 

Horizontal W#ll &#nQ7lO8 
I hom:ontal well simulated dunng 
stress penod 2 with DRAIN 54.80 kgNcar (at 

13 MSPerchedl10B05b Yes Yes Yes Yes REACH 10 1,898 26,476 T=lO Years) 
1 hom:ontal well Slmul ated dunng 
stress penod 2 With DRAIN 49.93 kgIY ear (at 

14 MSPerchedl10805c Yes Yes Yes Yes REACH II 1,336 27,583 T=5 Years) 
1 hom:ontal well simulated dunng 
stress penod 2 with DRAIN 33.32 kgIY car (at 

15 MSPerchedll0905a Yes Yes Yes Yes REACH 12 1,293 27,589 T=5 Years) 
1 hori1:ontal well simul ated during 
stress penod 2 with DRAIN 54.57 kgIY car (at 

16 MSPerchedl10905b Yes Yes Yes Yes REACH 13 1,820 28).97 T=5 Years) 
1 hori:tontal well simulated dunng 
stress period 2 with DRAIN 30.74 kgNcar (at 

17 MSPerchedll0905c Yes Yes Yes Yes REACH 14 1,323 28).23 T""5 Years) 
2 hocu:ontal wells simulated dunng 
stress penod 2 with DRAIN 23.49 kgNcar (at 

18 MSPerchedll0905d Yes Yes Yes Yes REACHES 14 and 15 1,128 27,948 T~Ycars) 

6 hori1:ontai wells simulated dunng 
stress penod 2 with DRAIN 23.49 kgNear (at 

19 MSPerchedl11005a Yes Yes Yes Yes REACHES 10.11,12.13.14 and 15 608 24,952 T~Years) 
B hom:ontai wells simulated dunng 
stress period 2 with DR.AIN 
REACHES 10, 11,12.13.14,15, 20 23.49 kgNear (at 

20 MSPerchedl12905a Yes Yes Yes Yes and 21 567 24,100 ~Years) 

10 horlLontai wells simulated 
dunng stress penod 2 With all 23.77 kgIY car (at 

n MSPerchedl12905b Yes Yes Yes Yes DRAIN REACHES 584 21,336 T~Years) 

Model MSPerchedll1005a without 23.49 kglYear (at 

22 MSPerched_2005120 I a]RB Yes Yes No Yes lOJection in stress period 2 518 24,419 T~Ycars) 

Model MSPerchedl12905a Without 23.49 kglYcar (at 

23 MSPerched_20051202a_TItS Yes Yes No Yes lOJection 10 stress penod 2 480 23,599 T~Ycars) 
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Peak 
Installtaneow 

Cwnulative Flux Exitht& GlIB Flux 

RDX Water RDX 
Reactive Normal 

Run Model IdentlOer Transport Extraction injection Remarle DescrlEtion (k&) (million gallons) (k&,year) 

24 MSPerched_20051202c_TRB Yes Yes No No (I) 

Model MSPerchedl12905a with 
reduced recharge at Playas and 
DItches. no Injection during stress 
period 2 514 9,018 

23.49 kglYear (at 
T=O Years) 

25 MSPerched_20051202b]RB Yes Yes No Yes 

Model MSPerchedl12905b • no 
Injection dUring stress period 2 497 20,834 

23.77kglYcar (at 
T=OYears) 

26 MSPerchedl21205b (2) Yes Yes No Yes 

Model MSPerched1201A_TRBb 
WIthout injection in stress peri od 2. 
extended pumping and horizontal 
wells to 60 years 396 22,479 

23.54 kglYear (at 
T=OYears) 

Vertical Extroction W(lll &.mano. 

27 MSPerchedlll405b Yes Yes Yes Yes 

8 hnes of extraction well s located 

throughout the RDX plume 192 26,717 
23.49 lealY ear (at 

T=OYearli) 

28 MSPerchedl1140Sc Yes Yes Yes Yes 

71ines of extraction wells located 

throughout the RDX plume 358 26,788 
23.49 kglYear (at 

T=O Years) 

29 MSPerchedll1405d Yes Yes Yes Yes 

61ines of extraction wells located 
throughout the RDX plume 501 26,839 

23.49 kgIYear (at 
T=OYears) 

30 MSPerched111405e Yes Yes Yes Yes 
S1ines of extraction wells located 
throughout the RDX plume 1,186 27,469 

48.47 kglYear (at 
T=5 Years) 

31 MSPerchedll1405f Yes Yes Yes Yes 

4 lines of extraction well s located 
throughout the RDX plume 1,290 27,534 

51. 70 kgIY car (at 
T=5 Years) 

32 MSPerchedl 1 1405g Yes Yes Yes Yes 

3 lines of extra chon wells located 

throughout the RDX plume 1,458 27,653 
53.70 kgIYear (at 

T=5 Years) 

33 MSPerchedll t405h Yes Yes Yes Yes 
2 lines ofextrachon wells located 
throughout the RDX plume 1,629 27$26 

54.18 kglY ear (at 
T=S Years) 

34 MSPerched111405i Yes Yes Yes Yes 

1 hnes of extraction wells located 
throughout the RDX plume 1,815 28,059 

54.62 kgIYcar (at 
T=5 Years) 

35 MSPerched120105a Yes Yes No Yes 
Model MSPerched11405b Without 
injection In stress peri od 2 161 26,015 

23.49 kglYear (at 
T=O Years) 

Enhanc(ld d«Qy &enarws 
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Peak 
Instantaneous 

Cumulative Flux Exiting GHB Flux 

RDX Water RDX 

Reactive Normal 
Run Model Identifier TranJ~or~ Extraction ~In~4)D _ Rech~ge Description (kl) (million gallons) (k&,year) 

Biodecay amendment (1112=10 
days) applied for 30 years. Base 
model 26.67 kglYear (at 

36 MSPerched 20051221b TRB (3)- - NoYes No Yes MSPerched_20051108E_TRB 489 28,411 T=5 Years) 

Biodecay amendment (1112=10 
days) applied for 30 years Base 
model 23.46 kglYear (at 

37 MSPerched_20051222a_TRB (3) Yes Yes Yes Yes MSPerched_20051108B_TRB 393 28,172 T=5 Years) 
Biodecay amendment (1112=10 
days) applied for 30 years In 23.46 kglYear (at 

38 MSPerched_20060419b_TRB (3) Yes No No Yes focused area. 646 28,284 T=OYears) 

Unless otherwise noted, a model is composed of 4 stress periods' 

Stress Period 1 =3 years (model calibration; always Includes histoncal pumping and injection) 

Stress Period 2 = 30 years (pumping/Injection, where applicable, and constant RDX source applied) 

Stress Period 3 = 20 years (constant RDX source applied) 

Stress Period 4 = 250 years 

Reactive transport assumes an RDX Kd =0.171 Ukg and an RDX degradation half-life of 25 years. 

