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Text :

DECLARATI ON OF THE RECORD OF DECI SI ON

SI TE NAME AND LOCATI ON

Naval Submari ne Base, Bangor
Operable Unit 6
Si |l verdal e, Washi ngt on

STATEMENT OF BASI S AND PURPOSE

Thi s deci si on docunent presents the selected action for Operable Unit 6 (OU 6) a
Base (SUBASE), Bangor in Silverdal e, Washi ngton, chosen in accordance with the C
Envi ronnent al Response, Conpensation, and Liability Act of 1980 (CERCLA) as anen
Amendnent s and Reaut hori zation Act of 1986 (SARA) and, to the extent practicable
Hazar dous Substances Pol |l ution Contingency Plan (NCP). OU 6 consists of Site D

di sposal area. This decision is based on the administrative record for this sit

The | ead agency for this decision is the United States Navy. The United States
Agency (EPA) and the Washington State Departnent of Ecol ogy (Ecol ogy) have part
site investigations and in evaluating alternatives for remedial action. Tbe EPA
sel ected renedy.

ASSESSMENT OF THE SI TE

Actual or threatened rel eases of hazardous substances fromSite D, if not addres
response action selected in this Record of Decision, my present an inmnent and
to public health, welfare, or the environnent.

DESCRI PTI ON OF THE SELECTED REMEDY

The selected renedy at Site D will address the threat posed by treatnment of ordn
Soi | containing ordnance conpounds at concentrations greater than established cl
excavated and treated by on-base conposting, an innovative technol ogy. Confirna
to ensure that cleanup | evels have been attained. Once cleanup |evels are achie
be returned to the excavation, and the area will be regraded and reveget at ed.

DECLARATI ON

The selected renedy is protective of hunman health and the environnment, is in com
state requirenents that are legally applicable or relevant and appropriate to th
effective. This remedy uses permanent on-site solutions and alternative treatne
technol ogi es to the maxi mum extent practicable, and satisfies the statutory pref
enpl oy treatnment that reduces toxicity, mobility, or volume as a principal elene

30390\ 9407. 034\ TEXT



Si gnature sheet for the foregoi ng SUBASE, Bangor Operable Unit 6, Renedial Actio
between the United States Navy and the United States Environnmental Protection Ag
by the Washi ngton State Departnent of Ecol ogy.

Captain Ernest R Lockwood Dat e
SUBASE, Bangor Commandi ng of ficer
United States Navy

30390\ 9407. 034\ TEXT

Si gnhature sheet for the foregoi ng SUBASE, Bangor Operable Unit 6, Renedial Actio
between the United States Navy and the United States Environnmental Protection Ag
by the Washi ngton State Departnent of Ecol ogy.

Chuck Cl arke Dat e
Regi onal Adm ni strator, Region 10
United States Environnental Protection Agency

30390\ 9407. 034\ TEXT

Si gnature sheet for the foregoi ng SUBASE, Bangor Operable Unit 6, Renedial Actio
between the United States Navy and the United States Environnmental Protection Ag
by the Washington State Departnment of Ecol ogy.

Carol Kraege, Acting Program Manager Dat e
Toxi cs Cl eanup Program
Washi ngton State Departnent of Ecol ogy

30390\ 9407. 034\ TEXT

SUBASE, BANGOR OPERABLE UNI T 6 Record of Deci sion



U.S. Navy CLEAN Contract Date: 07/19/94

Engi neering Field Activity, Northwest Page i
Contract No. N62474-89-D- 9295
CTO 0039
CONTENTS
Page
ABBREVI ATI ONS AND ACRONYMS . . . . ot e e e e e e s Vi
1.0 INTRODUCTI ON . .. e e e e e e s 1
2.0 SITE NAME, LOCATION, AND DESCRIPTION .......... .. ... ... 1
3.0 SITE HI STORY . .. e e e e 3
4.0 H GHLI GHTS OF COWUNI TY PARTICIPATION . ... ... e 5
5.0 SCOPE AND ROLE OF OPERABLE UNITS ... ... .. . i 6
6.0 SUMMARY OF SITE CHARACTERI STICS . ... ... . e e 7
6.1 SURFACE WATER HYDROLOGY . .. ... e e e e 7
6.2 SITE HYDROGEOLOGY . . .ttt e e e e e e e e 7
6.2.1 Vashon Recessional Qutwash ........................ 7
6.2.2 Vashon Till ... . . . . 11
6.2.3 Vashon Advance Qutwash ............................ 13
6.2.4 Kitsap Formation ............. ... 13
6.3 NATURE AND EXTENT OF CONTAM NATION . ........... . ... 15
6.3.1 Surface WAt er .......... ... e 15
6.3.2 Freshwater Sedinments ............ . ... . . ... 19
6.3.3 Surface Soils ....... . . . .. e 20
6.3.4 Subsurface Soils ........ .. . . . . . . ... 26
6.3.5 Goundwat er . ... .. ... 31
6.4 PHYSI CAL AND CHEM CAL BEHAVI OR OF ORDNANCE
COMPOUNDS . . . e e e 37
7.0 SUMMARY OF SITE RISKS ... . . . e e s 40
7.1 HUMAN HEALTH RI SK ASSESSMENT AND
CHARACTERI ZATI ON . . . . e e e e e 40
7.2 ECOLOG CAL RI SK ASSESSMENT . ... .. e e e 46
7.3 UNCERTAINTY ANALYSI S ... . e e 48
7.3.1 Data Evaluation ............ . ... . . e 50

30390\ 9407. 034\ TEXT

SUBASE, BANGOR OPERABLE UNIT 6 Record of Deci sion
U.S. Navy CLEAN Contract Date: 07/19/94
Engi neering Field Activity, Northwest Page ii

