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EXECUJVE SUMMARY 

Woodward-Clyde conducted a Feasibility Study (PS) at Operable Unit B (OTJB), the Poleline 
Road Disposal Area (PRDA), at Fort Richardson, Alaska This FS was based on a Remedial 
Investigation (Rl) conducted in 1995 and on previous investigations and a removal action. 
Previous investigations identified four disposal areas that were used between 1950 and 1972 

for the disposal of chemical warfare training materials and halogenated solvents. Two of the 
disposal areas (Areas A-3 and A-4) were excavated in 1993 and 1994 and were backfihled rwith soil meeting removal action levels. The other two areas (Areas A-1 and A-2) have not 
been excavated and potentially contain unexploded ordnance. 

The RI field work was performed in August and September 1995 and involved the collection 
and analysis of soil, groundwater, sediment and surface water samples from the site and 

background areas. Samples were analyzed for volatile organic compounds (VOCs), metals, 

explosives, and chemical warfare materials and their breakdown products. 

Soil samples were collected from borings drilled around the former disposal areas and 
through the backfill at Areas A-3 and A-4. Concentrations of contaminants in soils are 

generally well below regulatory levels outside of the disposal areas. None of the samples 

., collected from the backfihled soil iii Areas A-3 and A-4 exceeded the cleanup criteria used 
during the excavation (1,1,2,2-tetrachioroethane, 30 mg/kg; tetrachioroethene [PCE], 100 

mg/kg; and trich.loroethene [TCE], 600 mg/kg). However, soil samples collected beneath the 
previous excavation (beneath the perched water table) in Area A-3 had concentrations of 
1,1,2,2-tetrachioroethane (79 mg/kg) which exceeded the cleanup criterion used during the 
excavation. 

Halogenated solvents were found in groundwater samples from both the shallow and deep 
water bearing intervals. Two solvents, 1,1,2,2-tetrachioroetharie and TCE, were found at 

concentrations significantly higher than any other VOCs detected at the site. The Alaska 
MCL for TOE in water (0.005 mg/L) was exceeded in 10 ofthe 14 monitoring wells sampled 
for VOCs. There is no Alaska MCL for 1,1,2,2-tetrachioroethane. A groundwater model 
performed using MODFLOW and MT3D estimated that the solvents would take over i 00 

years to reach the Eagle River. 

S;\PROJECTS\WCFS\E9408Q\D-FINAL\ESDOC 
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A risk assessment was performed and is provided as a separate document. The risk 

assessment concluded that the site poses no imminent threat to human health or the 

environment under current and probable future use scenarios, based on a lack of complete 

exposure pathways. However, if groundwater were to be used as a drinking water supply and 

if buildings were constructed with basements on the site, groundwater (ingestion) and soil 

gas (inhalation of contaminated vapors seeping into basements) may pose unacceptable risks. 

Based on the results of the Rl, TCE and i , i ,2,2-tetrachloroethane were selected as the 

chemicals of concern for the FS These two chemicals were found in higher concentrations 

and over a larger area than the other chemicals detected. The following Remedial Action 

Obj ectives were developed for the FS: 

1 . Reduce contaminant levels in the groundwater to comply with drinking water 

standards 

2. Prevent the soil from continuing to act as a source ofgroundwater contamination 

3. Prevent the contrninated groundwater from adversely affecting the Eagle River 

surface water and sediments 

4. Minimize degradation ofthe State ofAlaska's groundwater resources at the site as 

a result ofpast disposal practices. 

After identifying and screening potential process options that may be effective and 

implementable at the site, the following alternatives were developed: 

. Alternative 1 No Action. The No Action Alternative involves no additional 

costs or actions at the site. This alternative is required by the NCP. 

. Alternative 2 Natural Attenuation. Interim U.S Army policy requires the 

inclusion of "Natural Attenuation" for evaluation as a remedial action alternative 

through the preparation of the Proposed Plan. Natural attenuation relies on 

biological, physical. and chemical processes that are occurring in the environment 

without artificial stimulus. Groundwater monitoring would include intrinsic 

remediation parameters and VOCs. 

S;\PROJECTS\WCFS94O8Q\D-FtNAL\ES.DOC ES-2 
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Alternative 3 - Containment. The containment alternative involves a synthetic 

liner with soil cover as a cap and a bentonite slurry wall to 25 feet bgs as a vertical 

bather to prevent recharge of the groundwater from the wetland. 

Alternative 4 - Interception Trench. Air Stripping, arid Soil Vapor Extraction. 

Groundwater is collected in drainage trenches and treated in an air stripper. The 

treated groundwater is discharged outside the capture zone of the interception 
trenches and soil vapor extraction is used to remediate contaminated soils above 

the lowered water table. 

Alternative 5 Air Sparging and Soil Vapor Extraction of the "Hot Spot" and 

Natural Attenuation. Groundwater in the "hot spot" area is treated using air 

sparging, and unsaturated "hot spot" soils are treated with soil vapor extraction. 

Groundwater is monitored for intrinsic remediatiori parameters arid VOCs. 

Woodward-Clyde performed a treatability study in October and November 1996. The 

treatability study included air sparging and soil vapor extraction pilot tests, groundwater 

sampling for intrinsic remediation parameters, and aquifer tests. Based on results of the 

treatability study, ari additional alternative was developed: 

i . Alternative 6 Soil Vapor Extraction of the "Hot Spot." Soil in the hot spot is 

treated with soil vapor extraction. Groundwater is extracted via a knockout tank 

in the SVE system, treated in an air stripper, and discharged to an infiltration 

system. DNAPLS are treated with a bubble tube. 

The following costs were estimated for the alternatives: Alternative i (SO), Alternative 2 

($1,300,000), Alternative 3 ($2,500,000), Alternative 4 ($7,500,000), Alternative 5 

($5,500,000), and Alternative 6 (S4,000,000) 

i S:\PROIECS\WCFS\E94OSQ\D-F1NAL\E&DOC ES-3 
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1_0 

IINTRODUCTION 

The United States Army Corps ofEngineers (USACE), Alaska District, retained Woodward- 

¿ 

Clyde Federal Services (Woodward-Clyde) to perform a Feasibility Study (PS) at Operable 

. 

Unit B (OTJB) at the Fort Richardson United States (U.s.) Army post near Anchorage, 

t 

Alaska. OUB consists of one site, the Poleline Road Disposal Area (PROA). Fort 

Richardson is on the United States Environmental Protection Agency (IJSEPA) National 

Priority List (NPL), and all work performed for the PRDA was in compliance with the 

Comprehensive Environmental Response, Compensation and Liability Act (CERCLA). 

Work also was conducted in compliance with the draft Federal Facilities Agreement (PPA) 

negotiated among the U.S. Army, the USEPA, and the Alaska Department of Environmental 

ç 
Conservation (ADEC). The OTJB FS project was assigned Delivery Order Number 017, 

L under terms of USACE contract number DACAS5-94-D-0005. The scope of the FS was 

( provided by the USACE in a Statement ofWork (SOW) dated December 6, 1995. 

1.1 PURPOSE OF FEASIBILITY STUDY 

The purpose of the F5 is to evaluate potential remedial alternatives. The F5 report is 

intended to provide information sufficient to support an informed risk management decision 

regarding which remedy appears to be most appropriate for the PPDA site. The FS is based 

on data collected during previous investigations and will be used during preparation of the 

Proposed Plan and, following public cotnment on the Proposed Plan, the Record of Decision 

for the site remedy. 

1.2 FEASIBILITY STUDY APPROACH AND ORGANIZATION 

1.21 Approach 

The PS was conducted in four phases. The first phase involved the development of remedial 

L 
action objectives (RAOs); the identification and screening of general response actions, 

remedial technologies, and process options; and the development of remedial alternatives. 

The results of the first phase were presented in the First Technical Memorandum submitted 

April 22, 1996 (Woodward-Clyde 1996a). Comments to the First Technical Memorandum 

S;\POiECTS\W94OQD-FI?4AL\CHAP1.DOC JI.2S.97 i - I 
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guided the second phase of the FS, which was a detailed analysis and comparison of F 

alternatives. The results of the second phase were presented in the Second Technical 

Memorandum submitted June 17, 1996 (Woodward-Clyde 1996b). Comments to both [ 
memoranda were incorporated into the Draft Final FS Report (Woodward-Clyde 1996e). 

The third phase consisted of a final review by the Remedial Project Managers (RPMs) and [ 
the subsequent deletion and combixiation of proposed alternatives, which were presented in 

the Draft Final FS report (Woodward-Clyde 1996f). The fourth phase consisted of a review 
I 

of results of the fall 1996 treatability study and development of a new alternative, which is 

presented in this Second Draft Final FS report as Alternative 6. [ 
1.2.2 Organization 

Th.is Final FS report is organized as follows. Section LO, Introduction, presents the purpose 

and the approach of the F5 and a summary of previous investigations, a removal action, a 
remedial investigation CRI), a risk assessment, and a treatability study. Section 2.0, 

Identification and Screening of Remedial Technologies and Process Options, contains [ 
remedial action objectives; the identification of general response actions, remedial 

technologies and process options; and screening of remedial technologies and process 
E 

options. Section 30, Development ofAlternatives, is a summary ofthe development of each 

ofthe six alternatives chosen for the PRDA. Section 4.0, Analysis ofAlternatives, includes a 
[ 

detailed analysis of alternatives; a comparative analysis of remedial alternatives; and 

conclusions. Section 5.0, References, contains a list of documents used in preparation of the 

F5. Appendix A contains applicable or relevant and appropriate requirements (ARARs), arid 

Appendix B presents the groundwater modeLing for conceptual design development. 

1.3 SITE DESCRIPTION AND ifiSTORY 

1.3.1 Site Description 

This section presents a brief description of the PRDA site. Additional details are provided in 

- the Final RI Report (Woodward-Clyde 1996e). 
L 

S:PROJEWE94OQ\D-FflAL\HAPlJDOC OI-2Z-91 i -2 
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Location 

The PRDA is located on the Fort Richardson U.S. Army Post, approximately 10 miles northeast 

ofAnchorage, Alaska Figure l-l). The site is approximately 1 mile south of the Eagle River 

and 0.6 miles north of the Anchorage Regional Landfil (Figure 1-2). Access to the area is by 

Poleline Roa4, a major gravel road that runs northeast-southwest along a power line route and 

the Ekiutna Water Line. The PRDA is bisected by Barra Boulevard, a gravel road extending 

from the Glenn Highway to Poleline Road 

Topography 

The PRDA is a low-lying, relatively flat area which is bordered by wooded hills to the 

northwest and southeast. Wetlands are located directly south and southwest of disposal areas A- 

1 through À-4 (Figure 1-3). The remaining area bordering the PRDA is relatively flat and 

-. wooded. 

Geology 

The surficial deposits of the region are fluviaily reworked glacial sediments and glacial tills. 

These deposits appear to be up to 30 feet thick at the site arid consist of unstratified to poorly 

stratified clays, silts, sands, gravels, and boulders. A basal till lies below the surficial deposits 

and overlies an advance moraine/till complex. Underlying the glacial sediments is bedrock 

composed of a hard black fissile claystone 

A 1979 Soil Survey described most of the soils at PRDA as a Homestead silt loam (IJSAOE 

1979). The Homestead silt loam is described as a well-drained soil formed over very gravely 

till. The underlying till varies in compactness, and in some areas is very firm. The Homestead 

occurs on moraines with slopes ranging from O to 75 percent Soils matching the Homestead 

series are found over most of the site, except for the wetland areas, which were included in the 

Salamatofseries. The Salamatofis a nearly level., very poorly drained soil consisting of fibrous 

-- peat materials that occuis in broad basins and depressions on terraces and moraines. Salamatof 

series soils are found in the wetlands to the southwest of the site and a small area immediately 

northeast ofArea A-l. 

SPROJCTS\WcTS\E94O8QD-FThLkL\c{API.DOC 01-23-97 1-3 
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The subsurface soils collected during the 1995 field investigation were glacial tills, generally 

described as silty sands with some gravel. These three grain sizes (silt, sand and gravel) were 

observed in nearly every sample at various percentages. Clay sized particles were observed in [ 
very few samples. The soils at PRDA were difficult to drill through and sample because of the 

high density. The effect ofthe density can be seen in the blow counts recorded during dulling. 

It was not unusual for blow counts to exceed 50 blows per 6 friches. Few lithological changes 

were noted during drilling. 

Hydrogeology 

Four water bearing intervals have been identified at the PRDA (Figure 1-4). The four water 

bearing intervals are a perched interval, a shallow interval, an intermediate interval, and a 

deep aquifer. The detection of contaminants in all four intervals suggests that they are 

interconnected to some degree. Observations made while drilling indicate that the saturated - 
intervals are separated by zones of very dense, low porosity, compact tills. The compact tills 

are thy or slightly moist. 

The perched interval was observed in borings drilled between Area A-2 and the wetlands, and 

ill Area A-3. The top of the perched interval was encountered at 4 to 10 feet below ground 

surface (bgs), and the bottom was found at 6 to 12 feet bgs. The average thickness of the 

perched interval is approximately 5 feet. The perched interval is recharged mainly by surface 

water from the wetlands, although some recharge also occurs from precipitation. The only 

well installed in the perched interval is MW-14. 

The shallow saturated interval is an average of 10 feet thick; the top was encountered at 20 to 

25 feet bgs, and the bottom was found at 28 to 36 feet bgs. Groundwater elevations indicate 

that shallow groundwater is flowing in a north-northeast direction. There are i i monitoring 

wells screened in the shallow interval. including the background welL Additional wells and 

piezometers were installed in the shallow zone during the treatabulity study as described in j 
Section 1.4.6. Because ofthe localized nature ofwater-bearing zones in this typical glacio- 

- fluvial geologic setting, it is difficult to tell whether the water-bearing units are hydraulically 

connected between wells. The shallow interval is recharged by water from the perched interval 
and by infiltration ofprecipitatioa 

S:\PROiES\WCF94OSQ\D-EJNAL\Q(t.DØC 01-23-97 1-4 
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The intermediate thterval was observed while drilling deep monitoring well MW-16. The 

saturated portion of the intermediate interval was encountered at approximately 65 to 95 feet 

bgs in MW-16. The intermediate saturated interval does not correlate with the other deep wells 

on site, suggesting that it is an isolated lens with limited continuity. There may be several 

isolated lenses of saturated material within the intermediate interval. 

The five deep monitoring wells at the PRDA peneU.ate the deep aquifer, the top of which was 

encountered from approximately 80 to 125 feet bgs. The deep aquifer is an advance 

moraine/till complex with a thicimess of between 3 and 40 feet. Groundwater elevations 

indicate that the flow direction in the deep aquifer is locally to the northeast and regionally to 

the northwest. The available data indicate that the deep aquifer below the PRDA is not 

connected with the aquifers used for drinking water in the community ofEagle River (over one 

mile to the northeast). 

- 
The deep aquifer overlies a claystone bedrock unit with unimown thickness. Four of the five 

deep wells at the PRDA penetrate the bedrock unit and the well screens extend slightly into the 

bedrocic The top ofbedrock was encountered from 120 to 170 feet beneath the PRDA. 

Hydraulic conductivities were estimated from existing site data (slug tests performed by 

Environmental Science and Engineering, Inc. [ESE], and grain size analyses conducted during 

the RI) and from literature values documenting hydraulic conductivities in similar 

hydrogeologic intervals in the Eagle River area (Munter and Allely, 1992): 

Saturated Interval Estimated Hyçlraulic Conductivity 

Perched 0.5 feet per day (fl/day) 

Shallow 0.5 ft/day 

Intermediate 0.05 ft/day 

Deep 0.3 ft/day 

Five single well pump tests were completed during the fall of 1996. The hydraulic 

conductivities calculated from the pump test data ranged from 0.7 to 3.4 ft/day. Only wells 

installed in the shallow groundwater interval were pump tested. The hydraulic conductivity 

values calculated from the pump tests generally agree with the previous estimated values. 

S:WRCES\WCFSE94OgQAH Ol-2Z-97 I-5 
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The ultimate discharge ofthe water-bearing intervals at the PRDA is probably the Eagle River, 

approximately i mile north of the PRDA. The Eagle River flows into the Knik Arm of Cook 

Inlet approximately 5 miles northwest of the PRDA. The river is not used as a drinking water 

supply. r 

Land Use 

The land surrounding the PRDA currently is used for U8. Army training activities and for 

recreational purposes. It is imlikely that oundwater beneath the PRDA ever would be used 

for a drinking water supply. Yield from the intermediate, shallow, and perched saturated 

intervals may be too low to supply an average household, and the installation of septic systems 

would preclude use of the shallow or perched intervals for drinking water. The deep aquifer 

may provide sufficient yield but the installation of drinking water wells in the deep aquifer is 
-'-, unlikely. The Eklutna Water Line, a pipeline which supplies Anchorage arid the community of 

Eagle River with drinking water from Ekiutua Lake (Over 15 miles from the site), runs 

immediately west ofthe PRDA arid would provide a relatively inexpensive and reliable source 

of drinking water. 

1.3.2 Waste Disposal History 

f 

The PRDA was identified in 1990 through interviews conducted by the U.S. Army with two ex- 
[ 

soldiers who were stationed at Fort Richardson in the 1950s and who recalled the disposal of 
chemicals and other materlais in the area (ESB 1991). The disposal location was corroborated 

by a USACE map dated 1954 showing a "Chemical Disposal Areat' at the PRt)A, and by 1957 

aeiial photography showing trenches in the area. A 1965 aerial photoaph shows that a portion 

of the bill west of the PRDA was cut back. 

S;\PRO1EC\WCPS\E94OSQ\D-FNALMHAPLDOC O1-2Z-97 i-6 
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The disposal area was active from approxima±eiy 1950 to 1972. At this time, standard military 

practice was to dispose of suspected chemical weapons in the following manner (OHM 

Remediation Services, Inc. [OHM] 1993). A layer of "bleach/lime" was laid down in the 

bottom of the trench and then the materials contaminated with chemical weapons were placed 

on a pallet in the french. Diesel fuel was poured on the agent and then ignited with thermal 

grenades. After burning was complete, a mixture of either bleach or lime, combined with 

chlorinated solvent carrier (trichioroethene [TOE], tetrachioroethene [PCE], arid 1,1,2,2- 

tetrachioroethane) was poured over the materials. 

Information provided by the ex-soldiers indicated that disposed materials may have included 

solvents and other decontaminants (such as bleach) that were used to neutralize chemical 

warfare agents, smoke bombs, and Japanese cluster bombs (ESE 1991). Both types of bombs 

were detonated in pits prior to burial, but there may have been many duds dispersed over the 

area that were not recovereL 

1.4 STJNMARY OF PREVIOUS WORK 

1.4.1 Previous Investigations and Removal Action 

Several investigations and a removal action have been conducted at the PRDA since its 

discovery in 1990. ESE conducted site investigations between 1990 and 1992. ESE's 

investigations included a geophysical survey, soil sampling from 10 borings, a soil gas survey, 

installation of 1 1 groundwater monitoring wells, groundwater sampling, a water level study, 

. 

and aquifer (slug) tests. ESE's investigations are detailed in three documents listed in Section 

. 5.0: ESE 1990, ESE 1991 arid ESE 1993. 

OEM began a removal action in Areas A-3 and A-4 in 1993, but work was halted when 

chemical agent identification sets (CAlS) and other materials related to chemical warfare 

training activities were unearthed. The Cold Regions Research and Engineering Laboratory 

(CRREL) performed a geophysical survey in early 1994 (CRREL 1994). The geophysical 

survey identiñed four disposal areas (later designated Areas A-1 through A-4). The survey 

identified signiñcant anomalies comistent with trenches and buried waste in the four disposal 

areas. Areas A-3 and A-4 showed the &eatest evidence of buried waste and trenching, 

including possible stacked canisters or cylinders. 

S:\PROJECTS\WCPS\E9408Q\D-FINAL'CHAP1.DOC OI-2Z-97 i-7 
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OHM completed the removal action in Areas A-3 and A4 in October 1994 (OHM 1995). 

Chemical analyses from ESE's and OHM's sampling confrmed that volatile organic 

compounds (VOCs) were present in the subsurface at the PRDA The VOCs detected at the 

highest concentrations were chlorinated solvents, especiaUy TOE, PCE, and 1,1,2,2- 

teirachioroethane. These VOCs were detected in soils and in groundwater samples from the 

shallow, intermediate and deep intervals (there were no wells in the perched interval during 

previous sampling events). Concentrations of metals were within regional background levels 

and semivolatile organic compounds were not detected at the site. The only chemical warfare 

material (CWM) detected in soils was adamsite. Adamsite is an arsenic-based vomiting agent 

used ilL aerosol form for riot controL No CWM, CWM breakdown products or explosives were 

detected in groundwater samples collected by ESE and OHM except for one detection of the 

explosive hexahydro-1,3,5-trithfro-1,3,5-triazine (commonly known as Research Department 

Explosives, Royal Demolition Explosives, or RDX) in a groundwater sample from monitoring 

well MW-5. 

Soils excavated during the removal action in Areas A-3 and A-4 were analyzed and compared 

to the following removal action concentrations: 

Cheniical Removal Action CQncenfratîou 

TCE 600 milligrams! kilogram (mg/kg) 

PCE 100mg/kg 

1,1,2,2-tetrachlomethane 30 mg/kg 

The removal action concentrations listed above were established for the three contaminants that 

were detected at the most elevated concentrations during OHMs removal action. After buried 

debris was removed, soil sampling was perfonned on a grid pattern on the bottom and walls of 
the excavations to conrm lbat soils exceeding the removal action concentrations hd been 

removed. Soils were excavated to a maximum depth of 14 feet, where water was encountere& 

Soils that met the removal action concentrations were mixed with borrow soil aiid returned to 

the excavations. No additional soil cover was added to Areas A-3 and A-4. Soils that exceeded 

the action levels were stockpiled southeast of the site on Barrs Boulevard in lined, plastic- 

covered piles surrounded by bexms The stockpile area is currently fenced, and remediation of 
the stockpiles is scheduled for spring 1997. 
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The CRREL petformed another geophysical survey in June 1995 (CRREL 1995) to determine 

whether any suspicious material remained in the recently excavated areas and to define more 

accurately anomalous zones in areas not excavated in 1994. ResUlts ofthe survey indicated that 

the buried material had been removed, thereby removing the primary source of subsurface 

contaniiriants. 

Areas A-1 and A-2 have not been excavated or sampled- 8ased on the geophysical survey, 

these areas are expected to contain less siiîficant quantities of buried waste, and therefore 

contaminated soil, than found in Areas A-3 and A-4. Information from an ex.solther indicated 

that undetonated bomblets from cluster bombs may be buried in Areas A-1 and A-2 (ESE 

1991). Approximately 3 feet of soil overlies the apparent disposal horizon (18 inches of soil 

originally overlying the disposal horizon, plus an 18-inch soil cover added in 1994). 

- The condition of the wetlands was largely unknown prior to the 1995 Rl. Based on the 

geophysical survey conducted in 1994 by CRREL, the wetlands may contain small dispersed 

metallic objects. 

1.4.2 Remedial Investigation 

Procedures 

Woodward-Clyde performed an RI at the PRDA in August and September of 1995. Figure 1- 

3 shows the locations where soil, groundwater, sediment, and surface water samples were 

collected during the RL Procedures and results ofthe RI are presented iii the Final RI Report 

(Woodward-Clyde 1996c). The RI included the following tasks: 

. Field screening for mustard, unexploded ordnance, and chlorinated solvents 

. Collection and analysis of soil samples from 43 soil borings (including 3 

background) 

. Collection and analysis of34 groundwater samples from well points 

. Installation of 6 groundwater monitoring wells 
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Collection and analysis of groundwater samples from 17 monitoring wells 

(including I background) 

Evaluation of the presence of dense nonaqueous phase liquids (DNAPLs) 

Performance of borehole geophysical surveys in 17 monitoring wells f 

Collection and analysis of 10 sediment and surface water samples (including 6 

background) 

Results 

Detailed discussions of RI results are included in the Final RI report (Woodward-Clyde i 
1996c). Two contaminants, 1,1,2,2-tetrachioroethane and TCE, were found at concentrations 

significantly higher than any other chemical detected at the site. These two contaminants 

-.. were also detected over the largest area. Section 1 .4.3 discusses the extent of contamination 

by disposal area and by saturated interval. 

Alaska maximum contaminant levels (MCLs) for groundwater were exceeded for several 

contaminants: 

[ 

Contaminant MCL (mg/L) Monitoring Well Concentration (mg/L) 

Benzene 0.005 MW-14 29 
Carbon Tetrachioride 0.005 MW-14 26 
cis-1,2-dichloroethene 0.07 MW-4 16 

MW-7 0.28 [ 
MW-14 37 

trans-1,2-dichloroethene 0.1 MW-4 041 
MW-14 12 

tetrachioroethene (PCE) 0.005 MW-4 0.31 
MW-14 11 

trichioroethene (TCE) 0.005 MW-1 0.043 
MW-3 0.26 
MW-4 14 

MW-5 4.8 
MW-6 0.13 
MW-7 1_o 
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Contaminant MCL (mg/L) Monitoring Well Concentration (mgIL) 

MW-12 0.16 

MW-13 0.0067 

MW-14 220 

MW-15 0.27 

1,1,2,2-tetrackloroethane None MW-1 0.082 

MW-3 0.54 

MW-4 71 

MW-5 21 

MW-6 0.52 

MW-7 3.1 

MW-12 0_49 

MW-13 0.0011 

MW-14 1,900 

MW-15 0.0063 

NOTES: 

Only those concentrations that exceed MCLs are shown, except for 1,1,2,2- 

tetrachioroethane where a1l detections are shown. 

mg/L = Milligrams per liter. 

MW-10 and MW-1 i were dry. MW-17 (backound well) was only sampled for metals. 

_ 
Several soil samples were collected from background locations and analyzed for metals. The 

L . 

concentrations of metals detected in soil samples collected at the site were compared with the 

._ 

average concentrations ofmetals in the background soil samples. Three metals (copper, lead 

and zinc) were detected in Areas A-3 and A-4 at concentrations twice the average 

background concentrations. Other metals detected in Areas A-3 and A-4, and all metals 

detected ilL other areas of the site, were within or near background concentrations. 

Thiodiglycol, a breakdown product of mustard, was detected in one groundwater sample 

(0.48 mg/L in MW-14). No other samples had any CWM or CWM breakdown products 

detected. Minor detections of explosives were reported in the wetlands and in one weilpoint 

groundwater sample, but concentrations are below ARARs. 

None of the constituents analyzed for in wetlands sediment and surface water exceeded 
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1.4.3 Extent of Contamination 

Extent of Contamination by Disposal Area 

rIkwrv 

[ 

r 

The highest concentrations of contaminants detected in soil and groundwater samples were î 
found in Areas A-3 and A-4. Soil samples collected from the backfilled soil had 
concentrations of 1,1,2,2-tetrachioroetharie, TOE, and PCE well below the removal action 

criteria established for the previous removal action; however, soil samples collected from 
below the backfilled soil had some of the highest concentrations of contaminants detected at 

the site (> 2,000 mg/kg i , i ,2,2-tetrachloroethane). 

I' 

Areas A-1 and A-2 

Lesser concentrations of contaminants were detected in the soiLs and groundwater near Areas 
A-1 and A-2 (soils and groundwater within A-1 and A-2 were not sampled because of the 
potential for unexploded ordnance). The concentrations of contaminants detected decreased 
from west to east across Areas A-1 and A-2. The pattern suggests that the contaminants 
detected near saturated intervals in Areas A-1 and A-2 migrated there from Areas A-3 and A- 
4. It does not appear that contaminants were released in Areas A-1 or A-2 except for 

potential surface spills, which may have been the sotirce for contaminants detected in shallow 
soils near À-2. Since no contaminants appear to have been released in the subsuiface in 
Areas A-1 and A-2, it is imlikely that CWM were disposed of in these areas (chlorinated [ 
solvents were poured on the CWM in Areas A-3 and A-4 for neutralization). It appears that 
contaminants in the groundwater migrated north-northeast from Areas A-3 and A-4, in the 
direction ofgroundwater flow. 