Historical extraction andlDjection rates presented in Table A-4. 

(1) Recharge reduced by lOx at PI ayas and Ditches 

(2) Model comprises 5 stress periods to account for an additional 30 years of pumpinglinjectlon: 

Stress Penod 1 = 3 years (model calIbration; always includes historical pumping and injection) 

Stress Period 2 = 30 years (pumPIng/Injection, where applicable, and constant source applied) 

Stress Period 3 = 20 years (pum pingfInjecti on, where applicable, and constant source applied) 

Stress Period 4 = 10 years (pumping/Injection) 

Stress Penod 5 = 240 years 

(3) Model stress periods are spread across three model stages to accommodate a hme-varylng RDX half-life 

(Each model stage is initiated with the output of the last) 
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Model TlIDestep = 30 years 

Perched 20051108D TRB 
2IMSPerche(r200S1108E~;-R8 
3]MSPerctledOi1306 ..... -~ ..... 

4IMsp;rChe<r:ioo511-27B TRB 
~5ri:;SF);;rd1ed200S1108i3""TRE3··~ .. 

6!Msperctlecr20051127A~TRB 
7iNisPerchetiooS11-08C-IRB .... !....._ .......•.= .......- .... 

..~IM~~rchS~Q.Q.?1.1J~~LIRE3 
9fMSPerched 20051122C TRB 

_"".""' .....-...~~~___" .. ~,~_~!••1''1.'''_ 

19H~Sf'e~h~d_20.0?1.127C_TRB 
111MSPerched 200S1127D TRB 
1.21~~p~~.e~12jio.~~ ~ .. 
13iMSPerched110805b 

erched11080Se 
15IMSPerched1~-·~·~·-··· 

1~IM§p.e~~.e9-1 to@Q_~~... 
17iMSPerched110905c 
18!MSPerdledf10905d 
19iM-SP;;rched111 005-;;-' 


. ·iOltisperched11290Sa- ". 


21!MSPerched1-12905b' 


22r~~p~.~~d=2oi:15.i2.01a~TRB 
23'MSPerched 20051202a TRB 
mM"sperched)OOS1202C)RS-' 
2sTMSPerChed-2005120ib'TRB 
._._}~_' , ,,' ,.... ,~,M,___-::- ~ ••'" _, ,,,~, ~_" , • ". ~, " 

2.~IM§P~~~9.~.?1~9.?'~ 
27tf:llSperc!lild.1 ~.14~Sb 

28 MSPerched111405c 

29IMSPe'rched111405d'" . 

30lMSPerched11140Se 


311~s.PerC:hEld111 ~cl~f 

321MSPerch.ed111405g 

33!MsPerCheci111~40Sh 


·..~JM~Eec~_edE1i9~~C......'... 
3s1 MSPerched120 10Sa 

36IMSPe~ct,ed'20051221b TR8 

3iiMSperChed)0051222a:TRB 

38rMSPerched20C)604'19b-TR8
,".__~,._"_,.,,,,_ ..__$_~._,,,,~._,,,, .~".~" ~'!'!l'!.,_••~,,._).,. ___~ 

2042,2; 
1S0261 
2010.1: 
19147: 
1914.7 
201.0J 
2010.1 
19147 
1620.6' 
1970.1: 

618.2~ 

618.2! 
561S 

52~:81 
238.5; 

~i~i§r 
523.8; 

??3.8; 
238S: 
514.3' 
398.2: 

178.4; 
169.5' 

136.8 
1~.0: 
140.1· 
97.3: 

140.1 
140.1 
97.3 

138.4 

109.0' 
135.4 

" 
114~0: 
110.8' 

87.1, 
90.1' 
8S.3: 
85.2: 

88.4: 

848~ 
87.3 
67.1 

98.0: 
11 .1 

122.1 : 
128.4' 
13S.1 
44.9; 

163.1 

W33; 
178.3: 

riT2T" 
1Q~.5J 
119.7: 

61.6: 
61.6: 

119} ~ 
119f 
61.6' 

11.S,~L c. 
63.2, 
92.8: 

10S.S,: 

10~:5i 

10.1.6;,. 
53.0; 
52.7' 
61.2 
50.8; 
SO.7' 
'51~9i 
59.3; 
SO.5i 
53.0: 
17.6' 

18:~L. 
235 
49.9i 
72.8; 

.5l9,3.~ 
106.71 

1S.2: 

181.2! 
168.0i 
142}J 
161.3 

..~8~QL 
.~~:Q; 
161.3, 

88.0; 
147.6' 
83.2' 

149.6: 
111t 
160.01 

.. 1_~.t3.;.2.L 
69.2 
6S.6 

... 

64.2' 

)1;?~ 
63.6i 

65.3! 
69.2: 
32.31 
32.3, 
32.3' 

.3~3.: 
42.6! 
7131 

.1.1.9:.6; 
32.3' 

166.8 

.. 2.g2.~ 

982~ 100.0: 
73.S1 90.8' 
j~J.l~jlLf~Ic. 

100.01 8~.3l 
I3·~L 77.~: 
9841 84.7: 

9381 ~l1.6.:.. 
93.8! 38.6 

,", ~ --,----"""'''",''' 

98.4; 84.7: 
98.4! 84.7' 

93.8: 

96.S: 64.4, 
·9~8~·· 34.7 
98.2: 82.5 
98.1 ! S9.9, 

100..,0: 
9S.0i 

. .c........

78.S, 
54.S' 

.~.c~~..... 
78.S 
78.5: 

61.1· 
61.1, 
7S.9[ 
63.9 
62.1! 

48.;.9.1 
48.8' 
50.5 
47.8 
47.8 
46.9: 
49.5 
47.5 
48.9' 
37.6: 
406, 

54:,9: 
62.3. 

91.4: 
76.7i 

..~.~.? 

1OO.O! 

56.11 
61.4: 
31.6; 

.3_L~~ 
61.4. 
61.4' 
31.6: 

54.1: 

31 
26.1 

.~Qi 
.?6..6J 

30.4l 
259i 
27.1, 
'9.6! 
~i5; 

12.0; 
25.6i 
37.31 
45.8: 
54.7' 

7.8' 
91.3 
61.7 
97.71 

98.5 
85.4, 
8S.4; 

79.2 
67.1: 
76.0: 
41.S 
41.5 
76.0; 
76.0: 
41.S: 
69.5! 