Contract No. N62474-89-D- 9295
CTO 0039



7.3.2 Exposure ASSESSMENL ... ... ... 50

7.3.3 Toxicity ASSESSMENt ... ...... .. 52

7.3.4 Risk Characterization .............. ... ... ... 54

8.0 REMEDI AL ACTI ON OBJECTIVES . . ... . e 56

8. 1 SO LS .. 56

8.2 SURFACE WATER . .. . . 60

8.3 GROUNDWATER . . .o e e e 62

8.3.1 Perched Aquifer ...... ... . . . . . . . . . .. 62

8.3.2 Shallow Aquifer ...... ... . . . . . . . 62

9.0 DESCRI PTION OF ALTERNATIVES . .. . .. e 63

9.1 ALTERNATIVE 1: NO ACTION .. ... e 63

9.2 ALTERNATIVE 2: INCINERATION ... ... . . i 64

9.2.1 EXcavation ......... ... 64

9.2.2 Stockpiling ..... ... 65

9.2.3 Process Description .......... .. .. . ... 65

9.2.4 Operating Parameters ............. ... 65

9.2.5 Incineration ARARS .. .. ... .. ... 66

9.2.6 Mnitoring and Review ............ ... ..., 67

9.2.7 Land-Use Restrictions ............. ... ... 68

9.3 ALTERNATIVE 3: COWPOSTING . ... ... 68

9.3.1 Excavation ........... ... 68

9.3.2 Stockpiling ..... ... 68

9.3.3 Process Description ........... . .. . ... 68

9.3.4 Operating Parameters ............. ... 70

9.3.5 Conposting ARARS . . .. .. ... e 71

9.3.6 Mnitoring and Review .............. .. ... 72

9.3.7 Land-Use Restrictions ............ ... i, 72

10. 0 COVPARATI VE ANALYSIS OF ALTERNATIVES .. ... ... . . ... i 73
0.1 OVERALL PROTECTI ON OF HUMAN HEALTH AND THE

ENVI RONMVENT . . o e e 74

10.1.1 Alternative 1 ... ... ... e 74

10.1.2 Alternative 2 .. ... .. e 74

10.1.3 Alternative 3 ... . 75

10.2 COMPLIANCE W TH ARARS . .. ... e 75

10.2.1 Alternative 1 ... .. .. .. i 75

30390\ 9407. 034\ TEXT

SUBASE, BANGOR OPERABLE UNIT 6 Record of Deci sion
U.S. Navy CLEAN Contract Date: 07/19/94
Engi neering Field Activity, Northwest Page ii

Contract No. N62474-89-D- 9295
CTO 0039



10. 3

10. 4

10.5

10.6

10. 7
10. 8
10.9

11.0 THE SELECTED REMEDY

12. 0 STATUTORY DETERM NATI ON

12.1

12. 2

10.2.2 Alternative 2 ........ .. ..
10.2.3 Alternative 3 ....... ... ... ... .
LONG TERM EFFECTI VENESS AND PERMANENCE . ......
10.3.1 Alternative 1 .......... ... ... ... ......
10.3.2 Alternative 2 ......... . ... i
10.3.3 Alternative 3 ....... ... ... ... .

REDUCTI ON OF TOXI CI TY, MOBILITY, AND VOLUME

THROUGH TREATMENT .. ... . e i
10.4.1 Alternative 1 ....... ... ... ... ... .. ...
10.4.2 Alternative 2 ......... . .. i
10.4.3 Alternative 3 ....... ... ... ... .
SHORT- TERM EFFECTIVENESS .. ...................
10.5.1 Alternative 1 ....... ... ... ... ... ... ...
10.5.2 Alternative 2 ....... ... .. . ...
10.5.3 Alternative 3 ....... ... ... .. . ... ...
| MPLEMENTABI LITY ... e
10.6.1 Alternative 1 ....... ... ... ... ... ...,
10.6.2 Alternative 2 ......... . ...,
10.6.3 Alternative 3 ....... ... . .. .. . ... ..
COST i e
STATE ACCEPTANCE . ... ...t
COMVUNI TY ACCEPTANCE .. ... ... i

PROTECTI ON OF HUMAN HEALTH AND THE

ENVI RONMENT . .. e
COWPLI ANCE WTH ARARS . ... ... ... ..
12.2.1 Action-Specific ARARsS .................
12.2.2 Chemical-Specific ARARs ...............
12.2.3 Location-Specific ARARs ...............
12.2.4 TBC GQuidance ..............uiinenn...
COST EFFECTIVENESS . ... ... ...t

UTI LI ZATI ON OF PERMANENT SOLUTI ONS AND
ALTERNATI VE TREATMENT TECHNOLOG ES OR
RESOURCE RECOVERY TECHNOLOG ES TO THE

MAXI MUM EXTENT PRACTICABLE ...................

30390\ 9407. 034\ TEXT

SUBASE, BANGOR OPERABLE UNI T 6
U. S. Navy CLEAN Contract
Engi neering Field Activity, Northwest

Cont ract
CTO 0039

12.5 PREFERENCE FOR TREATMENT AS PRI NCI PAL ELEMENT

13. 0 DOCUMENTATI ON OF SI GNI FI CANT CHANGES

No. N62474-89-D- 9295

............. 76
............. 76
............. 77
............. 77
............. 77
............. 78

............. 78
............. 78
............. 78
............. 79
............. 79
............. 79
............. 79
............. 80
............. 81
.............. 81
.............. 81
.............. 81
.............. 8
.............. 82
.............. 82

.............. 82

.............. 84

.............. 84
.............. 85
.............. 85
.............. 86
.............. 88
.............. 89
.............. 89

.............. 89

Record of Deci sion
Date: 07/19/94
Page iv



14.0 REFERENCES . . . . . ..

ATTACHVENT

30390\ 9407

SUBASE, BANGOR OPERABLE UNLT 6

1: RESPONSI VENESS SUMVARY

. 034\ TEXT

90

Record of Deci sion

U.S. Navy CLEAN Contract Date: 07/19/94
Engi neering Field Activity, Northwest Page v
Contract No. N62474-89- D 9295
CTO 0039
FI GURES
1 Site Location and Geographic Setting ............. ... .. ... 2
2 St e D oot 4
3 Site D, Surficial Geology, WIlI Locations/Cross Sections ...........
4 Site D, Geologic Cross Section A-A ... . . . . 9
5 Site D, CGeologic Cross Sections B-B and CGC ...................... 10
6 Potenti ometric Contour Map, Perched Aquifer, August 1992 .......... 12
7 Potenti ometri c Contour Map, Shallow Aquifer, August 1992 .......... 14
8 Site D, Surface Water and Sedi nent Sanpling Locations ............. 16
9 Site D, Surface Soil Laboratory Confirmation Sanples .............. 23
10 Site D, Soil Boring Locations .......... ... 27
11 Site D, Moitoring Well Locations ............ ... .. ... 28
12 Areas Targeted for Remediation ........... .. .. . . . . . . .. 57
TABLES
1 Chemicals Detected in Surface Water ......... ... . .. . . . .. i, 17
2 Chemicals Detected in Freshwater Sediments ........................ 21
3 Chemicals Detected in Surface Soils ....... ... .. .. .. . .. . .. .. . .. ..., 24
4 Chenicals Detected in Subsurface Soils Fromthe Vashon Recessiona

