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Executive Summary 

This document has been prepared for surface contaminated sites on Amchitka Island. Aiaska. 

where the U.S. Department of Energy (DOE) has environmental restoration responsibility. This 

document was prepared in accordance with Alaska Department of Environmental Conservation 

(ADEC) Regulation 18AAC75.325, Site Cleanup Rules. This document addresses only those 

surface sites that were impacted by substances found in drilling muds that were spilled or reteased 

during testing and support facitity construction and operations from 1965 through 1972 at the six 

drill sites on Amchitka Island. 

Amchitka Island is located near the far western end of the Ateutian Islands, approximatety 

1,340 miles west-southwest of Anchorage, Alaska. Three underground nuclear tests were 

conducted on Amchitka Island. Long Shot (approximately 80 kilotons) was detonated on 

October 29, 1965. Milrow (approximately k,000 kilotons) was detonated on October 2, 1969. 

Cannikin (jess than 5 megatons) was detonated on ~ovember 6,1971. In addition to the three 

sites that were used for underground nuclear tests. drilling occurred at three other sites (D, E, and 

F )  where nuclear testing was considered but not performed. These DOE environmental 

restoration sites are comprised of a total of 11 drilling mud pits, 8 potentially impacted streams, 4 

potentially impacted lakes, and a hot mix plant located at Charlie runway that was used for the 

construction of the runway and support mads on the island. 

The purpose of this document is to tkntify and provide a rationale for the selection of a 

recommended remedial action alternative for each of these sites. 

The scope consists of the following: 

Develop remedial action objectives. 

Identify remedial action alternative evaluation criteria. 

Develop remedial action alternatives. 

- Perform detailed and comparative evaluations of the remedial action alternatives in 
relation to the remedial action objectives and evaluation criteria. 
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Recommend the preferred remedial action alternative for each site. 

Site investigations were conducted by DOE in 1993- 1997.1998. and 2000. In the 1998 investigation. 

the chemical analysis of the drilling mud revealed that all drilling mud pits contain concentrations of 

diesel-range organics (DRO), polycyclic aromatic hydrocarbons, low levels of polychlorinated 

biphenyls (PCBs), and chromium. Based on those results, the contaminants of concern (COCs) 

within each mud pit above ADEC cleanup levels i s  DRO. Mean concentrations of COCs in water 

overlying the drilling mud were well below applicable ecological criteria in ail drilling mud pits. 

Sampling of the surface water drainages of each drill site reveal that the COCs within the sediment 

impacted by drilling mud are DRO and PCBs. The investigation which took pface in June of 2000 

gathered chemical data on the shallow groundwater downgradient of the drilling mud pits. Based on 

the results of this sampling, the shallow groundwater has not been impacted by the drilling mud. 

Therefore, the groundwater pathway has h e n  eliminated. Table 1-1 compares the groundwater 

quality for COC's with the Alaska groundwater cleanup standards as listed in 18AAC75.345. 

Based on potential chemical exposure pathways, the following remedial action objectives have been 

identified for the DOE environmental restoration sites: 

Prevent or mitigate human and ecological exposure to surface contamination. 

Meet the substantive requirements of Alaska regulations and refuge management goals of the 
U.S. Fish and Wildlife Service (USFWS). 

Address stakeholder concerns and the cultural beiiefs and practices of native people. 

Based on review of existing data and current and future land use, the following alternatives were 

developed for consideration at Amchitka Island: 

Alternative 1 - No Further Action 
Alternative 2 - Institutional Controls 
Alternative 3 - Soil Cover 
Alternative 4 - Geosynthetic Cap 
Altemative 5 - Clean Closure by Consolidation 
Alternative 6 - Clean Closure with Off-Island Disposal 
Alternative 7 - Close in Place (Hot Mix Plant only) 

The remedial action alternatives were evaluated based on the 9 criteria identified in the National 

Contingency Plan (NCP) for effectiveness, constructability, cost, and schedule: 



1. Overall Protection of Human Health and the Environment 
2. Compliance with Applicable, Relevant andlor Appropriate Requirements 
3 .  Long-Term Effectiveness and Permanence 
4.  edicti ion of Toxicity, Mobility. or Volume through Treatment 
5. Short-Term Effectiveness 
6. Implementability 
7. Cod 
8. Stakeholder Acceptance 
9. Community Acceptance 

Other factors considered were safety of construction workers, collateral damage lo the surrounding 

ecological environs (wetlands, tundra, etc.) and long-term monitoring. 

Table 4-1 provides a summary of alternatives considered and proposed for each site. Tables 4-2 

through 4-9 provide an assessment of r e d i a l  action alternatives based on the NCP criteria for each 

site, while Table 5- 1 summarizes only the proposed dtcmatives. 



The U.S. Department of Energy (DOE) has developed this document to identify and prorride a 

rationale for the selection of recommended remedial actions at surface contaminated sites where DOE 

has environmental restoration responsibility The DOE has assumed responsibility for the 

environmental restoration of these sites based on discussions and negotiations with the U.S. Fish and 

Wildlife Senvice (USFWS). U.S. Army Corps of Engineers (USACE). U.S. Navy (USN), and Alaska 

Department of Environmental Conservation (ADEC). These surface sites were impacted by 

substances found in drilling muds that were spilled or released during testing and suppot-i facility 

construction and operations conducted from 1965 through 1972 on h c h i t k a  Island, Alaska. This 

selection is based on site-specific characterization data collected by DOE in 195'3. 1997. 1998. and 

2000 and applies the evaluation criteria oT: effectiveness, constructability. potential for collateral 

environmental damage, cost, and schedule to each alternative. This document was developed with 

input from the USFWS and the ADEC, and summarizes other alternatives considered and the 

selection process for determining the preferred remedial action at each site. 

7 .  Background 

Amchitka Island is located near the far western end of the Aleutian Islands, approximatekg 

1.340 miles west-southwest of Anchorage, Alaska (see Figure 1-1). It is part of the Aleutian lsiands 

Unit of the Alaska Maritime National Wildlife Refuge, which is administered by the USFWS. Since 

World War I1 (WWII), Amchitka has been used by multiple U.S. government agencies for a variety of 

m i l i t q  and research activities. From 1943 to 1950, it was wed as a forward air base for the 

U.S. Armed Forces. During the late $ 9 6 0 ~  and early 1970s, it was used by the U.S. Depamnent of 

Defense (DoD) and the U.S. Atomic Energy Commission (AEC) (predecessor agency to DOE) as a 

site for three underground nuclear tests. Most recently, during the late 1980s and early 19Ws, the 

USN constructed and operated a radar station on the island. Amchitka is currently uninhabited. and 

access is restricted. Visitors are required to obtain access authorization fiom either the USFWS or the 

USN. However, tresp'ass by commercial fishermen is common. 

Three underground nuclear tests were conducted on Amchitka Island. The DoD, in conjunction with 

the AECl conducted the first nuclear test (Long Shot) in order to provide data that would improve the 

United States capabiiity of detecting underground nuclear exptosions. The Long Shot device 
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(approximately SO kilotons) was detonated on October 29, 1965. The second nuclear test (Milrow) 

was conducted by the AEC as a means to study the feasibility of detonating a much l q e r  device in 

the future. The Milrow device (approximately 1,000 kilotons) was detonated on October 2. 1969. 

The third nuclear test (Cannikin) was weapons related and detonated on November 6. 1971. The 

locations of the nuclear test sites and drill sites discussed in this section are shown in Figure 1-1. 

In addition to the three sites that were used for nuclear tests, six other sites were considered for 

possible nuclear testing. The other potential sites were desipated A, D, E. F. G and H: Sites B and C 

were later renamed Milrow and Cannikin, respectively. Large-diameter emplacement holes were 

driIled at Sites D and F but were not used. An exploratory hole was driIled at Site E. Site H was 

graded in preparation for drilling activities that did not occur. Sites A and G were iocated and staked. 

but no further preparation was made. It was estimated that, at Sites B, C, D, E, F, and H combined. 

about 195 acres were disturbed by drilling or preparation for drilling. This area includes access roads 

and spoil-disposal areas (FuIler and Kirkwood. 1977). Drill Sites D. E, and F along with the three test 

sites contain mud pits which have impacted the environment. 

1.1.1 History of Sltb U l c  

Amchitka Island was occupied by the U.S. Army during W, beginning in 1943. The island served 

as a forward air base between Adak Island to the east and the Japanese-held Kiska Island 69 miles to 

the west. During the occupation, facilities were constructed to house and support nearly l5,000 men. 

The Army abandoned the island in August 1950. The U.S. Air Force operated a weather station on 

Amchitka in the early 19505, a White Alice Communications System site from 1959 to 1961, and a 

temporary radio relay site in the 1% and 1970s. 

The AEC occupancy of Amchitka, between 1967 and 1973, included use of the Base Camp area, 

especially around Baker Runway, and development of the Milrour and Cannikin test sites, and Drill 

Sites D, El and F. A small construction camp also was installed at the northwest end of the island; it 

was also used as the Control Point (CP) for the Milrow and Cannikin tests. With the exception of the 

test sites and drill sites, facilities constructed by the AEC were located in areas d is tuhd  by previous 

occupants of the isiand, primarily areas disturbed during WWII and areas occupied by DoD during 

the Long Shot project. In addition, the AEC rehabilitated and used structures built during WWII for 

the Long Shot project. 



Available DOE records regarding AEC activities on the island fmus primarily on the three test areas 

and three dtilt sites. Personnel from the U.S. Bureau of Sport Fisheries and Wildlife (BSF&W). the 

predecessor to the USFWS, were present on the island continuousiy during the AEC's occupancy. and 

intensive studies of the island's ecological systems were conducted throughout the AEC's stay on the 

island. No records from these agencies have been found regarding the release of any toxic materials 

into the island environment other than drilling-mud spills into various streams and lakes. 

The AEC conducted an extensive restoration program prior to demobilizing from the island. The 

primary goals of that program were to restore areas disturbed by AEC operations to the condition they 

were in before AEC use, and prevent future environmental damage from areas and facilities used by 

the AEC (AECMV, 1972). The AEC identified 120 sites that required restoration based on 

discussions with the BSF&W (AEUNV, 1972). Following completion of the restoration activities, 

BSF&W signed off on all 120 sites. 

1.1.2 Current S/!a Status 

Since 1980, Amchitka Island has been part of the Aleutian Islands Unit of the Alaska Maritime 

National Wildlife Refuge which is managed by the USFWS of the U.S. Department of the Interior. 

Based on foreseeable human use of Amchitka, the only current users are trespassers from passing 

fishing vessels that visit the island on occasion and USFWS researchers who spend very limited 

perids on the island. Near-term occupants of Amchitka will primarily be personnel conducting 

wildlife research, environmental investigations, remediation, or demolition work. This occupation of 

the island would consist of a limited number of personnel working for tours of duty that are far 

shorter than the exposure duration involved in a typical residential or industrial land-use scenario. 

The scenario of occasional visitors is considered to be protective of transient future use. The primary 

concern posed by the DOE sites is eco1ogical impacts, rather than human health issues. 

1.2 Site /nvestigstions 

An extensive scientific investigation of Amchitka was conducted during the 1960s and 1970s to 

characterize the environment of the island before and after the AEC conducted underground nuclear 

testing. Much of the scientific information collected during that investigation is included in The 

Environmeni of Amchitkn island. Alaska (Menin and Fuller, 1977). This publication compiled 



research on the geology, hydrology. climate, geomorphology, and land and marine biota of island. as 

well as information on environmental contaminants and the nuclear test effects. 

Under DOE'S environmental restoration mission, characterization efforts have been conducted to 

assess environmental impacts attributed to past DOE activities at their sites. These characterization 

effons were conducted in 1993, 1997, 1995. and 2000 and are summarized in the following sections. 

While the information contained in this volume is valuable, i t  generally does not include site-spec~fic 

chemical analyses. Site-specific environmental investigations utilized in the development of the 

preferred remedial action for each site are summarized in the fotlowing subsections. Under DOE'S 

environmental restoration mission, characterization efforts have been conducted io assess 

environmental impacts attributed 10 past DOE activities at their sites. These characlerizalion efforls 

were conducted in 1993, 1997,1998 and 2M)O and are summarized in the following sections. 

1.2 1 1993 Sampling 

In 1993, the DOE performed investigations at the three underground nuclear test sites that included 

the collection of soil, surface water, and groundwater samples. The investigations were part of initial 

effons to characterize possible chemical impacts at the sites. The sampling program included 

analysis for Target Analyte List (TAL) metals total, voiatile organic compounds (VOCs), and 

semivolatile organic compounds (SVOCs). The soil samples were collected from the surface of the 

empIacement hoIe pads near ground zero at each site. Surface water samples were collected from 

lakes, drilling mud pits, and streams near the test sites. The groundwater samples werecollected from 

monitoring wells installed near the test sites as pan of a long-term monitoring program. 

1.2.2 1997 Sampling 

The DOE visited Amchitka again in 1997 to conduct an investigation for radionuclides in plants and 

sedimenls collected from streams draining the three nuclear test sites, as well as from one reference 

stream. In addition to radionuclides, approximately half of the stream sediment samples were 

analyzed for a list of 32 metals total and total organic carbon (TOC). Three samples of drilling mud 

were also collected from the Long Shot drilling mud pits and analyzed for 32 metals and diesel-range 

organics (DRO). 



The EP.4.s Radiation and lndoor Environmen~s National Laborator). (EPA-R&IE). by interagency 

agreement with the U.S. Department of Energy. Nevada Operations Office (DOEfNV). conducted 

radiological sampling of aquatic plants and sediment on Amchitka. This work was designed to 

identi@ the presence or absence of man-made radionuclides in aquatic piants and stream sediments 

near the three underground nuclear test sites, and determine whether they could be attributed to cavity 

leakage or urorlduide fallou~. Samples of aquatic vegetation and sediment were collected primarily 

from streams within the drainage basins associated with the Camikin. Milrow. and Long Shot tesI 

sites. Reference samples were collected from a stream located southwest of Drill Site D. Samples 

were also collec~ed from standing water in the three drilling mud pits associated with the drilling of 

the Long Shot test hole. 

1.2.3 19B8 Drill Site Characterizafion Sampling 

In 1998. DOE conducted an investigation of possible chemical impacts at the drill sites as a result of 

past driliing activities. The field sampling program was directed at evaluating present impacts, if any, 

from emplacement and explorator). hole drilling activities related to underground nuclear testing. Of 

particular concern was the potential for residual effects in freshwater drainages as a result of drilling 

mud releases and spills that occurred during the drilling operations and underground nuclear tests. 

Another primq objective of the investigation was to characterize the contents and integrity of the 

remaining drilling mud pits, to provide information for determining whether the drilling mud pits 

pose a significant future risk to site drainages due to the structured integriv of the drilling mud pit 

berms. Chemical sampling to evaluate the effects of past emplacement and exploratory drilling 

activities included sediment and water sampling from the 13 open drilling mud pits at the drill and 

test sites, several potentially impacted lakes, and 8 streams that drain the sites. Sediment and water 

samples were also collected from four reference streams to provide representative background 

conditions against which potential adverse effects could be assessed. Benthic sampling was also 

conducted in each of the streams to perform macroinvertebrate community assessments and bioassays 

to evaluate sediment toxicity (TRIAD analysis). This information, combined with the chemical 

results, was used in the TRIAD analysis to provide a more sensitive assessment of whether historic 

drilling mud releases are continuing to affect stream sediment quality and habitat. Resident fish were 

also collected from each of the drainages and analyzed for constituents of concern to evaluate 

whether bioaccumulation of drilling mud contaminants is occurring in the fwd web. A summary of 

the 1998 Drill Site sampling is presented in Table 1-1. 



The results of this sampling program, which are summarized below, were utilized in the evaluation of 

remedial action alternatives presented in this plan. 

Drilling Mud Pit Sampling - Samples were taken from 12 mud pits to determine the contaminant- 

concentrations in the mud and the standing water in each pit. The drilling mud pits investigated are 

listed below: 

Rifle Range Road Mud Pit ( I )  Drill Site D Mud Pits (3) 

Long Shot Test Site Mud Pits (2) Drill Site E Mud Pits ( 2 )  

Cannikin Test Site Mud Pit (1 )  Drill Site F Mud Pit {I ) 

Cannikin Drill Hole Site Mud Pits (2) 

The chemical analysis of the drilling mud revealed the COC for the drilling mud pits is DRO. Low 

concentration levels of PCBs were found in the main Cannikin Mud Pit and one of the Drill Site D 

pits, but k low ADEC cleanup standards. Mean concentrations of COCs in water overlying the 

drilling mud were well below applicable ecologicai criteria in all drilling mud pits. 