Extent of Contamination by Saturated Interval 

Contaminants were detected in each of the four saturated intervals. A well installed in Area 
A-3 and screened in the perched interval had the highest concentrations of 1,1,2,2- 
tetrachioroethane (1,900 mg/L) and TCE (220 mg/L) detected. Most of the wells are 
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installed in the shallow and intermediate intervals. These wells liad the next highest 

concentratiol:Ls of 1,1,2,2-tetrachloroethane (71 mg/L maximum) and TCE (14 mg/L 

maximum). Contaminants were also detected in each of the wells screened in the deep 

aquifer. The groundwater sample collected from the monitoring well furthest downgradient 

in the deep aquifer had 0.0003 1 mgIL of TCE detected. The results indicate that there is 

interconnection between the saturated intervals which allows the contaminants to migrate 

vertically. 

Ranges iii concentrations of l,l,2,2-tetrachloroethane and TOE detected during the RI are 

presented below by saturated interval: 

Saturated Monitoring 1,1,2,2-tetrachioroethane TCE 

Interval Wells lrngfLL (mgLLJ 

Perched MW-14 1,900 220 

Shallow MW-2, 5, 8, 12, 13, 15 0.0011 - 21 ND (0.0002) 4.8 

Intermediate MW-3, 4 0.54 71 0.26 14 

Deep MW-1, 6, 7, 9, 16 ND (0.002) - 3J OE00031 1 

NOTES: 

mg/L = Milligrams per liter. 

ND = Not detected at the detection limit in parentheses. 

MW-17 (background well) was not sampled for VOCs. MW-10 and 1 1 were dry. 

1.4.4 Human Health Risk Assessment 

A Human Health 1isk Assessment (BHRA) was performed in 1995 to evaluate whether 

existing concentrations of contaminants in media at the PRDA could pose a threat to human 

health under conservative (health-protective) exposure assumptions (Woodward-Clyde 

1996cl). The risk assessment is conservative because it is based on long-term residential or 

occupational exposures which are not likely at this site, thereby overestimating risk for site- 

specific exposure scenarios. The most probable future use of the site is continued use for 

military training. 
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Soil,, Sediment, and Surface Water 

The HRRA shows that the relatively low concentrations of contaminants in soils from O to i 5 

feet bgs (the depth of potential direct human exposure) and wetland surface water and 

sediments at PRDA do not pose an unacceptable risk to public health under conservative 

exposure assumptions of long-term residential or industrial use. It therefore follows that 

exposure to contaniinants in soil and the wetland would not pose an unacceptable risk to 

current authorized personnel and/or other potential receptors such as recreational users or 

commercial workers, who would be expected to receive much less exposure than that 

assirned for residents in this assessment. 

No carcinogens were detected in surface water in the wetland. The low 

concentrations of VOCs, explosives, and metals in wetland surface water do 

not pose a threat of noncarcinogenic health effects. Trace levels of explosives 

in sediments in the wetland do not pose unacceptable risk of cancer or 

noncancer health effects. 

a Jfl Areas A-1 and A-2, risk of cancer and noncancer health effects from 

exposure to low concentrations ofVOCs and metals in soil at depths ofü to 15 

feet bgs were negligible. 

Lifetime excess cancer risk was lE-05 (1 in 100,000) and noncarcinogenic 

hazard index was less than i for residential exposure to soil in Areas A-3 and 

A-4 at depths ofO to 15 feet bgs. The primary contributors to cancer risk were 

1,1,2,2-tetrachiomethane and TOE (exposure point concentrations of 4.6 and 

4. 1 mg/kg, respectively) via the soil ingestion and soil-to-air inhalation route 

of exposure. Generally, remediation is not warranted for protection of public 

health if total lifetime excess cancer risk does not exceed lE-04 and if 

noncarcinogenic effects are not a concern (BI < 1). 

a The highest concentrations ofVOCs in soil were detected in Areas A-3 and A- 

4 at depths greater than 15 feet bgs, below the depth ofpotential direct human 

exposure (e.g., 2,030 mg/kg 1,1,2,2-tetrachioroethaxie and 0.384 mg/kg TCE 

were detected at MW-14 at a depth of 16 to 18 feet bgs) Although these 
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contaminants do not pose a threat to human health, they could serve as a 

continuing contaminant source to groundwater. 

Groundwater 

Use of groundwater from the shallow interval or deep aquifer at the PRDA as a drinking 

water source would pose an unacceptable risk of cancer and noncancer health effects. (The 

physical properties ofthe shallow saturated interval make its use as a drinking water source 

highly unlikely; however, to provide a more conservative measure ofrisk, it was evaluated in 

the risk assessment as a potential drinking water source.) Groundwater at the PRDA or 

downgradient from it is not currently used in any capacity nor is it expected to be used in the 

thture. Groundwater fate and transport modeling indicates that contaminants at the PRDA do 

not pose a threat to the Eagle River in the imminent or near future. 

- Primary contributors to lifetime excess cancer risk in groundwater at the 

IPRDA were 1,1,2,2-tetrachioroethane and TCE (exposure point concentrations 

in the shallow interval of 16.9 and 63 mgÍL, respectively). Concentrations of 
:. carbon tetrachioride, chloroform, cis-1,2-dichloroethene, i ,l-dichloroethene, 

PCE, and i , i ,2-trichloroethane also exceeded levels of concern for residential 

exposure to groundwater. 

ç . The highest concentrations of contaminants in groundwater at the PRDA were 

detected in the perched interval (1,900 mg/L 1,1,2,2-tetrachioroethane and 220 

mg(L TCE were detected in MW-14 at a depth of22 feet bgs). Although these 

contaminants do not pose a threat to human health (the perched interval would 

( 

not be used as a water supply), they could serve as a continuing contaminant 

source to the shallow interval and deep aquifer. 

Based on groundwater fate and transport modeling, it would take 120 years for 

concentrations of TCE exceeding the drinking water MCL (0.005 mg/L) to reach the Eagle 

River and 170 years for concentrations of 1,1,2,2-tetrachioroetharte exceeding 0.005 rnglL 

to reach the Eagle River (details of groundwater modeling are provided in Appendix XLII of 

the Final RI Report). These 0005 mg(L concentrations of 1,1,2,2-tetrachioroethane and TCE 

do not exceed health-based concentrations of concern for residential drinking water or for 
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ingestion of fish by humans (OE01 i mg/L for 1,1,2,2-tetrachioroethane and 0.081 mg/L for 
TCE). 

1.4.5 Ecological Risk Assessment 

An ecological risk assessment (ERA) was performed in 1995 in conjunction with the HHRA 
(Woodward-Clyde 1996d). The detected organic chemicals, explosives, and metals were 
screened against four criteria: frequency of detection; site-specific background cinta; toxicity 
based screening; and literature-based backound values. The screening was done to assess 
which ofthe detected chemicals required further evaluation to assess potential risk to ecological 
receptors. The results of the screening process indicated that seven VOCs in soil from O to 3 

feet bgs (the depth ofpotential direct exposure for ecological receptors) and two explosives in 
wetland sediment were contaminants of ecological concern (COECs) that required further 
evaluation ofrisk to ecological receptors. 

The northern red-backed vole and muslcat were selected as representative terrestrial site 
receptors for the upland and wetland habitats, respectively, based on site-specific exposure 
pathways and ecological considerations. The potential for adverse effects from COECs on 
upland and wetland plant commuthties and aquatic invertebrates were also evaluatecL 
Benchmark toxicity values for the COECs were determined for each receptor. The Quotient 
Method (QM) was used to quantitatively evaluate potential risk from exposure to COECs in 
soil and sediment. The QM is based on the comparison of estimated maximum and reasonable 
maximum exposure (RME) dose concentrations for onsite receptors with protective benchmark 
toxicity values derived from the toxicological literature. 

Based on the risk analysis, COEC concentrations al the PRDA result in negligible risk to small 
mammal populations, aquatic invertebrates, emergent wetland vegetation, and upland plant 
vegetatioii The overall potential for valued environmental resources at this site to be 
adversely affected is considered negligible. 

The 0.005 mg(L concentrations of 1,1,2,2-tetrachioroethane and TOE that are estimated to 
-. reach the Eagle River in 120 and 170 years, respectively, are well below levels of concern for 

protection of aquatic organisms. These results indicate no imminent or near future threat to 
the Eagle River. 
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ç 

Treatability study tests were completed at the PRDA during the fall of 1996. These tests 

were completed to help reduce the uncertainty involved in the alternatives proposed in this 

, 
document. The treatability tests included: soil vapor extraction, air sparging, pump tests and 

groundwater sampling to identify natural attenuation processes. 

The soil vapor extraction (SVE) test was run for 5 days. Samples of the extracted soil gas 

show that SVE is effective at removing the target contaminants (TCE and 1,1,2,2- 

tetrachioroethane) from the subsurface. The air sparge test was conducted during the last day 
, of the SVE test. The air sparge well was located 5 feet from the S'VE well. Samples of the 

extracted soil gas show that the concentration of TCE extracted from the SVE well increased 
C when the air sparge blower was turned on, but there was little increase in the concentration of 

I -- 
i , i ,2,2-tetrachloroethane observed. 

Five single well pump tests were completed in wells screened in the shallow groundwater 

interval. The hydraulic conductivities calculated from the pump test data ranged from 0.7 to 

r 

3.4 ft/day. These values, although slightly higher, generally agree with previously estimated 

values. 

Groundwater samples were collected from seven monitoring wells and analyzed for natural 

attenuation parameters and volatile organic compounds. The natural attenuation parameters 

included nutrients needed for bioremecliation (nitrate, nitrite, TOC, iron, etc.), degradation 

(methane, ethane, ethene, and sulfide), and bacteria counts (sulfate reducing 

bacteria and heterotrophic plate count). The sampling results indicated that veiy little if any 

natural attenuation ofthe contaminants is occurring. 
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mENTJJ'ICAT[ON AND SCREENING OF jTECIINOLOGIES AND PROCESS OPTIONS 

2.1 INTRODUCTTON 

1 
This section of the FS for the PROA identifies the Remedial Action Objectives (RAOs), 

.- 
general response actions, technology types, arid specific process options for the site. 

iIdentification ofthese elements was conducted following USEPA's Guidance for Conducting 
-J Remedial Investigations and Feasibility Studies Under CERCLA (USEPA 1988). 

The first step in remedial alternatives development is to develop RAOs, which are medium- 

- specific objectives for protecting human health and the environment. BAOs are discussed in 

] Section 2.2. The second step is to identify general response actions, technology types, and 

,- ' process options appropriate for the RAOs, as well as volumes and areas of media to be 

-j 
remediated. This step is documented in Section 2.3. Finally, the technologies and process 

- 

options are screened in Section 14. 

2.2 REr1:EDIAL ACTION OBJICTIVES 

.. This section presents the development of RADs for the site. The IRAOs specify medium 

. specific goals for protecting human health and the environment. 

The media of concern for evaluation in the FS are the perched, shallow, and intermediate 

Igroundwater intervals, and "hot spot" soils, potential sources of continuing contamination to 

the deep aquifer. The basis for this approach is described iii the following paragraphs. 

Groundwater in the perched and shaflow intervals was identified in the Risk Assessment 

. 

I 
(Woodward-Clyde i 996d) as the medium which represents an unacceptable risk given a 

J residential exposure scenario. The maximum hydraulic conductivity (K) of the shallow 

I 
aquifer was estimated to be 0.5 feet per day (fl/day). A mini-pump test was performed on 

_i_ monitoring well MW-13 on October 10, 1996. The mini-pump test consisted of pumping 

MW-13 for 40 minutes. The maximum sustainable pumping rate was 0.5 gallons per minute 

j(gpm) or 720 gallons per day (gpd). The perched, shallow, and intermediate intervals may be 

potential di-inking water sources because they could produce useable quantities (100 
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galloris/capitalday) of groundwater. The deep aquifer is more likely to be a potential 

drinking water source, because it may be able to provide higher volumes of water. 

The soils located above the water table at the site are not a medium of concern. The risk 

assessment stated that soils O to 15 feet bgs do not pose an unacceptable risk to human health. 

In addition, these soils are not a significant source of contamination to groundwater because 

all of the samples, except one, had levels of TOE below the Resource Conservation and 

Recovery Act (RCRA) Toxicity Characteristic Leaching Procedure (TCLP) limit of 0.5 

mg/kg. Therefore, these soils will not be addressed in the FS 

Soils below the water table will be treated as part of the groundwater treatment process. The 

groundwater extraction process option may be matched with other treatment options (e.g., 

soil vapor extraction) to reduce the concentration of contaminants in the soils below the water 

table. Soil vapor extraction would be able to treat soils below the water table once the 

groundwater treatment process lowered the water table. 

The chemicals of concern at the site are VOCs. Two VOCs have been chosen as the 

indicator chemicals: i , E ,2,2-tetrachloroethane and TOE. These two VOCs were found at the 

highest concentrations and at the greatest frequency throughout the site. TCE was found at 

lower concentrations than 1,1,2,2-tetrachioroethane but was selected as an indicator chemical 

because it has an MCL (0.005 mg/L), whereas 1,1,2,2-tetrachioroethane does not have an 

MCL. 

Remedial action taken at this site must comply with federal, state, and local laws and I 

regulations. A discussion of ARARs is presented in Appendix A. In accordance with 

USEPA guidance, chemical-, action-, and location-specific ARARs are identified in 
j 

Appendix A. 

Ingestion ofgroundwater is the exposure pathway that will be retained for the FS. 

The following RAOs were developed for the PRDA: 

z - i . Reduce contaminant levels in the groundwater to comply with drinking water 

standards 

2. Prevent the soil from continuing to act as a source ofgroundwater contamination 
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1. 

j3. event the contaminated odwater from adversely affecng the Eagle ver 

.. surface water and sediments 

4. Minimize degradation of the State of Alaska's groundwater resources at the site as 

a result of past disposal practices. 

The first RAO wotild be measured by monitoring the concentrations of contaminants in the 

L: shallow interval and deep aquifer, but it will be reached by removing the source of 
contamination to the deep aquifer. Based on these RAOs, the F5 evaluation will focus on the 

:1 
atea of concern identified on Figure 2-1 to a depth of 60 feet bgs. The depth of 60 feet was 

chosen because it is below the depth ofthe most highly contaminated groundwater, modeling 

-I 

showed that it is sufficient to capture contaminants, and it is the depth below which 

specialized and very costly equipment is necessary for trenching. The 60-foot depth was 

iused for all applicable alternatives in order to facilitate comparisons. 

- 2.3 iDENTIFICATION OF GENIRAL RESPONSE ACTIONS, REMEDIAL 

-J TECUNOLOGIES AND PROCESS OPTIONS 

iFollowing the establishment of the RAUs, general response actions, remedial technologies, 

arid process options that may achieve the BAOs were developed for the site. General 

Iresponse actions include the following: no action imstitutional conirols; containment; 

groundwater collection; ex-situ treatment of groundwater groundwater discharge; and in situ 

1] 

treatment. Remedial technologies include "types" of general remedial actions (ie, biological 
. 

treatment, physicochemical treatment, arid thermal treatment). Process options may include 

.i "specific types" of treatment To meet the RAOs developed in Section 2.2, the general 

J response actions, remedial technologies, and process options identified for the site are 

described in the following sections. 

2.3.1 General Response Actions 

Figure 2-2 identifies seven general response actions evaluated for the groundwater medium. 

I The general response actions evaluated are: 

J 
No Action 

Institutional Controls 

J2-3 
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Containment 

Groundwater Collection 

Ex-Situ Treatment of Groundwater 

Groundwater Discharge 

In situ Treatment 

2.3.2 Remedial Technologies 

OUB 0023600 

The remedial technologies identified for each general response action are shown on Figure 2- 

2 The No Action general response action includes no remedial technologies. Three 

technologies were identified for the Institutional Controls general response action: access 

restrictions, use restrictions, and monitoring. Two technologies were identified for the 

Contaùment general response action: capping and vertical barrier. Two technologies were 

identified for the Groundwater Collection generai response action: extraction and subsurface 

drains. Three technologies were identified for the Ex-situ Groundwater Treatment general 
- 

response action: physical, chemical, and biological treatment. Two technologies were 

identified for the Groundwater Discharge general response action: on-site discharge and off- 

site discharge. Four technologies were identified for the In situ Treatment general response 

action: physical, chemical, biological, and thermal treatment 

2.3.3 Process Options 

Figure 2-2 presents specific process options selected for each remedial technology. A short 

description of each process is also included. The process options were selected to cover a 

wide range of options, from cormnonly used technologies to new innovative technologies. 

These process options were identified using USEPA guidance (tJSEPA 1989), the USEPA's 

Vendor Information System for limovative Treatment Technologies (VISITT) software 

(version 4.0), and the Superfund Innovative Technology Evaluation (SITE) program 

(USEPA 1993). 

2.4 SCREENING OF RffDIAL TEC1IrtOLOGIES AND PROCESS OPTIONS 

.- 
This section presents an evaluation of the remedial technologies and process options 

identified in the previous section. The effectiveness, implementability, and relative cost of 

each remedial technology type and process option will be reviewed. The cost information at 
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. this stage is based on engineering judgment Relative capital and operation and maintenance 

i 
(O&M) costs are used rather than detailed estimates. The costs are presented in low, 

jmedium, and iñgii terms relative to other process options in the same remedial technology 

type. This evaluation will provide a selection of remedial technologies and process options 

Ithat will be considered for further evaluation for the PRDA site. A summary of the process 

options that were retained or eliminated from further consideration is presented in Figure 2-3. 

I2.4.1 No Action 

j No Action is required for consideration in the FS process by the National Contingency Plan 

(NCP) as a baseline condition. The No Action option is retained for ftirther evaluation. 

There are no costs associated with this option. 

I2.4.2 Institutional Controls 

Institutional controls are designed to limit exposure to hazardous materials by restricting site 

-j access or land use. Three remedial technologies for institutional controls were screened: 

access restrictions, use restrictions, and monitoring. 

Access Restrictions 

IEffectiveness. Access restrictions (such as fencing) can prevent exposure to surface soil or 

surface water that poses an unacceptable risk. Access restrictions would not be effective at 

.] 
the PRDA, since the risk assessment has already indicated that the only media which could 

- pose unacceptable risks are groundwater and soil gas. 

. Implementability and Cost. No implementability limitations have been identified for access 

; 

restrictions. The cost is relatively low. 

Evaluation. Access restrictions are not retained for further evaluation, because they are not 

Ieffective at reducing the potential risk to human health that gromdwater and soil gas 

Jrepresent. 

, Use Restrictions 

Effectiven- Use restrictions are potentially effective methods to prevent exposure by 

:I 

sensitive populations (for example, children) or to prevent chronic exposure to soils. Use 
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restrictions, such as deed or zoning restrictions, could prevent ingestion of groundwater from 

the site by restricting specific site uses. Restricting site uses would also reduce the potential 

for vapor migration from the soils into basements. For example, restrict future use ofthe area 

to nonresidential use, and forbid installation ofwater wells in the affected area. 

Tmplementabilitv and Cost. No implementability limitations have been identified for use 
I 

restrictions. The cost is relatively low. I 

Evaluation. Deed and zoning restrictions are retained for further evaluation. 

Monitoring 

The process options are: 

. Groundwater monitoring groundwater monitoring wells are sampled for VOCs 

annually. 

. Intrinsic groundwater monitoring - groundwater monitoring wells are sampled for 

parameters that would indicate the presence and rate of natural attenuation 

occuiring in the groundwater. 

Effectiveness. Groundwater monitoxing for VOCs is an effective technique for monitoring 

the levels of contaminants in the groundwater. Sampling groundwater for parameters related 

to natural attenuation ofthe contaminants is also an effective monitoring technique. 

Implementability and Cost. No implementability issues bave been identified for either 

groundwater monitoring for VOCs or parameters related to natural attenuation. The capital 

cost for groundwater monitoring of VOCs and natural attenuation parameters is bw. The 

O&M costs for groundwater monitoring ofVOCs is low, and the O&M costs for monitoring 

natural attenuation parameters is relatively moderate. 

.--- 
Evaluation. Groundwater monitoring for VOCs and natural attenuation parameters is 

retained for further evaluation. 

II 
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2.4.3 Containment 

The containment general response action includes capping and vertical barriers. 

Capping 

The process options are: 

1 
Asphalt - asphalt covering over contaminated area 

- j Compacted clay - compacted clay covered with sand and gravel 

I 
Synthetic liner synthetic membrane without secondary barrier 

j Composite cap---RCRA compliant composite synthetic membrane/clay impreg- 

nated fabric 

Effectiveness. Capping is effective at minimizing the amount of surface water recharge to - 
groundwater at the site. But, at the PRDA the groundwater is recharged by both precipitation 

- 
and flow from the wetland. A cap by itself would not be effective at the PRDA because 

water from the wetland would continue to enter the site through the subsurface. A cap will 

only be considered when used with a vertical bather. 

- Imîilementabilitv and Cost. Future land use is the most significant implementabiity 

« 
constraint for capping. The costs, both capital and O&M, for the asphalt or compacted clay 

joptions would be relatively low. The synthetic liner would have moderate capital costs and 

low O&M, while the composite cap would have relativity high capital costs and low O&M. 

i 
Evaluation. A synthetic cap is retained for further evaluation. The asphalt cover is not 

Iretained for further evaluation because it would be effective only with regular maintenance to 
J repair cracks from expansion arid contraction- The composite cap is not retained for further 

:I 

evaluation since the relative increase in cost over the synthetic cap does not justify the 

. marginal increase in protection. The compacted clay cap is not retained because there is not a 

i___ 

nearby source of clay. 

j 
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Vertical Barriers 

The process options are: 

. Grout curtains grout injected into soil sets in place to form vertical barrier 

Shiny walls low permeability bentonite forms vertical barrier 

Sheet pile walls - steel cutoff wall is pushed into soil to forni vertical barrier 

Effectiveness. Vertical barriers limit the horizontal migration of groundwater moving into or 

out of an area. The perched water interval at the site is recharged from precipitation and from 

water migrating from the wetland. A vertical barrier could minimize the flow of groundwater 

from the wetland into the site. Precipitation at the site and water flowing from the wetland 

are the two sources ofrecharge to groundwater at the Site. 

A grout curtain would be effective at minimizing horizontal migration, from the wetlands 
Z-.-. 

into the site but that portion of the grout curtain iii the active layer would be subject to 

freezing and cracking. This would result in the potential for groundwater flow through the 

curtain. The active layer is that portion of the soil that freezes and thaws each year. The 

active layer extends from ground surface to as deep as 8 feet. Portions ofthe perched aquifer 

may be in the active layer. The bentonite slimy wall would likely not be affected by the 

freeze and thaw because ofthe flexibility ofthe wall. 

Implementability and Cost No implementability issues have been identified with trenching 

to 60 feet bgs at the site- FiThng the trench with either a bentonite slurry or grout is also 

technically feasible. installing a steel sheet pile wall has implementability issues. The sheet 

pile wall would be difficult to install because of the dense soils, cobbles, and small boulders 

that characterize the site. The cost for these options is low for the slurry wall, moderate for 

the grout curtain, and high for the sheet pile wall. 

Evaluation. A slurry wall is retained for further evaluation. The grout wall is eliminated 

from further consideration because the wall will likely crack in the active frost layer and 

would then allow shallow groundwater to flow through the wall. The sheet pile wall is 
-.- 

eliminated from further consideration because pushing the wail through the dense soils on 

site would be difficult 
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2.4.4 Groundwater Collection 

This section presents process options to extract groundwater. The process options include: 

Groundwater extraction wells - Groundwater is extracted from the subsurface by 
. . 

pumping from wells installed in the saturated intervals. 

- Groundwater interception trenches Groundwater is extracted from the subsurface 
,. by pumping groundwater from trenches that intersect the saturated intervals 

Effectiveness. Groundwater pumping is a coimnon groundwater extraction method. 

IGroundwater modeling was conducted to estimate the maximum flow rate of groundwater 

- that could be extracted from a welL The modeling concluded that the maximum pumping 

Jrate that a single groundwater well could yield from the shallow groundwater zone is 

approximately 200 gallons per day (gpd). 

- Groundwater extraction trenches were also modeled at the site to evaluate the effectiveness 

and conceptual design for this system. The total flow rate from the trench system (three, 250- 

- feet long trenches and one, 150-foot long trench) was estimated to be i gallon per minute 

1 (gpm). 

- 
Implementability and Cost. No significant implementability limitations have been identified jfor groundwater interception trenches except for potential difficulties in disposing of the 

trench spoil. The implementability of groundwater extraction wells is not likely considering 
. 

i the large number of wells that would be necessary to capture contaniinated groundwater. 
: 

Each process is a commonly used and proven technology. The cost for these process options 

I is high capital for groundwater extraction wells, and moderate capital for groundwater 

J interception trencbes The O&M costs for either option would be low. 

j Evaluation. Groundwater interception trenches are retained for farther evaluation. 

Groundwater extraction wells are eliminated from further consideration because modeling 

_J 
indicates that a large number ofwells would be necessary to capture the contaminant plume. 

Modeling was performed using MODFLOW and MT3D. The model development and 
. 

results are included as Appendix B. 
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2.4.5 Ex-situ Groundwater Treatment 

Three ex-situ groundwater treatment technologies are considered: physical, chemical and 

biological treatment. Each of the process options listed requires a groundwater collection 

option to supply the contaminated groundwater. 

Ex-situ Physical Treatment 

Physical treatment technologies treat contaminants by moving them from one medium to 

another and not by chemically changing the contaminant. The process options are: 

. Air stripping - contaminants partitioned from groundwater by increasing surface 

area of extracted groundwater. 

. 

Granular activated carbon (GAC) groundwater or soil gas is pumped through a 

series of GAC canisters to absorb contaminants. 

Effectiveness. Air stripping treats contaminated water by aerating the groundwater. Aeration 

methods include packed towers, diffused aeration, tray aeration, and spray aeration. Air 

stripping is a very common technique for removing dissolved phase VOCs from 

groundwater. 

In the QAC option, groundwater is pumped through GAC canisters until the effluent exceeds 

a certain level and needs to be replaced. The process is effective and easy to implement, but 

replacing the GAC can be costly. The exhausted GAC is typically sent off-site for thermal 

regeneration. GAC is not an effective treatment for vinyl chloride, but vinyl chloride has not 

been detected in soil or groundwater sampies collected at the site. 

Implementabilitv and Cost. An advantage of air stripping is that the equipment is relatively 

simple and can be set up quickly. One disadvantage is that the energy costs can be high, 

including the need for freeze prevention in the winter. Another disadvantage is that there 

be public concern about the discharge of VOCs into the atmosphere from the air 

stripping method if no vapor recovery is used. Discharge estimates from the air stripping 

II 
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system are a maximum of 1,700 pounds (0.85 tons) per yeai, below the 3.1 tons per year 

allowed by the USEPA (40 CER 264.1032). 

i 
No implementability issues have been identified for GAC. 

. Capital costs are low to moderate for air stripping and moderate for GAC. The O&M costs 

Tj for air stripping are low to moderate, and the O&M costs for GAC are moderate. 

Evaluation. Air stripping and GAC are retained for further evaluation. 

Ex-situ Chemical Treatment 

Chemical technologies treat contaminants by the use of chemical processes. The process 

Joption is: 

. Ultraviolet (UV) oxidation UV oxidation degrades contaniinants by subjecting 

-J the aqueous solution containing the contaminants to ultraviolet light in the 

i presence of an oxidizer (hydrogen peroxide or ozone). UY light is the catalyst 

.1 that causes the oxidation ofthe chemicals. 

.,] Effectiveness. UY oxidation would be used to treat the contaminated groundwater in a pump 

. 

and treat system. The process produces no hazardous by-products or air emissions, if 

jcomplete oxidation is achieved. 