QUL WS L 29
5 Chenicals Detected in Subsurface Soils Fromthe Vashon Till ....... 32
6 Chenicals Detected in Subsurface Soils Fromthe Vashon Advance

QUL WS L 33
7 Chenicals Detected in Subsurface Soils Fromthe Kitsap Formation .. 34
8 Chenicals Detected in Groundwater Fromthe Perched Aquifer ........ 35
9 Chenicals Detected in Groundwater Fromthe Shallow Aquifer ........ 38
10 Reasonabl e Maxi num Exposure Concentrations for Chem cals of

Potential Concern-Human Health Evaluation ......................... 42
11 Total Hazard Index and Cancer Risk for Site D for Future Resident 44
12 Total Hazard Index and Cancer Risk for Naturally Occurring

I norgani ¢ Conpounds Detected in Area Background Sanples ........... 45
13 Total Increnental Hazard |Index and Cancer Risk for Site D......... 45
14 Chem cals of Potential Concern-Ecological Evaluation .............. 47
15 Hazard Quotients Greater Than 1.0 for Ecol ogi cal Receptors ........ 48

16 Summary of Uncertainties in the Ri sk Assessment Approach and



Site-Specific Characteri sticCs ......... .. 49

30390\ 9407. 034\ TEXT

SUBASE, BANGOR OPERABLE UNIT 6 Record of Deci sion
U.S. Navy CLEAN Contract Date: 07/19/94
Engi neering Field Activity, Northwest Page v

Contract No. N62474-89- D 9295

CTO 0039

17 Soil Treatnment Levels for 2,4,6-Trinitrotol uene and Rel ated Ordnance
COMPOUNAS . .. e 59
18 Cost Conparison of Renmedial Action Alternatives ................... 82

30390\ 9407. 034\ TEXT

SUBASE, BANGOR OPERABLE UNIT 6 Record of Deci sion
U.S. Navy CLEAN Contract Date: 07/19/94

Engi neering Field Activity, Northwest Page vi
Contract No. N62474-89- D 9295

CTO 0039

ABBREVI ATI ONS AND ACRONYMS

ARAR applicable or rel evant and appropriate requirenment

AWXC Ambi ent Water Quality Criteria

CERCLA Conpr ehensi ve Environnmental Response, Conpensation, and Liability A
of 1980

CoPC chemi cal of potential concern

CSF carci nogeni c sl ope factor

DSwW surface water/sedi nent sanpling |ocations

Ecol ogy Washi ngton State Departnent of Ecol ogy

EPA United States Environnental Protection Agency

FFA Federal Facility Agreenent

HI hazard i ndex

HQ hazard quoti ent

IRI'S Integrated Ri sk Information System

MAI V mechani cal ly agitated in-vesse

MCL maxi mum cont am nant | eve

MCLG maxi mum cont am nant | evel goals

ng/ kg mlligranms per kil ogram

MI'CA Model Toxics Control Act (Washington State)

MV nmoni tori ng wel

N A not avail abl e

NAD Naval Amrunition Depot



Navy United States Navy

NCP National G| and Hazardous Substances Pollution Contingency Plan
NPL National Priorities List

NTS Naval Torpedo Station

NP Nat i onwi de Permit

OSHA Occupational Health and Safety Adm nistration
o] Operabl e Unit

PAH pol ycyclic aromatic hydrocarbon

PCB pol ychl ori nat ed bi phenyl

(04 Kitsap Fornmation

Quva Vashon Advance Qutwash

Qur Vashon Recessi onal Qutwash

Qvt Vashon Til

30390\ 9407. 034\ TEXT

SUBASE, BANGOR OPERABLE UNIT 6 Record of Deci sion

U.S. Navy CLEAN Contract Date: 07/19/94

Engi neering Field Activity, Northwest Page vi i

Contract No. N62474-89- D 9295

CTO 0039

RAO remedi al action objective

RBSC ri sk-based screening concentration

RCRA Resource Conservation and Recovery Act

RDX Royal Denplition Explosive (cyclonite or hexahydro-1,3,5-trinitro-1
triazine)

Rf D reference dose

RI/FS remedi al investigation/feasibility study

RVE reasonabl e maxi mum exposure

ROD Record of Deci sion

SARA Super fund Anmendnents and Reaut horization Act of 1986

SUBASE submari ne base

TBC to be considered

TCLP Toxicity Characteristics Leachate Procedure

TNT 2,4,6-trinitrotol uene

UCL upper confidence limt

VOC vol atil e organic conmpound

W SHA Washi ngton Industrial Safety and Health Adm ni stration

ag/ kg m crograns per kil ogram

ag/ kL nm crograns per liter
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CTO 0039

DECI SI ON SUMVARY

1.0 | NTRODUCTI ON

It is the policy of the United States Navy (Navy) to address contami nation at it
i nstall ations, under the Defense Enironmental Restoration Program in a manner
consistent with the requirenents of the Conprehensive Environnmental Response,
Conpensation, and Liability Act of 1980 (CERCLA), as anmended by the Superfund
Amendnent s and Reaut hori zation Act of 1986 (SARA).

2.0 SITE NAME, LOCATI ON, AND DESCRI PTI ON

Naval Submari ne Base (SUBASE), Bangor is situated on Hood Canal, in Kitsap Count
Washi ngton, approximtely 10 niles north of Brenmerton (Figure 1). Land surround
SUBASE, Bangor is generally undevel oped, supporting limted residential uses. N
activities began at Bangor on June 4, 1944, when the United States Naval Magazin
Bangor was officially established as a Pacific shipnent point for ordnance. We
War || ended, the Bangor Naval Conpl ex becane available for the storage of ordna

On July 22, 1987, Site A was listed on the United States Environnental Protectio
Agency's (EPA) National Priorities List (NPL) of hazardous waste sites. On Augu
1990, the renmi nder of the SUBASE, Bangor facility was |listed on the NPL

On January 29, 1990, a cooperative three-party Federal Facility Agreement (FFA)
signed by the Navy, EPA, and the Washington State Departnent of Ecol ogy (Ecol ogy
for study and cl eanup of possible contanination on the SUBASE, Bangor property.
Operable Unit 6 (OU 6) consists of Site D, 1 of the 19 sites that are included
SUBASE, Bangor FFA.
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3.0 SITE H STORY

Site Dis a former ordnance di sposal area (Figure 2). The primary disposal prac
consi sted of burning and detonating ordnance on the site. Sonme material was als
buried. Site D served as the principal area for burning and detonating ordnance
SUBASE, Bangor from 1946 until 1963, when these activities were transferred to S
The area was used sporadically for ordnance disposal until approximately 1965.

di sposal areas at Site D included a small arms incinerator, a burn trench, and s
burn areas or nounds.