Visual observations made in 1998 confirmed that the drilling mud pits are in stable condition; 

however, the manifold system in the Drill Site D Mud Pit is corroded and leaking, which presents the 

potential for a release of drilling mud and water into surface drainage ways and stream(s) if the 

system fails. 

Surface Wuier Sampling - Samples were collected in 1998 fmrn the eight streams and four lakes in 

the vicinity of the drilting mud pits to evaluate surface water and sediment chemistry and to perfom 

macroinvertebrare and bioassay assessments (TRIAD analysis). The surface water bodies that were 

investigated are listed below: 

Streams 

White Alice Creek 

Bridge Creek 

Cloudberry Creek 

Rainbow Creek 

Unnamed stream at Drill Site E 

Limpet Creek 

Clevenger Creek 

Falls Creek 



Lakes 

Cannikin Lake 

Reed Pond 

Heart Lake 

Lake at Drill Site D 

Four reference streams* not affected by site activities, were sampled to provide background data for 

comparison. 

Several streams were impacted by releases of large volumes of drilling mud in the 1960s and 1970s. 

Chemical analyses of stream water and sediment samples performed in 1998 detected sporadic. minor 

traces of elevated levels of hazardous substances. A TRIAD analysis. which incorporates sedimenl 

chemistry, sediment toxicity, and benthic macroinvertebrate community, was performed on the eight 

streams draining the sites where drilling occurred. The TRIAD analysis determined that, in most 

instances. the drill site and test site streams had sediment quality comparable to unimpacted reference 

locations. Only a few locations on Rainbow C m k ,  which drains the Long Shot site, and White Alice 

Creek, which drains the Cannikin site, showed residual effects from past releases of drilling muds. 

Dolly Varden Trout were found to be abundant in the potentially impacted streams. Chemical 

analysis of the tissue of fish collected in affected streams showed little evidence of elevated 

concentrations of COCs, with the exception at several locations where PCB Arochlor I260 was above 

benchmarks. 

Reed Pond shows no visible evidence of mud releases and only slight chemical impacts. There were 

minor residual affects from mud releases shown in the sampling results of the lake at Drill Site E and 

Heart Lake. Drilling mud was encountered in a small portion of Cannikin Lake. 

The data indicate that the contaminants contained within drilling mud in the drilling mud pits have 

not migrated into the streams. Because the streams are recharged from the shallow groundwater, it is 

a good indicator that the shallow groundwater has not been impacted; this was confmed during the 

2000 Engineering Site Investigation described below. Residual contamination present in the surface 



water drainages is likely a result of past spills of the drilling mud. The TRIAD analysis determined 

that aquatic communities impacted by drilling mud spills have been reestablished in the streams. 

1.2.4 2000 Engineering Site investigation 

The DOE returned to Amchitka Island in June 2000 to obtain additional informalion on the physical 

properties of the drilling mud pits to aid in the remedial design for each of the sites and to collect 

supplemental characterization data based on ADEC and USFWS comments on the 1998 Drill Site 

Characterization Sampling Repon. Geotechnicat samples of the drilling mud! the drilling mud pit 

berms. and the proposed borrow areas were taken. A detailed topographic survey of each site and 

potential borrow sources was done. As a result of the ADEC review of the 1998 drill site 

characterization sampling results, the DOE obtained additional characterization data, specifically data 

on the shallow groundwater and the sediments of selected streams downgradient of the drilling mud 

pits. In addition. DOE, USFWS, and Aleutian Pribilof Island Association (APIA) personnel visually 

inspected each site to verify that the remedial action proposed for that site is, in fact, the preierred 

action. The inspection of each site focused on the location of each site, quantity or contaminated 
< 

material (drilling mud), access to the site, and the potential for collateral environmental damage if the 

proposed remedial action is implemented. Table 1-2 summarizes the results of the shallow 

groundwater sampling directly downgradient of the drilling mud pits, while Table 1-3 summarizes the 

stream sediment sampling in Rainbow and Falls Creek. As shown in Table 1-2- the shallow 

groundwater has not been impacted by the drilling muds. 



Table 1-1 
Summary of l9B8 Drill Site hmpktg 
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Clevenger Creek 

Rainbow Creek 

Clouaberry Creek 



fable 1-1 
Summary of 1- Drill Slk Sampling 
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T a w  1-1 
Summary of 1998 Drlll She Sampling 
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unnamea Stream 

Relerence Streams 

GRO = Gasollne-ran~e oroanln PCBs = Polyd~lonM~WQ Bipmyls 
OR0 = Olesel.range organics A V W M  m A d  VOlllM SuUldWISlmLIHenBOUSIy Exlracled Metals 
v o c s  . volallle Owdank COWnOS TOC I TolPl Olpank Carbon 
PAHa . Polycydic eromarlc hydmcarbons Rad m RnrHonuUlw 



Table 1-2 
Comparison of Groundwater Data With Alaska Cleanup Standards (18AAC75.345) 

'Constan+ine Spring is ulilized as a drinking water source and included as a relerence. The Spring is not in the walersheds of 
any of lhe WE siles. 

DRO = Diesel-Range Organics 
RRO = Residual-Range Organh 
GRO = Gasd' iRangs Organics 
PCB = PdycMorinaled mphenyk 
m@ = Milligrams per Yter 
&glL = Micrograms par lner 
ND = Nol detected -value given is repofling Smn. 



Table 1-3 
Summary of PCB Stream Sediment Sampling 

I Location I Sample Number 1 Analyte 

WQ = Milli~rarns par k'dcgram 
No = Nor dalsctsd, vabe given is rqmting limit. 

Result 

I 
I I 

II I 

I 

ND 0.0% mykg (J) 
0.460 mgkg t LSKSD-01 

Rainbow Creek LSKSD02 

PCBs 
PCB-12BO 
PCB-1260 

Falls Creek 

PCBs 
PCB-1260 

ND 0.033 mgkg {J) 
0.620 mykg 
0.040 m!#g 

DSDSD-01 
D S D S O M  
DSD-SD03 



2.0 Remediation Goals 

The DOE's goal on Amchitka Island, Alaska, is to implement remedial actions for surface 

contaminated sires that are protective of human health and the environment, meet the substantive 

requirements of Alaska regulations. refuge management goals of the USFWS. address stakeholder 

concerns, and address the cultural beliefs and practices of native people. 

2. I DOE Sites 

The types of sites that the W E  has responsibility lor can be distinguished into three categories: 

historical drilling mud pits, surface water drainages, and the hot mix plant h a t e d  adjacent to the 

Charlie runway. The foliowing sections detail each of the DOE's site categories. 

2.1.1 Drllling Mud Pits 

There are 12 existing drilling mud pits on Amchitka Island which were constructed in support of the 

underground nuctear testing that occurred on the island. Table 2-1 presents physical dimensions and 

estimated quantity of drilling mud in each drilling mud pit. Chemical analyses have determined that 

the drilling mud contains DRO above ADEC cleanup levels. The drilling mud is composed primarily 

of bentonite, which when hydrated, has a permeability of 1 x 10' centimeters per second (cmlsec) 

which is highly impermeable. Based on the drill site characterization repon and the results of the 

groundwater sampling which mcurred in 2000, which did not detect DRO above ADEC cleanup 

criteria, the contamination is trapped within the bentonite matrix and is not mobile. The bentonite 

essentially has sealed the bottom and side-slopes of the dritling mud pits, which is evident because of 

the standing water in the drilling mud pits. 

2.1.2 Surface Wafer Drainages 

There are 12 surface water bodies that were potentially impacted during the nucleartesting activities. 

Table 2-2 presents summary conditions at each of the surface water bodies. The sampling activities 

completed i n  1997 indicate that for the most pan the streams have recovered from the historical 

driHing mud spills. The only contamination remaining in the streams is the remnants of the spilled 

drilling mud. 



Table 2-1 
Amchitka Drilling Mud Pits 

Northwesl W d  Pit A by 125 n. 5.6 to 7.3 ft mud -7.820 y 8  

Northeasl Mud Pit 

Southern Mud Pit 4 0 I l b y a O l t . - 1 . 5 t o  6.OItmvd -415yd3 

2.1.3 Hot Mix Piant 
-, ; 

I,:.', 
,:.; The hot mix plant consists o f  two rail tank c m ,  of  which one is approximately three-quarters full of :: . ~. ! 

liquid tar. If leaking, the tar within the tank could impact the shallow groundwater. The visual 
+-: . . 
.'I 

investigation of the buried tanks was not conclusive as to the condition of  the tanks. . .I! ,>  



Table 2-2 
Arnchitka Ponds and Streams 

Rainbow Creek (Long Shol) 

Cannikin Lake (Cannikin) 

Falls Creek (Drill a te  D) 

Limpel Creek (Drill Site F) 



3.0 Remedial A Iternatives Considered 

The alternatives evaluated for the DOE sites are described in the following sections. They were 

selected from a wide variety of established technologies based on the type of contaminant. the 

capability of the technology to achieve the desired results, and the logistical conditions associated 

with the remoteness of the island. The alternatives include: 

1. No Further Action 
2. Institutional Controls 
3. Soil Cover 
4. Geosynthetic Cap 
5. Clean Closure by Consolidation 
6. Clean Closure with Off-Island Disposal 
7. Close in Place (Hot M i x  Plant only) 

Under this alternative, no further action will be taken to remediate the site: contaminants will remain 

in place, untouched, and the site will be administratively closed. This alternative is appropriate at 

sites where one or more of the following criteria is met: 

Contamination is confined to a small area. 

Contaminant migration to an ecologically sensitive area is unlikely. 

No significant impact is expected. 

No unacceptable human health risk and minimal ecological risk is expected under present or 
future use scenarios. 

- Site characterization study indicates no downgradient impacts detected. 

Site constitutes a small percentage of overall terrestrial habitat for affected species. 

Residual contamination appears to be biodegrading. 

- Evidence indicates past migration of contaminants has ceased because the source of 
contaminatton has been depleted and/or eliminated. 



Remedial action. on-site or accessing the site, will cause extensive damage to sensitive 
ecological areas such as tundra and wetlands (i.e., ecological damage caused by remediation 
exceeds any benefits of remedial action). 

- Excavation of contaminated soils may accelerate migration of contaminants to bedrock. 
making the problem worse (as in wetland areas). 

Remedial measures would be costly to implement with questionable benefits 

Remedial measures would exceed schedule constraints to be completed in a single season. 

This alternative will require periodic inspection and maintenance. Because of the remoteness of the 

island, the required monitoring will not be scheduled on a regular h i s ,  but at opportunistic times 

when other activity is scheduled on the island by other government agencies such as the USFWS. 

This alternative prevents any future human intrusion by erecting a physical barrier around the site or 

by applying some other administrative obstacle (i.e., land record entry isolating the site from human 

use in the case where a physical object may only serve to attract vandalism). This may be a feasible 

alternative in some instances involving small quantities of contaminants or where gaining access to 

the site to perform remediallremoval activities would cause more environmentat damage 

(disturbldestroy tundra andlor wetlands) than if the site was untouched. In these instances 

conlaminants will remain in place. This alternative will require periodic inspection and maintenance. 

Because of the remoteness of the island, the required monitoring wili not be scheduled on a regular 

basis, but at opportunistic times when other activity is scheduled on the island by other government 

agencies such as the USFWS. 

3.3 A#emeiive 3 - Soil Cover 

This option essentially isolates the drilling mud from the environment and eliminates risk pathways 

by placing a layer of soil on it. The standing water on the drilling mud pits wifl ix pumped off and 

native soil will be excavated from one or more soil borrow areas on the island, precessed to a usable 

particle size using a vibratory screen, and hauled to the drilling mud pit. The processed soil will be 

dumped adjacent to the drilling mud pit and the drilling mud will be stabilized with those soils by 

mixing with a backhm bucket. An additional soil layer (1-ft thick, minimum) will be placed and 

graded in such a way as to promote surface water mnoff and then revegetated with a native seed mix 



to stabilize the cover and minimize erosion. This alternative will significantly reduce the possibility 

of conramjnant exposure. but will not reduce the volume of the drilling mud or the contaminants. 

This alternative wil1 require periodic inspection and maintenance. Because of the remoteness of the 

island, the required inspection will not be scheduled on a regular basis, but will occur at opportunistic 

times when other activity is scheduled on the istand by other government agencies such as the 

USFWS. This alternative is appropriate at sites where there is a significant volume of contamination 

present and one or more of the foilowing criteria is met: 

On-site soils of low permeability are available to be used for \he cap 

There is a moderate to high potential for migration of contaminants toward ecologicalty 
sensitive areas. 

Structural stability of present confining berms or structures appear unstable or show signs of 
erosion. 

In-flourlout-flow of surface waters may transport contaminants from the site. 

Poses a potential health or safety risk to human intruders. 

Contaminant concentrations exceed regulatory response levels. 

Ecological receptors frequent the site. 

This aitemative provides a geosynthetic barrier in accordance with 18 AAC 60.430 to isolate the 

contaminants from the environment and eliminates risk pathways. The standing water on the drilling 

mud pits will k pumped off, soil (from on-island borrow area) will be brought to the drilling mud pit 

and mixed with the drilling mud to create a stable, competent mixture capable of supporting the cap. 

Additional soil will be placed directly on the rnud/soil mixture with a low ground pressure bulldozer 

and graded to promote surface water runoff. A geosynthetic cap constructed of a flexible membrane 

liner (FML) wilt then be installed on top of the soil. The FML can be constructed of high-density 

polyethylene (HDPE), polyvinyl chloride (PVC), or other approved material. Finally, a layer of soil 

will be placed over the FML with a $ow ground pressure bulldozer, to act as a frost protection graded 

to promote surface water runoff, and seeded with a native seed mix to stabilize the soil and minimize 

erosion. This alternative will isolate the contaminants from the environment with a highly 



impermeable cap (permeability 5 1 x 10" cdsec)  which will prevent surface water infiltration from 

contacting the contaminated drilling mud. thus preventing the potential migration of contaminants 

from the drilling mud pit. It will not reduce the vokurne of the drilling mud or the contaminants 

present. This altemative will require periodic inspection and maintenance. Because of the 

remoteness of the island, the required inspection will not be scheduled on a regular basis, but wil1 

occur at opportunistic times when other activity is scheduled on the island by other govemmenl 

agencies such as the USFWS. This altemative is appropriate at sites where there is a significant 

volume of contamination present and one or more of the following criteria is met: 

There is a moderate to high potential for migration of contaminants toward ecologically 
sensitive areas. 

Structural stability of the present confining berms or structures appear unstable or show signs 
of erosion. 

In-flowlout-flow of surface waters may transporr contaminants from the site. 

* The exposed mud poses a potential health or safety risk to human intruders. 

* Contaminant concentrations exceed regulatory response levels. 

In this altemative, the drilling mud will be excavated from a site and transported to another 

contaminated site, where a larger volume of drilling mud is present and is designated to be remediated 

by Alternative 3 or 4. After the drilling mud is removed, confirmatory samples will be taken to verify 

that the underlying in situ soils are below applicable clean-up levels. The excavated area wiIl then be 

backfilled with native soils and graded to promote surface water drainage and minimize ponding. 

This method will effecttvely remove the contaminant from the site and reduce the future requirements 

by obtaining clean closure. This alternative is appropriate at sites where the following criteria is met: 

A relatively small quantity of drilling mud exists that is accessible without causing extensive 
collateral environmental damage or posing undue risk to construction workers. 

* The site is in close proximity to another site slated for remediation by Alternative 4. 



3.6 Alternative 6 - Clean Closure with off-/stand Disposal 

This alternative will require the excavation and transport of all contaminants from the island and 

shipment to a permitted facility on the mainland for disposal. After all standing water is removed. 

processed soil from the on-site borrow areas will be mixed with the mud to create a transpokable 

material with no free liquids (a regulatory requirement for disposal). If the addition of on-site soils 

does not bind the free liquids, then a reagent such as Portland cement will be added to stabilize the 

mud. The stabilized mud will be transported to the dock and loaded onto barges for transport to the 

mainland for disposal. At the pon of Anchorage (or Seattle), the drilling mud will be off-loaded and 

transferred onto permitted commercial vehicIes for transport to a licensed disposal facility. After the 

drilling mud is removed, in sitii soils at each drilting mud pit will be sampled to confirm that all of the 

material has been removed. The drilling mud pits will then be backfilled with native soils, graded to 

promote surface water runoff, and revegetated with a native seed mix. This alternative removes the 

contaminant from the site, therefore eliminating future inspection requirements. 

This alternative addresses the hot mix plant only. The liquid tar in the tank wit1 be pumped out. 

containerized, and transported to the mainland for proper disposal. The tank will then be filled with 

native soils to prevent the future collapse of the tank. 