JImplementabilitv and Cost UY oxidation systems require a considerable amount of power, 

.' which is not currently available at the site. The UY lamps require cleaning to remove 

i mineralization that builds up during operation. The capital costs for UV oxidation systems 

'J are moderate, and the O&M costs ate high. 

JEvaluation. UY oxidation is eliminated from further consideration due to high O&M 

requirements relative to other potential groundwater treatment options. 

j 

J 
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Ex-situ Biological Treatment 

Biological process options treat contaminated groundwater by using microorganisms to 

degrade the contaminants under aerobic (oxygen rich) or anaerobic (oxygen deficient) 

conditions. The process options are: 

Aerobic biodegradation microorganisms degrade contaminants under an aerobic 

(containing oxygen) condition. 

Anaerobic biodegradation (methanotrophic bioreactor) - microorganisms degrade 

contaminants while utilizing methane as a growth substrate. 

Effectiveness Aerobic biodegradation of TCE was not thought to be effective, and only 

within the last few years have microorganisms been identified that are effective under aerobic 
7 

: 

conditions (USEPA 1992b). A methanotrophic bioreactor would be used to treat the 

contaminated groundwater in a pump and treat system. A bioreactor reduced the 

concentration ofTCE in groundwater at one site from 2.0 mgTL to 0.15 mg/L (USEPA 1993). 

Implementability and Cost. Treatability study tests would need to be conducted to determine 

the effectiveness of au aerobic or anaerobic bioreactor on 1,1,2,2-tefrachioroethane. 

Additional costs would be incurred maintaining a bioreactor at an optimal temperature. The 

influent would have to be heated and the bioreactor would also have to be kept in a heated 

room. The bioreactor would have to be used with GAC or air stripping to polish the effluent. 

The capital and O&M costs for the bioreactor are moderate. 

Evaluation. This process option is not retained for further evaluation because aerobic and 

anaerobic bïoreactors are considered innovative technologies, and additional process options 

would likely be required in the treatment train to meet discharge limits. 

2.4.6 Groundwater Discharge 

Three process options were identified for discharging treated groundwater. The process 

options are: 
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.- s Pipeline to Eagle River - treated water would be discharged to the Eagle River via 

-i 
a pipeline. 

, Groundwater recharge treated water would be discharged to the ground at the 

site so that it could recharge the groundwater. 

Discharge to publicly owned treatment works (P OT W) - treated water is 

discharged to POTW via a pipeline. 

!ì 
Effectiveness. All of the process options for discharging the treated water would be j effective. The volume of treated groundwater from any remediation system operated at the 

. PRDA would be low and easily handled by any ofthe three process options. 

Implementability and Cost. It would be technically feasible to construct a pipeline to the 

7;1 
Eagle River or a POTW, but the capital and O&M costs would be high. Installation of a 

- 
groundwater recharge system at the site would be the most technically feasible of the three 

process options, and the capital costs would be moderate. Maintenance of a recharge system 
- may be high. 

:j Evaluation. The cost-benefit of constructing pipelines between the site and the Eagle River 

I or a POTW is low, considering the amount of water (approximately 5 gallons per minute) 

J that would be pumped through the pipe. Discharge to the Eagle River or a POTW is 

, 
eliminated from further consideration due to the high cost. Discharge to a groundwater 

ñIrecharge system is retained for ftrther evaluation. 

2.4.7 In situ Treatment 

J 
In situ process options either degrade the contaminants in place or cause the contaminants to 

change phase while in situ. Several of the process options require process options from 

Section 14.4 to complete treatment ofthe contaminants. 

- In situ Physical Treatment 

The process options are: 
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Air sparging air sparging volatilizes dissolved-phase contaminants by injecting 
air into the groundwater. 

Soil vapor extraction soil gas is removed from the vadose zone by applying a 

vacuum to a well screened in unsaturated soil. 

s Soil flushing - treated groundwater is discharged onto the site to flush VOCs from 

the soil so that the water can be recaptured by the groundwater collection system. 

Effectiveness. Air sparging must be used with vacuum extraction to remove the volatilized 

contaminants from the vadose zone. The advantage of the system is that it is simple to 

implement. The disadvantage is that the on-site geology may require an excessive number of 

sparge points because ofa small radius of influence. 

Soil vapor extraction is a common and effective soil gas extraction method. Soil vapor 

extraction would likely be used in conjunction with other process options, since much of the 

contaminated soil is located below the water table. Several vacuum extraction wells would 

be needed to affect all the contaminated vapors. 

Soil flushing is used to remove VOCs that have adhered to the soil. Once the groundwater 

extraction system is started, the water table is lowered and much of the contamination 

remains adhered to the soils above the water table. Treated water can be discharged onto the 

disposal area to flush the contamination from the soils. 

Jmîlementabilitv and Cost. The minimum hydraulic conductivity for air sparging to be 

effective is 2.8 ft/day (Marley 1995), but the estimated hydraulic conductivity ofthe shallow 

interval is 0.5 ft/day. Generally, the costs for air sparging are moderate, but the limitations of 

low hydraulic conductivity make successful implementation unlikely 

No siiificant implementability issues have been identified for soil vapor extraction or soil 

flushing. The costs for soil vapor extraction and soil flushing are low. 

Evaluation. Air sparging did not meet screening criteria because of the low hydraulic 

conductivity of the soils at the FRDA. However, because of the large degree of uncertainty 

in flow properties in the shallow subsurface, air sparging was retained for further evaluation 
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-.- in the November 1996 treatability study (see Section 1.4.6). Soil vapor extraction and soil 
. flushing are retained for thither evaluation. 

In situ Chemical Treatment 

J 
The process options are: 

a Funnel-and-gate Subsurface barrier has impermeable (funnel) and permeable i(gate) portions. The permeable portions of the bather are filled with a metallic 
- j catalyst (zero-valent iron). The catalyst in the wall oxides the contaminants in the 

groundwater, reducing them to less hazardous compounds. 

1 Chemically enhanced solubilization - attempts to dissolve DNAPLs into the 

;J oundwater by pumping a chemical which enhances solubilization into the 

,,p 
aquifer. The dissolved contaminants and the solubility enhancing chemicals are 

j then pumped out of the aquifer. 

IEffectiveness. The advantage of metallic enhanced abiotic degradation in a funnel-and-gate 

system is that it is passive (i.e., does not require human intervention for treatment). The 

-i disadvantages are that the process requires flow through the wall, and the effectiveness of the 
J wail over time may be reduced by biological activity and precipitation of minerals in the 

i groundwater. The substantial vertical gradient at the site (1 : 1) and low hydraulic gradients 

j suggest that the flow through the funnel would be minimal. This technology would not 

. 
protect the deep aquifer from migration of contaminants due to vertical flows. 

The chemically enhanced solubilization process is repeated until the DNAPLs have been 

-J 

removed. The advantage ofthe system is that it provides a method to remove DNAPLs. The 
. 

disadvantage ofthe system is that it is not proven. 

J Implementability and Cost. The funnel-and-gate system typically operates on the principal 

1 that there would be a hydraulic bead built-up behind the wall, and the increased head behind 

j the wail would force the flow through the permeable zone (gate). Unless the funnel-and-gate 

system ìs keyed into the bedrock, vertical gradients may be increased. Keying frito bedrock jis not feasible at the PRDA site because the bedrock is up to i 60 feet bgs. and standard slurry 

Jwall construction techniques cannot be used. The system would have to be constructed as a 

, 
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hanging wall. Depending on the chemicals used for the enhanced solubilization process, 

there could be major implementability issues. The capital costs of the funnel-and-gate 

system are low to moderate, and the O&M costs are moderate. The capital and the O&M 

costs ofthe chemically enhanced solubilization are low to moderate 

Evaluation. Because the funnel-and-gate system is not likely to be effective at this site due to 

technical feasibility issues, it is eliminated from further consideration. Chemically enhanced 

solubilization is eliminated from further consideration since the technique is not proven and 

implementability is questionable 

In situ Bioloica1 Treatment 

The process options are: 

. Aerobic bioremediation - biodegradation of contaminants is increased by the 

addition ofoxygen to stimulate aerobic microbes. 

. Anaerobic biodegradation of contaminants is increased by the addition of 

methane to stimulate anaerobic microbes. 

Effectiveness. The effectiveness of full-scale in situ bioremediation of TCE and i , i ,2,2- 

tetrachioroethane is not yet proven.. In situ bioremediation is still considered an innovative 

remediation technology for the removal of chlorinated solvents from contan±iated soils and 

groundwater (Saaty et aL 1995). 

Implementability and Cost. It is difficult to estimate the relative cost or identify 

implementabilty issues that may affect a fall-scale in situ bioremediation system at the site, 

due to the technology's early stage of development. A review of papers from the Third 

International In Situ and On-Site Bioreclamation Symposium in 1995 revealed few sites 

where in situ bjoremediation bad been attempted. Most of the papers reported the results of 

laboratory studies to evaluate the effectiveness of in situ bioremediation. Treatability studies 

would have to be conducted at the PRDA to identify any implemeutabilty issues. One 
J 

implementability issue that has been identified is the low temperature (approximately 40°F) 

of groundwater at the site This low temperature would significantly impede the rate of 

bioremediation. Therefore, bioremediation is expected to have limited effectiveness over a 
j 
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-. reasonable period of time The costs for in situ biological treatment would be relatively 

.1 

moderate. 

Evaluation ii situ aerobic and anaerobic bioremediation are eliminated from further 

.1 

consideration because the technology is still in the early stages of development. 

jIn situ Thermal Treatment 

1 
The process options are: 

I 
Electrical Resistance Heating electrodes placed into the soil pass electricity 

J directly through contaminated soil. 

- . Radio Frequency radio frequency works by heating soils with radio waves from 

Ja probe in the ground to volatilize the contaminants. 

. ) 
Steam Injection steam is injected into the oundwater table in the same manner 

as air sparging to volatilize the contaminants. 

Effectiveness. Radio frequency heating increases the mobility of contaminants and allows 

- 

i 
them to be removed by vacuum extraction. A disadvantage of the system is that it is not 

j designed to heat groundwater, and it heats the soil slowly. 

. Steam injection is similar to air sparging except that steam is injected into the groundwater 

instead of ambient air. The steam acts to increase the volatilization and mobility of the 

_J 

contaminants. Vacuum extraction must be used with steam injection to extract the volatilized 

contaminants from the vadose zone. The disadvantage of the system is the high power 

jrequirements, and that the steam does not effectively heat low permeability zones. 

I 
Electric resistance heating increases the mobility of contaminants and allows them to be 

removed by vacuum extraction. The soil can be heated to 100°C. Contaminants are either 

I 
boiled off at this temperature or are more easily volatilized because of increase vapor 

_L. pressure. Clean up times are measured in months rather than years for electrical heating. 

Jlmplementabilitv and Cost. The minimum hydraulic conductivity for air sparging, and 

] 
therefore steam to be effective is 28 ft/day, but the estimated hydraulic 
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conductivity ofthe shallow interval is 0.5 fl/day. Therefore, steam injection is unlikely to be 
effective at the PRDA. 

No signiñcant implementability considerations have been identified for radio frequency 
heating. The capital and O&M costs are expected to be relatively high. 

No significant implementability issues have been identified for electrical resistance heating. 
Capital costs are expected to be moderate and operating costs are expected to be low. 

Evaluation. Radio frequency heating is eliminated from further consideration because of the 
high costs, and because its effectiveness on oundwater is probably low. Steam injection is 
also not retained for further evaluation because of the expected ineffectiveness due to low 
hydraulic conductivities of the on-site soils and high cost. Electrical resistance heating is 
retained for further evaluation. 
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FLGURE 2-2: INTTJAL WEN'l'WICATION OF POTENTIAL TECJENOLOGIES 
AND PROCESS OPTIONS 

GENERAL RESPONSE 
ACTTOJS EEMEDIALTECHNOLOGY PROCESS OPTIONS DESCRIPTIONS OUB 0023616 

INO Action I__lNonc 4Not Applicable 
I 

_-jripelme to tagte lQver 

LjGrotxndwter Rechrgc 

Continued 1Soubilization 
I 
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No action. 

Fence around property. 

Permanent record ofresiduai contamination on 
the rite and land use rcsn-ictiona. 
Limit zoning to ndustriaVcominerciai uses 

Sample groundwater monitoring wells for VOCS 
anrivaIiy 
Sample groundwater nionitoring wells for 
intrinsic remedialion parameters annually. 

Asphalt paving over contaminated area. 

Compacted clay covered with sand and gravel. 

Synthetic membrane without secondaiy barrier. 

RCRA-compliant composite synthetic 
membrane/clay impregnated fabric. 
Fluid material injected into soil to set in place 
and form vertical barrier. 
Bentonite sluriy creates low permeability wall 

Steel cutoffwall pushed into the soils. 

Groundwater is exiracted from the subsurface 
by pumping from wells. 
Groundwater is exiracted from the subsurface by 
pumping water from trenches in saturated zon. 

Solvents partitioned from groundwater by 
increasing surface area of extracted groundwater 
Groundwater/soil gas is pumped through a sciica 
ofGAC canisters to absorb solvenin. 
Uy light sud an oxidizer are innoduced into a 
waste steam. Reactions catalyzed by 1.1V. 

Microorganisms degrade solvents by 
utilizing oxygen. 
Microorganisms degrade solvents while 
utilizing methane as a giowth substrate. 
Discbarge treated water to the Eagle River via 
a pipeline 
Discbarge treated water to groundwater recharge 
system 
Discharge treated water to POTW via pipeline 

Air is injected into saturated soil and removes 
solvents through volatilization. 
Soil gas is extracted by supplying a vacuum on 
wells screened in the tmaturated zone. 
Discharge water on site to flush contain. from 
soil and into groundwater collection system 
Solvents are degraded by passing groundwater 
through an in-situ, O-valence iron, permeable wall. 
Chemically increase solubilization of contaminant 
and then remove via groundwater extraction. 
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AND PROCESS OPTIONS 
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Continued from above 

O&M: Operation and maintenance 
Cap: Capital 
VOCs: Volatile organic compounds 

J 
POTVI: Publicly owned eatment works 
DNAPLs: Dense noiiaqueous phase liquids 
13V: Ultraviolet 

j 

] 

] 

L1 

j 

J 

Degradation ofchlorinated solvents by adding 
oxygen to stimulate aerobic microbes. 
Degradation ofchlorinated solvents by adding 
ractinrie to stimulate anaerobic microbes. 

Subsurface soils are heated by probe emitting 
radio waves, volatilizing solvents 
Steam is forced into aquifer through injection 
wells, volatilizing solvents. 
Subrarface soils are heated by pasmig electric 
current through the soils. 



FIGURE 2-3: INITIAL SCREENING OF POTENTIAL TECHNOLOGIES AND PROCESS OPTIONS 

GENERAL HESPONSE 
REMEDIAL TECHNOLOGY IROCESS OPTIONS EFFECTiVENESS IMPLEMENTABILITY COST fa) &I11N 

1_INone _-__JNot Not applicable. No mpIcmcnation ne4ed. None 
rNo Action Applicable 

I 

Surface and near surface soils do not currently Implementabic. Low 
Irnstitutional Contro's 

pose a risk. A tcnc does not reduce risk. 

-1 
tIse Restrictions __jDeed Restrictions Prevents exposure to potential future residents. Imìlemcntable. Low 

Prevents exposire to potential future residents. Imptementable Low 
I 

Zoning Restrictions 

Effclve at mont0ring concentralon of Imptementable Low Cap. Low O&M -Motiftoring I-tGroundwater Monitoring 
I 

contaminants in gro undw ter 

tntrinsic Groundwater Effective at monitoring natural degradation of lmpementahle Low Cap, Mod O&M 

Monitoring contaminants. 

I- 
_Capping l Bffectiveatreducing intiltrationoiwater Implemenlabic LowCap.LowO&M Ccntainment 

Effective al reducing infiltration of watcr Implementabte. Low Cap, Low O&M 

Effeclfvcat reducing nliltraUon ofwater !mpteJlltntaIJIe Mod Cap, Low O&M IsyntheticLiner I 

Mostefiective at reducing inflltraiLon ofwater impeincntabe High Cap, Low O&M .- 

Effective at reducing the horizontal movement Grout wilt crack from freeze arid thaw, Mod Cap _JVerIicat I3arrier 
J 

I 

ofgroundwaler from the ste allowing groundwater flow. 

¶- 1SluWall i Efte1ivc utreducing tiieliorizontal n1ovcnieìt Implemcntablo Low Cap 

ofgroiuidwater from the sito. 
_____________________________ 

Bf(etic al reducing the horizoital n1oveiìet Soil deusity wilt make insatlation Jf(gh Cap 

ofroirndwater from lie site. d{ffjcuft. 
_____________________________ 
IGroundwalLr Collection 

____________________________ ___________________________ 
Effective at removrn groundwater from saturated Eccessive number ofwells needed High Cap Low O&M 

intcrvas. Io capt2rc phunc. 

lsubsurface Drains i- Groundwater Inlerception Effective at removing grotrndwater from Implemenlable Mod Cap, Low O&M 

Trenches saturaled inlervats. 

Effective at removtng solvenis from groundwater Impementabe. Low to Mod Cap. Ex-Situ Groundwater . _IPhysica Treatment 1---lAr Stripping 

Treatment 
I 

as part ofa pump and treat system. Low to Mod O&M 

H Granutar Activated Carbon Effective at removing solvents from groundwater implementable. Mod Cap, Mod O&M 

as part oía pump and treat system. 

. 

Capable ofdestroying solvents n groundwater !mplementahle. Mod Cap, High O&M 

as part ofa pump and treat system. 
. 

Not proven effective at degrading chlorinated Not a proven teehnoogy. Mod Cap, Mod O&M 
VOCs _______________ 
Effective at destroying chlorinated VOCs Would need additional technologies Mod Cap, Mod O&M 

Continued lo potish effluent. 
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FIGURE 2-3: INITIAL SCREENING OF POTENiÄL TECHNOLOGHS AND PROCESS OPTIONS 

CENERAL RESPONSE 

ACFIit REMEDIAL TECHNOLOGY PROCESS OPTIONS 

oundwterDischarge Ir--IOn-SiteDischarge 

IGroundwater Recharge I 

t'i 

Legend: 

a: Costs arc based on cnlneerin judgment. Coats are presented as low, 

moderate (Mod), or high relative to olher process options within the same remedial 

technology type, 

O&M: Operation and ntantenance 

Cap: Capital 
VOCs: Volatile erganic compounds 

POTW: Publicly owned treatment works 

DNAPLs: Dense nonaqucous phase liquids 

UV: Ultraviolet 
I Air sparging did not meet screening criteria but there is enough unecrtinty to warrant retaining 

this process option for further evaluation. 
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solvents. Ineffective for vertical movement cf 
contaminants. 

May be ciffective at removing DNAPLs, if 
present at the site. 

EMPLEPTENTAR1UTY COST (1 

Would need pipetinc over one mile High Cap, Low O&M 

long. 

Implementable Mod Cap. Low O&M 

Difficult to implement due to distance High Cap, High O&M 

o POTW. 
Hydraulic conductivity lows need Mod Cap, Low O&M 

high number ofsparge points. 

lmplementable. Low Cap. Low O&M 

Implementable with Groundwater 

System 

WaIl cannot be keyed into bedrock. 
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at the site. 
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Low to Mod Cap, 

Mod O&M 

Low to Mod Cap, 

Low to Mod O&M 

Limited effectiveness dueto low groundwater lmplentcntabte Mod Cap, 
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water table. 
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i 3.0 

DEVELOPMINT OF ALTERNÂT WES 

lin this section, general response actions and the process options chosen to represent the 

various technology types are combined to form alternatives for the PRDA. Alternatives were 

developed to represent a range of potential remedial actions, including institutional controls, 

intrinsic remediation, onsite containment, and onsite treatment. 

I The alternatives include: no-action (Alternative 1); natural attenuation (Alternative 2); 

.1 containment (Alternative 3); interception trench, air stripping, and soil vapor extraction 

(Alternative 4); air sparging and soil vapor extraction of the "hot spot" and natural 

attenuation (Alternative 5); and soil vapor extraction ofthe "hot spot." (Alternative 6). All of 

- 
the alternatives include institutional controls to limit the risk posed by the site until the 

remedial actions bave reached the RAOs. 

3.1 DESCRIPTTON OF ALTERNATWES 
-J 

. The following sections describe the conceptual designs for these alternatives and the basis for 

the design approach. The conceptual designs of the alternatives presented in this section are 

1 based on the best available information at the time that this report was prepared. Information 

;i developed by thither investigations conducted at the site to better define the hydrogeologic 

. 
properties of the groundwater system can change the conceptual designs presented in this 

jsection. It should be noted that 30 years is used as the maximum duration for any alternative, 

at which time a reassessment ofthe selected remedial action would be conducted. 

- 
3.1.1 Alternative 1: No Action 

S The No Action Alternative involves no additional costs or actions at the site. This alternative 

1 is required by the NCP. 

3.1.2 Alternative 2: Natural Attenuation 

L 
The Natural Attenuation Alternative includes the following: 

j 
S.\PROJECTS\WCFS\E94OQ\DFU4AL\CHAP3SDOC 01 s97 3 1 
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' Institutional controls 

- Restrict groundwater use between the site and Eagle River 
Restrict development around immediate disposal area 

Groundwater Monitoring 

- Currently existing wells (15) 
- . Additional monitoring wells (2) 
- Annual groundwater sampling and analysis for VOCs (30 years) 
- Monitor geochemical analytes that will help estimate the rate of intrinsic 

remediation 

Groundwater samples were collected during the treatability study to help identify processes 
that may be reducing the concentration of contaminants in groundwater at the site. The 
sampling results showed that little, if any, natural attenuation of the contaminants is 
occurring. 

Interim U.S. Army policy requires the inclusion of "Natural Attenuation" for evaluation as a 
remedial action alternative through the preparation ofthe Proposed Plan. Natural attenuation 
relies on biological, physical, and chemical processes that are occurring in the environment ' 

without artificial stimulus. Monitoring and documenting these processes is the major focus 
ofthis alternative. The following intrinsic remediation parameters would be monitored at the 
PBDA ifNatural Attenuation was selected as the remedial alternative: 

Nutrients/Electron Mtbolic End 
Acceptors Substrates Field Parameters Products Other 

. Nitrate-Nitrogen Total Organic pH Me thane Sulfate-Reducing 
Niirite-Nitrogen Carbon (TOC) Bacteria (SRB) 
Total Kjeldabl Biochemical u Temperature Ethene Heterotropbic 
Nifrogen (T1N) Oxygen Demaxid Bacteria (RIET) 
Ammonia- Redox Potential Ethne VOCs j 

Niogen (NB3-N) (Eh) 
Total Phosphorus Dissolved Su1:de (S2) 

s 

Oxygen (DO) 
Sulfate (SO4) 

Soluble Iron 

(Lee et al. 1995) 

The Final Risk Assessment report for the PRDA site (Woodward-Clyde 1996d) states that 
there is an unacceptable risk to human health from potential inhalation of soil gas vapors in 

S\PROECTS\WCFS\594OSQ\DFNAL\CMp3.DOC 01-25-97 3-2 
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ithe residential use scenario. Because of this unacceptable risk, restriction on development 
around the immediate disposal area is included as part of the institutional controls. 

Significant research is being conducted to gain a better understanding of the natural 

t processes that tend to degrade chlorinated VOCs. Recent studies indicate that chlorinated 
j VOCs are being naturally attenuated in both aerobic and anaerobic environments. TCE, 

i PCE, and several oftheir degradation products appear to degrade under anaerobic conditions 
j Other degradation products, chioroethane and vinyl chloride, deade under aerobic 

.'-. 
conditions. Even under ideal conditions, natural attenuation of chlorinated VOCs is 

:1 frequently incomplete. 

Fignre 5-1 in the Final RI Report (Woodward-Clyde 1996c) illustrates the potential 
deadation pathways of the chemicals of concern at the PRDA. i , i ,2,2-tetrachloroethane is 

I shown in the degradation pathway figure to degrade to TCE (abiotic), 1,1,l-TCA (biotic), 
j and 1,1,2-TCA (biotic). TCE was detected at concentrations nearly as high as 1,1,2,2- 

tetrachioroethane. The TCE was either released at the same time as the 1,1,2,2- 
- tetrachioroethane, or it was produced through the ahiotic degradation of 1,1,2,2- 

tetrachioroethane. No i , i , 1-TCA was detected in groundwater samples collected at the site 
Iand small amounts of i , i ,2-TCA were detected. It is not possible to determine the rate of 
abiotic degradation of 1,1,2,2-tetrachioroethane, since the proportion of TOE to 1,1,2,2- 

- 

. 

j 
tetrachloroethane in the fluids released at the site is unknown. The likelihood that biotic 

. 

degradation is occurring at the site is low, since the two biotic degradation products of 

I 1,1,2,2-tetrachioroethane were either not detected, or were detected at very low 
_j concentrations. The rates of both biotic and abiotic degradation are probably low due to the 

slow groundwater movement and the cooler than average soil and groundwater temperatures. 

3.1.3 Alternative 3: Containment - 

j 
The Containment Alternative includes the following: 

. Synthetic liner with soil cover 

Bentonite slurry wall to 25 feet bgs 
-J 
. s Institutional controls 

_t 
Restrict groundwater use between the site and Eagle River j - Restrict development around immediate disposal area 
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Groundwater monitoring 

- Currently existing wells (15) 

Additional monitoring wells (2) 

- Annual groundwater sampling and analysis for VOCs (30 years) 

The lateral extent of the cap and the placement of the slurry wall is shown on Figure 3-1. 

The cap covers the "hot spot" area only. A groundwater model was used to estimate the 25 

feet bgs ofthe slurry walL 

The sluny wall will minimize water from the wetland from entering the site and the cap will 

minimize precipitation from entering the site. Once the cap and vertical barrier are in place, 

groundwater levels downgradient of the slurry wall will begin to lower and dewater the 

perched interval, leaving much of the contamination behind in the soiL The cap and vertical 

barrier would rnirimize water flow into this area, minimizing the driving force for the 

migration ofcontamination from the perched interval to the lower groundwater units 

3.1.4 Alternative 4: Interception Trench, Air Stripping and Soil Vapor Extraction 

This alternative includes the following components: 

A 520-foot long, 25-foot deep vertical barrier between site and wetlands 

Soil vapor extraction system which includes 40 vertical extraction wells installed 

in Areas A-3 and A-4 

A series of four interception trenches (150 feet, 250 feet, 250 feet, and 250 feet 

long, from south to north, respectively) which extend to depth of 60 feet bgs 

a lufiltration system which releases treated groundwater to an area downgradient of 
the treatment area 

Institutional controls 
- Restrict groundwater use between the site and Eagle River 
- Restrict development around immediate disposal area 

. Groundwater monitoring 
- Currently existing wells (15) 
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] - Additional monitoring wells (2) 

- Annual groundwater sampling and analysis for VOCs (30 years) 

The details discussed in this alternative are assumed so that a cost estimate can be prepared, 

and is not intended to reflect the final design. 

1 Twenty soil vapor extraction wells will be installed in Areas À-3 and À-4 to 20 feet bgs and 

.j screened from 10 to 20 feet bgs. This network ofwells will remediate the contaminated soil 

above the shallow groundwater zone. Vacuum is provided by a blower which operates at 250 

istandard cubic feet per minute (scfin) at 8-inch mercury vacuum. A second set of 20 wells 

will be installed to 40 feet bgs and screened from 20 to 40 feet bgs. The purpose of the deep 

Jwells is to remediate soil in the shallow groundwater zone which will be exposed due to 

drawdown of the groundwater table when the interception enches are installed For the 

-I 
deep wells, vacuum is provided by a blower which operates at 420 scfm at 8-inch mercury 

4 vacuum The location of the soil vapor extraction wells are shown in Figure 3-2 A cross 

section ofthe area to be treated by soil vapor extraction is shown in Figure 3-3. Preliniinaiy 

--I calculations indicate a treatment time of approximately 3 to 5 years is required for attaimnent 

'1 

oftreatment 

- 
h:i this alternative, groundwater is collected in drainage trenches and treated through an air 

Istripper before being discharged to a downgradient infiltration system. Figure 3-2 presents 
- 

the site layout for Alternative 4. The drainage trenches are installed by excavating a trench 

i while simultaneously pumping in a biodegradable slurry. The trench is then backlihled with 
_l permeable materials (i.e., gravel) to form the peniianent drainage system. A perforated pipe 

I placed at the bottom of the trench and well casings (risers) are installed every 120 feet 

j along the length of the trench for groundwater collection. When the trench is completed, the 

.- biopolymer slurry is degraded through use of a breaker solution. 