Based on historical aerial photos, the dinmensions of the suspected burn trench a
estimated to be 15 to 20 feet by 200 feet. The depth of the trench, although un
suspected to be less than 10 feet because of the presence of groundwater in a pe
aquifer. The trench was located during the renedial investigation (RI) using ge
t echni ques.

Bet ween 1944 and 1957, explosive D (amonium picrate) sludge fromthe steam

cl eaning of projectiles at other areas was transferred to Site D for disposal (U
1983). This practice reportedly was nost active for a 6-year period in the |late
early 1950s. Records fail to clarify whether this naterial was burned or buried

Previ ous site investigations, including personal interviews, indicated that phot
bonbs and ammni um nitrate bl ocks were detonated at Site D (Hart Crowser 1989).
O her itens that were burned or detonated may have included snokel ess powder, b
powder, rocket propellant, white phosphorous shells, conpound B (2,4,6-trinitrot
[ TNT] and Royal Denolition Explosive [RDX]), amatol (ammonia nitrate and 2,4, 6-
trinitrotoluene), and ordnance wastes containing 2,4,6-trinitrotoluene and RDX
Propul sion mssile grains from approxi mately 600 obsol ete rocket notors were rep
destroyed in trenches on the site. The missile grains were ignited with snokel e
and, upon conpletion of burning, the trenches were soaked with water. |n conjun
with these activities, a small arns incinerator was in operation prior to 1964 (
1983). The quantities of wastes deposited at Site D could not be determned fro
avail abl e data (Hart Crowser 1989).
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4.0 H GHLI GHTS OF COVMUNI TY PARTI Cl PATI ON

The SUBASE, Bangor Comunity Rel ations Plan for the renedial activity on the bas
avail able for review at the information repositories. Conmunity relations activ
establ i shed comruni cati on anong citizens |living near the site, the Navy, EPA an
Ecol ogy. The actions taken to satisfy the requirements of the federal law (cite
have al so provided a forumfor citizen involvenent and input to the renedial act
deci si on.

The specific requirenents for public participation pursuant to CERCLA Secti on

113(k) (2)(b) and Section 117(a) as in 42 USC 9617(2), as anmended by SARA, includ
rel easing the proposed plan for renedial action to the public. The proposed pla
renmedi al action was placed in the adm nistrative record and i nfornation reposito

The adm nistrative record is on file in the follow ng | ocation

Engi neering Field Activity, Northwest
Naval Facility Command

1040 NE Hostmark Street

A ynpic Place |1

Poul sbo, WAashi ngton

(206) 396-5984

The information repositories are in the follow ng | ocations:

Central Kitsap Regional Library
1301 Syl van Wy

Brenmerton, Washi ngton

(206) 377-7601

SUBASE, Bangor Branch Library
Naval Submari ne Base, Bangor
Bangor, Washi ngton

(206) 779-9274

(Base access is required.)
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A fact sheet was issued in May 1992 that discussed the historical activities at
the proposed investigation. The proposed plan for renmedial action was issued in
sheet format recomended by EPA gui dance and was mailed to all known interested
parties in January 1994. Notice of the availability of the proposed plan and no



public neeting on the proposed plan and public comrent period were published in
Sun (Brenmerton) on January 9, 1994, and The Trident Tides on January 14, 1994.
public coment period was held from January 9, 1994, to February 8, 1994. A pub
nmeeting was held on January 27, 1994, at the A ynpic View Community Club in
Silverdal e, Washington. A total of 27 people attended.

Two public comments were received by the Navy concerning the proposed plan for
remedi al action at OU 6. The comments, which were submitted at the public neet
are sumuarized in the Responsiveness Summy (Attachnent 1).

5.0 SCOPE AND ROLE OF OPERABLE UNI TS

This Record of Decision (ROD) addresses all of QU 6. QU 6 consists of Site D, 1
the 19 sites that are listed in the SUBASE, Bangor FFA. The sites were organize
seven operable units based on geographic | ocation, suspected contami nation, or o
factors. A separate study is being conducted for each operable unit to determn
appropriate cleanup actions. The baseline risk assessnment in the renedia

i nvestigation/feasibility study (RI/FS) (URS 1993) indicated that the chenicals
at Site D posed potential risks to human health and the environment.

Conposting, the selected renedy at Site D, is a neasure to nminimze human health
ecol ogical risks associated with soil contam nation. This action includes soi
destroy soil contam nants. Surface water and groundwater will be nonitored to e
that conditions at the site after soil treatnment are protective of human health
envi ronnent .
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6.0 SUMVARY OF SI TE CHARACTERI STI CS

6.1 SURFACE WATER HYDROLOGY

Much of Site D is seasonally wet; the |ower portion of the site contains standin
during the wet season. Surface water beconmes inpounded in the topographically
area between the general slope of the site and the railroad grade and fl ows off
epheneral drainage. Groundwater seepage al so occurs in this area along a broad
seepage front where the perched aquifer, contained within the recessional outwas
truncated. Surface water enters the site fromtwo epheneral drai nages and one
perenni al streamand flows into the poorly drained, seasonally wet western port
site. Runoff ultinmately drains into Devil's Hole Lake to the northwest.



6.2 SI TE HYDROGEOLOGY

Four geologic units were identified during drilling at Site D. These units are
Recessi onal Qutwash, Vashon Till, Vashon Advance Qutwash, and Kitsap Formation
The designation "Vashon" is used to distinguish those units deposited during the
recent gl acial advance. The Kitsap Formati on was deposited during an interglac
period and is distinguished by its massive thickness of silt with high organic c
The aquifers identified in the study area of Site D during RI/FS activities are
perched and the shallow aquifers. The aquitards identified in the study area ar
Vashon Till, between the perched and shall ow aquifers, and the Kitsap Formation
underlies the shallow aquifer

The surficial geology and well l|locations at Site D are shown in Figure 3. Figur
present geol ogic cross-sections of Site D

6.2.1 Vashon Recessional Qutwash

The Vashon Recessional Qutwash (Qur), the uppernpst geologic unit at Site D, con
a perched aquifer. This unit ranges in thickness fromO feet to approxinately 3
Site D and is deposited over the surface of the Vashon Till. The Vashon Recess
Qutwash is typically a reddi sh-brown sandy gravel with varying amunt of silt, c¢
sand.
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Water |evels neasured within the perched aquifer were often at or near the groun
surface. The aquifer flows in a west to northwesterly direction. Potentionetr
for August 1992 (shown in Figure 6) are a typical representation of the perched
groundwat er characteristics. Goundwater gradients in the perched aquifer range
about 0.04 ft/ft to 0.20 ft/ft. Seasonal variations of the perched aquifer wate
i ndi vidual wells ranged fromless than 1 foot to alnost 9 feet.