70.S 
52.6 
75.4 
74.5 

309 
37.8. 
30.2 
29.0' 

308: 
32.6 
152 

1S.2 
1S.2: 
20.1 
33.6 

15.2 
89.5 
78.6 

100.0 

-,--,~ , 

2004.4: 
Hiis.s; 

.~1~:!'. 
1424.1 
9222 

1496.7: 
. 

1419.6 

1.o.~?:1;. 
920.7 

150S2: 
1514.1 
1906.2 
1907.6' 
1964 .O! 

1964 
1966.6: 
1970.1: 
19c76~4!' 
1869.5: 
1810.3 
2034.7' 
20346i 

_,._~_",,~._~~~_,~"'.m ~,___, 

.. ··-1914~7:··i14.3i··· 
. -'-"" 

S10.0: 

370.2( 

20i41 

.121.4' 
1 
123.1; 
109.3; .. 
102.2 

" 

12~~~L 
114.0L 
105.9~ 

12-1~4 
118.1 
150.8' 
4271; 
442.8: 
466.4' 
483.6' 
505~51" . 

69.S' 
5685, 
S1 0.2~ 

73.3 
69.Si 

93.3 
93.4 
96.2 
96.2; 
96.3 
96.S, 
96.8 
91.S'. 
88 
99.6 

19.9: 
17.7 

18.4: 
17.1' 

69 1, 
71.€), 
75.4: 

~t~:. 
11.2 
92.0' 
82.5: 

.9~..~: 

http:1914~7:��i14.3i


Model Timestep = SO years 
Cwnulative Water Volwne Across GHB Reaches Ranking 

98.1 
271.51 266.91 2384 64:~: 85.0 90.31 84.11 75.0, 

:rRB~L .. _ ... ?.l~Jl,_,.~67jL 271.5 ?~:~L. ?~~:~J. 642; 850: 90.3! 84.,1J. 75.0: ---....--,~~> 
'~88~O!327821 898.01 243.4; 2274: . .?L~11 1000~ 80.9, 717' 85.9; 

"2),~,1 !~··!~9.8!-· 
.~~...,--'-..--~, - ." ....-.,..,., ~--,}"' . 

65:11 
,. -~ 

22701 1929~ 2068: 77.4 75.4: 60.8l 65.1 

3]~~~5.L 9?!:~1 250.6' 232.5: 269.2' .9.9~!; 90.3 83.3' 73.3: 84.7 

39.1.~~; 1~9:2J 1407: ~~:~i 11.1 ~ 1 920i 40.1: 46.8 26.7; 36.8 

.3..9.l4~i 4.P9.?l. .140.7: .. .~~,~J 1)1.:.1.: 92.0; 40.11 46.8: 26.71 36.8 

}146 .4!... , .. ,-~~~~ 229.61 181.:Q; .-141 pL.. ...g,9;..°1 ~}3l ... 76.3: ,?"~~J 76.0 

}?1~L~J 8.6.~.~61 .22!l.6.l 1.~1.:21 241.5: 9.90t 84.6; 763, 58.9; 76.0' 
2994 .3' ~OO,.~j 130.5: 691( 102.1 91.3:. 2~:§i 43.4' 21.8i 32.1 
251'751" 8782; 240.7, 21'1'81 220.3 16,81 86.0i 80.0' 667; 69.3,_. _ ,_ ·,t 

687.21 179.8:3148.5; 11551 136.0: 96.0~ 673: 364; 42.8, 
.-..-.-,"-->--~ 

5mi~3; H~~gL ..3084.41 188.4: .. .2~!L!:!.L .... ~,1J ,~.:.g,L 62.6; ~,~; 75.5' 
. "-~--..-~--"'"-

"8If~j 
.'-'-.~ --~ 

3233.91 239.7: 207.11 203.81 98.6: 87.5 79.7: 65.3: 64.1: 
3238.2: 747.91 21,35, 2192; 265.7; .9?8! 73.3 71.0: 66.3! 83.6' 
3197.51 5630t 204.81 200.7~ 260.8' 97.5: 55.2 68.1: 6321 82.1 

..?~~~! 294jr 1314, i9·?L 92.7 709; 2§i3i 431' 29.2:---,....._--) 

2127.5 224.7; 125.5\ 70.6! 80.6 649i 22.0, 41.7 22.3! 25.4 
1049'4r '208.oT 126.3 75.91 94.1 32.0' 20.4: 42.0i 239, 29.6 
2269.2' 203.31 1,1!5 9 , 59.4; 74.2' 69.2 199' 3S9, 18.7' 23.3 
2104.9! 140.8: 114.2 55.9! 68.5. 642;. 13.8 37.9: 11.6, 21.5 
1458.01 194.5: 1244' 678: 77.2 .~1,~5 •. 19.1 41.4· 214: 24.3_______,1 

10413, 137.8! 111..7 64.51 835! 31.8; 13.5: 39.1 ; 20.3! 26.3: 
v~~,, ___..: 

72:5; H5j2.?60.8! 1235: 113.51 55.4; 69.0, 12.1 37.7 22.8 
232,581 294 3; 131.4' 79.2: 92.7 709; 288 43.7 250; 29.2 
3048.7 3,39.51 112.4i 499; 58.0: 9301 333: 37.4 15.7: 18.2 
3050.7. 377.6. 119.7: 51.6' 58.0 93.1 37.0: 39.8, 18.3 

~-., "-'~d'.-f 

31424: 740.9; 172.7. 7~:~.i . 63.0! .9.~,g: 72.6 5!~: 23.6' 19.8'--"...--~-.-""-" 
3142.81 759.21 188.4 103.71 63.1 95.9, 74.4 62.6 32.7 19.8 
3147.8! 794.2t 205.9' 135.6! 78.0' 960( 778i 68.4 428; 245-. ( -
3157.0i 8290i 220.0 166.8: 121.8: 96.3 812: 73.1 52.6: 38.3: 

~.!7~~1.. 8739: 2357: 200.5; 180.01 96.8: 85.61. 78.4' 63.2:; 56.6 
. 17i3:'6: . ,-'". --_. 