As water rises in the well casings, submersible pumps (1 gpm, variable speed pumps with 

:i 
remote control) placed in the well casings remove the water to an equalization tank. From 

the equalization tank the water is pumped through a bag filter to remove suspended solids, 

i then to an air stripper for treatment 

I Areas A-3 and A-4 will be covered by a geosynthetic liner to prevent short circuiting in the 

J extraction wells. The portion of the interception trenches installed in the zone to be treated 
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by vapor extraction will be backflled and compacted to obtain similar hydraulic conductivity 

and permeability as material currently at the site. A knockout tank will be provided for 

separation of air and water extracted from the wells. Water collected in the knockout tank 

will be pumped to the air stripping system for treatment. 

A design flow of i gpm was used to size the air stripper system for this alternative. The i 
gpm flow rate was obtained using groundwater modeling for a case which assumed ali water 

removed for treatment is recharged downgradient of the oundwater collection system (see 

Appendix B for a complete discussion of the groundwater modeling). The design 

groundwater contaminant concentrations and treatment goals are shown in Table 3-i. Design 

concentrations were calculated by dividing the 95% UCL concentrations (or maximum 

concentration when the maximum concentration is less than the 95% TJCL concentration) in 

the contaminant plume at the site by a proportion number. The proportion number is the ratio 

of the 95% UCL concentration of 1,1,2,2-tetrachloroethaue to the average concentration of 
1,1,2,2-tetrachioroethane after 30 years ofpumping as obtained from the groundwater model. 

The treatment goals are Alaska MCLs where available. For 1,1,2,2-tetrachioroethane, a 

treatment goal of 0.005 mg/L was assumed.. 

A low profile tray air stripping system will treat the groundwater. A low profile tray air 

stripping system was selected over a packed tower stripper for this site because: 1) tray 

strippers can operate more effectively at low liquid flow rates than can packed towers; 2) for 

equivalent removal efficiencies, a packed tower stripper is often larger than a tray air stripper 

resulting in higher insulation costs andlor the packed tower being too large to fit into a 

typical treatment building; and 3) if a packed tower is not housed in a treatment building or 

not properly insulated, thermal expansion and contraction of the tower due to large 

temperature changes typical ofAlaska may crush the packing. 

A low profile tray air stripping system with a water heater and an air heater will be used for 

groundwater treatment. The water and air heaters are provided to maintain the water and air 

temperatures required for effective contaminant removal in the air stripper. An effluent 

recirculation line is included to maintain a certain flow rate in the air stripper. A process 

flow diagram for the air stripper system is presented in Figure 3-4. 

Vapors from the air stripper will be discharged to the atmosphere without treatment. For this 

alternative, the maximum estimated mass of organic compounds that would be released from 

the air stripper to the atmosphere is 170 pounds per year. The estimated average mass of 
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organic compounds that would be released over 30 years of operation is approximately 70 

pounds per year. 

.' 

Water treated by the air stripper is discharged to an inñltration system located downgradient 

.1 

of the groundwater extraction trencbes The infiltration system includes a 200-foot long 4- 
J inch diameter PVC pipe with 0.5-inch diameter holes drilled into the pipe on either side at a 

i space of i foot. A bedding of sand and gravel will be placed around the pipe to improve 

i inñltration and to act as a filter. The infiltration system will be placed below the freeze line 

' (8 feet bgs). The large pipe, low flow rate, and large number of holes will allow the water to 

infiltrate into the soil over a sufficiently large area that mounding ofthe water into the freeze 

zone should not occur. 

3.1.5 Alternative 5: Air Sparging and Soil Vapor Extraction of the "Hot Spot" and 
Natural Attenuation 

This alternative includes the following components: 

. An air sparging system consisting of 80 vertical sparging wells installed in Areas A-3 and 
A-4 is A 520-foot long, 25-foot deep vertical bather between site and wetlands 

i Soil vapor extraction system which includes 20 vertical extraction wells installed in 

J AreasA-3andA-4 

1 
Institutional controls 

_j - Restrict groundwater use between the site and Eagle River Ï- Restrict development around immethate area 

Groundwater Monitoring i- Currently existing wells (15) 
. 

Additional monitoring wells (2) 
.( Annual groundwater sampling and analysis for intrinsic remediation parameters and 

VOCs (30 years) 

The details discussed in this alternative are assumed so that a cost estimate can be prepared, 

and is not intended to reflect the final design. 

JThe purpose of the air sparging system is to inject clean air into the shallow groundwater 

Jinterval to induce transfer of VOCs in the groundwater within this zone to the soil pore 
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spaces in the unsaturated zone above the shallow groundwater table. Eighty air sparging 
wells will be installed in Areas A-3 and A-4 to 42 feet bgs and screened from 37 to 42 feet 
bgs. The high number of air sparng wells is necessary to compensate for the low hydraulic 
conductivity. Four compressors each operating at 200 scftn and 20 psi will be used to 
provide air for sparging. A system of soil vapor extraction wells (described in the next 
paragraph) will capture the VOCs stripped from the shallow groundwater zone. 

Twenty soil vapor extraction wells will be installed in Areas A-3 and A-4 to 20 feet bgs and 
screened from 10 to 20 feet bgs. Figure 3-3 shows the soil vapor extraction system, and the 
location of the air sparging wells and vapor extraction wells is shown in Figure 3-5. Areas 

A-3 and A-4 will be covered by a geosyrithetic liner to prevent short circuiting in the 
extraction wells. Vacuum is provided by a blower which operates at 250 scfm at 8-inch 
mercury vacuum. A knockout tank will be provided for separation of air and water extracted 
from the wells. It is expected the volume ofwater extracted from the extraction wells will be 
minimal. This water will be analyzed for VOCs for determination ofthe disposal option. 

The air sparging system and soil vapor extraction system will operate continuously initially. 
It is expected that after five years, a cycling method of operation where the systems are 

turned on and off with a specific frequency can be more effective. The primary benefit of 
cycling is the agitation and mixing provided to the groundwater as air channels forni and 
collapse during each sparging cycle can enhance mass transport of VOCs through the bulk 
water phase (Ahlfeld et al i 994). 

As the estimated hydraulic conductivity ofthe shallow interval (05 ft/day) is smaller than the 
minimum hydraulic conductivity suggested for effective air sparging (2.8 ft/day) (Marley 
1995), the length oftime estimated for treatment used in the cost estimate (Le, 30 years) is 

the maximum period suggested by EPA Guidance (EPA 1988) Groundwater monitoring 
will also be performed for 30 years (see Section 3.1.2 for the list ofanalytes). 

3.1.6 Alternative 6: Soil Vapor Extraction of the "Hot Spot" 

This alternative includes the following components: 

. Soil vapor extraction system which includes 20 vertical extraction wells installed in the 
"hot spot" 

s Air stripping system for groundwater extracted from the SVE wells J 
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Institutional controls 

- Restrict groundwater use between the site and Eagle River 

Restrict development around immediate disposal area 

Groundwater Monitoring 

- Currently existing wells (15) 

- Additional monitoring wells (2) 

Annual groundwater sampling and analysis for VOCs (30 years) 

The details discussed in this alternative are assmiied so that a cost estimate can be prepared, 

and is not intended to reflect the final design 

Ten soil vapor extraction wells will be installed in the "hot spot" area around MW-14 to 40 

__} 
feet bgs and screened from 10 to 40 feet bgs. The "hot spot" area will be covered by a 

.:j geosynthetic liner to prevent short circuiting in the extraction wells. Vacuum is provided by 

I' 
two blowers operating at 1500 scfrn at 12-inch mercury vacuum and a third blower operating 

-- 
at 800 scfii:i at 12-inch mercury vacuum. The two larger blowers will be connected to four 

SVE wells each and the smaller blower will be connected to two S'VE wells. Knockout tanks 

will be used for separation of air and water extracted from the wells. Each blower will have a 

separate knockout tank. A considerable amount ofwater is expected to be extracted from the 

SVE wells. An air stripping system will be used to treat the extracted groundwater. 

. 

i DNAPLs were found in a 2-inch monitoring well located near MW-14. The 2-inch well was 
i installed in the shallow groundwater interval. Since the SVE wells may also have DNAPLs, 

a bubble tube will be installed in each SVE weil. The bubble tube will extend to the bottom 

Jof the well, where air wiii exit the tube and create bubbles in the DNAPL. The bubbles will 

help to volatilize the DNAPLs and will increase the amount of liquid vapors in the extracted 

Isoil gas. 

The 
soil vapor extraction system will operate continuously initially. It is expected that after 

five years, a cycling method of operation where the systems are turned on and off with a 

specific frequency can be more effective. Groundwater monitoring will also be performed 
for 30 years. 

The total estimated program cost, including contingency and USACE SIOH and excluding 
escalation Costs, for Alternative 6 is 4,000,000. 
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TABLE 3-1 

DESIGN CONCENTRATIONS OF CONTAMENANTS N GROUNDWATER 
PRDA, FORT RICBARDSON, ALASKA 

Concentration (mg) Design Treatment 

Chèmical Alternative 4 GoaW' (mg/L) 

benzene 0.005 0.005 

carbon telmt.hloride 0.025 0.005 

ch1orobezene 0.00016 

chloroform 0.018 0.1 

1,4-dichlorobenzene 0.00021 

i ,2-dichloroethane 0.0006 

11-dich1oroethene 0.003 0.007 

cis-1,2-dichloroethene 0.33 0.07 

irans-1,2-dicliloroethene 0.11 0.1 

hexachioroetbane 0.002 
1,1,2,2-teixch1oroethne 11.4 0.005 

teüach1oroethene 0.076 0.005 

toluene 0.0002 1 

1,1,2-Irichioroethane 0.048 0.005 

trichloroethene 4.4 0.005 

NOTES: 
(1) MCLs are used as design eatment goals where avai]bte. 

11,2,2-tetracMoroethane has no MCL: a treatment goal of 0.005 mg/L is assumed. 

-: No treatment goal. 
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4.0 

DETAILED ANALYSIS OF ALTERNATIVES 

This section provides the results of the evaluation for the alternatives developed for the 

PROA site in Section 3.0. First, the individual analysis of alternatives is presented using the 
.. seven evaluation ciiteria described in Section 4.1. A comparative analysis of alternatives is 

Ì then presented using the same evaluation criteria 

4.1 INDIVIDUAL ANALYSIS OF ALTERNATWES 

This section presents an analysis of each of the alternatives by comparing them to seven 

specific criteria: 

::i 

Overall protection to human health and the environment 
. 

Attainment of cleanup standards and compliance with applicable state and federal 

laws, and local requirements 
-j 

. Short-term effectiveness i. Long-term effectiveness 

_Ì 

Reduction oftoxicity, mobility, and volume through treatment 
. 

Implementability 

. Cost 

IThese factors are described below 

--i 
Overall protection to human health and the environment. This assessment focuses on j whether a specific alternative achieves adequate protection of human health and the 

.Ì environment and describes how site risks are ellixiinated, reduced, or controlled through 

j treatment or institutional controls. 

Attainment of cleanut standards and cornliance with arrnlicable state and federal laws. and 

local requirements. This addresses the federal, state, andlor local requirements which are 

japplicable or relevant and appropriate for a specific alternative and how the alternative meets 

these requirements. 
. S;\PROJECTS\WOESE94Q8Q\D-FTNAL\CMAP4DOC T;03 AM 
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Short-term effectiveness. Short-term effectiveness considers the protection of public health, 
worker health and the environment during the construction and implementation of a remedy 
until remedial response action objectives are met. 

Long-term effectiveness. Long-term effectiveness considers the effectiveness of each 
alternative in maintaining protection of hìmian health and the environment after response 
action objectives have been met. The magnitude of remaining risk from untreated soil or 
treatment residuals, if any, and the adequacy and reliability of controls for providing 
protection from residuals, are considered in this assessment 

Reduction of toxicity. mobility. and volume through treatment. This criterion considers the 
type and quantity of residuals that will remain following treatment, and the degee to which 
the treatment reduces the hazards posed by the site- Where possible, numerical comparisons 
before and after remediation are presented. 

Implementability. The technical and administrative feasibility of each alternative is 
evaluated in this criterion. Technical feasibility includes the ability to construct the system 
used, the ability to operate and maintain the equipment, and the ability to monitor the 
effectiveness of operations. Administrative feasibility refers to the ability to obtain necessary 
penuits and approvals from applicable regulatory agencies and the likelihood of favorable 
cormnuuity response. 

Cost . The capital costs associated with the development and construction, and the annual 
O&M costs of each alternative are evaluated in this step. The cost estimates are prepared for 
guidance in project evaluation and implementation from the information available at the time 
of the estimate. The actual costs of remediation depend on many variables, including 
groundwater extraction flow rate, concentration and total mass of contaminants treated, 
groundwater effluent concentrations, cleanup levels, health and safety regulations, labor and 
equipment costs, and the final project scope. As a result, the final project costs will vary 
from the estimates presented herein. Because of this, project feasibility and funding needs 
must be carefully reviewed prior to making specific financial decisions to help ensure proper 
evaluation and adequate funding. Costs are expected to be within the range of accuracy 

ofFS-level cost estimates (-30 to ±50 percent). 
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1 4.1.1 Alternative 1 - No Action 

jAnalysis of the No Action Alternative is required by the NC?. This alternative involves no 

further action at the site, and is somethnes referred to as the "walk-away" alternative. 

4.1.1.1 Assessment 

_j Overall Protection The No Action Alternative does not reduce the risk currently posed by 

- the site. The cuirent use of the site does not have any complete exposure pathways, and 

_I1 
therefore the alternative is currently protective of human health and the environment; 

however, it does not protect groundwater as an environmental resource of the state. This 

ialternative does not provide protection to futare use scenarios that may include construction 

at the site or the potential for groundwater use. 

-J Comñiance with ARARs The No Action Alternative does not comply with MCLs, since 
. there would be no reduction iii the concentration of contaminants in the groundwater at the 

__J site 

IShort-Tenu Effectiveness. There are no short term risks posed by the site or implementation 

of Alternative i . Since the site does not currently pose ari unacceptable risk as outlined by 

:j EPA (a cumulative carcinogenic risk exceeding lE-6, or a hazard quotient exceeding one), 

Alternative i is protective ofthe community and the environment. No adverse environmental 

jimpacts related to the site are anticipated in the near future. 

I 
Long-Term Effectiveness. The No Action Alternative does not reduce the long-term risks 

j associated with the site. 

jReduction ofToxicity,MobiliW. or Volume. The No Action Alternative will not reduce the 

toxicity, mobility, or volume of contaminated groundwater. 

] 
Jmçmentabi1itv. No technical or administrative implementability issues have been 

identified for the No Action Alternative. 

Cost. The estimated cost for Alternative i is $0. 
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4.1.2 Alternative 2- Natural Attenuation 

The Natural Attenuation Alternative includes the following: 

. Institutional controls 
- Restrict groundwater use between the site and Eagle River 
- Restrict development around immediate disposal area :: 

. Groundwater Monitoring 
- Currently existing wells (15) 
- Additional monitoring wells (2) 
- Annual groundwater sampling and analysis for VOCs (30 years) 
- Monitor geochemical analytes (nitrate-niogen, nitritenitrogen, ammonia- 

nitrogen, total organic carbon, pH, redox potential, and dissolved oxygen 
among other analyses) to estimate the rate of intrinsic remediation 

.--- 

Natural attenuation relies on biological, physical, and chemical processes that are occurring 
in the enviroirnent without artificial stimulus. Monitoring and documenting these processes 
is the major focus ofthis alternative. 

j. 

Ii 

11 

The Final Risk Assessment for the PRDA site states that there is an unacceptable risk to 
human health from inhalation of soil gas vapors in basements in the residential use scenario. .1 

Because of this unacceptable risk, restriction on development around the immediate disposal 
area is included as part ofthe institutional controls. 

4.1.2.1 Assessment 

Overall Protection. The Natural Attenuation Alternative does not reduce the risk currently 
posed by the site. Implementation of institutional controls to prevent use of the groundwater 
and restricting construction at the site minimizes potential future residents from being 
exposed to contaminated groundwater or soil vapors in basements imtil natural attenuation 
reduces the concentration of VOCs to levels below acceptable concentrations (e.g.. MCLs for 

groundwater). This alternative would reduce the risk posed by ingesting groundwater from 
the deep aquifer, or reduce the risk of exposure to soil gas vapors that might migrate into a 
building. Groundwater sampling for instrinsic remediation parameters was perfonned in 
November 1996. Analytical results indicated that natural attenuation is not occurring at a 
&\PROmCWCFSE94OQD-F1NAL\cHAp4.DOC 
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measurable rate. This alternative does not protect groundwater as an environmental resource 
of the state. 

- Compliance with ARARs. The Natural Attenuation Alternative does not comply with MCLs, 

} 
since there would be no significant reduction in the concentration of contaminants in 
groundwater at the site. 

Short-Term Effectiveness. There are no short term risks posed by the site or the 

1 implementation ofAltemative 2. Since the site does not currently pose an unacceptable risk 
j as outlined by EPA (a cumulative carcinogenic risk exceeding lE-6, or a hazard quotient 

.1 
exceeding one), Alternative 2 is protective of the community and the environment. No 

Iadverse environmental impacts related to the site are anticipated in the near future. There are 

no estimates concerning the amount of time necessary for Natural Attenuation to meet the 
IRAOs. Based on the degradation products that were detected in the groundwater samples 

- 

collected at the site, Natural Attenuation does not appear to be occurring at a high rate and 
1 

the contaminants in the groundwater are expected to persist without appreciable degradation. 

- 
Long-Term Effectiveness. The institutional controls in the Natural Attenuation Alternative 
would be protective of future residents by preventing them from ingesting groundwater and 

1 preventing construction at the site. Groundwater modeling results presented in the RI 

J indicate that groundwater with contaminant concentrations at 0005 mg/L will arrive at the 
Eagle River iii roughly 100 years. The risk that the site will likely pose at the end of3O years jwill be nearly the same as it is currently, if the Natural Attenuation Alternative is 
implemented. 

.-. Reduction of Toxicity. Mobility. or Volume. The toxicity and mobility of contaminated 

i groundwater would not be reduced significantly by natural attenuation. The volume of j contaminated groundwater is likely to increase. 

J TpJementabi No technical or administrative implementability issues have been 
identified for the Natural Attenuation alternative. 

j 
Cost. Total project costs, excluding escalation factors, for Alternative 2 is approximately jl .3 million. The capital costs for this alternative are $80,000, the O&M costs for 30 years 

J 
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are $872,100, and the 30% contingency and USACE SIOH (Site Investigation and Over 
Head) is $385,000. A summary of the costs for Alternative 2 is presented in Table 4-1. 

4.13 Alternative 3 - Containment 

The Containment Alternative includes the following: 

. Synthetic liner with soil cover, over "hot spot" area 

. Soil-bentonite slurry wail to 25 feet bgs 

. Institutional conirols 
- Restrict groundwater use between the site and Eagle River 
- Restrict development around immediate disposal area 

. Groundwater monitoring 
- CUXTently existing wells (15) 
- Additional monitoring wells (2) 
- Annual groundwater sampling and analysis for VOCs (30 years) 

The slurry wall would minimize water from the wetland from entering the site and the cap 

would minimize precipitation from entering the site. The cap and vertical barrier would 
minimize water flow into Areas A-3 and A-4, minimizing the driving force for the migration 
ofcontamiriatjon from the perched interval to the lower groundwater units. 

4.1.3.1 Assessment 

Overall Protection. A cap and vertical barrier at the site would minimize the amomit of 
contcirnination moving from the shallow interval to the deep aquifer. Containment alone may 
not meet the RAOs. Institutional conirols would be needed to prevent ingestion of 
groundwater outside the PRDA until concentrations of contaminants in the deep aquifer 
lower to MCLs. 

Compliance with ARARs. The Containment Alternative may not comply with MCLs for the 
deep aquifer. There would be no reduction in the concentration of contaminants in the 

- 
perched and shallow intervals Over time there would be a slow reduction in the 
concentration of contaminants in the deep aquifer and they may eventually comply with 
MCLs. 

DOC 1:03 AM 
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ShortTerm Effectiveness. Workers installing the shiny wall could be exposed to 

.--1 
contaminated soil and groundwater. Worker exposure would be minimized by the use of 

_I appropriate health and safety personal protective equipment. The site is a sufficient distance 
from populated areas so that the community would have adequate protection during the 

iinstallation of the slurry wall. It is unlikely that the concentration of contamination will be 
- reduced in 30 years to the point that the RAOs are met in the deep aquifer through 

icontainment. 
I Long-Term Effectiveness. The residual risk posed by the site would be reduced by this 
_) alternative because the risk posed by the deep aquifer would be reduced. Institutional 

I 
controls would be needed for the deep aquifer between the site and Eagle River until the 

i concentrations of contaminants reach MCLs Since the source of contamination to the deep 
aquifer would remain, long-term groundwater monitoring would have to be maintained, 

-- 
The cap would minimize infiltration of precipitation in the contaminated area of the PRDA 
site. The slurry wall would minimize groundwater recharge into the vadose zone and perched 

-fr 
interval. This Containment Alternative would reduce the driving force for movement of 

icontaminants 
to the lower groundwater units. 

1 Reduction of Toxicity. Mobílity, or Volume. There would be a reduction in the mobility of 
J the contaminants that are contained in the soil within the cap area. Groundwater outside the 

- containment area would lower in toxicity over time because the source would be contained jand diffusion ofthe plume would lower the concentration of contaminants. 

IImplementabilitv. No technical implementability issues have been identified for installation 
. of a slurry wail to 25 feet bgs at the site. The slurry wall may impact the wetlands by raising 

1 
surface water levels. There are several data gaps that would need to be filled before the j Containment Alternative can be implemented. These data gaps include: 

j. Hydraulic properties ofthe oundwater system (e.g, flow direction, and vertical and 
horizontal hydraulic conductivity) 

_1 

Extent ofcontamination to the west ofthe PRDA 

This information is needed to provide the most efficient position and extent of the slurry j wall. 
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Cost. The total estimated program cost, including contingencies and USACE SIOH and 
excluding escalation costs, for Alternative 3 is $2.5 million. This cost includes the design 
and installation ofthe slurry wall and the synthetic cove; and O&M costs for 30 years. The 
estimatedtotal capital costs are $879,000, the total estimated O&M costs are $907,000, and 
the 30% contingency and USAGE SIOH is $721,000. A summary of the costs for 
Alternative 3 is presented in Table 4-2. 

4.1.4 Alternative 4 - Interception Trench, Air Stripping, and Soil Vapor Extraction 

The interception trench with air stripping and soil vapor extraction alternative includes the 
following: 

s Soil Vapor Extraction (SVE) system to treat unsaturated soil and soil in perched 
groundwater interval in Area A-3 and A-4 

s Interception trench as described in Alternative 4 

s Groundwater extracted from the interception trench will be treated by air stripping 
and discharged to a downadient infitration system 

. 25-foot deep vertical barrier between site and wetlands 

. Institutional Controls 
- Restrict groundwater use between the site and Eagle River 
- Restrict development around immediate disposal area 

. Groundwater monitoring 
- Currently existing wells (15) 
- Additional monitoring wells (2) 
- Annual groundwater sampling and analysis for VOCs (30 years) 

4.1.4.1 Assessment 

Overall Protection. This alternative would reduce the risk posed by the site by reducing the 
concentration of contamination in the perched and shallow oundwater, minimizing the 
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amount of contaminants migrating to the deep aquifer. An ailditional risk may be associated 

with the emission of vapors from the soil vapor extraction and air stripping systems. 

Compliance with ARARs. This alternative would not reduce the level of contamination in 

.} 
the upper groundwater units at the PRDA to MCLs. The groundwater modeling results of 

- 

tbis system indicates that the extracted groundwater concentration for 1,1,2,2,- 

itetrachioroethane would be reduced from an initial concentration of 29.0 mg/L to 10 mg/L 
- after 30 years of treatment (see Appendix B). Modeling results also indicate that while the 
- 

I 
system is operating, the shallow interval would be prevented from recharging the deep 

-J aquifer, providing optimization ofthe groundwater interception trench collection System. 

Discharging the treated groundwater back onto the site would require a permit from ADEC. 

4 
The estimated mass ofVOCs released from the air stripper to the atmosphere is 170 pounds 

per year (or 0.085 tons per year). This is two orders ofmagnitude less than required under 40 

CFR 264.1032. Since emissions from the air stripper would potentially move off-site, air 
-J permitting may be required. 

Short-Term Effectiveness. There is a potential for exposure to site workers while installing 

1 the interception trench system. Exposure of site workers to contaminants would be 

Jminimized by using appropriate health and safety personal protective equipment and 

- - 
procedures. The site is a sufficient distance from populated areas that the community would 

ihave adequate protection. The short-term risks are manageable. 

IGroundwater monitoring would be required to monitor the effectiveness of the system during 

treatment. This information would be used to evaluate when treatment objectives are 

I attained, and treatment could be stoppeth Based on the results of the groundwater modeling 
j conducted (see Appendix B), a minimum of 30 years of operation would be required. 

_1 Long-Term Effectiveness. The residual risk posed by the site would be reduced by this 

alternative because the risk posed by the deep aquifer would be reduced. Institutional 

Icontrols would be implemented to prevent ingestion of groundwater until the alternative 

reduces the concentration ofcontaminants to meet the RAOs 
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Reduction of Toxicity. Mobility. or Volume. The mobility of the contamiiauts would be 
reduced by trapping them in the air stripper. The volume of contaminated groundwater 
would be reduced. The toxicity of the contaminants would not be reduced 

Jmplementabjljty. No administrative implementability issues have been identified. 
Modeling indicates that the interception trenches would be able to dewater the site and 
prevent recharge of the deep aquifer. Air stripping is a standard technology used for treating 
VOCs. Further characterization of the hydrogeology of the shallow and intermediate 
groundwater intervals would be required for implementation oftbis alternative, including, but 
not limited to, low flow, long duration pump tests. The vertical barrier may impact the 
wetlands by raising surface water levels. 

Cost. The total estimated program cost including contingency and USAGE SIOH and 
excluding escalation costs, for Alternative 4 is $7.5 million. This includes the costs for 
design and installation of a groundwater extraction and treatment system, and O&M costs 
for 30 years. The estimated total capital costs are $2.0 million, the total estimated O&M 
costs are $3.1 million, and the 35% contingency and USACE SIOH is $2.4 million. A 
summary of the costs for Alternative 4 is presented in Table 4-3. 

4.1.5 Alternative 5 - Air Sparging and Soil Vapor Extraction of the "Hot Spot and 
Natural Attenuation 

This alternative includes the following components: 

s An air sparging system consisting of 80 vertical sparging wells screened in the shallow 
interval from approximately 37 to 42 feet bgs 

s A 520-foot long, 25-foot deep vertical barrier between site and wetlands 

. Soil vapor extraction system which includes 20 vertical extraction wells installed in 
Areas A-3 and A-4 

a Institutional controls 

- Restrict groundwater use between the site and Eagle River 
j 

- Restrict development around immediate disposal area 

S;\PRO1ES\WCFE94O8Q\FrNAL\?4txy 
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Groundwater Monitoring 

Currently existing wells (15) 

- Additional monitoring wells (2) 

} 
- Annual groundwater sampling and analysis for intrinsic remediation parameters and 

VOCs (30 years) 

jIrL this alternative, air is blown into the shallow saturated interval through air sparging wells. 
-. 