The perched aquifer at Site D is unconfined. The unit thins to the west portion
site, creating a marshy area in the western portion of Site D. The neasured hyd
conductivity in the perched aquifer ranges from1.4 x 10-4 cmsec to 6.2 x 10-3
Grain size analysis indicated that the soil fromthe perched aquifer consists
predom nantly of a silty sand.

Usi ng an average gradient and hydraulic conductivity within the perched aquifer
Site D, an average groundwater velocity of about 1.46 feet per day was estimated
yields in excess of 0.5 gallons per m nute could be sustained for a short period
However, because of the perched nature of the aquifer and proximty to the disch
area, this aquifer could not be depended on to provide a reliable water supply a
shoul d not be considered a potential drinking water source. Long-term punping c
i nduce infiltration of surface water fromthe wetland into the aquifer

6.2.2 Vashon Til

The Vashon Till (Qut) is approximately 10 feet thick at Site D and extends to ne
feet thick near the western portion of the area of study. The Qut encountered a
consists of a blue-gray, very dense, poorly sorted nixture of sand, gravel, silt
Sand | enses are present within the Qvt but are thin and discontinuous. This un

to an orange-brown col or near the surface.

The hydrol ogi c characteristics of the Qvt vary consi derably throughout SUBASE, B
Permeabilities range froma | ow of 0.003 feet per day (1 x 10-6 cnisec) to a hig
0.08 feet per day (3.0 x 10-5 cm'sec). The Qut is designated as an aquitard. A
the Qvt occurs primarily as a | owperneability unit inpeding dowward flow of wa
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6.2.3 Vashon Advance Qutwash



The Vashon Advance Qutwash (Qua) at Site Dis a light gray, fine silty sand with
This formation ranges in thickness from10 to 60 feet at Site D. The Qua conta
shal l ow aqui fer at Site D

Hori zontal gradients ranged fromO0.05 ft/ft to 0.18 ft/ft for the shallow aquife
range in groundwater gradients is the result of both topographic changes across
and seasonal variations during the observation period of October 1991 through Au
1992. Potentionetric contours for August 1992 are illustrated in Figure 7. Go
flows in a west to northwesterly direction.

Water levels in individual nonitoring wells (MM in the shallow aquifer varied f
than 1 foot up to 7 feet from October 1991 to August 1992.

Vertical gradients calculated fromseasonal water |evel neasurements ranging fro
0.023 to 0.067 were cal cul ated between MM 21 and MV 22, screened in the upper an
| ower portions of the shallow aquifer, respectively. Wter |evel neasurenents
that there is a net upward now within this unit at this |ocation. Vertical grad
bet ween the perched and shall ow aqui fers are generally downward across the site,
i ndicating a potential for downward novenent. However, at the upgradi ent |ocat
(MM 20, -21, and -22) an upward gradi ent exists between the confined shall ow aqu
and the perched zone indicating possible upward | eakage at this |ocation.

The estimted hydraulic conductivity of the shallow aquifer at Site D ranges fro
10-3 to 2.8 x 10-6 cmsec. Values in the range of 10-6 obtained from MM28 are

guesti onabl e and may not be an accurate representation of the aquifer conductivi
Based on an average hydraulic conductivity and groundwater gradient, the estimat
average groundwater velocity in the shallow aquifer is approximtely 2.03 feet p
6.2.4 Kitsap Formation

A dense, lacustrine, clayey silt unit of the Kitsap Formation (k) is below the

Qutwash. Regionally the thickness of the @k is approxinmately 200 feet. The th

of the Kitsap Formation was not determ ned at Site D
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6.3 NATURE AND EXTENT OF CONTAM NATI ON

The renedial investigation of Site D included sanpling of the site surface water



sedi nents, surface and subsurface soils, and groundwater. Analytical results fr
background sanpling were used to establish naturally occurring | evels of inorgan
chemicals (netals) to distinguish themfromincreased |levels resulting from aci
the site. Sanples were analyzed for concentrations of all conmpounds on the EPA
conmpound list (semivolatile organics, volatile organics, and pesticides/polychlo
bi phenyls [PCBs]), for all analyses on the EPA target analyte list (nmetals and c
ordnance conpounds, and for water quality parameters.

6.3.1 Surface Water

Surface water sanples were collected fromSite D and vicinity during three separ
sanmpling efforts in October and Novenber 1991 and in February 1992. Sanpl es wer
collected fromthree epheneral streans in the Site D vicinity and one perennia
on the site (Figure 8). Sanples were collected on the site, upgradient of the s
downgradi ent of the site during each sanpling effort. Surface water quality par
measured included tenperature, specific conductance, pH, turbidity, chloride, d
oxygen, anmonia as nitrogen, nitrate, nitrite, total hardness, phosphorus, tota
solids, total organic carbon, sulfate, and alkalinity. Laboratory sanples were
for volatile and sem vol atil e organi c conpounds, ordnance conpounds, pesticides
PCBs, and total (unfiltered) and dissolved (filtered) netals.

Findings: Table 1 lists mninmm maxi num and average concentrations of all che
detected in surface water at the site. Five ordnance conpounds (2,4-dinitrotolu
dinitrotoluene, 2,4,6-trinitrotoluene, 1,3,5-trinitrobenzene, and RDX) were dete
surface water sanples, although no exceedances of regulatory criteria occurred.
Ordnance conpounds were detected in 10 out of 32 sanples collected fromtwo surf
wat er/ sedi nent sanpling |locations (DSW) on site (DSW03 and DSW 10) and two

| ocati ons downgradient of Site D (DSW07 and DSW04). The majority of ordnance
detections were from sanples collected near the burn trench. Regulatory criteri
nmetals in surface water may be based on either the total or dissolved fraction
for a particular analyte. The follow ng netals exceeded regulatory criteria in
wat er sanples collected fromSite D. arsenic, copper, nmercury, thallium and zi
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Table 1

Chenicals Detected in Surface Water

Pot ent i al



Cheni ca

Met al s- Di ssol ved

Al um num
Ant i nony
Arsenic
Bari um
Chr omi um
Copper

I ron

Lead
Manganese
Sel eni um
Thal |'i um
Vanadi um
Zi nc

Met al s- Tot a
Al um num
Arsenic
Bari um
Cadm um
Chr omi um
Cobal t
Copper

I ron

Lead
Manganese
Mer cury
Ni cke

Sel eni um
Vanadi um
Zi nc
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Cheni cal