2936.4: 66.2 :19.~l 38.2 89.6\ 17.. 5, 22.0 6.1 i 12.0 
91"1.41 

-.<. ,,'

~g,1291 285.9 300 .6; 294.1: 919; 95.2 95.0 94.7' 92.5 

3269.0: 897T. 244.6 228.2j 272.3, 99.7 87.9' 813 71.9: 85.7 

327.~.8!. 988.5! 279.5 297.8~ 317.8; 99.8' 968: 92.9 939: 100.0: 



Model Timestep 100 years 

. 1l!v!EiPe rd.1.ed_.2()()~11. O~~~TRB 
21MSPerched 20051108E TRB 6172.4l 596.91 
3!MSPerChed011306 -, ... -,~ .,- 3263i 1483.41484.0: 

~t~~:;'~~~~l,~~t~~',:~_~~.~~~~i:".,,':+:{l~L, .... ~~{9.1_ ... .. 545_.1.... 

606.2i 
425.5~ 

425.5; 

524.7 

3647j. 
5299: 

3246!, . 
324.6, 
452.1 : 

456.3 
500.2' 

505.,9! 
49,39.: 
286.5'. 
2388' 
223.9; 
22S2'; 

1799\ 
147.6: 

95.2' 
286.5 

3073; 
309.2; 
34f9; 
3718 

, 
595.1 

3189: 

.:daj:., 
._~.1.:uL .... 
2~~.9: 
5093: 

3044i 
"~~~4l 
.~8)J,L 
481.7 
185.1 ; 

387.0' 
351::2! 

___1.~LQl__ 
43~JL 
504.6: 
497.5 
2264i 
179.8; 

180.6; 
180.1 
142.6; 

112.0: 

.... -~.~~;.~L 
1000 
226.4 
257.3; 
257.5 

?70,1; 
270.2; 

286.8: 

3353: 
4006: 

1~92; 
523.4' 
512.4: 
5578: 

9731 
515: 

.~i§'i.. 

52.71 
98.8) 

98.6' 

67.0' 
32.5 
71.1' 

65.5 
36.2~ 
31.4 

.""~~, "" __"~"?_w" 

65.2 
73.4: 

93.7 

_~:{~L 
95.7t 
'95:7' 
95.91 
96.2: 

94.2( 

992; 
99.2: 

742! 
94.8; 

72.0 
960' 
64.2' 

.tl1:.2 !.. 

..9J:~,.. 
918: 

88.5, 

87.1, 
77f} 
548, 

46.5. 
41.6: 
46.1 
370 
30.8 
'320' 
2tO: 
54.8: 
62.8! 
64.7 

85.0' 

95.1 ! 
993[ 

100.0: 

9~.5' 
66.5: 
665! 
84.8: 

. ,.~, ,---'._ ...
84.8; 

44.5 
85.81 
77.3 

86.1 : 
84.3 
62.0i 
56.3: 

53r 
54.4 
48.01 
47.6: 
45.3: 
35.0' 
62.0 
64.2: 
65.5: 
759: 
78.5 
81.8: 

84.8' 
88.3' 
50.1 
97.5''. 
91.5: 
97.4: 

100.Dl 97.1 
57.2 

?,?,Xi 
92.0 

53.4' 
874, 91.3 

54.6 
54.6 

86.4 
864 
33.2 
69.4 
63.0 

78.7 
90.5 
89.2 
40.6 

39.4; 
36.9; 32.4' 
37.6 32.3 
29.7 25.6. 
244i 20.1 
274: 
15.1' 17.9 
47.3; 40.6 

50.7J 46.1 

..~,1 ;()~ 
56.6j 
61.31 48.4: 

I 

66.9! 51.4 

72.9i 60.1 
71.8:7~·~] 

37:9; 35.8 
97.2~ 938, 

86.6' 919, 
98.2' 100.0' 

.ltii:~ii!~;~=~:! .• 

... 1cil~~~:~~6%~~~1j§~i:~

- ..~~-,~-~~.--~-~-.. ,.,."""""~-..,...-"",, 

~s.~,~~<!JEl9_2q0911.27D_TRB 
12!MSPerched121205a 

.. '1~t~~~~~~}}~~~~~'
'151Msperched110905a'"'''' 

16 MSPerched110905b 
fi.IM§~~~i~1 ..... ,., 
18lMSPerched110905d 

j.~~~E~r.~~~jJIqQ~~, 
20IMSPerch ad 112 905a 
21'lMSP-erched112965t)' 

22jMSPerched'20051201 a TRB 

;!f~~~:~:~=~~~;~;~;6=;:~ 

2sI'Msp'erCiied=200s'i2'02b"" TRB 

'261 MSPerche'd121"205b -=~-
i7[~SPElrched1j1'405b . 
28~MSPerched111405c 
2911vlsPe'rchecf11'1'405d 

30TMSPerched111'405s'" 

31'1Msp;;ctied111405f =

321Msperched111405g 

33/MsPerched111405h 

34lMSPerChed1114()S( 


3~~~~~l.~.::.~.go l~~a.~' 
3?l~~P~r.ctJe"d~2()0~12.21b~TRB 

~~I'~~:~~:~-;'~~~~~~~=~:'~. ',,,, .. _..:-::-:_.,. 

3341.7' 1439.0' 448.7' 

6269:71 191'88r 55~:3; 
5848~51 1283.61 3970, 

,..~~'?~5: 1283.6; 397.0; 

,~~?J:, ,!~M.;5.L 506.0 

p342Zi 

.,604~J; 
6241:2j 
62550 1 1741.3; 


6204.6 1550.7' 

4654.2: 109481' 


4248.5: 928.6 

2062.5 8319: 320.3' 
4511.7 920.7' 324.7 

4152:4. 7400 2864, 
2295.5: 616.2' 283.9' 

.. ..1 990_2..... '" ~~Q.:,1,_ .. 
4134.4' 418.7: 

4654.2 1094.8 3702. 
5945.1' 1254.9: 383.3, 

5947.-7.. 1293.6: 3909 

6070.5 1679.3' 
.0 16980' 468.8 

17815' 

6291.1 

62915 1985.2' 


http:3~~~~~l.~.::.~.go


Model Tunestep 150 years 
Cwnulative Water Volwne Across GlIB Reaches Ranking 

(~1QO::4i "?'i3~~11_ 
:;f,,=;;;' V'~'VYV '"vvv 4198.5i 

,~~perChe(C2oo51ii7B~-rR~"_,"_ ,",,~4I~~~5L"",""_ .~,~~~
" 9239,31 

666.5i 
,~~~L, 

.,_~~!.4 i,." ..., 
634,0!

_., .,--~.-"+-
42,~?Qi 
92096! 
~i45:3:' . 

8445\' 
684.91 

"~~MSPerched_2005)E~~~T,~~",,,_, __~745.3:.,. __ .._~.!::! __~84jl";_" 

" .. 