4.0 Selection of Alternatives 

Remedial alternatives were selected for consideration at each site based on the established 

concentration of the COCs (DRO that exceed ADEC requirements), the physical properties and 

volume of contaminated material, and, in the case of the drilling mud pits* the physical condition of 

the drilling mud pit itseK. 

These alternatives were evaluated and compared on their ability to meet the following criteria based 

on the National Contingency Plan (NCP) requirements. 

The effectiveness of the remedial action depends on the alternative's ability to isolate the hazardous 

substances from the pathways through which they could impact human health and the environment. 

The potential pathways may include groundwater, surface water, air, vegetation, dermal contact, and 

ingestion. Based on the results of the 1998 sampling and analysis field event and the 2000 field 

investigation, several of these potential pathways were eliminated from consideration. Surface water 

sampIing in k998 and shallow groundwater sampling in 2000 verify that COCs are below ADEC 

cleanup standards; therefore, the two pathways are eliminated. In June 2000, the DOE verified this 

by collecting groundwater samples downgradient of the drilling mud pits using direct-push 

methodology and via surface seeps. The results of this sampling as shown in Table 1-2 indicate that 

shallow groundwater is below ADEC clean-up levels. 

Constructability is the measure of the difficulty to construct the remedial action alternative; a less 

complex alternative is favored over one that is difficult to construct or maintain, if at1 other factors are 

equivalent 

Potential for Colikteml Environmental Damage 

The location of a contaminated site may be such that considerable temporary, long-term, andlor 

permanent damage to sensitive environments such as tundra, wetlands, or stream channels, and 



impacts to populations of benthic invertebrates and fish may occur in the process of accessing the site 

to either remove, or place a cover on the contaminants found there. In these instances. the more 

prudent choice may be to take no further action. 

The relative cost of each remedial action alternative is compared with the others, as necessary, and is 

presented i n  Section 4.3. 

The anticipated time to complete construction and project-related logistics are taken into account 

when selecting a remedial action alternative. 

The following sections summarize the considerations in evaluating and selecting proposed remedial 

altematives for each of the affected sites. Table 4-1 identifies the proposed alternative and other 

altematives considered for each site. 

4.2.1 Rifie Ran* R o d  Mud P1t (hillrow Site) 

During the site characterization, one drilling mud pit along Rifle Range Road was located and 

sampled. This drilling mud pit is approximately 200 by 1% ft and contains approximately 

1,880 cubic yards (ydJ) of drilling mud with a thickness of 1 to 2 ft. Based on the 1998 

characterization sampling, DRO within the driiling mud ranges from 60 parts per million (ppm) to 

2,620 ppm, but shallow groundwater is not impacted (see Table 1-2). There is a small risk for 

ecological receptors in the immediate area of the drilling mud pit because the drilling mud is exposed 

to the environment with no overlying water. The following altematives have been considered for the 

remediation of this site: 

* No funher action 
* Institutional controfs 
* Soil cover 

Clean dosure by consolidation 
* Clean closure with off-island disposal 



The following paragraphs detail each of the alternatives considered: 

No further action was considered but was determined to be unacceptable because of the significant 

volume of mud. the drilling mud pit's location within a previously disturbed soil borrow area and the 

close prox~mity to Rifle Range Road. This site is easily accessible for remedial action with minima1 

collateral damage to the surrounding tundra. 

Institutional controls in the form of fencing was considered but was also determined to be 

unacceptable because it would not prevent access by birds and water fowl which are plentiful on the 

island. 

Placing a soil cover over the drilling mud pit was considered as an alternative to etiminate exposure 

pathways at this ate. This method would isolate the drilling mud from the environment and direct 

precipitation off of the cover by placing a layer of soil over the drilling mud. The relatively thin layer 

of drilling mud within the drilling mud pit (1 foot on average) would allow the drilling mud pit to be 

placed with a low ground pressure bultdozer. The soil cover would be blended into surrounding 

topography in such a way to allow surface water runoff to travel off of the drilling mud pit 

minimizing infiltration into the underlying drilling mud and minimizing potential erosion of the cover 

material. The matrix of the drilling mud itself (bentonite) would prevent seepage of COCs from the 

drilling mud pit; therefore, the soil cover alternative would effectively isolate the contamination from 

the environment and prevent migration of the contaminants. 

The construction of a geosynthetic cap over each of the drilling mud pits would create a highly 

impermeable barrier (2 1 x 10' cmlsec) between %he drilling mud and the surface. The cap would be 

constructed to allow surface water to runoff without ponding on the drilling mud pit. Afterplacement 

of the geosynthetic cap, a soil layer would be placed and blended into surrounding topography in such 

a way to allour surface water runoff to travel off of the drilling mud pit, while minimizing the 

potenria! for erosion. The matrix of the drilling mud itself (bentonite) would prevent seepage of 

COCs from the drilling mud pit; therefore, the geosynthetic cap alternative would effectively isolate 

the contamination from the environment and prevent migrat~on of the contaminants. 

Clean closure by consolidation of the drilling mud with another drilling mud pit was considered as a 

way to remove the source and eliminate exposure at this site. This alternative has been excluded as a 



viable option because of the distance that the excavated mud would have to be transponed to be 

consolidated ~nto another drilling mud pit. The next closest drillins mud pit is at the Long Shot site. 

which is over three miles away. Transporting the drillins mud over Rifle Range Road and infantr?, 

Road would increase the potential for spills along the route as well as increase the duration of the 

construction schedule for site remediation. 

Clean closure with off-island disposal through excavation and transportalion of the drilling mud off 

the island for disposal in a permitted facility on the mainland was considered as n remedial 

altemative. Even though this alternative would be effective in removing the contamination from the 

island, execulion would be difficult and extremely expensive to accomplish because of logistical 

consideralions associated with this remote island. There would be a high risk of spilling the drilling 

mud at the drilling mud pit, while loading the containers at the drilling mud pit, while toading the 

barge at the dock, and at the port while offloading the barge. The highest potential for environmental 

damage would occur during the loading of the barge at the dock. The drilling mud would be viscous 

and difficult to control resulting in a likelihood for spillage. Even with good housekeeping practices, 

and careful loading, some drilling mud could be spilled into the Constantine Harbor. This alternative 

would also be logistically difficult to complete. Barge transport in the Bering Sea has a small window 

of safe travel. The loaded barges would need to depart Arnchitka Island in August to arrive in 

Anchorage prior to the bad weather associated with the Aleutians during the latter months of the year. 

This method would also be cost prohibitive. A huge transportation cost would be incurred in 

transponing the drilling mud over 1,300 miles by barge to Anchorage, then by vehicle over the road 

to the disposal facility. The effectiveness of the method is not substantially greater then isolating the 

drilling mud from the environment while leaving it on site. Due to the potential for environmental 

damage, logistical complexity, as well as high cost, this alternative has k e n  eliminated as a potential 

remediation method. 

Table 1 - 2  provides an assessment of the above remedial action alternatives based on the NCP Criteria. 

Alternative 1 - Gmsynthetic Cap is the proposed approach for this site. It will isolate the drilling 

mud from the environment, provide adequate protection to potential receptors, and can be 

accomplished within the allotted construction season without substantial impact to the surrounding 

environment. 



4.2.2 Long Shot Mud Pits 

There are two drilling mud pits associated with the drilling activities at the Long Shot site located on 

the drilling pad approximately 100 ft north of surface ground zero. Each drilling mud pit IS 

approximately 150 by 150 ft and contains approximately 2,740 yd30f drilling mud ranging from 2 to 

7 ft  in thickness. There is approximately 1.5 ft of standing water in each of the dnlling mud pits. 

Water samples from the mud pits taken in I997 had tritium concentralions of 2*000 picocuriedliter. 

For comparison, the federal drinking water standards allow tritium in concentrations up to 

20,000 picocuriesditer. 

Based on the 1998 characterization sampling, DRO within the drilling mud ranges from 2% pprn to 

58,800 ppm. However, sampling that occurred in June 2000 shows that the shallow groundwater has 

not been impacted (Table 1-2). There is a small risk for ecological receptors in the immediate area of 

the drilling mud pit because the drilling mud is exposed to the environment. The following 

alternatives have been considered for the remediation of this site: 

No further action 
Institutional controls 
Soil cover 
Geosynthetic cap 

The following paragaphs detail each of the alternatives considered. 

No further action was considered but was determined to be unacceptable because of the significant 

volume of mud and the drilling mud pit's close proximity to Infantry Road allowing easy access to 

this site by personnel. Additionally, this site is located on the drilling pad used for the emplacement 

hole, making it easily accessible for remedial action with minimal collateral damage to the 

surrounding tundra. 

Institutional controls in the form of fencing was considered but was also determined to be 

unacceptable because the standing water on the drilling mud pits is flowing into Rainbow Creek. 

The construction of a sail cover was considered as an alternative to close these drilling mud pits. 

Although a soil cover would isolate the driiling mud from the environment, given the large quantity 

of the mud and the close proximity of the Rainbow Creek drainage (the standing water in the drilling 



mud pits actually helps form the headwaters of the stream), a more impervious cover would be 

necessary for the Long Shot mud pits to effectively reduce potential future impact to Rainbow Creek. 

Therefore, this alternative has been eliminated as a potential remediation method. 

The construction of a geosynthetic cap over each of the drilIing mud pits would create a highly 

impermeable barrier fs  l s 10' cmlsec) between the drjlling mud and the surface. The cap would be 

constructed to allow surface water to runoff without ponding on the drilling mud pit. After placemenl 

of the geosynthetic cap, a soil layer would be placed and blended into surrounding topography in such 

a way to allow surface water runoff io travel off of the drilling mud pit, while minimizing the 

potential for erosion. The matrix of the drilling mud itself (bentonite) would prevent seepage of 

COCs from the drilling mud p ~ t ;  therefore, the geosynthetic cap alternative woutd effectively isolate 

the contamination from the environment and prevent migration of the contaminants. 

Table 4-3 provides an assessment of the above remedial action alternatives based on the NCP criteria. 

Alternative 4 - Geosyntbetic cap is the proposed approach for the two drilling mud pits at Long 

shot. The cap will isolate the driliing mud from the environment, provide adequate protection to 

potential receptors, and can be constructed within the alloned construction season without excessive 

impact to the surrounding environment. 

4.2.3 Csnnikin M u d  Pits 

There are three drilling mud pits associated with the drilling activities at the Cannikin site. One of the 

drilling mud pits is located just off of the drilling pad approximately 200 ft west of surface ground 

zero. The drilling mud pit at the drilling pad (Northwest Pit) is approximately 120 by 170 ft and 

contains approximately 3,000 yd3 of drilling mud ranging from 4 to 6 ft in thickness. There is 

approximately 3 ft of standing water in the drilling mud pit. Two smaller exploratory hole mud piis 

(a northern drilling mud pit and a southern drilling mud pit) are located approximately 2,000 ft to the 

south of the drilling pad. The northern drilling mud pit is approximately 45 by 80 ft and contains 

approximately 135 yd3 of drilling mud ranging from 1 to 2 ft in thickness. There is approximately 

I foot of standing water on the drilling mud pit. The southern drilling mud pit is approximately 60 by 

85 ft and contains approximately 355 yd3 of drilling mud ranging from 1 to 4 ft in thickness. This 

dnlling mud pit also has approximately 1 foot of standing water. 



Based on the 1998 characterization sampling. DRO within the drilling mud of the larger drilling mud 

pit ranges from 1.980 ppm to 14,000 ppm. The DRO within the drilling mud of the two smaller 

drilling mud pits range from 273 ppm to 7.940 ppm. There is a small risk for ecological receptors in 

the immediate area of the drilling mud pits due to the fact that the drilling mud is exposed to the 

environment. The following alternatives have been considered: 

No further action - Soil cover 
Geosynthetic cap 
Clean closure by consolidation 
Clean closure with off-island disposal 

The following paragraphs detail each of the alternatives considered. 

4.2.3.1 Northwest Plf (Locaw at the DrlII1ng P.d) 

No further action was considered but was determined to be unacceptabie because of the significant 

volume of mud and the drilling mud pit's close proximity to Infantry Road allowing easy access to 

this site by personnel. Additionally, this site is [mated on the drilling pad used for the emplacement 

hole, making it easily accessible for remedial action with minimal collateral damage to the 

surrounding tundra. 

Placing a soil cover over the mud pit was considered as an altemative to eliminate exposure pathways 

at this site. This method would isolate the drilling mud from the environment and direct precipitation 

off of the cover by placing a layer of soil over the drilling mud. The soil cover would be blended into 

the surrounding topography in such a way to allow surface water to runoff of the soil cover 

minimizing infiltration into the underlying drilling mud. The soil cover would be seeded with native 

grass to minimizing potential erosion of the cover material. The matrix of the drilling mud itself 

(bentonite) would help prevent seepage of DRO from the drilling mud pit; therefore, the soil cover 

alternative would effectively isolate the contamination from the environment and prevent migration 

of the contaminants. 

The construction of a geosynthetic cap over the drilling mud pit would create a highly impermeable 

banier (I 1x10' cmlsec) between the drilling mud and the surface. The cap would be constructed to 

allow surface water to runoff without ponding on the drilling mud pit. After placement of the 



peosynthetic cap, a soil layer woutd be placed and blended into surrounding topography in such a way 

to allow surface water runoff to travel off of the drilling mud pit whiie minimizing the potential for 

erosion. The matrix of the drilling mud itself (bentonite) would prevent seepaee of DRO from the 

drilling mud pit; therefore, the geosynthetic cap alternative would effectively isolate the 

contamination from the environment and prevent migration of the contaminants. Although viable. 

this alternative is significantly more costly than the soil cover. 

Table 4-4 provides an assessment of the above remedial action alternatives based on the NCP criteria. 

Alternative 4 - Geosynthetic cap is the proposed approach for the Northwest Pit at this site. 11 will 

isolate the drilling mud from the environment, provide adequate protection to potential receptors, and 

can be accomplished within the allottd construction season without substantial impact to the 

surrounding environment. 

4.2.3.2 Posrshot Drill Back Hob Mud PIts (Nmfhern Pit and Sourhem Pit) 

No further action was considered but was determined to be unacceptable because of the significant 

volume of mud and the drilting mud pit's close proximity to Infantry Road allowing easy access to 

this site by personnel. Additionally, this site is located on the drilling pad used for the emplacement 

hole, making it easily accessible for remedial action with minimal collateral damage to the 

surrounding tundra. 

Clean closure by consolidation was considered for the southernmost of the two smaller drilling mud 

pits based on their close proximity to each other. The quantity of mud in the southern drilling mud pit 

can easily be transported and consolidated into the northern drilling mud pit. After the drilling mud is 

removed from the Southern Pit, the in siru soils will be sampled and, if below cleanup levels, the area 

will be backfilled and revegetated. 

Clean closure with off-island disposal through excavation and transportation of the drilling mud off 

the island for disposal in a permitted facility on the mainland was considered as a remedial 

alternative. Even though this alternative would be effective in removing the contamination from the 

island, execution would be difficult and extremely expensive to accomplish because of logistical 

cons~derations associated with this remote island. There would be a high risk of spilling the drilling 

mud at the driHing mud pit; while loading the trucks at the drilling mud pit, white loading the barge at 



the dock, and ar the port while offloading the barge. The highest potential for environmental d a m g e  

would occur during the loading of the barge at the dock. The drilling mud would be viscous and 

difficult to control resulting in a likelihood for spillage. Even with g o d  housekeeping practicer. and 

careful loading, some drilling mud could be spitled into the Constantine H a h r .  This altefnative 

would also be logistically difficult to complete. Barge transport in the Bering Sea has a small window 

of safe travel. The loaded barges would need to depart Amchitka prior to August in order to arrive in 

Anchorage prior to the bad weather associated with the latter months of the year. This method would 

also be cost prohibitive. A huge transportation cost would be incurred in transporting the drilling 

mud over 1,300 miles by barge to Anchorage, and then by vehicle over the road to the disposal 

facility. The effectiveness of the method is not substantially greater than isolating the drilling mud 

from the environment while leaving it on site. Due to the pmentiat for environmental damage, 

logistical complexity, as well as high cost, this alternative has been eliminated as a potential 

remediation method. 

Table 4-4 provides an assessment of the above remedial action alternatives based on the NCP criteria 

Alternative 5 - Clean Closure by Consolidation is the proposed approach for the southern drilling 

mud pit at this site; the drilling mud will be consolidated into the northern drilling mud pit, which will 

then be covered with a gemyothetic cap. 