No. of No. of
Sanpl es Detections
32 29
32 2
32 2
32 28
32 14
32 2
32 27
32 1
32 29
32 1
32 1
32 9
32 14
32 32
32 2
32 29
32 2
32 21
32 2
32 6
32 31
32 7
32 32
32 2
32 2
32 1
32 10
32 13
Nor t hwest

M ni mum
Det ecti on

(/L)

ONPOODN P

Tabl e 1 (Conti nued)

No. of
Sanpl es

No. of
Det ecti ons

M ni mum
Det ecti on

(/L)

Chenicals Detected in Surface Water

Maxi mum Aver age
Detection Detection
(el L) (el L)
339 172
16. 3 16. 3
2.6 2.55
209 68.1
8.2 3.56
32.5 23.6
299 152
2.1 2.1
69. 6 13.5
2.3 2.3
2.4 2.4
4.2 2.7
123 24.6
9, 690 892
6.7 4. 45
848 104
4.3 3.1
23.2 5.6
9.7 8.8
266 66. 6
7,420 874
53.8 11.6
865 80
.32 .28
38.3 31.1
2.4 2.4
46 12.3
1, 000 120
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Pot enti al
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(el L) (el L)
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Ordnance Conpounds

1,3,5-Trinitrobenzene 32 1 0. 066 0. 066 0. 066 N
2,4,6-Trinitrotol uene 25 4 0. 003 2.3 0. 587 N
2,4-Dinitrotol uene 32 2 0. 057 0.12 0. 089 1
2, 6-Dinitrotol uene 32 2 0. 006 0. 083 0. 04 N
RDX 28 1 3 3 3 N
Sem vol atil e Organi c Conpounds

Bi s(2- et hyl hexyl) 32 8 0.7 51 8.3 3
pht hal at e

Vol atil e Organic Conmpounds

1,1, 1-Trichl oroet hane 32 1 0.9 0.9 0.9 4
Acet one 32 6 10 20 12.2 N
Benzene 32 7 1 12 4 4
Chl or obenzene 32 2 1 2 1.5 5
Met hyl ene chl ori de 32 5 5 38 28 960
Styrene 32 1 4 4 4 N
Tol uene 32 1 2 2 2 4
aARAR i s based on total netal analysis

bBased on an average hardness of 55 ng/kg as CaCO3

Not es:

The netal s cal cium nmagnesium potassium and sodi um are not shown due to lack o
toxicity

ag/L - mcrograns per liter

ARAR - applicable or relevant and appropriate requirenment

N A - not avail abl e/ not applicable

RDX - Royal Denolition Explosive (cyclonite or hexahydro-1,3,5-trinitro-1,3,5-tr
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O Arseni c exceeded the Mdel Toxics Control Act (MICA) Method B
cleanup level in 2 out of 32 sanples at DSWO01 (upgradi ent) and DSW
(on site)
O Copper exceeded the Washington State Water Quality Standard in 2 ou

32 sanples at DSWO03 (on site)

O Mercury exceeded the Washington State Water Quality Standard in 2 o
of 32 sanples at DSWO03 and DSW 10 (on site)

O Thal | i um exceeded the MICA Met hod B cl eanup level in 1 out of 32
sanpl es at DSWO05 (on site)



O Zinc exceeded the Washington State Water Quality Standard in 2 out
sanpl es at DSWO03 (on site)

The foll owi ng chem cals exceeded regulatory criteria in surface water sanples co
downgradi ent or cross-gradient fromSite D:. |ead and bis(2-ethyl hexyl) phthal at

O Lead exceeded the Washington State Water Quality Standard in 1 out
32 sanples at DSW 09 (downgradi ent)

O Bi s(2- et hyl hexyl) phthal ate exceeded the MICA Method B cl eanup | eve
2 out of 32 sanples at DSWO06 (cross-gradient) and DSW 08
(downgr adi ent)

6.3.2 Freshwater Sedinents

Freshwat er sedi nent sanples were collected fromSite D and the vicinity during t
separate sanpling efforts in October and Novenber 1991 and in February 1992
Sanples were collected fromthree ephenmeral streans in the Site Dvicinity and o
perenni al streamon site (Figure 8). Sanples were collected on site, upgradi ent
site, and downgradient of the site during each sanmpling effort. Sanples were an
for volatile and sem vol atile organi c conpounds, ordnance conpounds, pesticides
PCBs, and netals.
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There are no regulatory requirenents associated with freshwater sedinments in
Washi ngton State. However, guidance concentrations have been devel oped for sele
paraneters by EPA Region 5 and the W sconsin Departnment of Natural Resources.

Findings: Table 2 lists mninmm maxi num and average concentrations of all che
detected in freshwater sedinments. The concentrations of eight nmetals exceeded g
concentrations, specifically arsenic, cadm um chronmi um copper, |ead, manganese
mercury, and nickel

6.3.3 Surface Soils

Sanpling grids were established to collect surface soil sanples fromthe burn/de
areas of Site D for chemical analysis (Figure 9). Each grid was divided into 25
25-foot cells. Random and biased soil grab sanples were collected within the gr
screened for 2,4,6-trinitrotoluene and RDX as specified in the sanpling and ana
pl an.

Field screening for ordnance involved collection of sanmples from 80 percent of t
cells randonly across the site. Additionally, 24 biased sanples were collected



screened to further define the extent of contami nation in areas exhibiting chara
of historical burn/detonation activities and in areas havi ng anomal ous geophysic
readi ngs. Biased sanple |ocations included four near the snmall arms incinerator
sanpl e at each corner of the foundation), six sanples fromthe burn trench area,
remai ni ng 14 based on the geophysical results.

To confirmthe screening results, 60 field sanples and 6 duplicates were coll ect
splits with field screening sanples and sent to an off-site |aboratory for ordna
analysis. Figure 9 depicts the locations of all |aboratory confirmation sanples
Addi tional surface soil sanples were collected in the | ocations shown in Figure

analyzed for nmetals to deternine conpliance with regulatory criteria and to eva

potential treatnent technol ogies.