MSPerched_20051222a_TRB 
MSPerched_20060419b_TRB 

9314,8' 
9314:81' 
8510,0: 
n~89': 
9009.2 

.... 89??~L 
91778: 
9193,9; 
9141,5: 
7403.2: 

-692531' 
4456,6: 
7231 
6799.8: 
299601 

'434-241 
654,0.6 
7403,2', 
8854,9: 

,_a.~.5J"6,. 
.... ,~~~?~qL 

8~876: 
8997,31
.' . ~-"-"M-1 

~019.2i 
9060.0! 
8592,5;

._.,..--,''''''" . 
8904.5 
9201,0: 
9231.2' 

2425,6j 
'-2~~:O! 

801.5: 
.T'_-""-_t. 

801,5: 
542.1 
792}: 

,J51:.Ll 
769.1\ 

2707,1; 806,1 
25159~ 795,0: 
2008:5: 646:5: 
-~~,1"~:~j·. ---605~61 ' 
16796; 
1823,5: 
1618,6; 
100901 

'14-71-~5i ,.'. 
1213,4, 
2008.5, 
2211,3i 
2250.0: 

. ?~3?~9L 
2,6.51),6; 
2695,8; 
2741,31 
2801,81 

J.~~.:.8! 
2911.2i 
2865.0: 
2951,3' 

578,7! 
597,5. 
551 

523,6: 
447,3 
646,5: 
6725! 

758.6 
778,Oi 
796.3i 
817,8! 
585,1 
8731; 
837,8; 
873,5 

?399.L... ...1°84;,. 
739,91 708.4: 
4243) 3860: 
725.sl 5873; 

~6L6j",?~~:p~ 
!~~:qi 
782~.c 
789.0; 
776.71 

,54?:.!1 
489,8(
'4600: 
4840; 
425,3' 
22251 

~~~~: 
3016, 
5471 f 

586,3; 

5~~?; 
622.7 
651.Z1· 
685,9' 
722:6\ 
763,9) 
5041' 

.~~~:g;, 
660,2: 
725.9' 
718.6; 
42"1.5:...•__.•J .. 

364~L, 
,8i 

370.3' 

236,9 
4215i 
474,1 

,~?4,:3i 
487,8: 
4880; 
5,048: 
553,7; 
61~71 

8711: 7433: 
8079; 733.81 
878,3: 779,3: 

97.7 
4511 
45:1! . --".--".-~.-,-~ . 
99.2~ 
'.(6~1T·· 
9,13~~1 
9391 
93,9: 

96,3~ 

985} 
98.7' 
~8,1j. 

?~:.~j
74,3: 
47,8) 
7761 
7301 
3i2: 
46.6i 
702; 
79,5f 
95.1 
95.1 
9~;5! 
965} 
966! 
96.81 
97:~t 
922 
95,6; 
98.8! 
99.1 

96.6!._.• ____•.1 

66,2! 
974: 
75,5 1 

75.5i 
~- ..".-' 

"".~,9.L. 
94:9.i 
57.5: 
90,9\ 
87,5: 

m_ ••_.".•• .i. 

..,,~!~!. 
96.1; 
914: 
85.0j 
67.8: 

~1,,?; 
56.7' 
616: 
54.7' 
3<1, ,,1: . 
49.7' 
41.0 
67,8; 
747: 

7~:Ql 
89,1, 
89f 
910; 
92,6! 

~:.6.i 
656, 
98.3' 
96,8: 
99.7 

75.0: 

7?,Qi . 
",~.:~j 

7.1::4; 
951; 
77.1 ! 

9.Q?! 
6101 
89.21 

...~:.6J. 
86,6: 

9.3 .51 
99,8i 
8~5; 
72.8: 

- - "-.~--."'-~. '" 

6~,.?L 
652: 
67.3' 
6?1 i 
48,8' 
590' 
50,4 
72.8, 
75.7 
76.6; 
83.6' 
85.4: 
87,6' 
897 

9. 2:.1 ; 
65,9, 
98.3l 
94.3: 
98,3' 

97,7: 
61. ' 47,7 

.61·1.l 
91,OJ 94,3 

~Jl 45.2' 
9161 93.8 

.6]8\ 66,7 
67.8l 66,7 ......,...•L .. , .-~. _. '~'" 
83,3! 90.9' 
Si3r" 90.9: 
478! 49.5 
8U! 754 

?~:~L 73.1i 
83,11 88.1 
882i 84,7 

889! 932 

.8!~l 92.2' 
61.6, 54.1 
'55~2i'" 468, 
51,8< 45.1' 
54.5l 47.5 
47,91 41.3 
251\ 184 
44,5; 39.8 
34.0' 304' 
616: 54.1 
66,01 60.8: 
66:2; 609; 
70,1: 62.6: 
7341 62.6: 
77.2: 64.8 
814\ 71,0: 
86.61 79,5 

56~L 52,8 
98.1; 95.4 
91,0' 94,2 
98.9, 1000 



Model Tunestep 200 years 

• M9$1 
1 iMSPerched 20051108D TRB

1 .•-. - . 
21MSPerched 20051108E TRB 
31MSPerched011306 .-. 
41MSPerched-20051127B TRB 

- SfMSPe;:ctJe;tioOS"11'08B-TRB' 
6IMSPe~rChed20051-127)trRB' 
7iMSPe.I"(;h~~=209511 08c:.TRB 
81MSPerched 20051122B TRB 
,9 !r0§p'e~e~:?99.5.! 1,22C)RB 

10iMSPerched 20051127C TRB 
11!~Spe~Ciie~=200S'11'27D:TREl 
12IMSPE1~hed.121205a, 
131MSPerched1 
f41MSPerchedi108()5c,,_.t:,_,_..___""_,~___... _., .. 

15J ~liE.eJ:c.heg,!~9'!}~?~..., ._,_ 

16!MSPerched110905b 

17lMSPerched110905c 

181MSPerched110905d 


1.~1Jv,1SPe..~,~~J,1_19g5.a_ 
201MSPerched112905a 
21!'MSPerChed112905b 
22IMsPerched~20()51201a_TRB 
23iMSPerct1ed 200S1202a TRB 
24iMSPerChe<t20051'202c-TRB 

• _. 2S!MSPerChed. ~_-i60512()2b~TRB.,... >~___p.AI"".__ ,-".. ______~"'_._."_."...___ 

26!MSPerched121205b 
27iMSPerched1' 11405b ..1..,... · ,. '.""' , .. ... 
281'M§per<?he..d,1..1.1.,405C 

29 MSPerched111405d 

30fMSPerched'1T1405e' 

31!MSPermed11140Sf 
32IMSPer~e~ 
331.MSPercl::led1,11!105h 
34!MSPerched111405i 

'i~jMs!:~rched1291.05~:.~.,-='___ . 
36!MSPerched 20051221b TRB 
37 IMSPe rch ed-200S1222a - TRB 
38IMs~erched:200604'1gb:rRB 

51496: 

12130.?! 
11657.8! 
11657.8; 
1??4_2~Q, 
122420; 
11409.1; 
106279. 

~~?~:-~: 
11891.1 
12098.1 
12114.6 
12061.9 
10285.3 
9791.8 
7275.4 

10106.8; 

7151T 
"'<""---"-'--',. 

9330.4' 
10285.3' 
11769.8. 
117725 
'--' ~-.-'"-~-''' 

11903.1 
119037, 

118232, 
12118.4 
12152.1 

3~45J~ 
31941; 
3194.1 
3773.4: 
3773.4· 
2657.4i 
36446: 

,3~9.~8! 

3806.3, 
36~7.,6; 

3476.3i 

2958.4, 
2765.4 
2614.5 
2771.6; 
2562.3' 
141.8.0; 
2403.7: 
2136.8; 
2958.4;

: 
3170.2, 

~298.,9;. 
3597.m 
36158; 
3655,01 
37008; 
3761.4i 

~_'_~"~_"~_hl 

2901.0l 
~.-."~".,.".---... ,""" 

3871.1 
3822.5, 
3911.8, 

805.8! 
11351. 
974.7: 
974.7 

1092.6 
1092.6 
830.6; 

1080.2' 

!O::1?;Qi. 

11206. 
1096.6 
10855: 
933.8 
891.6 
861.6 
884.3' 
837.1 
5~J}! 
805.6 
726.5 
933.8 
962.5 
970.1: 

1032.8· 
1048.7 

1086.5 
1108.1 