4.2.4 Drill Site D Mud PIts 

There are three drilling mud pits associated with the drilling activities at Drill Site D. One of the 

drilling mud pits (Northwest Mud Pit) located adjacent to and south of the emplzcement hole pad is 

approximately 3M) by 125 ft and contains approximately 7,820 yd' of drilling mud ranging from 6 to 

7 ft in thickness. There is approximately 3 ft of standing water in this drilling mud pit. Located east 

of the Northwest Mud Pit is another drilling mud pit (Northeast Mud Pit) adjacent to the emplacement 

hole pad. This dritling mud pit, which is connected to the Northwest Mud Pit by culverts, is 

approximately 300 by I75 ft and contains approximately 4.870 y d o f  drilling mud ranging from I to 

5 ft in thickness. There is approximately 6 ft of standing water in this drilling mud pit. A third 

drilling mud pit (South Mud Pit) is located adjacent to and south of the first two. n i s  drilling mud 

pit, which is connected to the Northwest Mud Pit by a trench, is approximately 500 by 130 ft and 

contains approximately 2,350 yd' of drilling mud ranging from 0 to 3 ft in thickness. This drilling 



mud pit is also connected to a nearby pond by a 5-fmt deep trench on the east end of the drillin: mud 

p1t. 

Based on the 1998 characterization sampling, DRO within the drilling mud ranges from 46 ppm to 

2,400 ppm. However, groundwater sampling in June 2000 showed no impact to the shallow 

groundwater. There is a small risk for ecological receptors in the immediate area of the drilling mud 

pit because the drilling mud is exposed to the environment. The following alternatives have been 

considered for the remediation of this site: 

No further action 
Soil cover 
Geosynthetic cap 

The following parajpphs detail each of the alternatives considered. 

No further action was considered but was determined to be unacceptable because of the significant 

volume of mud and the drilling mud pits' close proximity to Infantry Road, allowing easy access to 

this site by personnel. Additionally, this site is located adjacent to the drilling pad used for the 

emplacement hole, making it easily accessibte for remedial action with minimal collateral damage to 

the surrounding tundra. 

Soil cover - Placing a soil cover over the Dritl Site D mud pits was considered as an alternative to 

eliminate exposure pathways at this site. This method wou!d isolate the drilling mud from the 

environment and direct precipitation off of the cover by placing a layer of soil over the drilling mud. 

The soil cover would be blended into the surrounding topography in such a way to allow surface 

water to run off of the soil cover, minimizing infiltration into the underlying drilling mud. The soil 

cover would be seeded with native grass to minimize potential erosion of the cover material. The 

matrix of the drilling mud itself (bentonite) would help prevent seepage of DRO from the drilling 

mud pit: therefore, the soil cover alternative would effectively isolate the contamination from the 

environment and prevent migration of the contaminants. 

The construction of a geosynthetic cap over the drilling mud pits would create a highly impermeable 

banier ( 2  1x10' cdsec) between the drilling mud and the surface. The cap would be constructed to 

allour surface water to run off without ponding on the drilling mud pit. After placement of the 

geosynthetic cap, a soil layer would be placed and blended into surrounding topography in such a way 



to allow surface water runoff to travel off of the drilling mud pit, while minimizing the potenrial for 

erosion. The matrix of the drilling mud itself (bentonite) would prevent seepage of DRO from the 

drilling mud pit: therefore. the geosynthetic cap alternative would effectively isolate the 

contamination from the environment and prevent m~gration of the contaminants. Although viable. 

this alternative is significantly more costly than the soil cover. 

Table 4-5 provides an assessmen1 of the above remedial action alternatives based on the NCP criteria. 

Alternative 4 - Geosynthetic cap is the proposed approach for the dritling mud pits at this site. It 

will isolate the drilling mud from the environment, provide adequate protection to  potenual receptors. 

and can be accomplished within the allotted construction season without substantial impact to the 

surrounding environmenl. 

There are two drilling mud pits associated with the drilling activities at Drill Site E located 400 to 

500 ft southwest (downhill) of the emplacement hole. The southern drilling mud pit i s  approximately 

40 by 80 ft and contains approximately 415 yd'of drilling mud ranging from 1 to 8 ft in thickness. 

The  northern drilling mud pit is approximately 20 by 40 f t  and contains less than 4 yd3 of drilling 

mud. However. no mud was found in the northern drilling mud pit during the June 2000 

investigations. There is approximately 1 foot of standing water in each of the drilling mud pits. 

Based on the I998 characterization sampling, DRO within the drilling mud at  the north driliing mud 

pit was 214 ppm. The DRO within the drilling mud at the south drilling mud pit was 10,600 ppm. 

However, sampling in iune of 2000 showed DRO concentrations well below ADEC clean-up 

criterion impact to the shallow groundwater. There i s  a small risk for ecological receptors in the 

immediate area of the south drilling mud pit due to the fact that the drilling mud is exposed to  the 

environment. The fol1owing alternatives have been considered for the remediation of this site: 

No further action 
Soil cover 
Geosynthetic cap 

* Clean closure by consolidation 



The following paragraphs detail each of the alternatives considered. 

4.2.5.1 Northern Mud Pit 

No further action was considered as a viable alternative for this drilling mud pit due to the small 

quantity of drilling mud. low level of contamination, and observed recovery of affected stream. 

Clean closure by consolidation was considered for the northern drilling mud pit based on the close 

proximity to the larger southern drilling mud pit. As stated in the 1998 Characterization Report, the 

quantity of mud in this drilling mud pit i s  extremely small (< 4 yd3) and concentration of DRO is very 

low (214 ppm). This pit was investigated during June 2000 and no drilling mud was found. Removal 

and consolidation of th~s drilling mud is not warranted because the quantity and COC concentrations 

indicate negligible potential for future impacts to the stream. 

Table 4-6 provides an assessment of the above remedial action alternatives based on the NCP criteria. 

Alternative - No Further Action is the proposed approach for the northern drilling mud pit at this 

site. The contamination is confined to a small area, COC concentrations are very low, no 

unacceptable human health or ecological risk is expected under present or future use scenarios, and 

evidence indicates that the affected stream has undergone significant recovery since mud releases that 

occurred three decades ago. 

4.2.5.2 Southern Mud Pit 

No further action was considered but was determined to be unacceptable because of the significant 

volume of mud and the drilling mud pit's close proximity to Infantry Road allowing easy access to 

this site by personnel. Additionally, this site is easily accessible for remedial action with minimal 

collateral damage to the surrounding tundra. 

Placing a soil cover over the southern drilling mud pit was considered as an alternative to eliminate 

exposure pathways at this site. This method would isolate the drilling mud from the environment and 

direct precipitation off of the cover by placing a layer of soil over the drilling mud. The soil cover 

would be blended into the surrounding topography in such a way to allow surface water to run off of 

the soil cover, minimizing infiltration into the underlying drilling mud. The soil cover would be 



seeded with native grass to minimizing potential erosion of the cover material. The matrix of the 

drilling mud itself (bentonite) would help prevent seepage of DRO from the drilling mud pit: 

therefore, the soil cover alternative would effectively isolate the contamination from the environment 

and prevent migration of the contaminants. 

The construction of a geosynthetic cap over the drilling mud pit would create a highly impermeable 

barrier ( s l  x lO*cmlsec) between the drilling mud and the surface. The cap would be constructed to 

atlour surface water to run off without ponding on the drilling mud pil. After placement of the 

geosynthetic cap, a soil layer would be placed and blended into surrounding topography in such a way 

to allow surface water runoff to travel off of the drilling mud pil, while minimizing the potential for 

erosion. The matrix of the drilling mud itself (bentonite) would prevent seepage of DRO from the 

drilling mud pit; therefore, the geosynthetic cap alternative would effectively isolate the 

contamination from the environment and prevent migration of the contaminants. Although viable, 

this alternative is significantly more costly than the soil cover. 

Table 4-6 provides an assessment of the above remedial action alternatives based on the NCP criteria. 

Alternative 4 - Geosyothetic cap is the proposed approach for the southern drill drilling mud pit at 

this site. It will isolate the drilling mud from the environment, provide adequate protection to 

potential receptors, and can be accomplished within the allotted construction season without 

substantiat impact to the surrounding environment. 

4.2.6 Drill Sfte F 

Drill site F contains one drilling mud pit that has been partially backfilled, leaving two segments that 

contain drilling mud and water. The larger portion on the west end of the original drilling mud pit is 

approximately 200 by 25 ft and contains approximately 300 yd3 of drilling mud ranging from 1 to 6 ft 

in thickness. The smaller portion on the east end is approximately 20 by 10 ft and contains 

approximately 10 y d  of drilling mud approximately 1-foot thick. There is approximately 1 foot of 

standing water in both sections of the drilling mud pit. 

Based on the 1998 characterization sampling, DRO within the drilling mud at this site ranged from 

975 ppm to 12,800 ppm. There is a slight risk to ecological receptors in the immediate area due to the 



fact that the drilling mud is exposed to the environment. The following alternatives have been 

considered for the remediation of this site: 

No funher action 
Soil cover 
Geosynthetic cap 
Clean closure by consolidation 
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The following paragraphs detail each of the alternatives considered. 

No further action was considered but was determined to be unacceptable because of the significant 

volume of mud and the drilling mud pit's close proximity to Infantry Road allowing easy access to 

this site by personnel. Additionally, this site is easily accessible for remedial action with minimai 

collateral damage to the surmunding tundra. 

Placing a soil cover over the Drill Site F drilling mud pit was considered as an alternative to eliminate . 

exposure pathways at this site. This methd would isolate the drilling mud from the environment and 

direct precipitation off of the cover by placing a layer of soil over the drilling mud. The soil cover 

would be blended into the stmounding topography in such a way to allow surface water to tun off of 

the soil cover, minimizing infiltration into the underlying drilling mud. The soil cover would be 

seeded with native grass to minimize potential erosion of the cover material. The matrix of the 

drilling mud itself (bentonite) would help prevent seepage of DRO from the drilling mud pit; . .. .. 

therefore, the soil cover altemative would effectively isolate the contamination from the environment 

and prevent migration of the contaminants. . . ~  

The construction of a geosynthetic cap over the drilling mud pit would create a highly impermeable . . 
. ~ 

barrier (s 1 x 10' crn/sec) between the drilling mud and the surface. The cap would be constructed to 
. >, allox, surface water to run off without ponding on the drilling mud pit. After placement of the . . 
i .  . . 

geosynthetic cap, a soil layer would be placed and blended into surrounding topography in such a way 

to allow surface water runoff to travel off of the drilling mud pit, while minimizing the potential for 

erosion. The matrix of the drilling mud itself (bentonite) would prevent seepage of DRO from the 

drilling mud pit; therefore, the geosynthetic cap altemative would effectively isolate the 

contamination from the environment and prevent migration of the contaminants. Although viable, 

this altemative is significantly more costly than the soil cover. 



Clean closure by consolidation was considered for the eastern portion of the drilling mud pit at this 

site. By excavating and moving the small quantity of drilling mud (approximately 10 yd') from the 

east end of the drilling mud pit to the larger western portion. the size of soil cover required would be 

reduced, as would the area to be inspected and maintained. 

Table 4-7 provides an assessment of the above remedial action alternatives based on the NCP criteria. 

Alternative 4 - Geosyntbetic cap is the proposed approach for the drilling mud pit at this site. 

4.2.7 Surface Water 

Surface waters were investigated at eight streams and four lakes in the vicinity of the drilling mud 

pits. The affected bodies of water were: 

h m s  

White Alice C m k  Unnamed stream at Drill Site E 

Bridge Creek Limpet Creek 

Cloudkrry Creek Clevenger Creek 

Rainbow Creek Falls Craek 

Lakes 

Cannikin Lake 

Reed Pond 

Heart Lake 

Lake at Drill Site D 

Several streams were impacted by releases of large volumes of drilling mud in the 1960s and 1970s. 

The chemical analyses of stream water and sediment performed in 1998 detected no elevated COCs 

in surface waters. and only a few locations where sediment concentrations of a small number of 

COCs exceeded background levels. A TRIAD analysis, which incorporates sediment chemistry, 

sediment toxicity and benthic macroinvertibrate community analysis, was performed on the eight 

streams draining the sites where drilling occurred. The TRIAD analysis determined that, in most 

instances, the drill site and test site streams had sediment quality comparable to unimpacted reference 

locations. Only a few locations on Rainbow Creek, which drains the Long Shot site, and White Alice 

Creek. which drains the Cannikin site, showed residual effects from past releases of drilling muds. 



Dolly Varden Trout were found to be abundant in the potentially impacted streams. Chemical 

analysis of the tissue of fish collected in affected streams showed little evidence of elevated COC 

concentrations, with the exception at several locations where PCB Arochlor I260 was above 

risk-based benchmarks. 

Reed Pond shows no visible evidence of mud releases and only slight chemical irnpacls. There were 

minor residual affects from mud releases shown in the sampling results of the lake at Drill Site E and 

Heart Lake. Drilling mud was encountered in a small portion of Cannikin Lake. 

A report recently released by the USACE and USFWS (Cmyton, 2000) provides further evidence that 

COCs remaining in streams and ponds associated with DOE drill sites are having no significant 

impact on Amchitka's biota. This study examined tissue burdens of numerous organic and inorganic 

COCs, including PCBs, PAHs, and chromium, in nine s p i e s  of vertebrates representing three 

trophic levels. PCBs and DDE were judged to be the most significant COCs in Amchitka Island 

fauna, but the concentrations found were generally well below those known to be assmiated with 

adverse effects at the individual or population level. In addition, the highest concentrations of P C 3 s  

were found in marine birds, indicating that marine sources of contamination are potentially more 

significant than upland sources such as the Drill Sites. Following remediation of the drilling mud 

pits, natural attenuation and covering of contaminated sediments by clean material will continuously 

reduce and will eventually eliminate contaminant exposure in areas that may be approved for no 

further action. 

The following alternatives have been considered for the remediation of this site: 

No funher action 
Clean closure by consolidation 

No further action was considered as a viable alternative for the affected streams and lakes due to the 

small quantity of drilling mudencountered, low level of contamination, observed recovery of affected 

streams, and removal/interception of the source of contamination. 

Clean closure by comolidation with other nearby drilling mud pits was also considered. This 

alternative was rejected due to the ecological damage that would be caused by the remediation and 

the potential to accelerate the migration of contamination during the excavation process. 



TabIe 4-5 provides an assessment of the above remedial action alternatives based on the NCP cnteria 

Alternative 1 - No Further Action is the proposed approach for the streams and lakes. By removing 

the drilling mud or capping the drilling mud pits, the source of contamination will be removed or 

isolated, thereby preventing future contamination of the streams and lakes. Chemical analyses have 

demonstrated that significant recovery has aiready occurred in these surface waters and 

biodegradation is expected to continue. Residual contamination is not expected to pose any 

significant risk to human health or the environment. To verify this, DOE is planning to complete a 

regional risk assessment on the surface waters that were impacted by historical drilling mud species. 

4.2.8 Hot Mix Plant 

The hot mix plant consists of two underground rail tank cars containing liquid asphalt. The buried 

asphalt presents a chemical hazard if the tanks are leaking. It also presents a physical hazard in that 

the tank could collapse under the weight of a person or vehicle traveling over the rail tank car. 

The following alternatives have been considered for the remediation of this site: 

* No further action 
Institutional controls 
Clean closure with off-island disposal 
Close in place 

No further action was considered, but was determined unacceptable because of the potential 

groundwater contamination if the tanks are leading or for personal injury or entrapment of wildlife in 

the event of a collapse of the tank. 

Institutional controls in the form of fencing was considered, but was rejected because of the 

potential for groundwater contamination. 

Clean closure with off-island disposal was considered as an alternative for remedial action at this 

site. This would involve removal of the liquid and placing it in drums for transport to a disposal 

facility on the ma~nland. 



Closure in place was considered for a viable option to remediate the site. After the liquid is pumped 

from the tanks. the t a d  will be filled with native soils to prevent the collapse of the tank by surface 

traffic (either pedestrian or vehicle) and possible engulfment of personnel. 

Table 4-9 provides an assessment of the above remedial action alternatives based on the NCP criteria. 

Alternative 7 - Removal o f  Tank Contents and Closure in Place is the proposed approach. This 

method will remove the contaminant source and stabilize the tank against potential collapse. 

4.3 Cost Comparison 

DOE has developed three alternatives and cost estimates to close the mud pits at the six DOE drill 

sites on Amchitka Island. For comparison purposes, each alternative is listed below along with the 

components tha~  make up the cost estimate. The three altematives are soil cover, geosynthetic cap, 

and clean closure with off-island disposal. The estimates do not include my construction oversight or 

quality control testing that may be required. 