Findings: Table 3 lists mninmm maxi num and average concentrations of all che
detected in surface soils. Ordnance conpounds detected at concentrations that e
regul atory requirenments were 2,4-dinitrotoluene (in 25 of 107 sanples coll ected)
2,6-dinitrotoluene (in 4 of 107 collected), and 2,4,6-trinitrotoluene (in 11 of
collected). The concentration of the nmetal arsenic exceeded regul atory requirem
3 of 74 sanples coll ected.
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Table 2

Chenicals Detected in Freshwater Sedi ments

M ni mum Maxi mum Aver age
No. of No. of Detection Detection Detection

Chemi cal Sanpl es Detections (ng/kg) (mg/ kQg) (mg/ kQg)
Met al s
Al um num 35 35 4,930 17, 000 9,774
Ant i nony 35 14 5.9 21.1 9.13
Arsenic 35 31 0. 89 6.2 2.35
Bari um 35 35 16. 7 198 53.6
Beryl I'ium 35 3 0. 25 0.3 0.273
Cadmi um 35 9 0. 46 1.5 0.939
Chrom um 35 35 11 48.7 24.3
Cobal t 35 35 3.3 12. 6 6.93
Copper 35 35 3.6 63 15.5
Lead 35 32 0.87 46. 2 7.53
Manganese 35 35 120 430 220
Mer cury 35 11 0.12 0. 86 0. 257
Ni ckel 35 35 14.1 47.8 30.7
Sel eni um 35 2 0. 47 1.3 0. 885
Silver 35 3 0.93 2.3 1.51
Vanadi um 35 35 14.3 81.5 32.4



Zi nc 35 35 13 157 45
Ordnance Conpounds

2,4,6-Trinitrotol uene 35 3 0. 065 0. 89 0.408
2,4-Dinitrotol uene 35 2 1.1 5.1 3.1
2, 6-Dinitrotol uene 35 2 0.1 0. 39 0. 245
Sem vol atil e Organi c Conpounds

2,4-Dinitrotol uene 35 3 0.5 4.9 2.57
Benzo( a) ant hracene 35 1 0.12 0.12 0.12
Benzo(a) pyrene 35 1 0. 085 0. 085 0. 085
Benzo(b) fl uorant hene 35 1 0.19 0.19 0.19
Benzo( k) fl uorant hene 35 2 0. 096 0.14 0.118
Chrysene 35 2 0. 09 0.14 0. 115
Di - n-octyl pht hal ate 34 1 0.12 0.12 0.12
Fl uor ant hene 35 2 0.11 0. 25 0.18
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Tabl e 2 (Conti nut ed)
Chenicals Detected in Freshwater Sedi ments

M ni mum Maxi mum Aver age
No. of No. of Detection Detection Detection
Chemi cal Sanpl es Detections (mg/ kQg) (mg/ kQg) (mg/ kQg)
N-Ni t rosodi phenyl am ne 35 3 0. 25 0. 63 0. 48
Phenant hr ene 35 2 0.17 0. 45 0.31
Pyrene 35 2 0.18 0.44 0.31
Bi s(2- et hyl hexyl) phthal ate 35 6 0.075 0.11 0.091
Vol atil e Organic Conpounds
1,1, 1-Trichl oroet hane 35 3 0. 006 0. 037 0. 019
2- But anone 35 1 0. 005 0. 005 0. 005
Acet one 35 13 0. 002 0.038 0. 017
Benzene 35 2 0. 002 0. 002 0. 002
Chl or obenzene 35 2 0. 001 0. 003 0. 002
Met hyl ene chl ori de 35 14 0. 003 0. 097 0. 029
Tetrachl or oet hene 35 4 0. 001 0. 045 0. 016
Tol uene 35 3 0. 002 0. 016 0. 0073
Xyl enes 35 1 0. 004 0. 004 0. 004
Not es:
The netals calcium iron, magnesi um potassium and sodi um are not shown due to
toxicity.

ng/ kg - mlligranms per kil ogram
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Table 3

Chenicals Detected in Surface Soils

Pot
M ni mum Maxi mum Aver age
No. of No. of Detection Detection Detection
Chemi cal Sanpl es Detections (ng/kg) (mg/ kQg) (mg/ kQg) (
Met al s
Al um num 74 74 7,760 21, 000 13, 835
Ant i nony 45 7 7.4 27.1 13.6
Arsenic 74 71 1.1 68. 2 8.48
Bari um 74 74 23.2 1, 810 202
Beryllium 74 39 0.22 0.48 0. 333
Cadm um 74 31 0.59 15 3.77
Chr omi um 74 74 18. 3 77.7 34.1 8
Cobal t 74 64 4.7 17.5 8.08
Copper 74 74 4.9 2,230 110
Cyani de 18 7 0.81 3.5 1.69
Lead 74 74 0.9 1, 570 51.7
Manganese 74 74 136 1, 010 393
Mer cury 74 8 0.12 3.2 0. 594
Ni ckel 74 74 23.5 76. 6 39.1
Sel eni um 74 5 0. 49 0. 95 0. 804
Silver 74 16 0.7 27.5 3.83
Vanadi um 74 74 26. 2 115 46
Zi nc 74 74 16.5 2,880 188 2
Ordnance Conpounds
1,3,5-Trinitrobenzene 107 21 0.04 3.4 0. 397
1,3-Dinitrobenzene 107 5 0.1 2.8 0. 828
2,4,6-Trinitrotol uene 107 53 0. 025 14,000 638
2,4-Dinitrotol uene 107 49 0. 045 78 5.68
2,6-Dinitrotol uene 107 38 0. 018 5.6 0. 643
Ni t robenzene 66 2 0.073 0. 075 0.074
RDX 39 8 0.02 1.7 0. 358
Picramc acid 41 2 0. 27 0. 38 0. 325
Picric acid 39 4 1.5 6 3.55



30390\ 9407. 034\ TEXT

SUBASE, BANGOR OPERABLE UNIT 6 Record of Deci sion
U.S. Navy CLEAN Contract Date: 07/19/94
Engi neering Field Activity, Northwest Page 25
Contract No. N62474-89- D 9295

CTO 0039

Tabl e 3 (Conti nued)
Chenmicals Detected in Surface Soils

P
M ni mum Maxi mum Aver age
No. of No. of Detection Detection Detection
Chemi cal Sanpl es Detections (ng/kg) (mg/ kQg) (mg/ kQg)