~~~~-... ; 

874.6 
11634. 
1129.6 
1164 .0 

1168S 
6456' 

~5:~:, 

5895; 
1093.9~ 

881:6: 
881.6: 

.1g~)§ 
1021.5' 

10~9:8! 
1057.5; 
823.4' 
764.3; 

730.3' 

664.5l 
"'56~5r . 

823.4' 
866.4 i 
868}; 

9030: 
9320, 
966.1 

10029! 

~044.c4.l 
784.1 i

" , __ .~_~ •. ._t. 

1151.6' 
1092.2: 
1159.1' 

9798 
416.9 

398.3; 
949,6: 
7371 ! 
737.1 
928.0 
9280: 
601.8! 
8020i 

7~~;1,L 
~95:~L 
878.91 
944.6: 
93731 
635.2 

5!~}! 
559.3 
583.2; 
532.9: 
179.4 
516.8 

"~,-.." ..~~,.,,~./.,-"., 
437.8, 
635.2 
692.0! 
692.3: 

"' _.- "J 

705.9: 
706.0i 
722.9; 
771.9: 
838.1 i 

..6_?~:~: 
961.7 
950.0, 
998.0 

98.2 
98.2 

99.1 
95.2 
95.2 

1000 
1000i 
932i 
86.8! 
974 1 

.1 
988! 
9901 

985 
84.0. 
80.0: 
59.4 

76.2[ 

84.0 
96.1 

97.2' 
97.2 
97.3! 

97 
94.0 
96.6 
99.0 
99.3 

1000, 
62.8; 

62"8~ 

81 
81.5· 

.~t5:2.i 
96.2 

86.3. 
97.1 
93,5, 
88.7 
75,5. 
70S 
66.7 

65.3 
36.2, 
61.3: 
54.5, 

.., 

75.5 
80.9: 
818: 
91 
92.2, 
93.2 
94.4, 
95.9 
74.0 
98.7 
97.5 
99.8 

100.0 
100.0: 
71.1 

95.1 
68.4: 
963; 
82.7, 
82.7 
92J 
92.7: 
705;. 

95.1 
93.0 
92.1 i 
792, 
75.7 
73.1 
75.0' 
710 
498 
68.4 
61.6: 
792, 
81.7 , 
82.3: 
87c6. 

92.2 

74 
98.7 
958, 
98.8 

100.0 
100.0' 

93.61 
75.5! 
75.5 
874: 
8':"4!" 
60.1; 

916 
90S 
705; 
654: 
62.5 
65.0 
59.8 
261; 

..~~:~i 
48.5. 
70.5: 
741~ 

7431 
773; 
79.8; 

858; 
89.4; 
67.1' 
986; 
93.5 
99.21 

98.2 
41.8 
41.8 
95.5 
39.9: 
95.1 
73.9 
73.9 
93.0, 
93.0 
60.3: 
80.4 

88.1 
94.7 
93.9 
63.6 
57.7 
56.0 
58.4 
53.4 

51.8 
43.9 
63.6 
69,3 
694' 
70.7 
70.7 
72.4' 
77.3 
84.0 

6~,,0 
96.4 
95.2 

100.0 

http:i~jMs!:~rched1291.05


Model Timestep = 250 years 
Cwnulnlive Water V olwne Across GBB Reaches Ranking 

14~68"6J ~85~ 985; 
1003,61 7427; 459,7: 38.6r 59,7; 68:3; 37.8: 

"~_~.~. -.~.--_----. '.-'~_":~ ; ...,~~~.,~_.,_~!. ,_~,10oi~I··_~,~j.:ii.I1,,~?~TL_,. ~~AL 59.7 68.3' 37,8 
1418.21 1369,1; 1171,7; 98.0' 96.6: 96,3!.. ~~S.L 
-91.25r~""687~1r-·' .,,' 44131' 39:3~ 59.1 662i 47.41 36.3! 

1374,3! 1167,81 99,3f 98S;. 970; 94.9! 96.0: 
_.,,, __,.,,3 .",,' _.' 

1,1_61~1 955.1: 961! 85.1 i 86.1 80.2! 78.5: 
96.H 851i 86.1 ' 80.2\ 78.5: 

..•~.. j..1~~~;d=;;;;;5~ ~ ;fc-+~~B'-l-~-t5t,;;'~:----~;~~.;! "--~-"~i;;; :~i'~ .,.. ,t~~~~ 1~~H+~"- j~~IQ.r~· '. ..gTQ; 89.9' 943;.~~?L ,,~.-! 

'-1'WMsperched:20051127D--::TRB--i'-- 15160.6T'-' 4733.21-"'--1382,9!--"·'13oT'gi-'--' '1'14641 100.0! 97.0] 942i 899.1 94.3j 
• ~ , ¥ -.- "'"._! 