Contaminants in groundwater move into the air bubbles and are carried up to the unsaturated 

1 

zone. The vapors are then treated by a soil vapor extraction system. A vertical barrier 
-- between the wetlands and the disposal area lowers the water table to facilitate soil vapor 

extractíon 

4.L5J. Assessment 

Overall Protection. This alternative would reduce the risk posed by the site by reducing the 

concentration of contamination in the perched and shallow groundwater, minimizing the j amount of contaminants migrating to the deep aquifer. There may be a risk associated with 
. the emission ofvapors from the soil vapor extraction system. 

Compliance with ARARs. This alternative would probably not reduce the level of 

icontamination in the upper groundwater 'unit to MCLs. Although the technology of air 

sparging has the potential to greatly decrease concentrations of volatile contaminants, the 

jnature ofthe subsuiíace at the PRDA is a major limiting factor (see Implementability below). 
- 

This alternative will not prevent water from migrating downward but will protect the State's 

igroundwater resource by decreasing the concentrations of contaminants. 

1 
Short-Term Effectiveness. There is a potential for exposure to site workers while installing 

J the air sparging and soil vapor extraction wells. Exposure of site workers to contaminants 

would be minimized by using appropriate health and safety personal protective equipment 

and procedures The site is a sufficient distance from populated areas that the community 

would have adequate protection. The short-term risks are manageable. 

I 

Long-Tenn Effectiveness The residual risk posed by the site would be reduced by this 
Ialternative because the risk posed by the deep aquifer would be reduced. Institutional 

] 
S\PROJECTS\WCFS'E9408Q\D-FINAL\CHAP4.DOC i 1:03 AM 

4-11 112R197 



OUB 0023647 

controls would be implemented to prevent ingestion of groundwater until the alternative 
reduces the concentrations of contaminants to meetthe RAOs. 

Reduction of Toxicity. Mobility. or Volume. Toxicity of the contaminants would not be 
reduced; they would be transferred from the groundwater to the atmosphere. Mobility of the 
contaminants would be reduced because the vertical bather would prevent groundwater 
recharge from the wetlands into the perched and shallow intervals. The volume of 
contaminated groundwater would be reduced. 

jmplernentability. No implementability issues have been identified for the installai-ion of the 
air sparging and soil vapor extraction systems. However, the effectiveness of the system is 
uncertain. The soils are dense and relatively impermeable. so the radius of influence around 
each sparging well is small (thus the high number of required sparge wells). The possibility 
that air will be able to penetrate the majority ofthe contaminated saturated interval is remote. 
T_n order for an air sparging system to be effective, groundwater must flow horizontally past 
the sparge wells so that new pulses ofwater are always coming into contact with the injected 
air. Groundwater at the PRDA moves mostly in a vertical direction; therefore, the volume of 
groundwater moving horizontally past the sparge wells would be insignificant. The 
treatability study performed in November 1996 conftrmed a low radius of influence for air 
spargmg. 

Emissions from the soil vapor extraction system may require a permit. The vertical barrier 
may impact the wetlands by raising surface water levels. 

Cost. The total estimated program cost, including contingency and USACE SIOH and 
excluding escalation costs, for Alternative 5 is $5,500,000. This includes the cost for design 
arid installation of the air sparging system, soil vapor extraction system, and vertical barrier. 
The cost also includes O&M costs for 30 years. The estimated total capital costs are 
$1,600,000, the total estimated O&M costs are $2,200,000, and the 35% contingency and 
TJSACE SIOH is $1,700,000. A summary of the costs for Alternative 5 is presented in 
Table 4-4. 

-. 4.1.6 Alternative 6 - Soil Vapor Extraction ofthe "Hot Spot" 

This alternative includes the following components: 
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- a Soil vapor extraction system which includes 10 vertical extraction wells installed in the 

1 
hotspot. 

Air stripping system for groundwater extracted from the S'VE wells 

} 

s institutional control 

- Restrict groundwater use between the site and Eagle River 

- Restrict development around immediate disposal area 

Groundwater Monitoring 

-I Existing wells (15) 

Additional monitoring wells (2) 

- Annual groundwater sampling and analysis VOCs (30 years) 

::J 4.1.6.1 Assessment 

-J Overall Protection. This alternative would reduce the risk posed by the site by reducing the 

. concentration of contamination in the vadose zone. There may be a risk associated with the 

Iemission ofvapors from the soil vapor extraction system. 

iComiance with ARARs. This alternative would probably not reduce the level of 
- contamination in the upper groundwater unit to MCLs. This alternative will not prevent 

i water from migrating downward but will protect the State's groundwater resource by 
J decreasing the concentrations of contaminants. 

IShort-Term Effectiveness. There is a potential for exposure to site workers while installing 

the soil vapor extraction wells. Exposure ofsite workers to contaminants would be 

Jminimized by using appropriate health and safety personal protective equipment and 

procedures. The site is a sufficient distance from populated areas that the community would 

jhave adequate protection. The short-term risks are manageable 

I 
Long-Term Effectiveness. The residual risk posed by the site would be reduced by this 

J alternative because the risk posed by the deep aquifer would be reduced Institutional 

1 
controls would be implemented to prevent ingestion ofgroundwater until the alternative 

J reduces the concentrations of contaminants to meet the RAOs. 

j 
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Reduction ofToxicity. Mobility. or Vo1ume, Toxicity ofthe contaminants would not be 
reduced; they would be transferred from the vadose zone to the atmosphere. This alternative 
would not reduce the mobility or volume of contaminants. 

Implementability. No implementabiMty issues have been identified for the installation of the 
soil vapor extraction system. A treatability study performed in November 1996 indicated 
that SVE is effective at removing contaminants from the subsurface Emissions from the soil 
vapor extraction system may require a permit. 

Cost. The estimated total program cost, including contingency and USACE SIOH and 
excluding escalation costs, for Alternative 6 is $4,000,000. This includes the cost for design 
and installation for the S'VF system, and vertical ban-1er. The cost also includes O&M costs 
for 30 years. The estimated total capital costs are $801,841, the total estimated O&M costs j 
are 1,975,400, and the 35% contingency and USACE SIOH is $1,270,000. A summary of 

costs for Alternative 6 is presented in Table 4-5. 

4.2 COMPARATWE ANALYSIS 

In this section of the FS, the alternatives developed in Chapter 3 and evaluated with respect 
to specific criteria in Section 4.1 are compared to one another to allow for selection of the 
remedial action at the PRDA 

4.2.1 Overall Protection ofHuman Health and the Environment 

The site does not pose an unacceptable risk to human health or the environment under current 
and most probable future use scenarios. Therefore, all of the alternatives are equally 
protective. Under the unlikely future residential scenario, Alternatives 4, 5, and 6 would be 
most protective because they actively remediate contaminated media. Alternative 3 will 
minimize contaminants migrating to the deep aquifer but will not otherwise protect the 
groundwater resource. Alternatives i arid 2 would not prevent or minimize contaminants 
migrating to the deep aquifer and would not protect the groundwater resource. Each of the 

- 

alternatives, except Alternative 1, prevents ingeson of otmdwater from the deep aquifer 
with contaminants exceeding MCLs by implementing institutional contiols to prevent 
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ingestion of the groundwater. Alternatives 4, 5, and 6 include remedial actions to reduce the 
concentration of contaniinants entering the deep aquifer. 

The alternative that is most protective of human health and the environment is the one which 
most quickly lowers the concentration of contaminants in the shallow and perched 
groundwater to concentrations that are protective of the deep aquifer. Once the RAOs are 
achieved by cleaning the site, the institutional controls can be removed. Alternatives 4, 5, 
and 6 protect human health and environment by intercepting andlor treating groundwater 
migrating to the deep aquifer. 

4.2.2 Compliance with ARARs 

- 
Alternatives that include groundwater extraction (Alternatives 4 and 6) and active in situ 

::i 
groundwater treatment (Alternative 5) are expected to be protective of the deep aquifer by 

'- 

reducing contaminants during operation of the treatment system. The final concentration in 
--- 

groundwater of the upper groundwater units for treatment to be considered complete is 
--J uncertain (ie, concentrations that would be protective ofthe deep aquifer after the treatment 

i system is turned off). Alternatives i through 3 would likely not be protective of the on-site 
I part ofthe deep aquifer. 

j No off-site contamination has been detected to date. Based on the results of groundwater 
modeling performed during the RI, regulatory limits of contaminants are not expected to be 

iexceeded at the Eagle River within i 00 years Therefore, all the Alternatives (except No 
Action) would be in compliance with ARARs at the Eagle River within loo years. The Rl 

Igroundwater modeling is presented in Appendix XIII ofthe Rl report 

4.2.3 Short-Terni Effectiveness 

. 

None of the alternatives represent an unacceptable risk to the community, workers or the 

jenvironment during implementation. The biggest difference between the alternatives is the 
time until the RAOs are achieved. All of the alternatives, except the No Action Alternative, 

Jmeet the &st RAO by implementing institutional controls 

--1 

After 30 years of treatment, the estimated concentration of 1,1,2,2-tetrachioroetbane in the 
J extracted groundwater is i 0 mgIL for Alternative 4. It is uncertain whether this 
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concentration is sufficient to turn off the groundwater extraction system and still be 
protective of the deep aquifer. 

4.2.4 Long-Tenu Effectiveness 

Jnstitutional controls would have to remain in effect permanently or until the selected 
remedial alternative permanently lowers the concentrations of contaminants in the deep 
aquifer to below MCLs. Alternatives 4, 5, and 6 have the highest long-term effectiveness 
because these alternatives have the highest potential to permanently remove the greatest mass 
of contaminants from the site. Alternatives 4, 5, and 6 remove contaminants from the 
shallow groundwater, but also use soil vapor extraction to remove contaminants from the soil 
in Areas A-3 and A-4. However, the effectiveness of air sparging (Alternative 5) is 
questionable because ofthe low hydraulic conductivities at the site. 

Alternative 3 would reduce the rate of migration of contaminants from the shallow 
Z.--. groundwater units that are migrating to the deep aquifer. Alternatives i and 2 provide the 

least long-term effectiveness, since none include action to remediate the site. 

4.2.5 Reduction of Toxicity, Mobility, or Volume Through Treatment 

Alternatives i and 2 do not reduce the toxicity, mobility, or volume of the contaminated soil. 
Alternative 3 provides for containment (reduction ofmobility) ofthe contaminated materials. 
However, because contaminants that are presently in the shallow and intermediate intervals 
would continue to migrate and disperse once the Containment Alternative is implemented, 
the size ofthe groundwater plume would likely increase (the volume ofcontaxninants will not 
increase, but the size of the plume will increase due to dispersion). Alternatives 4, 5, and 6 
reduce the volume and mobility of contaminants through treatment, but do not reduce 
toxicity. 

4.2.6 Implemeutability 

All of the alternatives can be implemented using commercially available services. The 
technical implementability issues affecting the alternatives relate to uncertainty concerning 
the western boundary of the plume, the horizontal and vertical hydraulic conductivity of the 

. 

soil, and the variability of the soil& Alternative i is least impacted by this uncertainty. The 
remaining alternatives are listed in order of least to most impacted by the uncertainty: 
Alternative 2, Alternative 3, Alternative 6, Alternative 4, and Alternative 5. 
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4.2.7 Cost 

Table 4-6 presents a summary of the total estimated costs for each of the alternatives. 
Alternative 4, groundwater interception trenches with air stripping and SVE, has the highest 
estimated program costs ($7,500,000). The remaining alternatives listed from highest to 
lowest cost are: Alternative 5 ($5,500,000), Alternative 6 ($4,000,000), Alternative 3 

($2,500,000), Alternative 2 ($1,300,000), and Alternative I ($0). 
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TABLE 4-1 
ESTIMATED COSTS - ALTERNATIVE 2 

NATURAL A1TENUATION 

OU 0023653 

ITEM UNIT COST UNiT QUANTITY COST 

I. CAPITAL COSTS 

Additional Monitoring Well Installation S4OOOO well 2 $80,000 

TOTAL CAPITAL REQUIREMENTS $80,000 

II. ANNUAL O&M COSTS 

Groundwater Monitoring 
Sampling Labor $60 hr 40 $2,400 
Sampling Analysis-VOCs (17 wells + 10% dupl) $180 sample 19 $3,420 
Sampling AnalysisW (9 wells + 10% dupl) $360 sample 10 $3,600 
Sampling AnaIysis2' (9 wells + 10% dupl) $j45 sample 10 $1,450 
Supervision $100 hr 40 $4,000 
Data Evaluation and Reporting $85 hr 160 $13,600 
Supplies and Materials $600 la I $600 

TOTAL ANNUAL O&M COSTS $29,070 

TOTAL O&M COSTS (for 30 ver) $872,100 

TOTAL CAPITAL AND O&M COSTS $952,100 

CONTINGENCY (30% ofTotal Capital and O&M Costs) $285,630 

SUBTOTAL (Total Capital and O&M Cnsts and Contingency) $1,231,730 

USACE SIOH (8% Total Capital and O&M Costs and Contingency) $99,018 

TOTAL ESTIMATED PROGRAM COSTS $1,300,000 

NOTES: 
(I) Analysis for parameters which can indicate biodegradation of chlorinated solvents (eg, NO3-nitrogen, NH3-nitrogen. 

total Kjeldahl nitrogen, total phosphorus. SO4, soluble iron, methane, ethane, ethene) 
(2) Bacteria enumeration 
(3) Escalation costs are not included 
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TABLE 4-2 
ESTIMATED COSTS - ALTERNATIVE 3 0 U B 0023654 

CONTAIIMLNT 

ITEM ¡JNJT COST UNIT QUANTITY COST 

L CAPITAL COSTS 

CAPITAL DIRECT COSTS 
A. Freparation Work/Mob & Demob 

Mobilization & Demobilization $120,000 LS i $120,000 
Additional Monitoring Well Installation 540,000 well 2 S80,000 
Site Preparation (Clearing & Grubbing) 1,785 acre 30 $5,355 

B- SoilJBenon*te Slurry Wall 
Excavate Trench S2.67 Sf 13,000 S34,7O 
Backfill Trench - Placement ofSlurry S320 sf 13,000 $41,600 

C. Multi-Layer Cap 
Synthetic Cap Material S270 sy 8,400 $22,680 
CapPlacement S135 sy 8,400 $11,340 
Sand and Gravel Placement $16 cy 5,600 $9,600 
Grading $1.00 sy 8,400 $8.400 s 

Drainage $5,000 LS 1 $5,000 

TOTAL DIRECT COSTS (TDC) $418,685 

CAPITAL INDIRECT COSTS 
A. Contractor's Overhead and Profit (50% TDC) $209,343 
B. Engineering Design (25% TDC) 5104,671 
C. Design Studies (30% TDC) $125,606 
D. Health and Safety (5% TDC) $20,934 

TOTAL INDIRECT COSTS 5460,554 

TOTAL CAPITAL COSTS (Total Direct Costs + Total Indirect Costs) $879,239 

IL ANNUAL O&M COSTS 

A. Cap Maintenance 
Maintenance (8 hr/month ® 12 months) 5100 hr 96 59,600 

B. Groundwater Monitoring 
Sampling Labor $60 hr 40 $2,400 
Sampling Analysis (17 Monitoringwells + 10% dupI) 5180 sample 19 53,420 
Super-vision $100 hr 40 $4,000 
Data Evaluation and Reporting $85 hr 120 $10,200 
Supplies and Materials $600 Is I $600 

TOTAL ANNUAL O&M COSTS $30,220 

TOTAL O&M COSTS (for 30 years) $906,600 

TOTAL CAPITAL AND O&M COSTS 51,785,539 

CONTINGENCY (30% ofTotal Capirai and O&M Costs) $535,752 

SUBTOTAL (Total Capital and O&M Costs and Contingency) 52,321,590 

USACE SIOH (8% Total Capital and O&M Costs and Contingency) $185.727 

TOTAL ESTIMATED PROGRAM COSTS $2,500,000 

(I) Escalation costs are not included 



TABLE4-3 OUB 
i ESTIMATED COSTh - ALTERNATIVE 4 

I 
INTKRCEPTION TRENCH, MR STRIPPING, AND SOIL VAPOR EXTRACTION 

- 

ITEM UNIT COST __U?IT QUANTITY COST 

- '- L CAPITAL COSTS 

1 CAPITAL DIRECT COSTS 
A- Prepar*tlou WorkfMob & Demob 

.J 
Mobilization & Denobilon S130,000 LS i $I3O,000 
Additional Momtoring Well Insti11ñon $40,000 well 2 580.000 
Bnier Wall Excavation (bween wetlands & disposal aiaa) S2.67 sf 13,000 534.710 
Barrier Wall Installation (bcwee wetanda & disposal areas) $3,20 f 13,000 4I,600 
Site Preparation (Clcarin8 & Gnibbing) 51.785 acre 3.1 55534 

B. Soil Vapor Extraction 
Exifaction Well hiata]Iatitz (HDPE. 2cY length) $1,500 well 20 530,000 

_-1 Eaction Well Ixsallation (HDPE. 4Y length) 53,000 well 20 560,000 
j Blower/Motör Systems (hL bockout tank & iiis0umeutation) $26,742 LS I $26.742 

_.j Piping(HDPE) $13.65 If 1,400 519,110 
Insulation for Piping and Eqtñpment $4,685 LS I 54.685 

- 

Pump (nom laockoiit tanks to air sjptr) 5500 pump 2 51,000 

1 
HDPE Liner 54.05 sy 4.270 517,294 

) 

VaporExutctionSystemIxtJlation $11,713 LS i $11,713 
- Elecoical 54,685 LS I 54.685 

C. CroundwaEer Extraction nd Treatment 
BicpolymerTrench Excavauon $325 si 54,000 $175500 
CoIkctioR Trenth Inszallatiou (w/ piping) 53.88 1f 54,000 5209.520 
Pump (from collection trenches to equalization tank) $2,600 pWRp 7 518,200 
EquaJizuion Tank $12,200 rn]c I 512,200 
Piping (HDPE) $2.70 If 1,400 53.780 

i Water Heating Unita 52.524 each I 52,524 
i AirHeatingUnits $8.506 each 1 58.506 .j Air Stripping Unit (mcl. blower) $18,6X3 unit I $18.683 

TteannentSuilding $95 sí 200 519,000 

. J 
Pump 5500 pump 2 51,000 
IosulationforpipingandEquipmeut 54,166 LS I 54,166 

..- StorageTank 512,200 tank I $12,200 
Infiltration System (incL piping, fittings. fi1tei. emitteT5) $14,370 LS i 514,370 
Infiltration Piping Prepatation (pimch holea in pipea. install fithngs. etc.) 33,593 LS I 53,593 
InñIhtiön Piping Bedding 521 cy 40 5840 
Infiltration Piping Instillation 520 If 500 510.000 
GW Col1eition & Air Stripping Syzezn Installation $19,273 LS i $19.273 
Electrical 55.269 LS I 55.269 

iTOTAL DIRECT COSTS ÇfDC) $1,005,691 

_J CAPITAL INnIRECr COSTS 
A_ Contmctor's Overhead and Projit (50% TDC) $502.848 

1 B. Engineering Design (25% TDC) 5251,424 

I 
C. DcsignStndies(25%TDC) 5251,424 

_J D. Health and Safety (31. TOC) 530.171 

TOTAL INDIRECT COSTS 51,035,868 

ITOTAL CAPITAL COSTS (Toi1 Direct Co3c 4- Total jndiret Co%*) $2,041,564 

J IL ANNUAL O&M COSTS 

-t 
A. Soil Vapor EXtraction Unit O&M (5 vear) 

I 
OprntionsLabor(8hr/wk52wks) 416 524.960 
SupeMsionLabor(4hiwk(52wks) 5100 hr 208 520,800 

.1 

ElectricalPower S16,000 LS I 516,000 
Maintenance (8 hr/month 12 months) $100 hr 96 59,600 

i B- Air Stripping Unit O&M (30 yexri) 

J 
Operationslabor(8hi/w-k52wkt) $60 hr 416 524,960 

--J Supervision Labor (4 hiwk 52 wks) 5100 hr 208 520,800 
Electncal Power 514.000 LS I 514,000 
TratmentPerformançe(I waternrpleirnonth( l2months) 5180 nipIe 12 52,160 
Maintenance (8 hr/month 12 rnonth) 5100 hr 96 59,600 

i 
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TABLE 4-3 

ESTIMATED COSTS - ALTERNATIVE 4 
INTERCEPTION TRENCE, AIR STRIPPING, AND SOIL VAPOR EXTRACTION 

ITEM UNIT COST UNIT QUANTITY COST 

C. Groundwatrr Monitoring (30 yer) 
Sampling Labor (40 hr/year) 560 hr 40 52400 
SamplingAnaIysù(I7MoiitoringwcII-i- IO%dupl) SISO sample 19 53,420 
Supervision $100 hr 40 54,000 
DataEvaluanonandReporting S35 hr 120 510,200 
Suppliez and Matciials 5600 Is I $600 

TOTAL O&M COSTS (30 yeii) ,12I,O0O 

TOTAL CAPITAL AND O&M COSTS $5,162,564 

CONTThiGENCY (35% ofTotsi Capital and OEM Costs) S1,106,g98 

SUBTOTAL Çrotl Cspitsl sud O&M CûLi and Contingency) S6,969,462 

IJSACE SIOH (S'/. To'sI Capital and O&M Costs and Contingency) $557,557 

TOTAL ESTIMATED PROGRAM COSTS 57,500,000 

'IOTES: 
(I) Escalation costs are not included 
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TABLE 4-4 

ESTIMATED COSTS - ALTERNATWE S 
AIR SPARGE'iG AND SOIL VAPO) EXTRACTION OF 'HOT SPOT" AND NATURA ATrENUAnON 

ITEM UNIT COST UNIT QUANTITY COST 
i 

-J 
L CAPiTAL COSTS 

1 CAPITAL DIRECT COSTS 
A. Preparation WorkfMob & Demob 

. _I Mobilization & Demobilization $130,000 LS I $130,000 
Additiona' Monitoring Well thstallation $40.000 well 2 $80,000 

. 

i Bather Wall Excavation (between wetlands & disposal areas) $267 sí 13,000 $34,710 
I 

Barzer Wall Installalion (between wetlands & disposal areas) $3.20 sí 13,000 $41,600 ..i Site Preparation (Cleaiing & Grubbing) $1,785 acre IA $2,499 
B- Soil Vapor Extraction 

1 Extraction Well Installation (RDPE, 20' length) $1 500 well 20 $30,000 

jBlower/Motor System (mcl. knockout tank & inathimentation) $13,400 LS i $13,400 
.-. Piping (4" HDPE) $13.65 1f SSO $12,012 

Insulation for Piping and Equipment $2,591 LS 1 $2.591 
r: Pump (from knockout tanks to discharge) $500 pump I $500 
i 

HDPE Liner $4.05 ay 4,270 $17,294 _j Vapor Extraction System Installation $6,478 LS I $6,478 
Electrical 52.591 LS I $2,591 

C. Air Sparging 
Sparging Well Installation (PVC. 42' length) $2,650 well 80 $212,000 
CompTesorJMotor Sysiems (mcl. instrumentation) $60,000 LS I $60,000 
Piping (2" PVC) $9.20 1f 1,920 $17,664 

1 Insulation for Piping and Equipment $12,360 LS I $12,360 

,i Air Sparging System Installation $45,933 LS I $45,933 ." 
Electrical $22,966 LS I $22,966 
TreatnentBui1ding $95 sf 200 $19,000 

' -- 

TOTAL DIRECT COSTS (TDC) $763,598 
.- 

CAPITAL INDÏRECI' COSTS 
A. Contractor's Overhead and Profit (50% TDC) $381,799 
B. Engineering Design (25% TDC) $190.899 
C, Design Studies (25% TDC) $190,899 
D. Health and Safety (3% TDC) $22.908 

. 

i 
TOTAL INDIRECT COSTS $786,506 

Si TOTAL CAPITAL COSTS Çfotal Direct Costs + Total Indirect Costs) $1,550,103 

H. ANNUAL O&M COSTS 
. 

jA. Treietment System O&M (years i to 5) 
Operations Labor (S hrlwk 52 wk) $60 hr 416 $24.960 
Supervision Labor (8 hr/wk 52 wks) $100 hr 416 $41,600 

1 Electrical Pwr (SVE) $5,500 LS I $5,500 

J 
Electrical Power (Air Sparging) $20,900 LS i $20,900 
Electrical Power (Treaueiit Building heating, lighting. etc.) $1,200 LS I $1,200 
Maintenance (8 hr/month @ 12 months) $100 hr 96 $9,600 

1 B. Treatment System O&M (years 6 to 30) 
JOperations Labor (8 hr/month ® 12 months) $60 hr 96 55.760 
Supervision Labor (8 hr/month ® 12 months) $100 hr 96 59,600 
Electrical Power (SVE) $1,400 LS i $1,400 
Electrical Power (Air Sparging) 55.250 LS I $5,250 j Electjjcal Power (Treatment Building heating, lighting, etc.) S1,200 LS i $1,200 
Maintenance (8 hr/month ® 12 months) $100 hr 96 $9,600 

C. Groundwater Monitoring (30 years) 
Sampling Labor (40 hr/year) $60 hr 40 $2,400 

I 
Sampling Analysis - VOCs (17 wells ± 10% dupl) SiSO sample 19 33,420 
Sampling Analysis (2) (9 wells + 10% dupl) $360 sample 10 53,600 .-- 

Sampling Ana1ysis° (9 wells 10% dupl) 3145 sample 10 $1,450 
Supervision $100 hr 40 34,000 

i Data Evaluation and Reporting $85 1zr 160 513,600 
and Materials 3600 is I $600 

. 
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ESTIMATED COSTS - ALTERNATiVE 5 
--- AtR SPARGING AND SOIL V&POR EXTRACTION OF "HOT SPOT" AND NATURAL A1TENUATION 

ITEM UNIT COST UNIT QThtNT1TY COST . - 

TOTAL O&M COSTS (30 years) $2,211,150 

TOTAL CAPITAL AND O&M COSTS 53,761,253 

CONTiNGENCY (35% ofTotal Capital and O&M Costs) $1,316,439 

SUBTOTAL ÇfotaI Capiul and O&M Costs and Contingency) $5,077,692 : 

USACE SIOH (8% Total Capital and O&M CosLs and Contingency) $406,215 

TOTAL ESTIMATED PROGRAM COSTS " $5,500,000 

NOTES: 
(I) Esa1ation costs are no included 
(2) Analysis lot paameters which cail indicate biodegradation oî ch1orinate solvents (e.g_ NO3-nitrogen, NO2-nitrogen, 

NH,-nitrogcn, total Kjeldail nitrogen. total phosphorus, SO4, solubic iron, methane, ethanc, ethene, sulÍde, TOC, BOU ) 
u, Bacteria enumeration 

j 

j 
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- TAJLE4-5 

ESTIMATED COSTS - ALTERNATIVE 6 

.---. SOIL VAPOR EXTRACflON OF "ROT SPOT' 

-I 
flTM UNIT COST UNIT QUANTITY COST 

. j L CAPITAL COSTS 

. CAPITAL DIRECT COSTS 
A. Preparation WorkfMob & Demob 

Mobilization & Demobi1izaion 5130,000 LS I $130,000 
Additional MonitDrjng Wfl Installation $40,000 well 2 $S0,000 
Site ?reparation (Clearing & Grubbing) $l.75 acre 1.4 $2,499 

B. Soil Vapor Extrattion 
. Extraction Weil Installation (HDPE, 40 length) $3,000 well . 10 $30,000 

Blower/Motor System (meL knockout tank & instrumentation) $26,500 LS I $26,500 
-' Piping (4" HDPE) $13.65 If 500 $6,825 

I 
Insulation for Piping and Equipment $3,483 LS I $3,483 

-j Pump (fl'om knockout taiiks to discharge) $500 pump 3 $1,500 
HOPE Liner $4.05 sy 2,100 $8,505 