4.3.f Soil Cover 

The cost estimate to close the mud pits using the soil cover alternative has the following assumptions: 

Barge support from Anchorage 
Base camp support for 50 personnel 
On island duration of 120 days 
Davis Bacon wages for operators and laborers 
Sixteen pieces of heavy equipment 
Five articulated dump trucks 
One soil processing plant 
All soils to be used for covers are available on the island 
Cost includes a 25% contingency 

The estimated cost to construct a soil cover on all mud pits is approximately $6,916,000. 

4.3.2 Geosynthetic Cap 

The cost estimate to close the mud pits with a geosynthetic cap has the following assumptions: 

Barge support from Anchorage 



Base camp support for 50 personnel 
On-island duration of 120 days 
Davis Bacon wages for operators and laborers 
Sixteen pieces of heavy equipment 
Five articulated dump trucks 
One soil processing plant 
Installed price of liner is approximately %1.00/square foot (vendor quote) 
Quantity of liner is approximately 475.000 square feet 
Cost of the soil saved by capping with geosynthetics is negligible 
Cost includes a 25% contingency 

The estimated cost to construct a geosynthetic cap on all mud pits is approximately $7.5 tO.OOO. 

4.3.3 Clean Closure with On-/stand DispcmaI 

The cost estimate 10 dose the mud pits by removing the drilling muds from the island and 

transporting the muds for disposal at a permitted commercial facility in the lower 48 has the 

following assumptions: 

Barge support from Anchorage for equipment and personnel 
Base camp support for 80 personnel 
On-island duration of 140 days 
Davis Bacon wages for operators and laborers 
Eighteen pieces of heavy equipment 
Five articulated dump bucks 
Ten truck chassis to transport roll-off containers on the island 
One soil processing plant 
Barge support from Seattle for roll-off containers and Portland Cement 
A 1 0 percent mixture of Portland Cement is necessary to bind free liquids 
Total yardage of drilling mud is approximately 27,000 yd3 
Unit weight of drilling mud/cement mixture is 1.8 tons/yd3 
Final waste disposal is within 100 miles of the Port of Seanle 
Cost includes a 25% contingency 

The estimated cast of clean closure and off-island dispsaI is approximately $24,055,000. 



Table 4-1 
Summary of Alternatives 
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malerlal wllh on.slle 
soil or Imported 
roaganl lo eliminale 
Ire11 llqulds 

* Transprt material lo 
Anchorage or Seanle 
via charlered barge 
Transport mamrlal lo a 
pormlnsd d lsmal  
facillry via a 
mmmercisl 
transporter. 

Removing the 
rnnIan'inaled matenal 
rcmo~es the risk to 
human heanh and the 
environmenl . High risk lo the public 
and env~ronmenl 
during lha 
aansportallon 01 
conlaminalad matens1 

. High remadlalion 
worker accupational 
risk dunng excavation. 
transoonauon. and 
alsposal 01 
conlaminaled 
rnalet~alil. 

. Hlgh remedlallon 
workers chemical nsL 
from exporure to site 
wntaminanta 

-.. . .- 
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- 

Altemstlve 6 
Cbsn Cloaun wlth 
0W.lrIand Dlrposal 

. lmmediatelycompl~os 
wlth ARMS by 
ramonno the 
contaminated material 
fvom the sile. 

. Altarnallve etleclive 
and prmalienl alter 
~mplemented. 

Conlamlnsntl are 
ramcvod lrom lhe site 

. Alternative eilecllve 
because wnlaminana 
are removed from lhe 
sile. 

AY.nutlvm 3 
Jon Cwmr 

. Cahmuntm- 
and lo 
esarm*yI.Ynm*d, . C m a m n a m  
abaw RsUMVW 
un* lhw ndudhl  
muon,  
l n a a w m l  l n l ~ a b n  IS 

w. 
* Allornallve e M l v s  

and w m n a r t  a m  
m w b  mluralhl 
~u~ Mw 
rapuhory lml, . I-rd lnlruabn Is 
w- . AVry.bkW"m& 
.nwpm*.#r. 
Wna-warn 
-m 
m- 
w. 

. R- mnmmlnrm 
fw4ddy . Conmmlnanwramrin 
m r k u n l d l h a y n a ~ r ~ y  
NwnuM. . IMMIml intru* in 
P e .  . A-comrolh 
m w w .  
Yrm0-- 
Hn*lmk 
WmrhnO 
0xpad.d. 

. AlhrmaM d f d v s  by 
prwcnb'ng 
mnurrrnntWw 
unM cmmmkntr 
nlur.lr.am**ta 

. lndvnknt hhuw is 
p m W .  

Al t~mat l rb  1 
Inatnunon~l Commls 

. wSsmtcompq 
b u m  eonlamlnanw 
rew in  abave 
regulakq limlta until 
they nalurally 
mienurn. . lnadnrtenl inhaion IS 
prevenlod 

. AllernYlvs eflmlve 
ana parmanen1 r fn r  
wmmmanta murally 
dlenwle boMrr 
rogulslwy lim4. . Inaavsrtsnt lnlnrron lr 
pravenba. 

. h a  mlreduoc 
conomlnant brkity w 
m ~ b l l ~ .  . Contsminanta m a i n  
toxc untilltwy nshnalh, 
snenum. 

* l n w d v ~ . ~  InlNuon u 
praamad. 

AlIelnme no1 
etr&e until 
wnuminmnls nmNrrlly 
amenunto b b ~ o *  
-lslm, uml. 
I n ~ r k n l ~ i o n l s  
~ w m k d .  

Am~aa~monl Fattom 

Complianca with 
Applicable, Relevant 
analor Approprlale 
Requirements (ARMS) 

Long-Term Eneclivoness 
and Permanenu, 

Redumn of Toxditf. 
Moklity, or Voluma 
Thmugh Treatmen1 

Short.Term Enecllmesa 

Allernatlv. 1 
No AcHon 

Doer not wmpty 
aacause wnlamlnanls 
remain above 
regulaloh, llmils unlll 
they nslurally 
allenuaM 
Inadvertent Intrusion 0% 

not prevented 

. Alternative enRtive 
and permanent only 
aller wntsminanrr 
naturally anenuate 
below rcgulalory limit. . Inadvertent intrusion Is 
not prevented. 

Doe8 not raduca 
contaminan1 tonic i~ or 
mobility 
Contaminanb remain 
toxic until they naurally 
attenuate. 
Inadvanen1 lnlrusion Is 
not pmvanlaa. 

. Albrnatwe not 
el fd ive until 
mnmmlnanlr nsturaltf 
amnuale 10 W K ~  
rwulelory liml. 
Inednrrhmtinhraoni4 
not praumW. 

UIIYIIVm 4 
0So.l- CW 

. Conmk.r*apoaum 
ammMk.ls 
c o ~ ~ t M  . C o n * m m M  

r e p W w  knlh 
untw mry ~UIUBY 
aumlata. . Ins0votttnt intrusbn Is 
pownlcd. 

AIRrMlve amc l l n  
md pawnmlaRef 
con l lnnvKI  nur#l ly ~~~ WKIC 
r C p l Y W  kmll. . Ibdwnont Kltruoan ia 
p ~ m * d .  

. Con- @#I=" 
la n ~ n h l l y  
olknh.*d. . C m m u u n *  m W n  
mxlcunlll l tny nHunHy 
e M W .  
Inh*rknl imrvnan i~ 
Wm*d 

. A l * m W h  oNr~llve Dy 
Pf m m  
mvbnwmnl W r & n  
unM Fwkmnrnu 
n*r.*r awmwls to 
baw wmil. . 1-*I h h r i v n  ia 
prevented. 

All.rnallvr 6 
cuw C l o w n  by 

C m ~ l l l d a b n  

. Imnadiaelycomplkr 
wilh ARARs by 
rcmov~np ihe 
contam~nated material 
l r m  the slle 

. AIMrnalwe eneclive 
ana parmanenl aller 
impkmanled. 

. Cmtamlnanls are 
mmmc lrom the site 

. Alernatin aneclive 
becauoe ~onlam~nantf 
a s  remove0 from lhe 
sib 
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Aaacsarnont Facton 

Implernanlabilily 

Cosl 

Slekeholrfer Accaplance 

Cammunllv Accaotance 

Allernalive 1 
No Acllon 

Allernalive easy to 
implement amcasy lo 
mainlain. 

- NO cost ~~SOF@I& 
wilh lhis allernalive 

Slakeholder 
acceptanca unlikaly 
.¶us to SIQtifieant 
volume of drilling mud 

Community 
acceptance unlikely 
dun to slgnilicant 
volume ol dilling mud. 

Altdrlulivo 2 
1nsllt~t)orul Cml rds  

A l t a ~ t N e  easy to 
implement olnar IMn  
lkqisliml cnalmnoea 
Perlodk manibring 
and malnmnam 
required. 

. Cast willbe dmr l t c  
iwlemem. 
Par- monllwlng 
and maintanam will 
bs panolmsd in 
conjunnlm mlh othet 
on-island aclwilks to 
minimize cosh. 

Slskehobr 
sccsptarm unlikaly 
M M I O ~ n l  
volume of ddllng mud 

Community 
acceptance unlikely 
due lo SlDrnll~ant 
volume ol hilling mud. 

AllamLllw 3 
Sall C m  

Alternative easy lo 
imolemenc W than 
lkqlsllcal c b ~ n p p s  
Impmmsnta~n 
r ~ q l l l r n ~  m0011if~l'wn 01 
ertonalve equ-t 
P ~ l a d E  inapeFlwnana 
meinIenancs rs9uirM. 

C w l  bi+omm is 
~~proxlmal(rly 
S6,OiB.WO 
Pwk8k h i r q  
and m h m s l * *  mll 
W pflommd in 
eoiundlon MMr 
on.Mm a & b s  la 
mlnrmm cmk. 

Slrkeh&r 
SCcsptsroa liloohl 
basusaSs.r"bS* 
volume ol mud Is 
wminorl. 
SlIewntmremwialsd 
with minimal lmped lo 
eodogically s e n s l l i ~  
areas. 

Communny 
acceplancc is hkely 
~CCBUBC of the 
moderate 
im~msmal lon  cast. 
wilh signlllcanl Wnafil. 

AlMwuUw4 - C V  

AI1er~l Iw easy IO 
mhm omar h n  
k9lMkAl Cheknocs - I m n t s t l o n  
r ~ q u k r s ~ t i r a t b n o l  
exmmive W m a n I  
and m l o ~ a r ~ .  . PBT- monHorli 
almIIYhtCmnX 
r q k s a .  
M m u l t l o m M ~ d w  
lo W i-w LxaHoo. 

. Msdwms wstlo 
iw4emsnl 
1~7.510.0~)'. 
PwbxIlc morntorn 
and myn*m~rrs  *ill 
W prlOmrod In 
wiuncllon wHh omor 
m.Isbrd aciivftla8 10 
mlr*mlm casts. 

SaH-r 
a- Mwly 
-use W M n t  
v d u m  d mud is 
wm=M. 

• Sileunbarsmstletsd 
wilh minlnul iw Io 
c~okgMly  aenalhe 
areas. 

- Canmum 
acDeptana is I~kely 
L*CBUBC 01 the 
modcrate 
implemanlallorr Cosl. 
mth slgnlficanl hnol i l  

A l t a ~ t l v o  5 
C*.n Clwum by 

CmadMntlon 

Allwnaliva dillictllt lo 
implemarr due to 
lwi~t ical  challengns 
anddialsnce lo neare51 
drilling mud pll (over 3 
miles). 

* Implemenlation 
re9~iras mbi l iz~l ion 01 
a&na&c equipmnt 
PnhGic monitwiy 
and msinlenancs will 
n-aI be rewired 

* ww ia  gke slioht cost 
savings over 
Allernativa 4. - Par- monitoring 
end maintenam cosls 
will not be reuulred. 

- Stakeholder 
aceaplance unlikely 
because ot high 
imdemenlatlon cosl 
and envtronmelllal risk 
durlcg Ill4 
tranqmrtaliur~ 01 
contaminalcd material 

Communaty 
amplance is llkcly 
because lhe tnalerial is 
IOmOved lrorn the rile 

AIIsrnnIIva 8 
Clean Closure wllh 
0H.lrland Olspoaal 

. Allernalive dillicull lo 
implement due lo large 
guanlity ol ntaterial lo 
prmess an0 lrallspurt . I.ogistical c l la l le~es 
due 10 remote location 
0o.Island 
transporlation 
distances up lo 20 
nniles on pwrly 
maintained roads. . Requires barging laroe 
quantilles ol 
conlatnlnaled material. 

. Errenslve cosls lo 
lmpanln!~l 
(524,055,000)' due In 
the large voltrme 01 
material requiring 
lransport via chanered 
barge sewice IolloweU 
~y mranatcial 
tanqmporl and dispagal 
at a permitted disposal 
lecility 

Slakeholder 
acceplance is unlikely 
because ol high 
implsmenlalmn cost 
and public risk during 
lranSpOllatio~l of 
conlarrlinatcd material. 
wllh lnilllmal benelils 

Comn~unity 
acceptance is unlikely 
because of nigh 
~moler~a~~lalion coa 
and public risk during 
line transpodation of 
contaminated material. 
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. . . .  

'C0616 6MIwn RptOSMI IOlal CUSI 11 all mud p b  are Closed bVhh 

Aasaaarnant Facton 

Conlml ol the Source 
Release 

Altcrnetlw 1 
No Aotlon 

D w s  riot control the 
source of 
mnlamlnation 

AIlWMtIVm 2 
Insl lat laul  Canraa 

Doe3 ml mntrd the 
sourm of 
wntam~nst~on 

-3 
MConr 

-rr he w o r n  ol 
cM.mnlllWI 

-4 - c.p 

. ConOhmntlMwgn 
8- -dl 
a r ~ u h T i m r S  
w-d 
~ I H S  hom me 
sM"w 

A W M l l W  5 
C h  CWun by 

Co..olM.tlon 

. Ttm m r c a  01 
wnbnunat~on la 

m v e d  

Alt~tnatIvo B 
Clsmn Cto lun  with 
On-Island Disposal 

- The SOUICII 01 
mnIa~r l !~ la t~~n IS 
removed 
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1 alternative. I . Conlaminant reduchon hmugh 

I I 

Overall Protadion ol 
Human Heallh and the 
Environment 

Key Components 

I Contaminant reducllon through 
natural anenuallon. 

Regulalory resutrements mandate - Lnnll a c m e  Iq h8rsl.lon of a 
the evsluahOn 01 the no aaon phyawl bmmor mmund h e  all4 

D w s  not Provide edequak 
prolmlon because of h e  
Slgn#ficanl volume of drsn8no mud 

. Cbse ptoxornty ofdllllng mudolls 
to Infant*, Rmd allwrs easy 
access by personnel. 

. DWs not pmdde acloqrrate 
w o W n  beuuw ol the 

Does no1 mmpty h u m  
conlamlnanls mmaln above 

I I 

~ ~ ~-~ 

I'BgUlalory limits until they 
natufalh, attenuale. 

Remediation YUorkar 
Pmlecllnn 

Inadvertent Intrusion la not 
prevenod. 

No worker exposum a6sociated . Minlmal ramadlMh W s r  
with lmplemenlation. 

. o o s s m n m @ y ~ u w  
! wnlgminanb remain above 

regulslcfy llmlh untU hey 
nahrrs#y ahnwts .  
lnadvermnt lntrusbn Is pravnted 

A M m a l l V O  3 I Alternative 4 
SOU Cowr Geo~yn lhe l l~  Cap 11 

layer O w  the dnMu mud PNS. 1 a geosunlhelic barrier. 11 

IhciNOs HI0 wn*minsnts tram 

R e d m  hrture mqrallon by Cop lncludesa nexlble meonblane 
d l v a a g  surlam raMr horn the loner to prevent surlace waler 
drYWg mud pfl 1o!filI~at8on lnlo the ~ontemlnoted 11 

. 1s01ab6 the contaminants from 

drlllinp mud. 
n m n l  UtknuMan. Contaminant reduction through 

natural attenuation. 
mahmnmcs. Periodic monitor in^ an0 

maintenance. 

Modaras rhk kcaurs,  alhouah Minimal risk because the 

W on-l by w i n g  a soil Ihe environment by inslallalloll 01 11 

t ~ ~ 9 ( 1 ~  I ueosynthetlc cap provides a 
cmlmnanls horn me hoghly ompermeable balrle! 11 
snvkanmsnl, the do6e pmxlmily 
ol R a m  Creek nacsssblss a I 

- Mcdorala ramsdlsbmworlrcr 
OCCWHO~BI risk durlna 

bewmn the COnlamlnanlS and 
the environmenl. 