3615, ~8.?}1 8!9.,5J 9451' 74.1 76~i 678! 67.4] 


.,.1.35390: 4602;!)\ 1369 ..9: 1282:,6.1 1019:4:' 89}! 94,3: 933: 885i 83,8: 

148430: 45091\ 1332.1: 979 t 924: 90)1 84s1 82.7 

___ ~_l .~---~....__ .g~~,~L.,~o_q~:~1 . .-~ ..~.. ! .--.-~-".~,~ .. -. "--~-~""-~r--¥' "f •.

14807,8; 4344.8\ 1349,6: 1298.8t 1123,5: 9771 890! 91 896l 92.4 
,.___~~_:J~~~~~"._. '.'-"--::;r""' --.•.,~." 

15015.2: 4765.7; 1410.8: "13'44~Or ..., 'fOQ71r-' 99.01 97.7! 96.1 '92~8! 90.2)
.- -"~","' -t- ,'. -~- .. t 

15.o~1,9.1 4,6271 1 1386.8! 1~5.o:,?L 11~?,,9 ~ 992! 94.8: 944; 9321 956: 
.-. "d'!; 

14979.1 t 4435.8: 13757; 1337,8! 1155,5: 988! 90,9: 9371 923; 95.0' 
. ... .. ,.. 
13195.1 3915,91 

~ 

1102.9; 852.6:.. g~3~L ··- ___ ~~.l.·_ ~1..0J 8q}.! 8}.:~ 7~JJ. 
}269~8}J.-~3722~1·· 1189~: 104341 793.21 83.8i 7~:~.; 80.4 not 65,2: 

_d,_ •••• J.. 

10174,1 356.911 11503i 10086~ '. 775:3: 67,1 [ 73 11 78.31 69.6: 63,7 
13015.41 37287[ 1173,8 1038,9! 8004 85,9: 76.4 79.9! 717; 65.8: 
12565.21 3518.6, 11263, 9780~ 749,] 82.9! 72.1 767: 67.5, 61.6 
4471.21 1843:11 7462: ~~3.;!i 2184: 29.51 37,8! 50,8: 27.11 18.0 

10048,5: '~5I~r .. _!0~,2J ..~_2:~J 732,61 66.3l .~~8~8.! 74.5! .!)~1j 60.2, 

12221.81 3089,3! 1014.5! 8439! 6528! 806!, 63;31 691 1 58.21 53.7 
131951 i 39159j 1223.41 1102,9f 852.6! 870} 80.21 83.3: 76.1: 70.1 
14685.7 4129.3; 1252,6' 1146,6! 910 1; 96.9( 84.6: 85.3: 79.1; 74.S 

14688.4' 4168.0: 910.3, 96.9 85,4 1 79.~i 748: 

. ~--, ..--.~;- .. . ,. -,,, .. ~ . 

1l~Q:?i 1~~'~i .. ~ ....,. i 85~.~L. 
9771 90.1 : 76.0 

" M"~'''-''-'-~''---'f' 

1~1.8"),~;?L ,.~.~~_6.1i . "1..3.?3,,gL 1183.2: ~i!oj. 93.4; 81J! 
148198) 4575.0: 1338.9 1212,2! 924.1 9'lSl 93,7: 91.2: 83.71 76.0 
14829.81 46142\ 1358.2[ 12463i 941.01 978( 94,5; 92.5: 860i 77.4 
14852.5: 4660,0; 1376.7' 1283.. 1\ 9900: 980l 95.5' 93.7 88.6: 81.4. 
14894.6; .~1.?_0,;.8; 1398.3, 1324.T 1056:2L 98.i 96.1' 95.2; 91 86.8 

1164.6: 1064.2' 95.1 ; 79 .. 1 793; 69.6.~¥~~6.c?L. ~~~~~: .. ~!),~j 
14740.01 48305 1453.6; 1431.9) 11799: 97'2; 99.0: 990: 98.8' 970· 
15035,8i 4780.1 14213i 1368.9! 1167.01 99.2 97.9: 96,8; 945' 959 
15069.3: 4871.31 1454 .2: 14395; 1216.3: 994 998: 990: 99.4; 100.0 

~::::-'~~,:.;~~ "'----~'." 
"nIMSp",rrh",rl111.dn<;p 

http:14740.01
http:14829.81
http:12221.81
http:12565.21
http:13015.41
http:1'WMsperched:20051127D--::TRB--i'--15160.6T


Model Timestep 300 years 

2' MSPerched_200511 08E_ TRB 17852.3 1758.8 1729.1 1416.1 98.8 100D 100.0 98.7 

3 MSPerched011306 6653.0 3361.8 1168.2 837.8 501.6 36.8 57.6 00.4 48.5, 35.0 

41MSPerct:t:ed_20051127B=TRB 66530 3361.8 1168.2 837.8 501.6 36.8 57.6 00.4 48.5 35.0 

5 i MSPerched=200511g81=URB 179939 1708.3 1649.4 1389.9 99.5 98.3 ~.1 95.4' 96.9 

6:MSPerched_20051127A_TRB 3332.4 1137.2 782.3 483.3 374 57.1 64.7 452 33.7 

7, MSPerched_200511 08C _ TRB 17964.2 5764.2 1715.4 1654.5 1386.0 99.4 98.7 ~~ 95.7 96.6 

8! MSPerched_20051122B_TRB 17489.2 5112.4 15549 1442.0 1173.2 96.7 87.5 W.4 83.4 81.8 

9!MSPerched 20051122C TRB 17489.2 51 1554.9 1442.0 96.7 875 W.4 83.4 81 

1O! MSPerched-20051'127C-TRB 18077.3 5692.5 1673.1 1582.2 100.0 97.5 ~.1 91.5 95.1 

11 :Mspe!:checi)0051'127[):'rRB 18077.3 5692.5 

-

1673.1 ' 1582.2 1364.6 1000, 97.5. ~.1 91.5 95.1 

12) MSPe.IT!h,e~121205a 17237.6' 1262.3 1037.5 78.3 00.2 73.0 72.3 

13!MSPerched1 16454.2' 5561.5- 1660.0: 1562.8: 1237.4 910~ 95.2 94.4 90.4 86.3 

. 14! ~§f.~~~~.1.t0_~o,5c 17759.2' 5468.4 1622.2, 1508.5. 1224.4 98.2' 93.6 ~2 87.2 85.4 
- -'-~~""'" 

15~MSPerched110905a 17724.2: 5304.1 1639,7: 1579.1 1341.6 _.9~:gi ~.2 91.3 93.5 

16iMSPerched1 17931.6: 5725.0 1 
~" _~",_~___·,", ____ "_•• _•• ·_.o,",," 

1624.3 1315.2 99.2: 98.0 007 93.9 91.7 

17tMSPerched110905c 179483i 5586.4 16769: 1630.4· 1381.0 99.3i 95.7 ~3 94.3 96.3 

18!MSPerched110905d 17895.5, 5395.0 1665.9 1618.1 1373.6 99.0; 92.4 94.7 93.6 95.8 
19 iMSP;rChed111-005a 16110.1.:' ... 4874.8 1383.1 1070.5 89.1' 83.5 00.1 80.0 74.6 

.~. ".~~~''''.- ...,,--,~.,.'""~'"~-'' '. 