.1 
Vapor Exuaction System tnstallation $8,706 LS I $8,706 

I 
Elecirical $3,483 LS I $3,483 

- j C. Groundwater Treatment 
Equalization Tank S12,200 tank I $12,200 
Pipiug (HDPE) $210 If 1,400 $3,780 
Water Heating Units 52,524 each 1 $2,524 
Air He2tiug Units $8,506 ch I $8,506 
Air Sthpping Unit (mcl. blower) $18,683 unit I $18.683 

-' TreatmentBuilding $95 sf 200 $19,000 
I 

Infiltration System (incL piping, fittings, filters, emirter) $14,370 LS 1 $14,370 
Infiltration Piping Preparation (punch holes in pipes, install fittings, 53,593 LS I $3,593 
Infiltration Piping Bedding $21 cy 40 $840 

i -- 
Infiltration Piping Installation 520 if 500 $10.000 

.- 
TOTAL Dl1ECT COSTS ÇFDC) $394,996 

CAPITAL INDIRECT COSTS 
A. Contractor's Overhead and Profit (50% TDC) $197,498 
B. Engineering Design (25% TDC) $98.749 
C. Design Studies (25% TDC) $98,749 

1 
D- Health and Safety (3% TDC) $11,850 

,..j TOTAL INDIRECT COSTS $406,846 

TOTAL CAPITAL COSTS (Fotal Direct Costa + Total Indirect Costi) $801,841 jIL ANNUAL O&M COSTS 

A- Treatment System O&M (years 1 to 5) 

I Operations Labor (8 hr/wk 52 wks) $60 hr 41 6 $24.960 

I 

Supervision Labor (8 hr/wk 52 wks) $100 hr 416 $41,600 
Elecical Power (SVE) $5,500 LS I $5,500 
Electrical Power (Treament Building heating, lighting, etc) $1 200 LS I $1,200 

-J 

Maintenaxiçe (8 hr/month © 12 months) $100 hr 96 $9,600 
B. Treatment System O&M (years 6 to 30) 

Operations Labor (8 hr/month 12 months) $60 hr 96 $5,760 
Supervision Labor (8 hr/month @ 12 months) $100 hr 96 $9,600 

'J 

Electricall'ower(SVE) 
Electrical Power (Treament Building heating, lighttng, etc) 

$1.400 
51 200 

LS 
LS 

I 

I 

$1.400 
$1,200 

-,.4 Maintenance (8 hr/month ® 12 months) $100 hr 96 $9,600 
C- Groundwater Monitoring (30 years) 

Sampling Labor (40 hr/year) $60 hr 40 $2,400 

I 
Sampling Analysis - VOCs (17 wells i- 10% dupl) $180 sample 19 $3.420 

'. Sampling Analysis (9 wella + 10% dupl) $360 sample 10 $3,600 
Sampling Analysia " (9 wella 4 1 0% dupl) $145 sample 1 0 $1,450 

Supervision $100 hr 40 $4,000 
Data Evaluation and Reporting $85 hr 160 $13,600 
Supplies and Materials S600 Is I $600 
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TABLE 4-5 

ESTIMATED COSTS - ALTERNATIV 6 
--. SOIL VAPOR XTRACT1ON OF "flOT SPOT" 

ITEM UNIT COST UNiT QUANTITY COST 

TOTAL O&M COSTS (30 yeir) 51,975,400 

TOTAL CAPiTAL AND O&M COSTS 52,777,241 

CON77NGENCY (35% ofTotal Capital and O&M Costs) $972,034 

SUBTOTAL (Total Cpita1 and O&M Costs and Contingezicy) $3,149,276 

USACE SIOH (8% Totai Capital and O&M Costs and Contingency) $299,942 

TOTAL ESTIMATED PROGRAM COSTS1 $4,000,000 

NOTES: 
(t Escalation costs arc not included 
(2) Analysis for parameters which can indicate biodegradation ofchIorinatd solvents (eg, NO3-nitrogeii, NO2nitrogen, 

NI1,-nitrogen, total Kjeldahl nitrogen, total phosphonis, SO4, soluble iron, methane, ethanc, ethcne, sulfide, TOC, BOO) 
Bacteria eiiumeration 
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TABLE 4-6 
SUMMARY OF EST1MA]) COSTS 

. 

. 

Alternatives Total Capital Costs Total O&M 30% Contingency and 
USACE SIOR 

Estimated Program Costs 
Plus Contingency 

- 
Alternative i SO SO SO SO 

Alternative 2 S8Ö,000 5872,100 5384,700 51,300,000 

:1 
Alternative 3 $879,000 $906,600 5721,000 52,500,000 

Alternative 4 52,042,000 53, 121 000 $2,3 12,000 57,500,000 

Alternative 5 $1,600,000 $2,200,000 S1,700,000 $5,500,000 

Alternative 6 $802,000 $1,975,000 $127,200 $4,000,000 

--k 

i 

] 

J 

i 
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APPENDIX A 
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

A.1 DISCUSSION OF AF.ARs 

Cleanup standards for remedial action must attain a general standard of cleanup that assures 

TIprotection ofhuman health and the environment, is cost-effective, and uses permanent solutions 

arid alternative treatment technologies or resource recovery technologies to the maximum 

I extent practicable. In adiflon, the Superfirnd Authorization and Recovery Act (SARA) 

- j requires that any hazardous substance or pollutant remaining on site meet the level or standard 

I 
of confrol established by standards, requirements, criteria or limitations that have been 

Iestablished under federal environmental law, or any more stringent standards, requirements, 

criteria, or limitations promulgated in accordance with a state environmental statute. 

A requirement may be either applicable or relevant and appropriate to remedial activities at a 

site, but not necessarily both. Applicable requirements are those cleanup standards, standards 
- of control, and other substantive environmental protection requirements, criteria, or limitations 

I 

promulgated under federal or state law that specifically address a hazardous substance, 

i pollutant, contaminant, remedial action, location, or other circumstances at a site. 

IlIf a regulation is not applicable, it may still be relevant and appropriate. The basic 

. 
considerations are whether the requirement (1) regulates or addresses problems or situations 

_] 
sufficiently similar to those encountered at the site (Le., relevance), and (2) is appropriate to the 

circumstances of the release or threatened release, such that its use is well suited to the 

iparticular site. Detennining whether a requirement is relevant arid appropriate is site-specific 
J and must be based on best professional judgment This judgment is based on a number of 

1 
factors, including the characteristics of the site and of the release, as compared to the statutory 

J or regulatory requirement. 

_1 h some situations, a promulgated regulation does not address a particular issue In the case 

when there is not a promulgated regulation, a state or federal advisory, proposed rules, criteria, 

_i 
or guidance documents may be "to be considered" (ThC) to establish remediation cleanup 
levels or procedures. TBCs are not enforceable and their use may not be economically feasible. 

J 
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Applicable or Relevant and Appropriate Requirements (ARA.Rs) are provided in this section for 

three specific areas including: (1) chemical-specific ARARs, (2) location-specific ARARs, and 

(3) action-specific ARARs. Generally, potential chemical-specific ARARs and location- 

specific ARARs are identified during the site characterization phase of a project and the 

potential action-specific ARARs are identified during the development ofremedial alternatives 

in the FS. However, at the request of the TJSEPA, action-specific ARARs for a variety of 
remediation technologies were initially included in the Management Plan. A more detailed list 

of action-specific ARARs has been prepared as remedial action alternatives were refined in the 

FS, and is included here. 

All Chemical-Specific ARABs 

Chemical-specific requirements are based on health or risk-based concentration limitations in 

environmental media (i.e., water, air, soil) for specific hazardous chemicals. These 

requirements may be used to set cleanup levels for the chemicals of concern in the designated 

media, or to set a safe level of discharge where discharge occurs as part of the remedial activity. 

Sources for potential target cleanup levels include selected standards, criteria, and guidelines 

that are typically considered as ARARs for remedial actions conducted under CERCLA. In 

addition, USEPA Region ifi risk-based concentrations, developed as guidance for determining 

groundwater and soil action levels, are presented and should be regarded as TB Cs. 

A.1.1.i Maximum Contaminant Levels for Drinking Water 

For groundwater, MCLs established under the Safe Drinking Water Act (SDWA) and codified 

in 40 Code of Federal Regulations (CFR) 141 are often accepted by regulatory agencies as 

cleanup levels for groundwater remedial activities, especially ifthe groundwater is or could be a 

drinking water source. The state MCLS (18 Alaska Administrative Code {AACI 80) for 

chemicals and metals found at the site are the same as the federal MCLs, and are listed on Table 

A-L 

MCLs are applicable where the waxer will be provided directly to 25 or more people or will be 

to 15 or more service connections. Since the PRDA at Fort Richardson is a remote 

site, the Alaska Department of Environmental Conservation's (ADEC) Interim Guidance for 

Suiface and Groundwater Cleanup Levels (ADEC i 990) allows for the adoption of alternative 
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- . cleanup levels (ACLs) if an approved risk assessment is performed and achieving MCLs is 

technically onfeasible. The decision to allow development of ACLs must be made by the 

ADEC. 

A.1.L2 RCRA TCLP for Groundwater 

IThe RCRA toxicity characteristic leaching procedure (TCLP) (40 CFR 261.24) is comnmonly 

- used to determine whether a solid material, if disposed of on the land, will leach chemical 

-1 
contaminants into the groundwater and therefore make the solid material a hazardous waste. 

._j Concentrations of contaminants in oundwater may be compared to TCLP values where other 

regulatory levels do not exist. TCLP limits are ARARs for the PROA because detected 

. 
concentrations of PCE, TOE, and carbon tetrachioride exceed TCLP limits in groundwater, 

indicating the potential for groundwater, once pumped for treatment, to be classified as a RCRA 

:i characteristic waste. TCLP values for chemicals detected at Fort Richardson 01fB are shown 
- 

on Table A-l. 

_i AJ.L3 Risk-Based Concentrations for Groundwater 

Risk-based concentrations (RBCs) established by USEPA Region ifi (October 1995) may be 

.- used as TBC for groundwater where no other ARARs exist. The RBCs are meant to serve as 

,_-I 
benchmarks for evaluating site data and developing preliminary remediation goals. Since the 

- - 

RBCs are not sitespecific and based on very conservative exposure assumptious that do not 

jreflect site conditions, the RBCs are used as a screening level evaluation. As an additional 

conservative measure, residential RBCs are used for groundwater. RBCs for residential use of 

Igroundwater are shown on Table A-l. 

A.1.14 Water Quality Criteria 

The Interim Quidancefor Swface and Groundwater Cleanup Levels (ADEC 1990) states that, 

_I1 
for contaminants that have not been assigned a final or proposed MCL, cleanup levels should be 

based on ambient water quality criteria (AWQC). AWQC are non-enforceable guidelines 

Ideveloped under the Clean Water Act Section 304, and used by the state to establish water 

quality standards for specific bodies of water or steam segments. The ADEC Water Quality 

-I 
Standards (18 AAC 70) are a combination ofthe Alaska drinking water standards (18 AAC 80), 

i federal drinking water standards (40 CFR 141), and 96-hour lethal concentrations (LC5O) for 
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the most sensitive species in the area (including a safety factor of 0.01). Table A-2 reproduces 

the potentially applicable parts of the criteria for toxic substances and petroleum hydrocarbons 

as stated in 18 AAC 70 (April 1995). 

A.1.1.5 RECs and TCLP for Soils 

RECa established for soil by the USEPA Region BI (October 1996) are shown on Table A-3. 

The RBCs are intended to be used as screening levels only, and are based on conservative 

residential exposure scenarios. Table A-3 also reproduces the RCRA TCLP concentrations. 

TCLP is commonly used to determine whether a solid material, if disposed of on the land, will 

leach chemical contaminants into the groundwater and therefore make the slid material a 

hazardous waste. 

Ai.1.6 Ambient Air Quality Standards 

- - 
Federal ambient air quality standards are implemented by each state through the State 

Implementation Plan (SIP) (codified in 18 AAC 50), which established air quality control 

regions and attainment and non-attainment areas. The Anchorage metropolitan area is a 

moderate non-attainment area for particulate matter (PM-lO) and carbon monoxide; therefore, 

PM-lO and carbon monoxide emissions from activity related to the investigation or remediation 

of the PRDA both must be less than 100 tons per year or a Clean Air Act Title V Operating 

Pemiit is required. This activity includes the use ofgasoline or diesel powered vehicles such as 

construction equipment. In addition, the state sets an annual average and 24-hour and 3-hour 

maximums for priority pollutants that may not be exceeded in the ambient air. The priority 

pollutants include: particulate matter, sulfur dioxide, carbon monoxide, ozone, nitrogen oxides, 

and lead. Title III of the Clean Air Act, which regulates hazardous air pollutants, may also 

apply. 

Additional sections of the Alaska Air Quality Regulations that regulate specific processes may 
also be applicable to specific remedial actions and are listed in the action-specific ARARs 

(Section A.1.3). 
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ILocation-speciñc ARARs are restrictions placed on the types of activities that may occur in 

particiilar locations. The location of a site may be an important characteristic in determining its 

Iimpact on human health and the environment These ARARs may restrict or preclude certain 

remedial actions. Examples oflocation-specific ARARs include federal and state requirements 

i for preservation of historic landmarks, wetlands protection, and siting of a hazardous waste 

management facility. Table A-4 summarizes the location-specific ARARs discussed below. 

, 

A.L21 Executive Order 11990 Protection of Wetlands 

I 
The PRDA is located near a wetland so standards that apply to the protection of wetlands are 

potentially applicable Executive Order i 1990 as implemented by 40 CFR 6 and Appendix A 

;:I 

on Protection ofWetlarids are applicable. The regulations require federal agencies to avoid, as 

much as possible, the destruction or loss of wetlands and avoid new construction in wetlands. 
--- 

If alternatives are not practicable, an environmental assessment or environmenta[ impact 
-J statement must be conducted to avoid long and short-term adverse impacts associated with the 

modification or destruction of wetlands. 

.-. A.1.2.2 Clean Water Act Section 404 

. - 
Disposal of contaminated soil, waste material or dredged material into surface water, including 

_j 
wetlands, are activities that may be considered dredge-and-fill operations. They must be 

evaluated for alternatives pursuant to Section 404 ofthe Clean Water Act as codified in 40 CFR 

I 
230J0 and 33 CFR 320 to 330. These regulations are implemented by the TJSEPA and the 

j USACE and prohibit the discharge ofdredge or fill material into the waters ofthe United States 

I 
or wetlands without a permit. Although permits are not required for OERCLA on-site actions, j the substantive requirements of Section 404 and the implementing regulations are potential 

ARARs for remedial actions that could impact wetlands. 

A.L2.3 Miv'atorv Bird Treaty Act 

The Migratoiy Bird Treaty Act (16 United States Code [[JSC 703) protects the miatory 

i residence and range ofall migratoiy birds including species not on the Endangered Species List 
'bi There are many migratory birds that reside in the area surrounding the PRDA. Coordination 
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with the U.S. Fish and Wildlife Service may be required to prevent damage to the habitat of 
migratory birds, if the species or their habitat are impacted by remedial activIties. 

A.1.2.4 Fish and Wildlife Coordination Act 

The Fish and Wildlife Coordination Act (16 USC 661 et seq.) is considered applicable if 
remedial activities impact fish or wildlife habitat in the vicinity of or downstream from the 

PRDA. Such impacts could include sediment loading in. streams or destruction of animal 

burrows or food Sources. Coordination with the U.S. Fish and Wildlife Service and the Alaska 

Department ofFish and Game may be necessary to discuss mitigation measures to prevent loss 

or damage to these resources. 

£1.3 Action-Specific ARARs 

Action-specific ARARs are usually technology- or activity-based requirements or limitations 
- on actions taken with respect to hazardous waste. These requirements are triggered by the 

particular activIties that are selected to accomplish a remedy. Since there are usually several 
j 

alternative actions for any remedial site, different requirements may be identified to implement 

a specific alternative. These action-specific requirements do not in themselves determine the 
remedial alternative: rather, they indicate how a selected alternative can be achieved. 

Table A-5 lists general federal and state action-specific ARARs. This table presents the 
regulations that may serve as action-specific ARARs for on-site activities generally encountered 
ilL hazardous waste site remediation (e.g., generation, storage, on-site disposal, etc.). Additional 
requirements address general closure standards, and the need to manage contaminated wastes 
and wastes generated during site activIties. 

A.1.3.i Resource Conservation and Recovery Act 

RCRA Standards for Hazardous Waste Generators 

RCRA Subtitle C regulates the generation, transportation, treatment, storage and disposal of 
--. hazardous waste. The general management system for hazardous waste is discussed in 40 CPB. 

260, and hazardous waste is defined in 40 CFR 261. It is the waste generator's responsibility to 
determine if their waste is RCRA-bazardous either due to a characteristic or because it is j 
specifically listed as a hazardous waste. The generator standards iii 40 CFR 262 establish the 
S:ROJE\WCE94O2QD.F1NAL\&RS.DOC k6 ° PM 
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- duties of the generator to obtain a USEPA identifcation number, manifesting for waste sent 

. ) off-site, pre-transport requirements, short-term storage requirements, and record keeping and 

reporting requirements. The substantive requirements in 40 CIFR 262 are applicable for 

potential treatment residuals, such as exhausted GAC. 

.1 

Standards for Hazardous Waste Treatment, Storage or Disposal 

. -j Specific waste management requirements governing the treatment, storage, and disposal of 

.1 
RCRA hazardous waste are codified in 40 OER 264 and 265 (interim status). These 

_j requirements are nonnally associated with facilities that have received a RCRA operating 

permit; however, since CERCLA waives the administrative requirements of regulations, the 

Jsubstantive requirements of these regulations are applicable to on-site remedial actions that 

. 
treat, store or dispose RCRA hazardous waste. Only those hazardous waste management 

...j 
options that may potentially be included in the remedial activity are identified arid briefly 

described below: 

- Management of waste in containers (40 CFR 264 Subpart 1) regulates long-term 

t 

storage of waste in portable containers such as drians or portable liquid storage 
I vessels. Subpart I may be applicable ifcontaminated soil is stored in drums prior to 

1 treatment or disposal. 

. - . Management ofwaste in tank systems (40 CFR 264 Subpart J) regulates long-term 

Jstorage of liquid waste in permanent tanks or tank systems. Subpart J may be 

applicable or relevant and appropriate if contaminated groundwater is stored in 

Itanks prior to treatment or disposal. 

Management of waste in waste piles (40 CPB. 264 Subpart L) regulates storage of 
' contaminated soil without using containers. Subpart L may be applicable if 

J 
contaminated soil is stockpiled in waste piles prior to treatment or disposal or as a 

means ofex-situ bioremecliation. 

J 
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Generai Groundwater MonitoringRecrnfrements 

40 CFR 26497 Subpart F regulates groundwater monitoring systems. This would be relevant 
and appropriate for the groundwater monitoring programs included in the alternatives. 

RCRA Air Emission Standards for Process Vents and Equipment Leaks 

40 CPR 264 Subpart AA contains action-specific organic air emission standards for process 
vents from distillation, fractionation thin-film evaporation, solvent extraction, or air or steam 
stripping equipment that is in hazardous waste service and processes hazardous waste that 

contains 10 ppm by weight (ppmw) organic constituents. This Subpart may be applicable to air 

or steam stripping associated with groundwater extraction and treatment systems, or vacuum 
extraction. 

40 CFR 264 Subpart BB requires fugitive emission monitoring of equipment that is in 

hazardous waste service and contacts waste with organic concentrations of at least 10 percent 
by weight. Although it is unlikely that any waste would have such high organic concentrations, 
this regulation may be applicable if air stripping or incineration operations tend to concentrate 
VOCs in anypart of their process. 

Land Disposal Restrictions 

An issue that is pertinent to the application of the land disposal restrictions is discussed in the 
NCR The NCP discusses when a OERCLA action constitutes "land disposal", which is 
defined as placement into land disposal units under section 3004(K) ofRCRA. This definition 
is criticaE because several significant requirements are triggered when placement occurs onto a 
land disposal unit. One requirement that is triggered when placement occurs is the land 
disposal restrictions (LDR) documented in 40 CFR 268. LDR requires that RCRA-hazardous 
waste be treated in accordance with best demonstrated available technology (BDAT) or be 
treated to a specific numerical standard prior to plaeement in a land-based unit such as a 
landfilL 
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} 
Standards for Containment 

Containment will be required if Alternative 3 is selected. The containment cover will be 

required to meet minimum functional guidelines. 40 CFR 264.310(a) lists guidelines for 

ilandfill covers which may be applicable to a containment cap for the PRDA. Such guidelines 
j include: minimize long-term migration ofliquids; fanction with miflimal maintenance; promote 

1 

drainage and minimize erosion or abrasion of the cover, accommodate settling and subsistence; 

I and have a permeability less than or equal to the permeability ofnatural subsoils present. 

A.1.3.2 Alaska Air Quality Control Reu1ations 

iAlthough remedial actions that involve air emissions would not require a permit at this site 

(p rojected emissions would fall well below concenixations that require a permit), the substantive 

1 
requirements ofADEC's Air Quality Control Program (18 AAC 50) would have to be met. The 

j following provisions from the Air Quality Control Program are action-specific ARARs for 
- - remedial actions that involve air emissions from a stationary source such as air stripping: 

s SourceTesting: 18 AAC 50.500 

Is Ambient naysis Methods: 18 AAC 5OE510 and 

. :En:iission and Ambient Monitoring: i 8 AAC 50.520 

The only VOC regulated under 18 AAC 50.510 is vinyl chloride with an allowable 24-hour 

Javerage emission of 15 micro-ams per cubic meter (uglm3). 

A.i.3-3 Alaska Solid Waste Management Regulations 

-I 
The substantive provisions ofAlaska?s Solid Waste Management regulations (18 AAC 60) may 

.1 be applicable to the management ofwastes that do not meet the definition ofRORA hazardous 

waste but contain contaminants that exceed other nou-RCRA cleanup levels. These regulations iare more specific than federal regulations. The following sections are potential ARARs for 

remedial actions that involve storage, treatment, or disposal of non-RCRA waste that exceed 

I 
cleanup levels: 

Accumulation and Storage: 18 AAC 60.010, j. Disposal ofPolluted Soil: 18 AAC 60.025 

a Permit Requirements: 18 AAC 60200(a)(3) 
S;\PROJECTS\WCFS\E94OQD-pNAL\ARARSDOC 
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A.L3.4 Alaska Hazardous Waste Regulations 

Alaska is ñot authorized to oversee the federal RCRA regulations, arid their regulations coclilied 
in 18 AAC 62 primarily incorporate federal RCRA regulations by reference. Therefore, Alaska 
hazardous waste regulations are not specifically cited in this document. 

A.13.5 Siting of Hazardous Waste Management Facilities 

18 AAC 63.040 presents the substantive provisions of the regulations regarding siting of 
hazardous waste management facilities. If any on-site hazardous waste management facilities, 
as defined by this regulation, are part of a remedial action the substantive portion of these 
regulations are applicable. 

A.13.6 Alaska Water Quality Standards 

1 8 AAC 70 sets water quality Standards which specifj the deee of degradation that may not 
be exceeded in a water body as a result of humait actions. The regulation de&ies different 
water classes (industrial, drinking, etc.) and the water quality criteria which apply to each class. 

A.1.3.7 Alaska Waste Water Disposal RgqIations 

Chapter 72 of i 8 AAC covers domestic and nondomestic waste water systems. i 8 AAC 
72.600 requires a person who operates a nondomestic disposal system to first have written 
department approval of engineering pians. Article 9 of the regulation describes the procedures 
for applying for a general waste water disposal permit Chapter 72 may be applicable for 
discharge oftreated oundwater. 

A.13.8 Alaska Oil and Hazardous Substances Pollution Control Requirements 

i 8 AAC 75 describes requirements for reporting cleanup and disposal of any discharge of an oil 
or hazardous substance. Determination of the adequacy of the cleanup rests with the ADEC, 

the TJSEPA orders the cleanup operation to cease. Article 5 of the regulation describes 
the civil penalties which can be levied as a result ofa discharge. 

A-iO 1:09PM 
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TABLE A-1 
- 

:ì 
ALASKA MCLs AND RESIDENTIAL RBCs 

r .. FOR TAP WATER 
. . oU:B, J?ORT RICHARDSON, ALASKA 

Alaska RCRA Residential 
. 

MCLs TCLP Tap Water RBCs (3) 

. (mg/L) (mgíL) (mgIL) 
Organic Compounds; 

.. 
benzene 0.005 0.5 0.00036 

T carbon teach1oride 0.005 0.5 000016 

.j 
chloroform 0.1 6 0.00015 

- chlorobenzene 100 0.039 

. - 

1,1-dichloroetheiie 0.007 0.7 0.000044 
cis-1,2-dicbloroethene OE07 - OO61 

trans-1,2-dichloroethene 0_1 - 0.12 
1,3-dinitrobeirzene 0.0037 
2,4-clinitrotoluene 0.13 0.073 
1,1,2,2-tetrachioroethane 0.000052 
tetrachloroethene 0.005 0.7 0.0011 

i toluene i - 0.75 

;I 
1,1,2-trichioroetbane 0.005 - 0.00019 
trichioroethene 0.005 0.5 0.0016 

Metals: 
-- .A.ntimony 0.006 - 0.015 

Arsenic 0.05 5 0.000045,0.011* 

iBeryffium 0.004 - 0.000016 
. Cadmium 0.005 1 0.018 

. 

Chromium 0.1 5 
(4) 0.18 

i Copper i5 - 1.5 
._j Lead 0.05 5 - 

Mercuxy 0.002 0.2 0.011 

I 
Nickel 0.1 0.73 

J Selenium 0.05 1 0.18 

Silver o.i( 5 0.18 

I Thaffium 0.002 - 

J Zinc (5) 11 

MOThS: 

.1 
(1) Alaska Departhient ofEnvironmental Conservation, 18 AAC 80. In ail cases, state MCLs are 

equivalent to federal MCLs. 
(2) EPA4OCFR261 

1 (3) EPA Region ifi, October 20 1995. RBCs are based on residential tp water ingestion. 

J (4) REC for chromium VI 0.18 mg(L 
RBC for chromium lfl 37 rng/L 

I (5) Secondary MCL 

._J 

(6) ADEC Interim Guidance for Surface and Groundwater Cleanup Levels, September, 26, 1990. 
* 0.000045 carcinogenic. 0.011 noncarcinogeriic 
- = Not established. 
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TABLE A-2 

WATER QUALiTY CE1TERIA (18 AAC 70) 
APRII. 1995 

XRAND tYEEK DEIEFERTOUS ROLEUDOCAON 
: ORMNCANß INOi«ANC SUBSTAN Ì OJL$ AND RESE 

L1ESEWATEiUUSES 

(A) Water Supply Substances may not exceed Alaska Drinking May not cause a visible sheen upon the 
(i) drinking, Water Standards (18 AAC 80) or where those surface of the water. May not exceed 
culinary, and food standards do not exist, EPA Quality Criteth for concemations that individually or in 
processing Water (See Note 1) combinafion impart odor or taste as 

determined by organoleptic tests 

(A) Water Supply Same as (1) (A) (i) where contact with a product May not cause a visible sheen upon the 
(ii) agriculture, destined for human consumption is present. surface of the water. 
including Same as (1) (C) or Federal Water Pollution 
irrigation and Connol Adminictrañon, 
stock watering Water Quality Criteria (WQC/FWPCA) as 

applicable to substances for stockwarers: 
concentrations for irrigation waxers may not 
exceed WQCffWPCA or WQC 1972 (See 
Notes 2 and 3) 

(A) Water Supply Same as 1(c) Total aqueous hydrocarbons ÇIAqH) in the 
(iii) aquaculture Wt COlUfllfl fl1Y not exceed 15 ugh (See 

Note 4). Total aromatic hydrocarbons 
Ç1'A.H) in the water column may not exceed 
lo ugh (See Note 4). There may be no 
concentrations of petroleum hydrocarbons, 
niTn21 fats, or vegetable oils in shoreline or 

bottom sediments that cause deleterious 
effects to aquatic life. Surface waters and 
adjoining shorelines must be virtually free 
from floating oil, film, sheen, or 
discoloration. 