Moderate remedialion worker --i 
occuoatior~al risk durina 11 

a x c a v ~ n ,  trmspwtsl&n. and construction of peosynthetic cap. 
plnccmart of sol1 w. 1 . ~ ~ d k ~ ~ t ~  remediation worker 
ModwaM remWLWlon worken I chemlcal risk lrom exposure to 
clnmkd rlu: horn exposure lo 6119 conlaminant$. 
s b  conImU~ts.  11 

1 

Conhmlnarl mpaure and 

C o n l s ~ a n l s  r w n  above 
regdalory H t M s  unlH l k y  
naluraHV allmuate. 
Inadvenem Intrusion Is prevantea. 

Conlaminenl exposure and 

eliminaad. 
Conlamlnants remain above 
regulatory limits until they 
naturally attenuate. 
lnadvenent Intrusion is prevented. 

mleraNon k reduwd. migration is essentially 11 
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(1 Asseasmen1 Flclora I AkmrnaUvn 1 Alkrn.tlum 2 I *Its- 3 I Altarnatlve 4 
No AcUon Soll C a a r  G.m~wntk.lk Can 11 

II I 1 1 . . . . , . .. . . .. . . . - I 

mud is rnntalnad. 
Slle can ba ramedialed will? 
minimal impact to ecologically 
eensiliw areas. 

Staleholder Acceptanv 

drllllng mud. drilling mud. 

. StakehoIder acceptanca unhkeiy 
due lo sognencanl roIuma of 

I I I 

'costs shown repreamr lob1 mrl If all mud plla are dosed by mi8 nehd 
-P 
t: 

Communlly Acceplancs 

Control of lha Source 
Rebaw 

., 

. S I a k W e r  acmpenw unYoW 
due lo 6qnl(lEBnt vWm 01 

' Communlly e~septanw unl*eiy 
due to olgnlf~snnt wlume of 
dtilling mud. 

Does not control the sourm of 
contaminaBon. 

. Weh0ld.r accsp(nce u n l a y  
Wcausa 01 tna cbsa p,oxom4y of 

. Slaheholder acceptance I*?Iy 
because slpnlflcant volume of 

. Communkv aasptmm u n ~ a h l  
due lo stgnlbnt vduma or 
drllhg mud. 

. Doss not wntml the source of 
cmbminalwn. 

. C ~ r m u r d y  UMIY 

Dccsure ot m cbse oroalmlly 01 
Rmnbav Crask. 

PwHalhl mtmk the aourca of 
cw&a~bn. 

- ~onlmunlty accaptanc9 15 ~lrely 
beca~se of rnode(ate 
~mplementation wst, with 
sqnificant be~mfil. 

. Containment lhrough stabilization 
will essentially eliminale mrgralion 
of contamlnanls from the source. 
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Asaessrnent Frcton 

Key Comwnenta 

Overall Pmlection ol 
Human Heallh and the 
Envlronmenl 

Remediation wrker  
Prolectlon 

Altmmrtlvm 1 
No Actlon 

Regulatory requirements 
mandala the avaluatlon of 
the no acllon altematlve. 
Contaminant reduclin 
lhrough nalural 
~l ienuati~n. 

. Does nolpmvide 
adoquala protmctbn 
because ot the s l g n l ~ n l  
volwne of drilling mvd. 
Closa proximib of drilling 
mud 011 to lnhntrq Road 
allows eesv OFF866 by 
personnel. 

No worker exposure 
associalad wilh 
implemenlatlon. 

Ah.rnrtkm 3 
SOH Cwmr 

. lwlales lha mntamhwn!a 
from the envlronmant by 
mdnp  a mU layer war 
the drl~lng mud p h .  . Reducss fulurm mbratbn 
by diidlng surlsca water 
hom the drMing mrvl MI. 
Conlamlnant rmduc6on 
mmugh nalural 
atlanuallon. 
PeWic  monitoring and 
maintenance. 

. Mlnlmal risk because the 
SOH m ~ ~ r l ~ d a a s  
mntaminanls hmn the 
snb4fontrmttt. 
Soil mver 1s slow to 
minimize wrtaw *am 
InMlnUOn Into 
wnlamlnalad msdls. 

Modsrata ramadlalion 
worker ~eeupallonal risk 
during excavation. 
vansponatlon, and 
p l a m n t  ot sdl cap. 
~odmmtsrwnorlie(isn 
w&em chmmical risk 
from exposun to sib 
wntsminants. 

AhmUvw 5 
C h  C h u m  by 

C-n 

. E X C B V ~ ~ ~  of the 
contsminaled malerinl. - Tranrpwtsllonol 
exuvelw malsrlal lo 
andher silt fur 
I-ralion into a 
pwsynmaw cap or soil 
mwr .  . BackMYng slte with native 
s& 

. R m w k q  me 
mnmmlnatmd material 
r t m o ~ ~ 8  the risk lo 
hummn heslffl and lha 
a m m w l .  
wear- h k l o  the 
rwnodMlon workers 
duhq ma kmmwrtstion 
o(caumhMd m-I. 

Modaraa ransdiai+m 
wornel cecupaHonal risk 
d u ~ w  excaualion, 
u a n s ~ ,  and 
conwllOs~on of 
mnmminwkd makrlaa. 
Modsnrle mmediation 
workers chanlcal risk 
horn e-a lo slle 
w n b m h n h .  

AuwnuIvm 4 
w y n h . l *  CrP 

- Iocdales tha mnlamhana 
hom me envronmant by 
inrMLaDron 01 a 
g w s y n h i k  banisr . Cap Indudas a hx l bh  
mwmarm lh4t lo p m n I  
surfam w r m  InMbslion 
inlo ths contam(naad 
drilmg mud. 
Conladnanl raducibn 
t m q b  rulllral 
altmnuation. 
Pef!cdkmnllaingsnd 
lvmhmmm 

MlnM risk bsuuaa iha 
pewynthetkcap movldaa 
a h i  M~pcmrcoWI 
banbfbslwan Um 
mmmlnants and h a  
envimnmnt. 

. Mwmamramadialion 
worfer ocarpatlenal rlsk 
during wn.rhr&hgn 01 
gweynthatk cap. - MoOeraltrem~ialion 
worken chemical ruk 
hwn axpowrm lo sib 
mlamlnanls. 

Allernrtlvm 6 
Clean Clorum wlth 
Off-laland 01spoarl 

Excavation of the 
contaminated malerial. 
MIX contaminated material 
with on-site soil or 
imported reanent to 
eliminate free l'quids. 

. Transpon material to 
Anchora~e or Ssanle via 
chanered barge. 
Tran~porl malarlal lo a 
p3rmined disposal hclllty 
vla a mmmercial 
transporler. 

Removing thm 
wntaminated material 
removes the risk lo 
human haallh and the 
envimnmenl. 
High risk to the public and 
envimnmanl duting the 
han$portatlon of 
unlaminated malerlal. 

High remedialion worker 
occupational risk during 
excavation. 
transportalion, and 
disposal of contaminated 
malerials. 
High remedialion workers 
chemical risk hom 
exposure lo site 
contaminanls. 
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II I AIMrnatIve i I AbrnwUvm 3 I AWrmOv. 4 I AIbrnatlve 5 
Aaamaarnent Factora 

NO Aetlon So11 Covmr GIO.~MI*NF CID C U n  CLnuro by Clem Closure with 
CornoWdmikn Off-Island Dlueomal 

Lone-Term 

Compliance with 
APpliCBble. Relevant 
andlor Appropriate 
Requlrernenls (ARAR6) 

" 

Etlecllvenese and 
Permanence 

allenuale. . lnadwnenl inlruslon Is 
not prevenled. 

Does not comply h u s e  
contamlnanls remain 
above r8gulalory limits 
until they naturally 

Alternative eRedlve and 
permanenl after 
mnlamlnanls nalurally 
anenuate below 
rqulatow bmr. 
Inadvertent Intrusion Is 
not prevented. 

.bwe rag- !hh 
~ * l s y m u M Y  
amwlm. 
IOa0*akrt lntrusbn Is 
psv-. 

- A- sllsch and 

7 *r 
conmmhmm netutavy 
a n w b  WOW - #mm. 
In- knruabn h 
m. 

. Contsminant erpouum 
and migmtiin h 
e r w n t W  slknlnatad. 
Contaminants remain 

Allernallve elfactive and 
permanenl aner 
impkmenled 

. C w r M n a M  alposuta 
and migraliMl b 
asmdowomnskd. 
Cwlbmhl l lwrwdn 

- Immod*bt# wmplies with 
ARARs by removing the 
mnmrmnalaa malarial 
from me sne 

Redudbn of Toxwty, 
Moblllty, or Volume 
Through Trealment 

Short-Term 
EtIectiveness 

Allernalive effective 
because contaminants 
are removed from lhe sile. 

. Immediately eomplies with 
ARARs by removing the 
 onl lamina led material 
from the site 

toxic untll they naturally 
anenuate. 
lnadvertent inlrusion is 
not prevented. 

. Altarnatlve no1 elkclive 
Until centaminenb 
naturaiiy attenuate to 
below regulalory llrnlt. . lnadvenent lnhswn ia 
not PRVenWd. 

Altsmativs efIedlw by 
prevenllng conlamlnanl 
mlgralion UnHl 
wnlsminanla nabraw 
allmnuam to babw 
wulalory hll. 
Inadwnent lnhubn iu 
prevented. 

Contamlnants ere 
removed hom the sale 

. Does not raduca 
conlam~nant loxlc~ty or 
mob~l!hl 
Conbmlnants rsmaln 

1 

Greally redurns 
mntarnlnant moMlry . Conlaminant8 remain 
lOX& until thov MkW 

. Conbmlnanl mlorMbn b 
m ~ n H m  OlHmakd 
ConBmnsnbnrmh 
bxkUmUmluNnllv 

. AllsrnaHve efIect~ve by 
provMtIng Wnbminsnl 
rnigrdion unll 
mlaminnta n81~1ally 
a m l u w  to b a b  
r s p u l w  mi. 

' Inadvahnt lnlrusbn 1s 
prevsn~ad. 

- Contamnants are 
removed hum me $* 

. AltanaNve efleclive 
bmUW conterninants 
art rtmoved from the site. 
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Altornallvo 6 
CIom Closuro wlth 
MT-Island Olsposal 

Allernatwe dimcull lo 
Implement due lo large 
quanlity 01 malerial lo 
proce55 and lran6po~l. 

. Logistical challenges due 
to r m l e  locallon. 

. On-island lransponallon 
dislances up lo 20 miles 
on poorly mainlained 
roads 
Requires barging large 
quantilies of wnlaminsled 
material. 

. Extensive costs lo 
implemanl ($24,055,000) 
due lo the large volume of 
malarlal requiring 
Iruno~ort vh chanered 
barge aervlce rollowed by 
commardal transport a d  
diapaaal al a permlned 
disuosal faeillW. 

. Slakeholder accepbnce 16 
uniikaly because of high 
implemenlallon cosl and 
public risk during 
Iranspomlion of 
conlaminaled malerlal. 
wllh minimal benefils. 

Assessment Factom 

lmplemenlabilii 

Cost 

Stakeholder Aewpmnm 

Akwn.tlv. S 
$011 Covet 

Ahernallw oaw b 
lmplemnt o h w  hsn 
lcqislkal chahger.  
Imolernenlalion mqulms 
mobilialion ol extenrive 
equiprrmnl. 
Periodic monllorlng and 
maintenance required. 
Dllhcul lo maintain due to 
the iaolalw localion. 

. Modamla ms l  to 
W m e n l  (S6.MO.OW)'. 

. P e d k m w r ~ a n c l  
malnlsnanw wM ba 
ped~rmd in ~mluncibn 
wlh ohm on-Island 
acllvltbs to mlnlmlra 
wirlir. 

. Stakaholdar auophco 
Ilk& for the l m r  NW 
Mlii mud pH acDusa 
signlkant voluma of mud 
is wntBimd. 
Site can k remeOlaled 
wlh mlnhnal Impact lo 
Kdoeieelly Yn6kIM 
amas. 

Alternative I 
No AcHon 

Allemalive easy lo 
lmplemenl and easy lo 
mainlaln. 

. No ms l  associalad wllh 
Ihi6 allernalive. 

. Stakeholder acceptance 
unllkaly due lo slgniikanl 
volume 01 drilling mud. 

A-. 4 
-ynh.Hc Cap 

. Allsmalivsemyb 
~ n p h n l  omor man 
kqiulical chananpw. . imp lam an^ raqulras 
mobIYza1h of exmnska 
equipmwll and materiels. . P d k  nwnilwirq and 
malnanancs rsqulrad. . DMrcvrt to maintain due lo 
Iha lwlamd I k u t h .  

- Moderattwsllo 
l-nl ($7.510.~10)' . PsrlodlcInermcIhand 
msinlmmw *rWI be 
raqulrad. 

- oeewPnc. 
k k o l y k r l h e ~ r  
Ndwesl  mud plt 
M u s e  8bnMCSnl 
w l u m  of mud h 
cnnlalnd. 

- Site can ba rsmadlatad 
with mnimel impscl lo 
acokgiully smsinw 
OTtYs. 

AknuHv. 6 
Chan C l a u n  by 

COMOYWIO~ 

Al*mam rommhol 
easy 10 Implamant olhar 
lhan lopislkal chaibtlges. 

. Impkmwntslbn requires 
mDMHzalion of extensive 
wuicinenl. 

. P c d i c  mwiloring snd 
malnlanance will no1 be 
rWuit'ed 

. A amaU (4%) co61 
Jsvings can be realized 
W mnWMina h a  
SmIh Expkalov Mud PI1 
Inn *Is Nmh Explwalory 
~ u d  PO ~ceuw of ma 
dac pmxunlly lo each 
o m .  . P a r k d k h ~ a n d  
m ~ i r k m m e ~ ~ s ~ s l h  n u  
bs rsgukad. 

. ecceotdnca 
lk.ly b r  tho rmr smaller 
d m  ma pits hacause 
lhsy w n  be cost 
a M w l y  cnmMned with 
ms Nonn*lwl drYHng mud 
p l  vilh minimal impact lo 
emloglcaly sensilive 
areas 
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'costa shown repre.rent lob1 cost il all mud plls are clos6d by his melhod 

f 
w - 

- 
Aaa~aament Factom 

Community Acceptanar 

Conlml of tho Source 
Reka8e 

AHornatlve 1 
No AcUon 

. Communlty aecepmnce 
unllksly due lo sipniRcant 
volume of dtilling mud. 

* . Dwa no1 control the ' 

source of conmmlnalil. 

Altarnallve 6 
C b m  Clwurc wllh 
OM-lahnd Dlapoaal 

. Community acceptance is 
unlikely because ol h'qh 
implementation ~041 and 
Public risk during the 
transporlatlon ol  
wntaminsled material. 
with minimal bensfits. 

The source of 
mnlaminalion 16 removed. 

Al(.rnatlvm 3 
8011 Covor 

. Comrnunlly aecap(eneq la 
llkdy bacauw o l  
mDdsrals lmommntglim 
mst. with si(yIi6cant 
mnefit. 

. Control8 the swrce 01 

contamlnatbn. 

A h W .  4 
0.a- cap 

. CMnnuMy uxwhce Is 
Ikety because mm@r 
plhvays haw baa, 
eliminated. 

- c o m d a  ihs murccol 
. . mn(mrulm. 

A h m h w  6 
Ck.n C h u n  by 

ConaoMmUon 

. Cc4nmunh LWFptance 
Ilk& bt t M  two smaller 
dtihng mud pm because 
they can be mst 
eUeclivnlq mmMnaa with 
with mhimal lmpct lo 
mk+kaHy mnslhvo 
amas. 

- The m u m  of 
. . 

Wn*nlnPkon is r m v s d .  
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- 

Altmrnatlve 4 
GmorynthHI~ C.p 

. Isdales the CmlamlnantS horn lhe environment 
by installation of a geosynthelic barrier. . Cap includes a flaxlbie membrane liner to 
prevenl surlace water illliltration into the 
conlaminaled drilling mud. 
Contaminant reduclion thmush nalural 
ellenualion. - P W i  moniloring and maintenance. 

* MhHnal rlsk &use the geosynthelic cap 
pmvdes a hionly impermesbie barrier between 
the conlaminants and me environment. 

. Moderate remedialion woaer occupational risk 
during mnslrudion ol geoaynthelic cap. . MoWrale ramadialion wwlrers chemical risk 
hum exposure 10 site conlaminants. 

. Coniamlnant exposure ana mlgralion Is 
e m l l a k j  aHminated. - Contaminenls remain above regulaton, limib 
unM (hcy ndurally allenuale. 
lnadvorlmt intrusion is prsvenled. 