3.2' 4680.9 
 1323.5 1011.2 86.4. 80.2 ~B 76.5 70.520 ~ M~!:~~~.ed !~}~Q~<'l._ 

21 !MSPerched112905b 13087.1 4527.5 1440.2: 1288.5 993.0 72.4' 77.5 81~ 74.5 69.2 

159302; 4687.6 1463.8' 1319.0 1018.3 88.1 80.3 ~.2 76.3 71022tMS.p'~~~e.~=~g~5J201<'l_TRB 
23,MSPerched 20051202a TRB 15479.5, 4477.3' 14163: 12580 967.6 85.6. 76.7 00.5 72.8 67.5 
24TiviSPerCh€ia"'20051202c- T RB 5162.8: 22336; .8914 4751 254.8: 38.3 ~7 27.5 17.8 

25!MSPercheCi''"20051202b-TRB 129612' 1222.5 950.3: .T 73.9 ro7 70.7 66.2' 
26tMSPerched12120sb- ....-, 15133.4: 1123.6 870.4 837. 69.3 74.2 65.0 60.7 

, .... .J .... 

27'MSPerched111405b 16110.1, 4874.8 1513.5 1383.1 1070.5 89.1 ; 83.5 00.1 80.0 74.6 

28iMSPerched111405c 17601.7' 5088.5 1542.8! 1426.8 1128.2, 974; 87.1 ~7 82.5 78.7 

29 iMSPerchedi{'i405d _,.1_7?o,£~L._ 51i7.2 1550.4 14281' 1128.4 97.4' 87.8 W1 82.6 78.7 .... _._._,._J. 
1463.4, 94.5 917 84.6 79.617735.3i 

31 :MSPerched111405f 17735~9r 5534.2 ..16290: 1492.4 1142.2 98.1 94.8 ~B 86.3 79.6 
391~.~E~·~~:!ili1-4fi~~ 

. " 

32! MSP~rched_1~.1~0?!l 17745.9:
_! 

5573.5 1648.4: 
s·· 

1526.6, 1159.1 98.2' 95.4 ~7 88.3 80.8 

33; MSPe~~he.9111 ~0511 17768.7 5619.3 1666.8 1563.4 1208.1' 98.3: 96.2 94.8 90.4 84.2 

341MSPerched111405i 17810~L 5-680.0:. _.._.1~884L .. 1604.9 1274.3, 98.5 97.3 OOD 92.8 88.8 
~ ,".•,.--~ .. -":'" 

82.5 ~7 77.8 74.23siMSPerched1201 05a' 17332.4: 4819.1 1454.8: 1344.4 ~?:9.i
,_~" '>i_~~'''''~_"''' '.'~~- '.'~'_ - ____ __ , ~ •. >·c·,',_"· " •• ".".- .~'"_'". ",' _."., .,,,-,-,",,~-,.~ .-.- ",.,,~.~,,---•. ;. 

990,36iMSPerched 20051221b TRB 17656.?~.. 5789.8 17437 1712.2 1398.0 97.7; 99.1' W.1 97.5 

37iIvISperct:.e(C20i)51222~=TRB 179532, 1705.6: 1653.2! 1391.4 98.4 ~.O 95.6 
38,MSPerched_20060419b_TRB 17985.8 5830.6 1744.4 1719.7 1434.4 99.5 99.8 W.2 99.5 100.0 

11732 

4316.2' 1384.1 

http:17735.3i
http:M~!:~~~.ed


MxIoJ TlIIlUIep· JO Y"O" 



Mxlel Time.lltp· 50 :l""'" 
Cumul&li"" Moo. RDX J\c""" OBB R..che. 

(. 

7.51 
___ "_1.!'.:~L .,... 611 

B.O 
.::~ 

__6,11. 
y 



M:ldol .unestep· 100 ,e... 
CllJIIulabw MouRDX t.:,.,. GHB Itt""•• 



Model Tim.slep =I~ ye... 
CumulatiVl Moss RDX lIIaos GliB Roochos 



Modol TIIIllISIop· 2OO}'OtIlI 
Rankil1g 



Mldol TllI1..lI:p·:vI) ,..... 



Model TllIl""p - 300 ,..... 
Cumul41i"" MufRDX III"" .. OHB Ruch.. ~ 



RUNl_MSPerched_20051108D_TRB 

Base Model tor nonreadJve 8 no 1lJIIl~ 
Nooreactrve. ~p!Og 9jrs ( aI1br1ilOr,) 

CUrylula~ve Water Across GHB Reaches lmilnons -or gallons) _. . '-. 
Model Year Reach 0 Reach 1 Reach 2 Reach 3 Reach 4 Total 

30 
50 

100 
150 
200 
250 
300 

2005.2 618.2 178.4 195.1 209.0 3205.9 
3207.3 1020.7 300.8 317.3 311 .8 5158.0 
6172.4 1998.2 596 .9 606.2 541.4 9915.1 
9100.4 2961 .0 888 .1 888.0 761 .3 14598.8 
12019.1 3920.9 1178.5 1168.5 979 .8 19266.7 
14935.9 4880.2 1468.6 1448.8 1198.0 23931.6 
17852.3 5839.5 1758.8 1729.1 1416.1 28595 .7 

~umulative Mass Across GHB Reaches (kg) 

Model Year Reach 0 Reach 1 Reach 2 Reach 3 Reach 4 Total 


30 
50 

100 
150 
200 
250 
300 

7.8 1050.4 369.4 472.3 442.9 2342.8 
8.7 1148.1 425.7 562.4 564.7 2709.5 
9.4 1295.5 504.0 708.5 681 .9 3199.3 
10.0 1310.7 548.4 770.2 709.5 3348.8 
10.3 1313.2 558.7 774.5 710 .9 3367.6 
10.5 1313.4 558.8 774.5 711.0 3368.1 
10.7 1313.4 558.8 774.5 711 .0 3368.3 
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