(A) Water Supply Substances that pose hazards to worker contact May not make the water unfit or unsafe for 
(iv) industrial may not be present the use 

(B) Water Recreation Same as (1) (A) (i). May not cause a 1rn, sheen, or 
(i) Contact . discoloration on the surface or floor of the 
recreation water body or adjoining shorelines 

Surface waters must be virtually free from 
floating oils. 

(B) WaterRecreation Substancestbatposehazardstoincidental Maynotcauseafilm,sheen,or 
(ii) secondary human contact may not be present discoloration on the surface or floor of the 
recreation water body or adjoining shorelines. 

Surface waters must be virtually free from 
floating oils. 
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TABLE A-2 (CONTINtJED) 

(C) Growth and Individual subtnces may not exceed crtcria in Saine as 1(A)(iii) 

Propagation of EPA, Quality Criteria for Water (See Note 1) 

sh. Shellfish, or, if those criteria do not exist, may not exceed 
other Aquatic Life the Primary Maxirnmn Conthminmt levels of 
and Wildlife the Alaska Drinking Water StandardS (18 AAC 

80). IfthoseciiteriaareabseiZorifthe 
depamnent finds that the cñteria are not 
appropriie for senithre resident Alaskan 
species, the deparilnent will, in its discretion, 
establish n regulation chronic and acute criteria 
to protect sensitive and biologically important 
life stages of resident Alaskan species, using 
methods approved by EPA or alternate methods 
approved by the department. There may be no 
concenations of toxic substances in water or in 
shoreline or bottom sediments, that singly or in 
combination, cause, or reasonably can be 
expected to cause, toxic effects on aquatic life, 
except as authorized by this chapter. Substances 
may not be present in concennnons that 
individually or in combination impart 
undesirable odor or taste to fish or other aquatic 
organisms, as determined by either bioassay or 
organoleptic tests (See Note 1). 

NOTES: 
1. The term "EPA Quality Criteria for Waler" includes Quality Criteria for Water, July 1976, U.S. Environmental rotection 

Agency, Washington, D.C. 20460, U.S. Government Printing Office: 1977 0-222-904, The Ambient Water Quality Criteria 
for the 64 toxic pollutants listed in the Federal Register, Vol. 45, No- 231, pg. 79318, November 1980, the Anthient Water 

Quality Criteria Document for 2, 3, 7, 8-tetracblorodibenzopdioxin ÇICDD) listed in the Federal Register, VoL 49, No. 32, 

pg. 5831, February 1984, and the final ambient water quality criteria documents listed in the Federal Register, Vol. 50, No. 

145, pg. 30784, July 1985. These documents may be seen at the central office ofthe department or may be purchased through 
the National Technical Information Service, U.S. Department of Commerce, Springfield, VA 22161. 

2. The Report of the Committee on Water Quality Criteria, Federal Water Pollution Control Administration, Washington, D.C., 
April 1, 1968, available from the Superintendent of Documents, U.S. Government Printing Office, Washington, D.C. See 

Note 5. 

3. Water Quality Criteria 1972, Environmental Studies Board of the National Academy of Sciences and the National Academy of 
Engineering, Washington, D.C., 1972, USEPA-R3-73-033, March 1973, is available from the Superintendent of Documents, 

U.S. Government Printing Office, Washington, D.C. 20204 (Stock No. 5501-00520). See Note 5. 

4. Total aromatic hydrocarbons ÇFAII) and total acpleous hydrocarbons AqH) must be determined using the following sampling 

procedures: (see 18 AAC 70 for the continuation ofthis note). 

5. The cited document is ou tile in the lieutenant governor's office and may be seen at any department office. 

spmjectswcfs\e94O3Qjfla1_fs\tb1A..2.doc j 



TABLE A-3 

i 
RESIDENTJAL SOIL RBCs 

OUR, FORT RICHARDSON, ALASKA 

i 

p] 

i] 

] 

J" 

'j 

j 

RCRA Residentîal 

Compounds TCLP (1) Soil RBCs 
(mgIL) (mg/kg) 

Organic Compounds: 
benzene 0.5 22 

bromoform - 81 

carbon tetrachioride 0.5 4.9 

ebloroform 6 100 

1,1-dichioroethene 0.7 1.1 

cis-1,2-dichloroethene - 780 

lrans-1,2-dichloroethefle i 600 

ethylbenzene 7800 

m-nitrotoluene 780 

1,1,1,2-tetachloroethane 25 

1,1,2,2-teüch1oroethane 3.2 

teach1oroethene 0.7 12 

toluene 16000 

1, 1,2-trichioroethane ji 
üicbloroethene 0.5 58 

1,3,S-triniobenzene 3.9 

2,4,6-initroto1uene 21 

xylenes 160000 

Metals: 
antimony 31 

aisemc 5 0.43, 23 (4) 

beryllium 0_15 

cadmium i 39 

chromium . 
5 390 3) 

copper 3100 

lead 5 

mercury 0.2 23 

nickel - 1600 

selemurn i 390 

silver 5 390 

thallium 
zinc 23000 

NOTES: 
(1) TCLP data from 40 CPR 261.24. 
(2) RBC data from EPA, Region 131, October 20, 1995. 

(3) RBC for Chroniiwn VI = 390 mg/kg 
REC for Chromium ifi 78000 mg/kg 

(4) 0.43 carcinogenic, 23 noucarcinogenic 
- - Not established. 
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TABLE A-4 

SU1\IMARY OF POTENTIAL LOCATION-SPECB1C ARABs 
OUB, FORT RJCHABDSON, ALASKA 

Standard, Requirement, 
Citation Description Comment 

Criteria, or Limitalion 

YEDERAL 

Protection of Wetlands 40 CFR 6 and Requires federal agencies to Applicable if remedial 

Appendix A avoid, as much as possible, actions impact the 
destruc1on of, loss of, and wetlands south of the 

new construction in wetlands. treatment area. 

Section 404 of Clean 40 CFR 230. 10 d Regulates dredge and fiji Applicable of soil or 
Water Act 33 CFR 320 to 33O operations in waters of the waste material is 

United States including placed in the wetlands. 
wetlands. 

Migratory Bird Treaty 16 Usc 703 Protects the migratory Applicable if remedial 

Act residence and range of all activities damage 
migratory birds. migratory bird babitat. 

Fish and Wildlife 16 USC 661 et seq. Protects fish and wildlife Applicable if remedial 

Coordination act habitat. activities damage fish 
or wildlife habitat. 

CFR = Code of Federal Regulations 
USC = United States Code 

S:\PRO1\WCFS94Q\TNAL-FS\TA-4.DOC 
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TABLE A-5 

SUMMARY OF POTENTIAL ACTION-SPEC WIC ARARS 
OUB, FORT RICHARDSON, ALASKA 

Standard, Requirement, Criteria, or Limilation Citation Description Comment 

flEIA1 'ÑG _ _ 

Hazardous Waste Management System 40 CFR 260 Provide definitions, general General information to be used with 

standards, and information applicable listed parts. 
to parts 260 through 265 and 268. 

Identification and Listing of Hazardous Waste 40 CFR 261 Establishes criteria for use in 
determining if a waste is hazardous 

Standards Applicable to Generators of Hazardous 40 CFR 262 Establishes temporary storage, 

Waste transportation, and recordkeeping and 
reporting requkements for generators 
of hazardous waste. 

Siandards for Hazardous Waste Treatment 40 CPR 264 & 265 Regulates on-site storage1 treatment, 
or disposal of hazardous waste and 
closure of hazardous waste units. 

Storage in Containers Subpart I Regulates long-term storage of wasle 
in portable containers. 

Storage in Tanks Subpart J Regulates long-term storage of liquid 
waste in permanent tanks. 

Storage in Waste Piles Subpart L Regulates storage of contaminated soil 

in stockpiles. 

Emission Standards for Process Vents Subpart AA Regulates process emissions from 
specified hazardous waste treatment 
units. 

Equipment Leak Standards Subpart BB Regulates fugitive emissions from 
hazardous waste treatment units 

S:PROIECfS\WCFS1E91ObQ\INAL-ESTh-SDOC 

Applicable to disposal requirements. 

Applicab'e if soil is contaminated and 
determined to be RCRA hazardous by 
characteristic. 

No permit require& but substantive 
requirements for on-site storage or 
disposal of hazardous waste and 
closure and post-closure care. 

Relevant and appropriate if hazardous 
waste is stored in portable man-made 
containers. 

Relevant and appropriate if hazardous 
waste is stored in tanks 

Relevant and appropriate if hazardous 
waste is stored in waste piles 

Relevant and appropriate ifair or 
steam stripping is used to treat 
process vents fròm hazardous waste 
treatment units. 

Relevant and appropriate if air 
stripping is used to treat hazardous 
waste, 

Q Q 
t\) 
c) 

1\) 
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TABLE Â-5 

SUMMARY OF POTENTIAL ACTION-SPECIFIC AltARs 
OUB, FORT RICHARDSON, ALASKA (continued) 

Standard, Requirement, Criteria, or Limitation Citation Description Comment 

Land Disposal Restdctions 40 CFR 268 Sets treatment standards for Relevant and appropriate if hazardous 

hazardous waste that must be met waste is disposed of in a landfill. 

prior to disposal on the land. Applicable if RCRA hazardous 
characteristic waste is disposed of off- 
site. 

DOT Requirements 49 CFR 107-180 Regulates transportation of hazardous Applicable to off-site transport of 
materials hazardous waste. 

s 

Alaska Air Quality Control Regu1aIons 18 AAC 50 Regulates emission from incinerators Ambient air quality standards are 
and sels numerical limits on pollutants applicabte to all remedial actions. 

in the ambient air, Also requires Incinerator standards are applicable to 

source testing of motor vehicles on-site incineration of wastes. 

including diesel-powered equipment. 

MakaQ!id Waste Management Regulations 18 AAC 60 Regulates sorage, treatment and 
disposal of non hazardous waste. 

Accumulation and storage 18 AAC 60.015 

General Requirements for a Solid Waste 18 AAC 60.035 

Disposal Facility 

Siting of Hazardous Waste Management Facilities i S AAC 63.040 

Alaska Water Quality Standards 
S: \PRO j WCFS E945Q FINA L-FS\TA-5 DOC 

18 AAC 70 

Regulates the collection and storage 
of solid waste. 

Regulates surface water runoff, 
erosion, leachate, public nuisance, 
and access by persons and wildlife. 

Regulates siting of hazardous waste 
disposal facilities 

Regulates the quality of surface 

Applicable if non-hazardous waste is 

generated as a result of remedial 
actions. 

Applicable if non-hazardous waste is 

stored on site. 

Applicable if any waste storage, 
treatment or disposal occurs on-site. 

Applicable if hazardous waste 
management facilities are built on- 
site. 

Applicable to human actions which 

L_ --- .--- _ L' :: _. 

Q Q 
r') 
(A) 

C) 
cx 
(A) 
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TABLE A-5 

SUMMARY OF POTENTIAL ACTION-SPECIFIC ARARS 
OUB, FORT RICHAIthSON, ALASKA (continued) 

Standard, Requirement, Criteria, or Limitation Citation Description Comment 

waters cause degradation of a water body. 

Alaska Wasiewater Disposal Regulations 18 AAC 72 Regulates disposal of wastewater Applicable to disposal of 
investigation-derived purge or 
decontamination water, 

Requirements for ADEC approval of I 8 AAC 72.600 Regulates engineering plans for Applicable if a wastewater system is 

waslewater systems wastewater treatment works and constructed and operated on site. 
disposal systems 

Alaska Oil and Hazardous Substances PolluUon 18 AAC 75 Regulates discharge. prevention, and Applicable if hazardous substances 

Control cleanup of hazardous substances are discharged on site. 

AAC = Alaska Administrative Code 
ADEC = Alaska Department of Environmental Conservation 
CFR = Code of Federal Regulations 
USC = United Stales Code 

[i 

Q 
(A) 
O) 

J. 
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1.0 

INTRODUCTION 

1.1 SITE BACKGROUND 

;j The Poleline Road Disposa1 Area (PPJJA) is located on the Fort Richardson Army post. The 

1 PRDA is located approximately i mile south of the Eagle River and 0.6 miles north of the 

llI 
Anchorage Regional Landfill as shown in Figure 1-1. 

The PRDA is a low-lying, relatively flat area which is bordered by a wooded, 80-foot high bill 
to the northwest, a wooded bill to the south and southeast and a weiland to the south and 
southwest. The main disposal area is approximately i .5 acres in size and consists of four 

individual disposal areas (A-1, A-2, A-3 and A-4) as shown in Figure 1-2. 

Site history including disposal activities and site cleanup activities are discussed in the 
Remedial Investigation (RI) Report. A brief overview of information relevant to the fate arid 

- 

traiisport modeling are summarized in this soetion. The PRDA was active from approximately 
- 1950 to 1972. Various materials were disposed of at the PRDA including solvents. Two 

i solvents, i , i ,2,2-tetrachloroethane and TOE, were found at the highest concentrations and over 
the widest area at the site. It is not clear whether both solvents were released at the site or just 
l,1,2,2-tetrachloroethane since it can degrade to TOE. 

Tn 1994 soils from areas A-3 and À-4 were excavated to a maximum depth of 14 feet below 
ground surface (bgs), where perched groundwater was encountered. Soils that met the removal 
action levels (TOE 600 mg&g; POE 100 mg/kg 1,1,2,2-tetrachioroethane 30 mgìlg) were 
mixed with borrow soil and returned to the excavations. No additional soil cover was added to 
Areas A-3 and A-4. Soils that exceeded the actions levels were stockpiled southeast of the site 
on Baits Boulevard in lined, plastic-covered piles surrounded by berms. Areas A-1 and A-2 
have not been excavated. 

1.2 GROUNDWATER MODELING OBJECTiVES 

: 
Chemical compounds have leached from the PRDA into the adjacent groundwater. In this 

Jreport, the fate and transport of PRDA-derived compounds in groundwater is evaluated by 
- 

modeling the processes that affect migration The purpose of modeling groundwater flow and 
Jcontau]iilant iransport is to evaluate the effectiveness of the various groundwater treatment 

S:\PROJECTS\WCFS\E9408Q\D-HNAL\APNDXB.Doc 
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alternatives. Groundwater modeling is used to estimate groundwater extraction rates and 
1,1,2,2-tetrachioroethane concentrations iu the extracted groundwater. 

This model is based on the conceptuaL model developed for the Rl and documented in the Rl 
Report Appendix XIII. The reader is referred to Appendix XIII for a complete discussion. 
From this conceptual model, a numerical model was developed and used to estimate 
groundwater flow and contaminant transport 

The groundwater modeling study area extends approximately 1,500 feet in the north/south and 
east/west directions- Disposal Areas À-3 and À-4 are located in the middle ofthe study area. 
The numerical model developed for the RI could not be used because the model cell size in the 
vicinity ofthe disposal areas (100 feet by 100 feet) was too large to meet the objectives of this 
analysis. 

1.3 REPORT ORGANIZATION 

- -- 
The PRDA groundwater fate and transport modeling report is organized in seven sections. 
Section 2.0 summarizes the site characteristics that provide a framework for the development of 
the fate and transport model. The modeling approach is described in Section 3.0. A description 
of the groundwater flow and contaminant transport models and their data requirements are 
presented in Sections 4.0 and 5.0, respectively. Section 6.0 presents the model results. 
Limitations of the work described herein are presented in Section 7.0 and references are listed 
in Section 8.0. Supporting documentation for the modeling is included as Attachment BI. 

S:WROJE\wCFsE94O8Q\DAAwpNDxDoc - 
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T] 2.0 

SITE CHARACTERISTICS 

IThis section summarizes the site characteristics, geology, and hydrogeology presented in the 
. 

RI This information is used to develop the conceptual model presented in RI Appendix XIII. 

1 
The conceptual model provides the framework for development of the numerical groundwater 

__J flow and transport models that were used to assess groundwater contaminant transport. 

.1 
This section presents a conceptual interpretaflon of the geologic, hydrogeologic, and 

contaminant source, based on soil borings, previous investigations, topographic infomiation, 

Iwater levels and field investigations. It is recoized that the actual geologic and hydrogeologic 

conditions in the study area are more complicated than characterized by this conceptual 

1 interpretation due to the geologic and structural complexity ofthe area. However, it is believed 

.1 that the conceptual interpretution presented herein is a reasonable characterization of the flow 

,-.---' . system in the vicinity of the PRDA site, and is useful as a framework for development of the 

_J 
numerical models presented in Sections 40 and 5.0. The conceptual interpretation presented 
herein of the chemical source loadings to groundwater at PRDA has been simplified and is 

ilimited by the available information on iast disiosal practices. 

2.1 GEOLOGIC FRAMEWORK 

Surficial deposits in the region are composed of fiuvially reworked glacial sediments and 

jglacial tills. These deposits consist ofunstratified to poorly stratified clays, silts, sands, gravels 
.. 

andboulders (ESE 1991). 

-. A basal tiM lies below the surficial deposits. The basal till is lithologically similar to the 
surficiaI deposits; however, the basal till materials are more compact and may have lower 

Jhydraulic conductivities. 

An advance moraine/till complex underlies the basal till. The advance moraineltill complex is 

lithologically similarly to the s'urñcial deposits and the basal till. The vertical extent of this unit 
is difficult to define based on the lithologic similarly to the basal tilL 

Bedrock underlies the advance moraine/till complex. It is composed of a hard black fissile 
Jclaystone with fine sandy siltstone interbeds (ESE 1991). Bedrock was encountered beneath the 

J 
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PRDA at a minimum elevation of 123 feet mean sea level (finsi) at well MW-16 to a maximum 
elevation of 172 finsi at well MW-6. 

These straigraphic units are shown in a north-south cross-section (PS Figure 1-4). The vertical 

extent of these unit was modified from the conceptual model developed in the RI regional 
model and shown in RI Appendix XIII Figure 2-1. This modification resulted from difficulty 

reproducing the groundwater elevations and hydraulic adients (vertical) estimated in the RI 
regional model. 

2.2 HYDROGEOLOGIC FRAMEWORK 

2.2.1 Conceptual Groundwater Zones 

For the purpose of characterizing the groundwater flow regime in the vicinity of the site, four 
general groundwater elevation zones are assumed: perched, shallow, intermediate, and deep. 

The separation ofthe groundwater system into vertical zones is not intended to imply the zones 
----. are hydraulically separate. On the contrary, it is believed that the shallow, intermediate, and 

deep zones are connected This assumption is supported by the presence of VOCs in the deep 
groundwater zone at the PRDA site. The three zones do differ, however, in the way that they 
are influenced by recharge and by their average hydraulic properties. A conceptual 

hydrogeologic cross-section ofthese units is shown in FS Figure 1-4. 

2.2.1.1 Perched Groundwater 

Perched groundwater was encountered in the vicinity of the disposal areas, but was not 
encountered away from the disposal area& The water elevations of the perched water range 
from 280.6 frisi (at SB-08 on eastern edge ofarea A-1) to 2933 fmsl (at SB-C2 located iii area 
A-3). It is likely that excavation and trenching of the disposal areas resulted in reducing the 
degree of consolidation and compaction of the material. As a resait these areas have an 
increased permeability and the adjacent wetland may be discharging into the PRDA. Perched 
groundwater recharges the shallow groundwater zone. The perched groundwater zone is not 
included in the groundwater mode1 because it is not laterally continuous beyond the disposal 
areas. 
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2.2.1.2 Shallow Groundwater Zone 

OU 0023695 

jShallow groundwater was encountered in the surficial glacial sediments and glacial ülls. The 

monitoring wells screened in the shilow groundwater zone and their groundwater elevations 

i are presented in Table 2-L A minimum average groundwater elevation of270.9 finsi (MW-15) 
. j was measured northeast ofthe PRDA site and a maximum average groundwater elevation 284.5 

, finsi (MW-17) to the southwest ofthe PRDA site. 

iGroundwater contours of this shallow groundwater ai-e shown jj Figure 2-1. The horizontal 

_} 

hydraulic gradient in this zone is characterized by well pairs MW-81MW-2, MW-5/MW-15, 

MW-17/MW-15. The horizontal hydraulic gradient ranges from a minimum of 0.006 feet per 

i feet (ft/ft) (MW-81MW-2) to a maximum ofO.O10 ft/ft (MW-51MW-2 arid MW-51MW-12). 

Shallow groundwater in the surficial deposits is modeled as an unconfned aquifer and is 

defined in the model as Layer i. 

----- 
2.2.13 Intermediate Groundwater Zone 

-J 

Monitoring wells MW-4, MW-7, MW-10 and MW-1 i are screened in the basal till. The 
average groundwater elevations in MW-4 and MW-7 are 239.1 fi-nsl and 226.5 finsi, 

,- 
respectively. Groundwater was not encountered in MW-10 or MW-11. 

" 
The vertical component of flow is expected to be downward from the shallow zone to the deep 

i zone. This interpretation is supported by doiward vertical gradients and the presence of 
J VOCs in the deep groundwater zone. The vertical hydraulic gradient across the intermediate 

. zone is high. The observed vertical hydraulic gradient across the basal till is characterized by 
Ithe well pairs MW-1/MW-2 and MW-151MW-9. The vertical hydraulic gralient ranges from a 

minimum ofO.92 ft/fl (MW-151MW-9) to a maximum of099 ftlft (MW-2/MW-1) 

Groundwater in the basal till unit is modeled as a semi-confined aquifer and is defined in the 

i model as Layers 2 and 3. Layer 2 represents groundwater in the basal till from the transition 
J between the surficial deposits and the basal till to a minimum elevation of 240 frusi. Layer 3 

represents groundwater in the basai till from a maximum elevation of 240 finsi to the transition 

_i - 

between the basal till and the advance morainei'till complex. 

j 
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2.2.1.4 Deep Groundwater Zone 

A deep groundwater zone was encountered in the advance moraine/till complex. The 

monitoring wells screened in the deep groundwater zone and their groundwater elevations are 
presented in Table 2-1. A minimum average goundwater elevation of 160.1 finsi (MW-9 and 

MW-1 6) was measured northeast of the PRDA site and a maximum average groundwater 

elevation of 1774 finsi (MW-6) was measured at the PRDA site 

Groundwater contours of this deep groundwater are shoi in Figure 2-2. The horizontal 

hydraulic gradient in this zone is characterized by well pairs MW-6/MW-9, MW-6/MW-16, 

and MW-1/MW-16. The average horizontal hydraulic gradient ranges from a minimum of 
0.026 fl/ft (MW-11MW-16) to amaximum of0079 flJft (vPvV-6iMW-9). 

Deep groundwater in the advance moraineJtill complex is modeled as a semi-confined aquifer 

-. and is defined in the model as Layer 4. 

The bedrock underlying the advance moraine/till complex is modeled as an impermeable unit 
that groundwater does not penetrate. This conceptual model is based on the following 
information and assumptions. None of the groundwater monitoring wells are screened 

exclusively in the bedrock unit and as a result the groundwater potentiometric head in the 
bedrock is unIown. It is likely that the hydraulic conductivity of the advance moraine/till 
complex is higher than the hydraulic conductivity of the bedrock, and groundwater flow in the 
advance moraine/till complex would be a preferential pathway relative to groundwater flow in 
thebedrockunit. 

2.2.2 Aquifer Properties 

Grain size analysis was peifonned on four soil samples at or above the shallow groundwater 
(Alaska Testlab 1995). Hazen's method (Freeze and eriy 1979) was used to estimate the 
hydraulic conductivities of the four samples based on results of the grain-size analysis 
(Appendix VII). A hydraulic conductivity of 0.3 ftlday was estimated for two of the samples. 
Hydraulic conductivities of 0.03 ft/day and 284 fl/day were estimated for the remaining two 

- - samples. 
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j The total porosity was estimated by Alaska Testlab (1995) for four soil samples collected at or 

above the water table. The calculated values are based on a thy density of 120 lbs/cubic foot 

Iand a specific gravity of 2.65. The total porosity ranged from 0.21 to 0.27 with a geometric 

mean of 0.25. 

2.3 CJIEM(CAL FATE AI1) TRANSPORT FRAMEWORK 

iSource loading is defned by the source concentration (mg/I,) and the source flux per unit area 

... (in/yr). The source loading used in the calibrated RI regional groundwater model was 

assumed. 

Perched groundwater is located in disposal areas A-1, A-2, and A-3. VOC concentrations in 

perched groundwater at disposal areas A-1 and A-2 are low (RI Section 4.0). Based on the lack 

1 of VOCs detected iii the perched and shallow groundwater (Rl Section 4.0) in the vicinity of 

J areas A-1 and A-2, it is assumed that areas A-1 and A-2 are not sources of VOCs. Higher 

--- concentrations of VOCs were detected in perched and shallow groundwater below areas A-3 

and A-4 (e.g., 1,1,2,2-tetrachioroethane concentrations of 1,900 mgIL and 93 mg/L at MVTl4 
-.J 

[perched groundwater at area A-3] and SB-D2 [shallow groundwater at area A-4], respectively). 

I Areas A-3 and A-4 are assumed to be source locations. 

-.- The concentrations in the perched water were used as an initial basis for estimating source 

_j concentrations. During calibration of the RE groundwater model, the upper bound of the source 

concentration was limited by the solubility The solubility of 1,1,2,2-teirachioroethane is 

Iapproximately 2,900 mg/L (Montgomexy and Welcom 1991). Source concentrations of 212 
-J mg/L to 381 mg/L were assumed in the calibrated RI regional model and this model. 

i Releases of solvents since disposal operations commenced in 1950 resulted in high 

concentrations of VOCs in the subsurface soils. Past disposal of solvents apparently saturated 

] the soils and drained to the groundwater. Residual pore water, the water remaining in. the soil 
'. 

after the soil is drained is assumed to contain high concentrations of VOCs. Existing 

I groundwater contamination below the sources may be atibuted to infiltration displacing or 
_J mixing with the residual pore water. Since information specifying the source flux is not 

. available, the historical source flux (1971 to i 995) is assumed to equal the recharge rate. 