AUtmaUw ~ d k t k 9  and permanent aner 
mnlsrmnanl6 naturally all4nuate below 
regulatory limit. - Inaovensnl inlrusion is prevented. 

Conmmimnl migration is ~55entially eliminaled. 
+ Cmlaminants remain loxic untll they naturally 

amnuale. - h~muenml intrusion Is prsvenled. 

. Ahemalive effective by preventing wnlarninant 
migration unlll conmminanls nalurally attenuate 
lo b low regulatory limit. 
lnaavenent intrusion is prevented 

AbMthrm 3 
So* C w a  

Isalalss lht umlammems kom lhs snb+mmnl 
by placing a mil hyer om iho d r M g  mud pna. - Reau-6 luture mlgrathn by dlvaning sutface 
water hm me drlnlng mud pR. 
Conlamlnanl reduclion lhmugh neturet 
anmuallon. 
Perk& monYwing and msinknsnm. 

Minimal rlsk bacwra ihe soil ws iwlslts 
rontaminmb kom t h ~  mvlmmnarl. 
PfwlWs adsqlub pfdWWml k WMnllrl 
maptor6 mil mnuminanra nturs*y altenusts, 

. Mor(w918 ren&albn worker wcuplional ask 
during sxcsvPlion. IransponaHon. and 
plawnmnl of adi  u p .  . Modwale r t d l a t b n  workara chemical risk 
horn mpowra lo ri(c FM1UmnarHS. 

Cmaninmt q m  and mbrHtm Is 
eumnlwy -.kt. . Cm- mnil abw mg&kq bib 
untW IW n(un(ly .*nurk. . In.bvatontinlrubbnla~mvmIsd. 

. A ~ m a H v s e ~ a r d p a a n a l a I b r  
~mmmIrtmt6 n.luranq a ihuam bkv 
m g w  hl. 
lnsdvananl lnbulkn is prawnlor(. 

. Grsally rsduce; CD~mlnp l l  M W .  . Cmh-snb ramah toxk untl hay naturally 
nunnuah. 
I n ~ t i r n n n k n m p a U a n l t U .  

. Abma lm  e w e  by p r e ~ n l i i  conmminenl 
mlpratlan unta arntsminents natumlly Menuate 
to t e 4 w  raoulalwy llmit. . Inrdntient intrurlon Is prevented. 

Aaasaament Factom 

Key Comoonents 

Overall Pmlectlon of 
Human Heallh and the 
Environment 

Remadialion Worker 
Protedbn 

Compliance with 
Applicable. Relevenl 
andlor Appropriate 
Requirements 

Long-Term Eflectiveness 
andParmanence 

Redudion of Toxicity. 
Mobliitv. or ~oluma 
Through Treatmenl 

Short.Term Etkdivensss 

AIUrnmtlvm 1 
No AcUon 

. Rsgulatory rnquirements mandale the 
evaluation ollhe no actwn allemaSve. 
Contaminant reduction lhrough nalural 
attenualion 

008s no1 provide adequate prolaction because 
ol the signihcant volume 01 drlllng mud. 
Close proximity of drilling mud pi1 to lnfsnky 
Road a l b s  easy arms6 by pmrsmnd. 

No worker exposure assoclamd wllh 
implementation. 

. Does not comply bcauee conterninants remein 
above rwulatorl l imb unHl mey naluraily 
atlanuale. 
tnamensnr InWusIon Is no1 prevented. 

. Alternative atladue and parmanen1 aAsr 
wntamlnanls nalurally altsnuals bslw 
reguIalo!y timil 
lnadverlent intrusion is not pventsd. 

. Does not reduur wnluminsnt toxicay or mobiii. . Conmmlnenla remain loxk unnl mey naluralb 
attenuate. 
lnadve.rlent intrusion is nal prawnlad. 

. Allemalive not &live until conlaminants 
naturally attenuate lo blow ragulalory Hmit. . lnadvansnl intrusion Is not pmvenlsd. 
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Aaaeaamsnl Fedora 

lmplemenlabilily 

COSl 

II 
I I 

'~osts shown reprssanl total cost il ail mud pita are cloaad by his mW. 

Stakenolaer Aneolance 

tomnunily Acceplann, 

Conlml 01 the Source 
Umlaarsl 

Altmrn~lw 1 
No AcUon 

Altemallve easy lo impWment and easy lo 
mainlain. 

- No cost assoclaled with lhla alternative. 

sogntllcanl volume 01 dnllong mud sgndrant vOlume ol mud Is mnIamed ~pn~ l~cen l  vol~rne 01 mud 1% conla#neo 11 . Slahehoider acceptance unltksly due 10 

. Community accsptanee unllkely due to 

signllicant volume of dnlllng mud. 

- Does no1 ~ n l m l  the swm ol mntar,4nellon. 

A l * r m u r S  
BoYCovu 

- ~ltemathn easy lo l m n l  other man 
lb~lslkal chalbngw. 
Im-IaIbn rewres dl i za rbn  01 
@dm&- equlpnsnl. - P e m  mi ln r lng  and mainmnoe required - DlIIlCUll 10 malmin due lo me l ~ l e d  locelion. 

MocYlrale -1 lo implamsnl (%.910.000)'. 
Peflcdlc nmlloflna and melntenrm WM ba 
prlormsd In eon(unclim Mlh ahsr on-laland 
aclhrili6U 10 minirMzo msa. 

Alhrnmtlve 4 
Gewymh.lle Cap 

- Allematlve easy lo lmpemenl olher than 
logiaicai challenges. 
Irnp!nmentallon requires ~ i z a ~ l o n  01 
axlensive eauipmenl and maletlals. . Petiodic wnitonng and meinlenance required. . Dinicult lo maintain aue lo lhe iwialed localion. 

- Moderate msl lo implemenl ($7.510.~0)'. 
Perwdic wnllorlng and malnlenence will be 
perlormad in con(uneti0n wilh Olher on.island 
anlvilies lo minimize cosls. 

~ t a ~ r ~ s n ~ o ~ e t y b ~ ~ ~ ~ ~ 8  

- Sile Fan be rwmdlalad Wh minimal impacl lo 
ewl0~iWllly senslllve areas. 

Cm~nunity accqmnos la Ilksly h u a  ol 
modaa l~  lmplamanlelbn wd. whh ~~WMIII 
banall. . Conlrds ihs awm M w n h d l l o n .  

Slakenoam accwtnnce l e l y  because 

- ~ i e  can be remedialed wllh mlnlmal lmpacl lo 
emloglcally wnslliw areas. - Community amplance Is unllkely because 
a d  msl lor paosynlhelic layer does not 
prWW slgnilicanl Mnefil above soil cap alone. 

Conlrols me source 01 conlaminelion. 
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Allern#tlve S 

Cken Clwum by Conaolldallon 

. Excavauon of the conlam~nated 
malerial 

. Trunsportatl(ln 01 excavalea 
malerial lo anolher slle lor 
Incorporalion Into a geosynthetbc 
cap or soil cover . Backfill#ng she wllh nallve soils 

- Removing the conlaminaled 
malarial removes the rlsk lo 
human naalm and the 
environment 
Mcueram rlsk to the remed~atsn 
woners during me lransportatlon 
of wnlamlnated maternal 

. MWerels remadlallon worker 
occupalmnal rsk during 
excavatmn transportatwn, and 
mnsolldatlon of contammuted 
materials 
Moderate remedml~on workars 
chmlcal rlsk from eroosure to 
61te contaminants 

lmmadlalely wmplles with 
ARARs by removlng the 
conlaminalad malerlal from the 
slle 

Alternnl~ve eflectlve and 
permanenl afler Implemented 

Amnaam.nt Fmctorm 

Key Components 

Overall P r ~ l e ~ l l ~ n  01 
Human Healh and the 
Envlronmenl 

Remedbllon VUlrktr 
Pmlectbn 

Compllanca with 
Applicable, Relevant 
endlor Appropdala 
RepulremenIs (ARARs) 

Lwg.Temt E W w n a s s  
and Pannanence 

AIW~N~~VO 1 
SOH ewer 

. lsolalaa he umhh.rrh horn 
the envlronmanl by plsang a so! 
bpr over IM Wnp mud plla 

. Rtdutas IUIUrs mbmh7 by 
dlvsnh surhcs w.tm han ihc 
drlllng mud plt 
ConInmlnsnl raducUon lhmuph 
nslursl alknnueWn 
PWi0dlc-M 
tnMmmcu 

. M m m l  Wuuw Chs sc4 
covar lkolams mnmmmanh from 
Re envkon~n t  
So11 cwsr a %lo@ lo mhimut 
surlaw watu lnfilhatmn hto 
ConEPmhalW medla 

- MuJewb mmsdWDn wDlkar 
ormpstknsl rl& ~Wog 
axcavah, Inn- and 
pbc4mant 01 mH a p  
m m m  mmsdlaHon workers 
chamiul h k  hum exposure to 
s b  cornamhana 

. Conlnmhanl axposum n d  
mbgrhion a eerarU#y slknlnnsd 

. Contomkrents m a h  abow 
regulplory IknM wtH they 
nalumly abnuotc . lnadvarlanl hhum 18 pramlad 

. A l l W b v F e m a n d  
psnnanenl a k  m m l s  
ns~rs#y atwlwr(a b o b  - w. . Inmhdml  Inhumon is wrwansd 

A ~ e r n ~ t l v o  1 
No AcUon 

. Regula10ry requlmments mendata 
h e  evahlanon 01 me no m b n  
allarnalke . Ccmlsmlnant reduchon hmugh 
natural anenuslion 

Mlnlmal rlsk a1 h e  North dnlhng 
mud plt because contaminallon 16 
confined to a small area 

a Does no1 provlda adequatm 
protechon a1 h e  Soulh OrlHing 
mud pit because ofthe s~gn~iicsnt 
volume of contamlnallon 

. No worker exposum as%daled 
wllh lmplemanlatlon 

0-6 not compb because 
contamlnanta remaon abow 
regulalo~~ lhm~ta unlll lhey 
nelureFy anenuew 
Inadvertent lnhuslon a no( 
prevented 

. Alternative ellective and 
prmananl a h r  mnmmlnants 
nalurally ananuala blow 
r e ~ u b m ~  HmH. . Inadwrlant Inhush Is not 
pravsnled 

A ~ M O V .  4 
Way- Cap 

- I- *r wngn*nnM hom 
tho s n u l t m t  ny MSglLliOn 01 
a paoaynhlk tarrlsr - Cap -5 a flex& membrane 
her lo p m m l  wdam wamr 
inn*rslyn inm wm contsmlnaled 
m m  
Cm-I r m u c l h  through 
w- 
P-mmthng Dnd 
mnhmnmm - Mkknlri.kbKwrsihs 
pe06ynlhek ~ a p  povdea a 
hwhly ~mp.mwrble banler 
bcnvssn hs conlaminants and 
the envlwnmFnt 

- Mod.Rhmnm&hworksr 
OcwpHLwul rkk dwlng 
mhUCIYn d w(nynWlr  cap 
MWhmnmdmtwnwwkso 
Fhemrcrt r1.k hum exposure to 
dm conmnhams 

Conbminmt mxpaure and 
mbfaHon Is eswnH& ethnIna~ed 
C m h h n t s r a r n i n a b w e  
W W Y m n ~ h e y  
~lunb amnuam 

+ I n a d 4 M  mlruwon Is wevenled 

Al(emalwasllsai*sara 
mmntlr(kr wntsminanh 
IUlurMy Scnusn Mmv 
rsprlhryknll . In.dvsr*nl hhu~rn I8 pmwnted 
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CDmrnunlly acceptance llkehl lor 
me North drlHlng mud pi1 wne* 
contaminated malarlal la leas than 
4 cubic yards. . ~ommu"8ty acceptance u n l k w  
lor South dnlltng mud pa whem 

. Comrnunlty acceptance is unllkely 
becauw minimal benefits 
aswclated wllh ramoval of the 
small quantity ol  material from the 
NorIh drilling mud ail do not 
warrant h e  implementation cod 
and hsk durlng the transportation 
of the wntaminaled material. 1 Communny PewpUleslaIkaly 

b s c a w o f m  
ImplsmsnWm~ mat, wlh 
sipnl~lmnl banam. 

'~os la ahown reprerent total mat il all mud pits are Cloaed by thls m a M .  

. C m - i S M R l y  
bcUuW Vm gaosymha* layer 
I- h ccnfmhn~116 horn 
rempnn,  

I '  I I I 

L 

Control o l  the Sourcn 
Relaam 

- ConhOb iho eourea 01 
mnah.oon.  

. Does no1 control the source of . Contmla the aource of 
contaminstion. Wnm(nlnalbr. 

. The source ol conlamination is 
removed. 
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Aasssamnl Frcton 

Key Componenls 

Overall Pmlecllon ol 
Human Heallh and the 
Environment 

Remedialion Ubrkmr 
Protection 

CompNance wilh 
Appliceble. Relevanl 
sndror Appropriate 
Raquiremenlp IARARs) 

Long-Term EUectivsnsss 
ar1dPermanence 

AIW~IIV* I 
No Actlon 

Rapulatow ~ulremenlsmandate 
Ihe evalualion of ma no aalon 
ahemalive. 
Conhminant rWuClwn through 
nalural anenuanon. 

Dm% nm prodde adequate 
prolsdion betsu~e of tho 
slgnibnl volum ot drllllnp mud. 
Close proximlrj of drliling m d  pi1 
lo lnfanvy Road allows easy 
access by psrsonnel. 

No worker exposum as8~cistsd 
with ImplemenOlwn. 

. Does rwt comply because 
wntaminanls remain aDwe 
wulalwy h i l 8  uMl they 
naturally aUenuals. . Inadvertent inmslon is no1 
preventsd. 

Akmativs aReclive and 
permanent a h r  wntarnhanm 
nalurany attenuate belar 
r e g u l a l ~  iirnl. 
Inadvertant intrusl0n 19 not 
preventad. 

*nwnmwa 
Soll Cwor 

. isdmba he m n s n b  hrm 
he onvkDnrnanf bv pbdnp a soY 
lawovsrthehemudmud. . % lulum by 
d i i s u f a c s w ~ k a n i h e  
ddtha mud M. 
CMlPmlnanl r e d m  lhmugh 
nmrW atmwnlkw. 
PdrYWFma*ahgad 
mainhum. 

. W m S l r i s k b & w m l t 4 ~  
w w r  M a w s  OWnrinanb from 
h e  enuirMlmn1. . Soh cover im  skpad m mhlmlze 
w h  waM krUWalbn inlo 
00ntarn1W madlr. 

Wdmb m d a b n  -or 
Qm4-wwduw 
sxcavaUm, hgnlpwt.lion, and 
PleCemOnl Or wW u p .  
t.4c&nle wmdirlion workers 
ehemicsl risk horn sxpoaure lo 
81e mntmnhants. 

* Conwdrmnt mxpowm and 
mqrstkn h wsanW MbninMod - Contnmlnanu remain sWve 
wuhbay Mh vnHl lhal 
nalur~ly a b d .  - Inadverlenl hwbn is prevented 

AllsmaUva .I*aivm and 
wntwnent a b r  untaminanb 
nelufak s h a h  blow 
'Wulo(ay limn. 
Inadver(ant Inlmdon Is prawnled. 

~ - 4  
--Yl l tm*-P 

. 1- bs mmmlnanb nom 
ho mwhlnnnt  b, lnatsuslion of 
POSO-W. 
Wine*dnsloriblsmmnbrana 
ihlw M mnnl rurtacs w m r  
inRhs(ion lnm ho mlsminaied 
dnYnp mud. 
Cummhmln0uc#onthmugh 
8shnlammaml - P m m k ~ a d  
mhkn-. 

~ l f b h b o a u w ~ e  
P W s l - u P p m ~ S  
W-Mrr le r  
tnrh*san lhe rnmnbwnts and 
Iha -1. 

M o d a * . ~ w o ~ k e r  
ooeul*lon*(hkdwhp 
~ d p w s v r t l b e t i c c a p .  

+ Mmhmm rmvdatron workers 
ehaniul hk kom exposure lo 
YIe ccmmnmngnts. 

Conimdnal ax!mrurc and 
darMlon la omanaah, elimulaled - Cwcn*rmts mmdn above 
wu(rtoly hi& un(Y Ihay  
nelurally ercmralc. . Inadvertent inmshn Is prevented 

- A l m r n ~ ~ l i v s a n d  
Pdrmncnt aflar cmlaminants 
nsluralt# anmuate k b w  
w u w w  hnil. 