Several VOCs have been detected in groundwater Fate and transport modeling was performed ion 1 , i ,2,2-tetrachloroethane. This compound was selected, because it has the highest observed 
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groundwater concentrations and it is the contaminant that adsorbs most strongly. Because it 
aLlsOibs more strongly, it migrates in groundwater more slowly. Estimated concentrations in 
the extracted groundwater for the various treatment alternatives will be conservative, because of 
the mobility of 1,1 ,2,2-teirachloroethane. 
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TABLE 2-1 

MONITORING WELL INFORMATION AND OBSERVED GROUNDWATER AND BEDROCK ELE VAflONS 
OUR, FORT RICHARDSON, ALASKA 

Moulirin Well 
GrountISurFc 

{imI) 
ToporCin 

(ftuil) 
IIdrock 

(Ibg.) 
Dedrock 

(Finii) Screcii ((mil) 
Bottom Top 

ScreeB LenlIi 
(fi) 

Screen M1dmIzI 
(thist) 10/I/95 

Obierved Gruirndwaler ElevaLlou (fiml) 
11/I/95 12/4/95 1/3/96 2/I/96 

Shallow WeH 

MW-2 293.71 293.96 256 212 26 268.8 274.6 274.1 -2734 272.7 272.3 

MW-3 2I.3 300.16 252 265 33 261.8 27S.i 274.0 272.8 27L6 270.8 

MW-5 298.70 299.32 246 286 40 265.7 278.2 277.4 276.6 27.3 275.2 

MW-8 30180 302.86 213 283 40 262.8 277.2 276.7 276.0 275.2 274.6 

MW-12 298.96 300.70 263 273 10 268.0 2744 273.7 273.0 272.2 271.8 

MW-13 29504 296.96 267 277 10 272.0 276.6 275.9 275.2 274.5 273.9 

MW-14 30414 305.85 285 295 10 290.1 291.6 290.9 289.9 2890 288.4 

MW-15 29467 29658 265 275 10 269,7 272.9 271.9 270.8 269.8 269.3 

MW-17 303.45 305.48 281 291 10 286.4 286.0 285,4 284.5 283.7 283.1 

hiIrmcd1iIe WeIh 
MW-4 296.60 297.50 238 248 10 242.8 240.5 237.8 thy thy 

MW-7 29877 29975 203 223 20 212.8 226.6 226.7 226.4 226.3 226.4 

MW-10 303.09 303.98 244 264 20 254.1 thy thy thy thy Thy 

MW-Il 30940 31055 220 250 30 235.4 dry thy dry diy Thy 

Deep WeUi 

MW-1 29319 295.13 123 370 155 181 26 168.2 173.4 173.3 173.3 1732 173.3 

MW-6 296.73 29749 125 172 118 178 60 147.7 177.6 1774 1772 177.4 177.5 

MW-9 29400 295.97 159 135 134 164 30 1490 160.2 diy 160.2 160.1 159.9 

MW-16 2918 295.17 169 123 122 127 5 1243 162.2 162,4 162.2 162,1 162.1 

IIYI)RAIILJC GRADIENTS 

Ilorizonlal Dhihnce between WelIi (D) Obervcd Ilydr&uIIc Gradient. íft/IO 

SIiIiew welli 

MWS/MW2 390 0.0067 0.0066 0.0067 0.0064 0.0059 

MW$/MWI5 560 0.0095 0.0099 0.0104 0.0098 0.0105 

MWS/MWI2 390 0.0097 00095 0.0092 0.0079 0.0087 

MWI7AIWI5 148G 0.0019 0.0091 0.0093 0.0094 00093 

Deop well. 
MW6/MW9 220 0.0791 0.0773 0.0786 0.0799 

MW6/MWI6 460 0.0335 0.0326 0.0326 0.0333 0.0335 

MW1/MWI6 420 0.0267 00259 0.0264 0.0264 0.0266 

VerIl 

MWSIMW7 53 097 0.96 0.95 0.93 0.92 

MW4/MW6 95 0.66 0.64 

MW2JMW1 10! LOi 1.00 LOO 0.99 0.98 

MWI5/MW9 121 093 0.92 0.91 0.91 

Q 
frns1 fccI mean sea level 

1b8: feci below 8rouod swfcø 
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3.0 

MODELING APPROACH 

3.1 CONCEPTUAL MODEL 

The physical scenario being considered is a disposal area that released chemical compounds 

into the groundwater. The conceptual model was developed in RI Appendix XIII from the 
hydrogeology (RI Section 1.0) and the extent of contamination (RI Section 40) at the site and 
simplifying assumptions about disposal operations. 

Based on data consisting of water levels, precipitation and aquifer properties, and reasonable 
assumptions concerning the local and regional flow system in the area, a conceptual 
groundwater flow model was developed to serve as a framework for numerical flow model 

jpresented in Section 4M This conceptual model considers steady-state horizontal arid vertical 

=- 

flow in the shallow, inteimediate, and deep zones ofthe groundwater flow system. 

-I Based on data consisting of soil and groundwater concentrations and reasonable assumptions 
about source loadings, a conceptual groundwater fate and transport model was developed to 

Iserve as a framework for a numerical model presented in Section 5.0. This conceptuni model 
considers chemical migration in the shallow, intermediate, and deep zones of the groundwater 

] flow system. PRDA-derived VOCs are transported through the groundwater by the processes of 
, 

advection and dispersion Linear equilibrium adsorption of organic compounds to soil organic 
matter is thcluded in the model. 

32 NUMERICAL MODEL 

The U.S. Geological Survey (USGS) three-dimensional finite difference groundwater flow 

:i 
model (MODFLOW) (McDonald and Harbaugh 1989) was selected for use. This model code 
was selected because it is applicable for simulating site flow conditions on a large scale and 
because it is a thoroughly documented and widely accepted modeling code. 

A three-dimensional finite difference model, MT3D (Papadopulos 1992) was selected to 
simulate the fate and transport of dissolved organic compounds in groundwater. MT3D 

J 
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incorporates the flow field estimated by MODFLOW and simulates advectiori, dispersion, 

retardation and biodegradation in groundwater. 
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4.0 
GROUNDWATER FLOW MODEL DEVELOPMENT 

4.1 EXTENT OF MODEL DOMAIN AND SPATIAL DIS CRETIZATION 

1 The extent of the model domain is approximately 1,500 feet in the north/south direction and 

Jeast/west direction. Vertically, the model domain extends from the water table to the bedrock 

surface. 

The model domain was discretized using a rectangular block grid consisting of four layers with 

64 colirniri and 55 rows in each layer. The vertical discretization allowed simulation of 
J vertical groundwater gradients arid heterogeneity in the vertical direction. The four layers 

correspond to the vertical extent of the shallow (Layer 1), intermediate (Layers 2 and 3) and 

:i. 
deep (Layer 4) groundwater zones. Horizontally, each layer ofthe model grid was divided into 

3,520 cells, with cell lengths varying between 10 feet in the vicinity ofthe Areas A-3 and A-4 
to 1 00 feet near the model boundary. 

1 

4.2 MODEL DESCRIPTION AND DATA REQUIREMENTS 

- 
Groundwater flow modeling requires boundary conditions, aquifer parameters and 

Ilrecharge/discharge characteristics. The data requirements are listed below and are discussed in 
. 

this section. 

- Boundary conditions 

. I Hydraulic conductivity 
. Areal recharge 
. Leakance 

- 

4.2.1 Boundary Conditions 

Development of the numerical model requires that the hydraulic conditions at the model 
domain bouncthries be specified. The model boundary conditions represent the hydrologic 
interaction between the area modeled and the outside area. In the application of MODFLOW, 
boundary conditions are specified by assigning certain cell types to the cells at the model 
boundaries. In addition, the model automatically specifies the outside edge ofthe model grid to 

J 
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be a no-flux (i.e.., no-flow) boundary. The cell types used for this steady-state model are 

prescribed-head cells (constant head) and inactive (noflow) cells. 

All four boundaries in Layers i and 4 are specified as a constant head boundaries. The assumed 

groundwater elevation at the boundary is approximately equal to the groundwater elevation 

estimated by the calibrated Rl regional modeL All four boundaries in Layers 2 and 3 are 

specified as no flow boundary conditions, because vertical flow between Layers i and 4 is 

assummed to be the principle flow direction in Layers 2 and i 
4.2.2 Hydraulic Conductivity 

The hydraulic conductivity values assumed in the calibrated RI regional modeI were used. . 

Hydraulic conductivity values of 0.5 ft/day and OE3 ft/day were assumed iii the shallow (Layer i 

1) and deep (Layer 4) groundwater zones, respectively. A hydraulic conductivity value of 0.05 

was assumed in the intermediate groundwater zone (Layers 2 and 3). 4 

4.23 Areal Recharge 

The recharge rate (3 in/yr) assumed in the calibrated RI regional model was used. 

4.2.4 Leakance 

The leakarice between the shallow and deep oundwater zones is defined as the vertical 
hydraulic conductivity of the low permeability basal till unit divided by its thickness. Initially, 

the leakarice (0.00001/day) used in the calibrated Rl regional model was assumed in this model. 
However, the leakauce value was increased (0.00003/day). This increase was required to 

simulate vertical migration of 1,1,2,2-tetrachioroethane to the deep oundwater zone. 

4_3 MODEL CALLBPATION 

The calibrated regional model developed from the RI was used as a basis for this PRDA site 

model. The input parameters assumed in the regional model (RI Appendix XIII Table 5-l) 
were used. This model was not calibrated. The groundwater elevations estimated by this 
model approximate the groundwater elevations estimated by the calibrated Rl regional model. 
The results ofthis model indicate that groundwater in all four layers flows north across the site. 

j 
S:\PROJES\WCFSE94O8Q\DFNAL\ApNDXßt 

B4-2 



OUB 0023706 

-Th 

.j The groundwater elevation in Layer i in this flow model range from 275 ftnsl to 278.5 ftnsl in 
- the vicinity ofAreas A-3 and A-4 as compared to the estimated heads (lU Appendix XiiI Figure 

] 4-7) in the calibrated iu regional model of276 finsi to 278 fmsl. The groundwater elevation in 
Layer 4 uT this flow model range from 176.5 is1 to 193 finsi in the vicinity ofAreas A-3 and 

JA-4 as compared to the estimated heads (lU Appendix XIII Figure 4-8) in the calibrated 1i 
regional model of 184 finsi to 210 finsi. 

- The basal till is a low permeability layer between the shallow and deep groundwater zones. The 

.. downward vertical hydraulic gradients likely doniinte the flow direction within the basal till. 

MODFLOW is a quasi-three dimensional model which averages the hydraulic head within each 
layer. The combine thickness of Layers 2 and 3 is approximately 50 feet. The minimum 

Iobserved vertical hydraulic gradient across the basal till is approximately 0.91 fi/fi. Therefore, 
by design the numerical model cannot estimate the observed hydraulic heads at monitoring 

Jwells MW-4 and MW-7. 

.)- 

j 

j 

j 
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5.0 

GROUNDWATER TRANSPORT MODEL DEVELOPMENT 

} 

5.1 COUPLING OF FLOW AND TRANSPORT MODEL 

:- 
MT3D assumes the same mathematical representation ofthe flow field in the study area as was 

J used in MODFLOW. MT3D incorporates the flow field simulated by MODFLOW and 

- 
therefore incorporates the model domain and the hydrologic bouridaty conditions assumed in 

jMODFLOW. 
5.2 MODEL DESCRUTION AND DATA REQUIREMENTS 

_] MT3D requires aquifer parameters, initiaI conditions, chemical and source characteristics. 

.tj These data requirements are listed below and are discussed in this section. 

. Porosity 
- - 

Initial concentrations 

i 
Dispersivity 

j . Chemical reactions 

- Source concentrations and flux rate 

.' 
5.2.1 Porosity 

The effective porosity (0J5) assumed in the calibrated RI regional model was used. 

I5.2.2 Dispersion 

IDispersion in porous media refers to the spreading of contaminants over a greater region that 
would be predicted solely from variations in the groundwater velocity. Current research 

i indicates that dispersion is scale dependent The eater the distance between the source and the j point ofinterest, the greater the dispersion. 

jDispersion is calculated from the &oundwater velocity and the dispersivity. Longitudinal, 
transverse and vertical dispersivities are model inputs. Since longitudinal dispersivity is scale 

I dependent and the length of the model cells varies from 10 to 100 feet. The longitudinal 

J 
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dispersivity was assumed to equal 10% of the minimum cell length for each cell (1 feet to 10 

feet) throughout the model domain. The transverse and vertical dispersivities are assumed to 

equal 0.2 arid 0.1 of the longitudinal dispersivity, respectively. 

5.23 Jnitial Conditions 

Contaminant transport simulation requires initial conditions. The initial condition is equal to the 

chemical concentration in the model domain at the start ofthe simulation. In this simulation, the 

initial concentration is assumed to be equal to zero. Tn other words, the chemical concentration 

throughout the saturated zone is equal to zero when the PRDA commences operation. 

5.2.4 Chemistry 

The chemical reaction included in the transport model is equilibrium-controlled linear 

adsorption. 

5.2.4.1 Adsorption 

Adsorption refers to the mass transfer process between the contaminants dissolved in 

groundwater (solution phase) and the contaminants adsorbed on the porous medium (solid 

phase). Retardation of contaminants due to a1sorption is described by the retardation factor. 

The retardation factor is defined as the ratio ofthe groundwater flow velocity to the velocity of 
the contaminant. Adsorption is assumed to be defined by a linear equilibrium isotherm which 

assumes that the relationship between the concentration of the compound in the adsorbed and 

dissolved phases is linear. The model also assumes that the adsorbed phase is in local ¡ 

equilibrium with the dissolved phase. 

The retarthtion is estimated from aquifer properdes and chemical specific properties. The 
aquifer properties consist ofbulk density, effective porosity and fraction organic carbon. A bulk 
density of 120 lbs/ft3 foot was assumeil An effective porosity of 0.15 was assumed as presented 

in Section 5.2.1. Fraction organic carbon was estimated from laboratory tests performed on four 
soil samples collected at or above the water table. The fraction organic carbon ranged from 0.19 

percent to 0.66 percent with a geometric mean of 039 percent. The fraction organic carbon 
Content of0.39 assumed in the calibrated Rl regional model was used. 
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L -. 

The normalized organic carbon distribution coefficients (lU for 1,1,2,2-tetrachioroethane 

assumed in the calibrated RI regional model (117.5. millileter per gram {mL/g];Knox et. al 

1993) was assumed. 

5.2.5 Source Areas and Concentration 

The source concentration, flux (recharge rate at source) and timing (when VOCs began 

recharging groundwater) assumed in the calibrated RI regional model were assumed. The 

source concentration entering the groundwater is assumed to be constant from 1971 to 1995. 

The source flux is assumed to equal the recharge rate used in the flow model. 

5.3 MODEL CALIBRATION 

- The calibrated regional model developed for the RI was used as a basis for this PBDA site 

model. The input parameters assumed in the regional model (Rl Appendix XIII Table 5-l) 

were used. This model was not calibrated. The 1,1,2,2-tetrachioroethane concentrations 
. 

estimated by model approximate the concentrations estimated by the calibrated Rl regional 
-J model and the observed concentrations in 1995. 

The transport model assumes that 1,1,2,2-tetrachioroethane enters the groundwater in the year 

.- 
1971 and the source concentration remains constant until 1995. The 1995 estimated 1,1,2,2- 

Itetrachioroethane concentrations assume that the source bas been contaminating the 
.- 

groundwater for 25 years (1 971 to 1 995). A 1 , i ,2,2-teirachloroethane source concentration 

1 
equal to the solubility limit of L00 mg'L was initially assumed during calibration of the RI 

i_j regional model . The groundwater concentrations estimáted by the RI regional model based on 

this assumption were significantly higher than the observed 1,1,2,2-teirachioroethane 

. I 
groundwater concentrations. The calibrated Rl regional model and this model assume source 

concentrations ranging from 212 mg/L to 381 mg/L, as shown in Rl Appendix XLIII Table 5-1. 

' The estimated concentration contours in Layers 1 and 2 reasonably estimate the areal extent of 

I the plume estimated by the RI regional model and are comparable to the available data. The 

'J estimated concentrations in Layers 3 and 4 underestimate the 1,1,2,2-tetrachioroethane 

concentrations estimated by the RI regional model and the available data. 
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6.0 

GROTJND WATER FLOW AN)) TRANSPORT MODELING RESULTS 

The groundwater fate and transport model was used to evaIute the movement of PRDA- 

derived compounds in the shallow, intermediate, and deep groundwater zones. The purpose of 

modeling groundwater flow and contaminant transport is to evaluate the effectiveness of the 

various groundwater treatment alternatives. Groundwater modeling is used to estimate 

groundwater extraction rates and the 1,1,2,2-tetrachioroethane concentration in the extracted 

groundwater. 

ij 6.1 Interception Trenches With Soil Vapor Extraction 

1 
The interception trench system, shown in Figure 3-2 of the FS, was modeled and the 

exfracfioJfiow rate and i , i ,2,2-tetrachloroethane concentration of the extracted groundwater 

. were eimated. It was assumed that the terception trench stem was st1ed 1996 d 

j was operated for 30 years. During the first four years of operation, the soil vapor extraction 

- system was concurrently operated. It is assumed that at the end of four years the soil vapor 

jextraction system removed all of the contaminant in the soils located above the interception 

trench system installed in the intermediate groundwater zone. 

The 1996 1,l2,2-tetrachloroethane concentrations in groundwater were estimated using the 
S.. calibrated Rl regional groundwater fate and transport model assumptions as discussed in i Sections 3.0, 40, and 5.0 ofthis appendix. Specifically, the source concentration is constant 

for 4 years (1996 through 1999) until the soil vapor extraction system has removed all of the 

Isoil contamination. In the years 2000 through 2015, it is assumed that no additional 1,1,2,2- 

tetrachioroethane enters the groundwater. 

J 
The interception trenches were simulated as drains in the MODFLOW computer simuiation. 

Four trenches were placed in Areas A-3 and A-4. Three of the four trenches are assumed to 
r, be 250 feet iii length. This length was estimated based on the width of the lateral extent of 

t contamination in groundwater, as shown in Figure 2-1 of the FS. The fourth and most 

;j__. southerly drain is i 50 feet in length, because the lateral extent of the observed groundwater 

- contamination is smaller in this area. The drains were placed in Layer i at an elevation of 264 

J 
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fmsl to 269 fmsl and in Layer 2 at an elevation of237 fuisi to 240 fmsl. The ground surface 
is at an elevation of approximately 300 fiiisl in the vicinity of the interception trench system. 

A drain conductance of 1,000 fl/day was assumed in Layers i and 2. Five interception 

trenches were initially assumed for this 1ysis. This congaon resulted in dewatering 
the intermediate groundwater zone in the vicinity of the trenches. Bêcause the results of the 

groundwater flow and contaminant transport computer simulations are invalid under 
dewatering conditions, four interception trenches were assumed and modeled. 

The minimum elevation of the trench system (238 to 241 finsi) was selected based on 

observed i , i ,2,2-telrachloroethane concentrations. Two monitoring wells (MW-4 and MW- 
1 

7) are screened in the intenriediate growidwater zone. Monitoring well MW-4 is screened at 

an elevation of238 to 248 finsi as shown in Figure 1-4 ofthe FS. Monitoring well MW-7 is 

screened deeper than well MW-4 arid is screened at an elevation of 203 to 223 finsi. The ,1 

observed 1,1,2,2-tetrachioroethane concentration in wells MW-4 arid MW-7 are 71.0 mg(L 

and 3.1 mg/L, respectively. Based on these data, high concentrations have been observed at 

an elevation of approximately 240 finsi. The interception trench system will extract 
contaminated groundwater above an. elevation of240 finsi. 

The total flow rate for the trench system in Layers i and 2 estimated by the model is 

approximately equal to 1 gpm. This extraction rate results in a lateral capture zone in both 
Layers i and 2 that includes the extent of contamination shown in Figure 2- 1 of the PS . This 
extraction rate results in lowering the groundwater elevations in Layer i from approximately 
274.4 to 278.2 finsi in the vicinity ofAreas A-3 and À-4 to approximately 264M finsl to 
269.0 fmsl (which is approximately equal to the assumed elevation of the bottom of the 
Surficial Deposits (266 fmsl as shown in Figure 1-4 in the F5). This extraction rate results 
ui lowering the oundwater elevations in Layer 2 from approximately 247 finsi to 248.9 
finsi in the vicinity ofAreas A-3 arid A-4 to approximately 237 fmsl to 240 frnsL 

The 1,1,2,2-tetrachioroethane concentrations were estimated for the 30 years time period 
(1996 to 2015). The initial concen1i1ion extracted from the drain in 1996 was 29.0 mgÍL 
arid the final concentration extracted fiom the drain in 2015 was 1.0 mgIL. The average drain 
concentration was i i .4 mg/L. 
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j The model results indicate that this system would be effective in removing groundwater 

.-- 
contamination in the shallow and intermediate groundwater zone above an elevation of 240 

jfmsl. The locations ofthe four trenches was not optimized such that the migration of 1,1,2,2- 
.. 

tetrachioroethane to the deep aquifer was eliminated. However, the model results indicate 
. 

I 

that with further optimization of the system layout, this alternative could effectively protect 

the deep aquifer from the migration of 1,1,2,2-tetrachioroethane contamination, when the 

interception System is operating.. 

As discussed in Section 2.3 of this appendix, the contaminant 1,1,2,2-tetrachioroethane was 

jmodeled, because it bas the highest concentrations and is the contaminant that adsorbs most 

- stron1y. Because it adsorbs strongly, it moves in the groundwater more slowly than the 

-i 
other contaminants. Based on this information, it is likely that the other contaminants would 

migrate through the groundwater to the interception trenches at a faster rate. 

6.2 Interception Trenches with Soil Flushing 

-j The interception trench and soil flushing System, shown in Figure 3-7 of the FS, was 

I 
modeled. The interception french configuration assumed in the model is presented in Section 

I 
6.1. 

It is assumed that the groundwater extracted from the interception trench System was 
- 

inñltrated through the soils in Areas À-3 and À-4. The groundwater extraction 

] rate/infiltration rate, and the 1,1,2,2-tetrachioroethane concentration of the extracted 

groundwater were estimated. It was assumed that the interception trench system was 

_ì installed in 1996 and was operated for 30 years. 

__ì 
Site specific data that estimate the effectiveness of soil flushing are not available. Based on 

j bench-scale soil flushing treatabifity testing conducted by Woodward-Clyde for a 

,- 
confidential client, the concentration in the leachate decreased by 94 percent, if four pore 

jvolumes are flushed through the soil. For this site, it is assumed that five pore volumes are 

flushed through the soil and remove all soil contamination. Although the effectiveness of 
Ifive volumes is uncertain for this site, it is the best estimate that can be made with the 
available data. 

J 
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The soil volume to be flushed is based on an area approximately equal to Areas A-3 and A-4 

(29,000 square feet) and a depth of 15 feet. The depth is based on the distance between the 

bottom of the previous excavation in Areas A-3 and A-4 (290 finsi) and the elevation of the 

shallow groundwater (275 ftnsl) A pore volume is estimated from this soil volume and a 

total porosity of 0.25. 

Assuming a flushing rate of 5 gpm and a natural recharge rate of 3 inches/years (refer to 

Section 4.23 ofthis appendix), one pore volume is flushed in 120 days. It is assumed that at 

the end of 600 days of operation (five pore volumes), the soil flushing removed all of the soil 

contaniinaüon above the shallow groundwater It is assumed that the extracted and treated 

groundwater is inñltrated into the soils in Areas A-3 and A-4 for 30 years, and that soil vapor 

extraction and soil flushing will remediate unsaturated soils. 

The 1996 l,1,2,2-tetracMoroethane concentrations in groundwater were estimated using the 

calibrated RI groundwater fate and transport model assumptions as discussed in Sections 3.0, 
.---' 4.0 and 5.0 ofthis appendix. The source concentration decreases during the first 600 days of 

operation. Alter the first 600 days of operation, it is assumed that no adthtional 1,1,2,2- 

tetrachioroethane enters the groundwater. 

The total flow rate for the trench system in Layers i and 2 estimated by the model is 

approximately equal to 5 gpm. This extraction rate results in a lateral capture zone in both 
Layer i and 2 that includes the extent of contamination shown in Figure 2-1 of the ES. This 

extraction rate results in lowering the groundwater elevations in Layer to approximately 264 

finsi to 269 finsi in the vicinity of Areas A-3 and A-4. This extraction rate results in 

lowering the groundwater elevations in Layer 2 to approximately 237 finsi to 240 fmsl in the 

vicinity ofAreas A-3 and A-4. 

The 1,1,2,2-tetrachioroethane concentrations were estimated for the 30 years time period 

(1996 to 2015). The initial concentration extracted from the drain in 1996 was 29.0 mg/L 

and the final concentration extracted from the drain in 2015 was 0.1 mgfL. The average drain 

concentration was 5.8 mg/TE 

The model results indicate that this system will be effective in removing groundwater 

contamination in the shallow and intermediate groundwater zone above au elevation of 240 
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i fmsl. The locations ofthe four trenches was not optimized such that the migration of 1,1,2,2- 

- tetrachioroethane to the deep aquifer was eliminated. ilowever, the model results indicate 

' .3 

that with further optimization of the system layout, this alternative could effectively protect 

the deep aquifer from the migration of 1,1,2,2-tetrachioroethane contamination, when the 

interception system is operating. 

6.3 Funnel-and-Gate System 

Tl 
The funnel-and-gate system, shown in Figure 3-3 ofthe FS, was modeled. The rationale for 

j the length, depth and configuration of the system is presented in Section 6.1. It is assumed 

that the funnel and gate system is instal1ed in 1996 and was operated for 30 years. 

The slurry wall portion of the system is modeled as no-flow cells in Layer 1 (shallow 

:i groundwater zone) and Layer 2 (intermediate groundwater zone to a minimum elevation of 
S .5 

240 flsl). The gate is assumed to be 20 feet in length. It is assumed that the hydraulic 
S - 

conductivity of the sunounding native material will conol the hydraulic gradient and 
-J groundwater flow velocity through the gate. The hydraulic conductivity of the native 
. 

) 
material is assumed for the gate material. It is assumed that the groundwater model cells that 

. i represent the gate have zero concentrations throughout the operation of the funnel-and-gate 

system. Specially, groundwater passing through the gate has a 1,1,2,2-tetrachioroethane 

riconcentration of zero. 

.j 
The groundwater elevations in Layer i and Layer 2 did not change sitificantly in the 

. 

vicinity of the funnel and gate system. The groundwater elevations in Layer 1 at the gate in 

I 
the most northerly reaction wall decreased from approximately 274.4 fmsl to 273.9 finsI. 

J The groundwater elevations in Layer i at the gate in the most southerly reaction wall 

1 increased from approximately 278.2 finsi to 278.5 thisl The groundwater elevations in Layer 

J 2 at the gate in the most northerly reaction wall decreased from approximately 2470 finsi to 

L 
246.0 fmsl. The groundwater elevations in Layer 2 at the gate in the most southerly reaction 

Jwall decreased from approximately 248.9 finsi to 248.6 finsi 

IThe effectiveness of this system was compared to the interception trenches with soil vapor 
S__ S extraction arid interception trenches with soil flushing. Like the interception trenches, the 

. funnel-and-gate system contains the plume in Layer i and Layer 2 and the plume does not 

SI 
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migrate laterally beyond the most northerly funnel-and-gate wall. However, the vertical 

migration of conthmination below a depth of 240 feet is approximately 4 times higher than 

either of the interception trench systems. Therefore the reaction wall is not as effective at 

protecting the deep aquifer as the interception trench systems. 

6.4 Pumping Well 

The maximum pumping rate a single groundwater well can yield from the shallow 

groundwater zone was estimated with the groundwater flow model to be approximately 200 

gpd. This was estimated by placing a well in layer i and applying various flow rates until the 

cell was dewatered. At eater then 200 gallons per day, the rEiodel cell was dewatered. 
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Î] 7.0 

UNCERTAINTIES AND LIMITATIONS 

:i 

When a complex chemical and physical system is simplified and modeled there is uncertainty 
. 

ill the results. Although uncertainty is present in this analysis, the intent was to estimate 

iT 
conservative and reasonable results. The uncertainties resulting from the simplifying 

J assumptions used in this analysis are discussed in this section. 

jThe complex geology in the study area is one of the largest sources of uncertainty at this site. 

This uncertainty affects the estimated groundwater velocities, flow direction and plume 

i 

1 
A reliable estimate of source strength over the last 45 years (1950 to 1995) requires data at 

:j several locations and at several points in time. Because these data are unavailable, source 

-- strength was estimated based on 1,1,2,2-tetrachioroethane concentrations in the groundwater. It 

_j 
is not possible to know with what degree ofprecision the model source strength reflects actual 

contamination loadings. 

The conclusions and recommendations presented in this report are based on professional 

) opinion and available data concerning subsurface geologic and hydrogeologic conditions; 

Jgroundwater quAlity; and past disposal operations. In some cases, available data and analyses of 

those data were provided by others. Conclusions in this report are also partially based on results 

11 
ofnuinerical modeling. It should be recognized that variations from the conditions assumed for 

this investigation may occur and, if additional data are collected, the conclusions and 

) 
recommendations drawn herein may be revisetL It is recommended that this potential vaiiability 

i from assumed conditions be considered when making decisions regarding this project. 

iWoodward-Clyde warrants that our services are performed with the usual thoroughness and 

competence of the engineexing and hydrogeologic professions. No other warranty or 

] representation either expressed or implied, is included or intended. 

j 

J 
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