. Inadwent intrusion Is prevented 

~ ~ ( r m a t ~ ~ e  a 
Clam Closun by Conaolldatlon 

* 
. Excavation 01 the conmrninaled 

malerial. 
Transwrlalion 01 e x t a ~ l e d  
maleriai lo anolhsr sile for 
incofporallon inlo a geosynthetic 
cap or hoil cover, 
Backnlling site wllh nalive $oil$. 

Removing tna conlaminated 
material removes the risk to 
human heallh and !he 
environment. 
W r a l e  rink lo (he remedia l l  
wrkers during the lransporlallon 
01 wntamlnaled malerial. 

. Moderate remediallon worker 
occupathai risk during 
axcavallon. Iransporlalion. and 
wnwlldation ot conlamlnaled 
materials. 
Moderate rmmediation wor#ers 
chemlcal risk from exposure to 
slls conlaminants. 

- Immediately mmplies with 
ARARs 8" removing the 
conlaminated materlal lrom the 
sile 

Ahernatlve enective and 
Permanent aAer implemented 



Asmssmant Faelors 

Reduclion ol Toxidly. 
Mobility. or Volume 
Through Trealmenl 

Shofi-Term Enecliveness 

lmplerwnlabilily 

COSI 

Slakeholder Acceptance 

Tabk 4 7  
Assessment of Remedial Actlon A l t a i m t b  for D M  S b  F Mud Pit 

(Page 2 of 3) 

AHemeIIve 1 
NO Action 

Does not reduce contaminant 
loricily or nmbilily. - Contaminanls renmin toxic unlil 
they naturally altenuate. - lnadvenenl inlrusion IS not 
prevented. 

Allernatlvs no1 elleaiva unlll 
conlaminanl$ nelurally allenuale 
to below regulatory limil. 
lnadvenenl inlrusion is not 
prevented. . Allernalive easy lo lmplemenl and 
easy lo mainlain. 

. Na mst assacisled with this 
alternative. 

- Stakeholder acceptsnce unlikely 
due lo signilicanl volume of 
drllling mud. 

A-3 
W C O V M  

GreaHy RlduFes oonulmhanl 
moWily. 
COnlamlnsMB m h  Mric unlll 
they ~ i u n l y  alknuars. 
lnndvananl Immsion is prwarnad. 

PlmmaW ellwuhn by 
wnlamhanl WaYon untl 
w n h m k l ~ l s  natumny anenuate 
to below IWI. . Inadvertmi i n l h  ie p m M .  

Allsmallve easy lo invbrmnl 
olher than Wisllcpl ChaMges. . I ~ t a ~ h  requires 
mobllxalion 01 W W s  
WPnenl .  . PerlDdlc n!milnting and 
mainlensnca nrpuimd. 
D i l i i l  k malnbln r&w to the 
Isolamd adllon. 

hkdurala mat 10 implgment 
(~.918.000)~. . P ~ m o n l D r l n O n d  
rnmlemnca rilt w pmnmd h 
con/uncknwithdlnrm-W 
Mhrltm lo -a m*r. 

- Stakeholder ameplam lw l y  lor 
the iarpsr waslam porNm ol ih. 
d"ling mud pi Deuum 
signiliunt vdunm ol mutl is 
canta id.  
Slle can w ransPisled with 
minlmal mpaU lo emiqicslly 
98nsilhre amas. 

-4 
-m 

- C o n a h n l ~ l s  
ss.SnWty d h h m l ~ .  . ConUmlnnM rsmln toxic unlll 
"wReh*eYy-. . Inahnmnrlntmstm Is prsvenlad. 

~ d l s u l h  by psrsnting 
mnlnn'hmnl fr+alon un lU  
mIamhranI8 n*tumly altenuale 
lo bkv m@rmry Hmil. 
i s  inuv*on k pmvenled. 

Ai iemalhuaylo lnplamnl  
olMr than logimleei cnabnpes. 
I~~~ requires 
n&lMl*lon o( ansnslva 
saU~~UndmmW8. 
Perb&monilmkgand 
-nqulnad. - Mnlcutr lo nuhtdn due lo the 
i W l M  logllon. 

- MmenlemnIoimpknent 
( $ 7 ~ 1  0.m)I. 
--nd 
d n m m m  wrll be pr lormw in 
oo*vlckrlw arVrUbm - Io-Fo.!~. 

. St&-- Ilk* for 
l l m ~ r * m n m p o r l k n o l t h e  
hlYhrD mud pi1 h u m  
~~(llllicanl ~ m r  ol muo is 
w n l a i d .  
Slla can bs m n d a M  wilh 
minimel 1- to ecMcqlwUy 
scnsilive amas. 

Altsrnntlve 5 
Clean Cloaura by Con%olldstion 

* Contaminanls are removed lrorn 
Ihe i le .  

Altematlve ellectlve because 
conlaminants are removed lrom 
the sile. 

. Alternative somewhat easy to 
implernenl olner lnan logislicnl 
mawnow. 
lmplarwnlatlon requires 
nmOllizallon 01 extensive 
equipmenl. - P e M c  monllorlng and 
maintenonce dl1 no1 be required. 

No cost savings vs. Allernalive 3 
or 4 

. Slakeholaar acc8plance likely lor 
Ihe smaller eastom end ol the 
drilling mud mt bBCsu$e il can be 
cosl eneclively combined with the 
western end ol the drilling mud pi1 
wilh minimal impact lo 
ecolwicRlly sensitive areas 
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' ~ 0 ~ 1 s  smwn represent total costs 01 all mud Pi15 are CIosW by this meMa 

Aamessrnent Factor* 

Community Acceptance 

Control ol the Source 
Release 

AllernaIIw 1 
No Actlon 

. Cornmunlty accsplance unlikely 
due lo  ilka am volume ol 
drilling mud. 

Oms not mnlml the source of 
wntarnlnallon. 

AIWmWw 3 
SollCovrr 

Cmrmnly acmpmnee la likely 
M u w  ol m m l e  
irnphfmnlatl0n wsl. wiih 
s~nlllcanl aeneln. 

Conlrds the swrm ol 
tunlamlnatlm. 

Ahrndt*. 4 
-m 

* CDmnnily a o ~ . p l ~ ~ ~  14 l w y  
Wcaum conlannant p~thvays to 
recsplora have b a n  ellrninated. 

Cmtds  1- wum 01 
wnlsmnalmn. 

Alhmatlw 5 
Cknn Clorun by Conaolldstlon 

. Cornrnunlly acceptance likely lor 
the smaller easlem end ol !he 
drllllng mud pit because ll car8 be 
cost ellectlvely combined with the 
western end of the drllllng mud pit 
wilh minimal lrnpacl lo 
ecol~imlly ~ansltlve areas. . The source of wnlarnlnatlon i$ 
removed. 



Table 4-8 
Assessment of Remedial Action Alternatives for Surhce Hkbr (Streams and Lakes) 
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Key Components I 
Overall Protection of 
Hwnan Health and the 
Environment 

Renmdlalbn Worker 
Protectkn 

Compliame with 
Appliceble. Relevant 
andlor Approprlato 
Rsqulrwnents (ARARH 

Long-Tern Erlectheness 
and Permanence 

Reclwbn of Toxlclty. 
Mobility, or Volume 
Through Treahnent 

Shod-Term Effectiveness 

lmplernentability 

cost 

AImmaUve I 
No AcUon 

Regulatory repuIrements mandala the evalualwn of Ih no adiM 
alternative. 
Conlamlnanl raduclion through natural anenustion. 

. Minimal risk because wntaminatlon Is MnRned lo a law small areas and 
level of conlamlnallw h low. . Minimhes rlsk in areas whem mmedial adan w u m  cause exmnslva 
damage to sens~tae ecoloalcal areas . Regional nsk a ~ ~ s s m e n t  wtII be done lo verily mat h e  #s no 
unacceptable risk srwdDMd wim kavhg ths mud in plrcs. 

No worker erpooure as8oclaled wlh lmplemanlath. 

DOBS not mmply because contaminants m l n  above mgulatory lmds until 
they naturally anenuala. 
Inadvertent inhudon is not prwenlsd. . Raglonal rlsk a s s w s d  wHI lm dme M w i l y  that lhm is m 
unacaptabm risk assoelated wlh harlnm th. m d  h p*c4. 

. Almrnatlve elkhue and permanent a h  eol l lamln~ n n u W  aU6nu.ls 
below regulatoly lirnlt. . InadvaMnl Inhush Is not prevented 

. Does not reduce contominant toxldly or mobYlty 
Residual mnlaminatlon Is not nxmctwd 10 WBB anv shni%anl risk lo . . 
human neam or tlw snvlronmsn 
Insdverlent onbuorrn 18 not provenled 

Altemetive not effectlva unUl urntaminants nalunlly onenuam to blow 
mgulatoty limit. 
Inadvertent intrusion is no1 prevenrad. 

Alternative easy lo implamant and easy to maintain, 

No cost assotiated wllh this alternative. 

Exwvalbn a( lhe mlwnhaled material. 
Tranrlpodawn of axcavaleo material lo another sile for incorporation onto a 11 
gsosynthok cap or soil Cover. 

Rcmovhp the conlaminated malenal removes lhe risk to human health and 
lfm snvhnmnl  
Wph nrk to ih. n m n t  Uurirq t c  removal acliviiy 
Modsraa risk to raadlallar workers durino the transpoilalion ot 
tMlmmlnalW mawrisl. 

Modars(s I w w d M h  wolkef cuup60nal risk during excavallon. 
hanrpata(ion, and me01i1alton of contaminated materials. 11 . Modsrsls mnmdblh w w k m  chemical risk lrom exposure to site 
-. 

- ImmdeMly wmpYCs with ARARs bv removina the conlaminated material 

C m m A h  m R ~ W B ( ~  born tho site. 

- F l tmwk  .Ikak and mm~lem a h r  implemented. 

~l*maUw e k M  bscau& conlaminants are removed horn the site: 
how=. mmOVal -38 may a~eelerate release of contamination 
msultfn0 in wn-twm envhonmental impact, II 

I 

AIInrnauue dmWI to irnP!ement d ~ e  to loglsltca chalwnges and becaus? 
me m a w  lo Do r c m n M  0s berw tne wale, surface II 
tmpkmnMkn rewires moOilitaHon of extensive equipment 11 
to61 10 nmoament wdl Do ugn flcant due lo (elnote iocataun - PclcdlC mOnllOllng an6 mamtrnance costs wtll no1 he legutqea 11 
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Aeeeenmnt F u t o n  

Stakehomer Acceptanm 

Communltf Acceplanw 

Control 01 the Source 
Rebase 

Allom&. 1 
No Actlon 

. Stekeholder aomplanm la YW k m s e  mddud cdarnha*on I6 thlW 
to a few small areas al low Eoneenhalionr. 
NO s@nlhCBnl risk 10 human neallh or the snvimnmsnl 1s an(lcipnW, 
slgnikdnl rscwerv hair drew m n o d  and h expand 
m CoIIUnue. . Remecllal activity wauld ~ k s b  do mas emk+d d- ndwwld 
poMnHalb s~wlerate s p u d  ol mn(emku(kn dldwimm d( nc 
alresms. 

. Community accepDnce is likeb bocauss msldual conlaminahon h timiled lo 
a law small areas at low mncsmra~lons. 

a NO significanl risk to human health or Ule envlmnment is aoticlpated. 
Signincan1 recover, has already o w n e d  an0 b i i r adaNon  is expa*ad 
lo continue. 

a Remedial acllvlly would IIkely do nwm sarkqoplcsl dsrnrpc ma 4 
polenUaily amlerate s w a d  of mnmmlns(lon n*oupll 01 iha 
streams. 

. Prlmaw wurw of mntamlnaUm is Mated dm b natural d i m a n l  
deposibn w a  the hmlnp mud elm h h e  s t m a .  

A h r n ~ l l v ~  5 
C h n  Claum by Conuolldatlon 

- unllrtty d w  lo the hpacl lo ecdogically sensllive 
areas and lhe pokntial for accshrallno !he spread of confami~~alion. 

. Commnity .coananca unkely due lo the impact lo scologiwlly sensitive 
areas snd the WMls l l o r  aaekfating the spread 01 Contamination 
AddWWly, s4gnihcanl expandhure of lunds would result in lltrle or no 
h M .  

Tlm awrm el contm*nsl+m is removed. 



'N.)w 
-muq*lpkuy 

@aournpuwwor*uo 
Pm.wc(wvm . fuswm&4w 

OW ow umw uwnu 
01 VDI yl ss~lww I~IS~RU w 11 ~*a*pmmfi 01 wmo~d uueau uerunq 01 UMP~JOJ~ DO pue ullee~ uerun~ 
wwumrllau*aruatl - ~lonkve wad IOU taoa alonbope Opjnord IOU $a00 . jo uolpalold llelan~ 

II 
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II Reducl~on 01 To~tcny . Does no1 reduce mnlernlnant Does rot nw*ac wnhmnonl 
MoD~l#ly. or Volume IOXICI~ or mob~laly loxlclty or mh lny  
~hmugh Trealrnant . Cwlamnants m k l n  loxlc unUl . h t & n r  r e k i n  loxk unffl 

they naturally attanuats. they naluraMy -to. . Inadvertent lntrusiw Is rot lnadwnenl intwbn ir pmn1.d. 
Drevenled. 

II I I 
ShorbTerm Eltecl~venes$ . Allernat~ve no1 eflecl~ve unlal Ulemalwe M emam urn1 

~ontammanls naturally a t l en~~ le  w n l a m ~ n t s  ~ tumt I y  atwuete 

Does no1 reduce contaminant 
lhe site. loxicily. 

11 I lo below reoulatorv limit. I to below w l a t o n  limit. I tha alle. I . Altalnalive (1085 no1 eliminale 11 
lnehrerlenlintrusibn is n~ 
prevented. - Alternalive easy to lmplsment en0 
easy to rnainlaln. 

I - No md asSOWated wllh lh16 
alternative. 

slakeholder aeesplstK;s unlikely 
because of the potenllat lor 
pemonal injury. 

I 
Commnfly ncceptance . Community acceptanca una~kdy 

bemuse 01 the Mlenloel tor 

- M e m s t b  m a y  to Clplamanl 
other lhan lkglsl!al chalbws. 
Perlpdk m~nltoring and 
mainlenantw mquind. 

1 chemical hazard. 

1 - Mem&h MMI la l m n l  1 . Allemative easv to imolemenl 

I hre to l a w  quantky 01 hateriel lo other lhan logistical challenge$. 
p w s s  an0 tranwtl.  

I 1 - Cosl W tn mnrrsl lo lfmbmm . COY- lw  t m n W  lo 1- Aller ltq!,ld is re~mveo ~051s are . Penodlc mannanng and malnlarm IMlo*W Dy ~anmerclal m ntrna~ 10 III n wth nettve so1 s II 
malnlmame All W mrformed In I Iran- snd Olswsal at a I 

. Slalc-1 acr;wrlarrr;o unliMv I . $mL;aholdrr Is Iikdv I . Stakeholder acceolance likelv 
because of me potmuat lor I t d c a u ~  the mIarmnaled I because the maletale 
peraond lnlury m m n a l ~ s  rsmorad tmplomnlal~on cost provndes 

I I . Community acasplanw unlnhaly - Community awepmrce Ihely Co#nfl l~n~ly acceplance 0 key 
becausd 01 Ine polantla# lor because lne mnlarnnatsa because lne moderate 11 

prsonal lnjur, p~40nOI injuty material 1s rmvt ld .  implemenlalion cost provides 
signillcanl proleclion. U 
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Asamsanmnt Facton 

I I 1 I 

A ~ ~ . ~ U ~ I V C  7 
Clos. In Place 
lHot Mlx Plant 

AlmrnaUv. 1 
No Actlon 

. The wume of contarninallon Is 
wnlalnad. 

Cantrnl of the Source - Doer not ~ m l  liw wurm ol 
Release contnmlnatlon. 

DOaandcwkolih..ouaol + T M  WUP~ ol m - k n  Is 
-. ranond. 

A I * m * k * Z  
InsUtWmal Conbvb 

I-& 
C k m  C h m  rh MlChnd 

o*.oul 



5.0 Proposed Remedial Acfions 

Based on the evaluations performed in this plan, the remedial actions proposed for each site are 

summarized in Table 5-1. 

Table 5-1 
Proposed Remedial Actlons 

Norlhwest Pfl {st SGZ) Geosynthetii Cap 
North Postshoi DriU Back Gaorynthstii Cap 
South PosEahol Drill Badc Clean Close - Consdidale into North 

Remove tank contents for dfaite 

'pending reeimal mk  aswrarnem rsaults 
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