Sem vol atil e Organi c Conpounds
Di - n-butyl pht hal at e 41 6 0.11 5.3 1.091
Di - n-octyl pht hal ate 41 10 0.079 0. 25 0. 154
N- Ni t rosodi phenyl am ne 41 4 0.19 7 2.85
Bi s(2-ethyl hexyl) 41 10 0. 059 2.4 0. 390
pht hal at e
Vol atil e Organic Conpounds
1,1, 1-Trichl oroet hane 41 1 0. 027 0. 027 0. 027
Acet one 42 18 0. 002 2 0.126
Chl or of orm 41 3 0. 005 0.011 0. 008
Et hyl benzene 41 1 0. 003 0. 003 0. 003
Met hyl ene chl ori de 42 20 0. 002 0.15 0.014
Tetrachl or oet hene 41 14 0. 001 0.02 0. 0054
Tri chl or oet hene 41 1 0. 001 0. 001 0. 001
Xyl enes 41 4 0. 002 0. 015 0. 008 16
aMICA Method B value for 2,4-dinitrotoluene and 2, 6-dinitrotol uene nixture
Not es:
The netals calcium iron, magnesi um potassium and sodi um are not shown due to
toxicity.

ng/ kg - mlligranms per kil ogram

ARAR - applicable or relevant and appropriate requirenment

N A - not avail able

RDX - Royal Denolition Explosive (cyclonite or hexahydro-1,3,5-trinitro-1,3,5-tr

30390\ 9407. 034\ TEXT

SUBASE, BANGOR OPERABLE UNIT 6 Record of Deci sion
U.S. Navy CLEAN Contract Date: 07/19/94
Engi neering Field Activity, Northwest Page 26

Contract No. N62474-89-D- 9295
CTO 0039



6.3.4 Subsurface Soils

The soil boring program was conducted during February and March 1992. Boring

| ocations (Figure 10) were selected in conpliance with the final work plan. Th

soil borings were attenpted; 36 were conpleted to the required depth of 15 feet.
Si xteen of the 36 borings were drilled at biased |ocations: 1 near the incinera
foundation, 2 in the burn trench, 2 at each of the 6 previously identified nound
at an area with surface soil staining. Twenty additional borings were conpleted
confirm contami nation found during field screening.

Subsurface soil sanples were also collected during nonitoring well installation.
final work plan specified the installation of three new well clusters (three we
cluster) and three single wells at Site D (Figure 11). The final work plan requ
were nodi fied based on the geol ogi c conditions encountered, resulting in the dri
installation of only two of the three wells in two of the three nonitoring wel

Four distinct glacial stratigraphical units were identified during this RI/FS.
their depth fromthe ground surface, shallowest to deepest, these units are the
Recessi onal Qutwash, the Vashon Till the Vashon Advance Qutwash, and the Kitsap
For mat i on.

Subsurface soil sanples were analyzed for nmetals, ordnance conpounds, volatile a
sem vol ati |l e organi ¢ conmpounds, and pesticides and PCBs. The findings for each
unit are discussed separately in the follow ng sections.

O Vashon Recessional Qutwas

Table 4 lists mininmum maxi mrum and average concentrations of chem cals detected
t he Vashon Recessional Qutwash. Arsenic was the only netal detected at a | eve
exceeded regulatory requirenents in 1 sanmple out of 132 sanples. One ordnance
conmpound, 2,4-dinitrotoluene, exceeded regulatory requirenments in 1 sanple out o
sanpl es.
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No.

Chenicals Detected in Subsurface Soils Fromthe Vashon Recessi ona

Cheni ca

Met al s

Al um num

Ant i nony

Aseni c

Bari um

Beryllium

Cadm um

Chr omi um

Cobal t

Copper

Lead

Manganese

Mer cury

Ni cke

Sel eni um

Silver

Vanadi um

Zi nc

Or di nance Conpounds
1,3,5-Trinitrobenzene
2,4,6-Trinitrotol uene
2,4-Dinitrotol uene
2,6-Dinitrotol uene
Picramc acid
Picric acid
Pesti ci des

Hept achl or

N62474- 89- D- 9295

Sem vol atil e Organi c Conpounds

Di - n-butyl pht hal at e
Di - n-octyl pht hal ate
Pheno

Phyrene

Bi s(2- et hyl hexyl)
pht hal at e
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No. of No. of
Sanpl es Detection
132 132
132 6
132 125
132 132
132 56
132 1
132 132
132 132
132 132
132 127
132 132
132 4
132 132
132 2
132 8
132 132
132 132
132 19
132 36
132 2
132 1
131 1
127 1
132 1
123 11
123 40
123 1
123 1
123 21
Nor t hwest

M ni mum
Det ecti on

(mg/ kg)

4,630

7.
0.63

16

0.

o

7

. 032
. 021

03
13
16

.12

. 052

. 009

01

. 052

36

. 034

Maxi mum

Det ecti on

(mg/ kg)

21,000
9.

34.5
116

0.
0.
61.
17.
34.
21.

1, 240

0.

238

0.

106

o

coorkoO

coooo

.18

13
16

.12

. 052

.98

76

. 052

36
63

CQut wash

Pot
Aver age A
Det ecti on \%

(no/ kg) (m
10, 000

8.2

2.93

37 5
0.275
0. 44

28.1 80
8. 05 4
15. 8 2
2.55

259 8
0. 348

45 1
0. 495
22.8

36

26. 4 22
0. 086
0. 45
0.915
0.13
0.16
0.12
0. 052
0.193 8
0.218 1
0.052 48
0. 36 2
0.143
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Tabl e 4 (Conti nued)
Chenmicals Detected in Subsurface Soils Fromthe Vashon Recessional OQutwash

Pot
M ni mum Maxi mum Aver age A
No. of No. of Detection Detection Detection \%
Chemi cal Sanpl es Detections (ng/kg) (mg/ kQg) (mg/ kQg) (m
Vol atil e Organic Conmpounds
1,1, 1-Trichl oroet hane 132 5 0. 001 0. 002 0. 0016 7
4- Met hyl - 2- pent anone 132 2 0. 004 0. 009 0. 0065 N
Acet one 132 66 0. 003 0. 057 0.021 8
Chl or of orm 132 9 0. 001 0. 006 0. 0036
Met hyl ene chl ori de 132 58 0. 0004 0. 032 0. 0074
Tet achl or oet hene 132 14 0. 0005 0.014 0. 0043
Tol uene 132 1 0.001 0.001 0. 00 16,0
Trichl oroet hene 132 1 0. 003 0. 003 0. 003
Xyl enes 132 3 0. 0004 0. 002 0. 0011 165
aMICA Method B value for 2,4-dinitrotoluee and 2,5-dinitrotoluene m xture
Not es:
The netals calcium iron, magnesi um potassium and sodi um are not shown due to
toxicity.

ng/ kg - mlligranms per kil ogram

ARAR - applicable or relevant and appropriate requirenment

N A - not avail able

RDX - Royal Denolition Explosive (cyclonite or hexahydro-1, 3,5-triazine)
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O Vashon Ti

Table 5 lists mininum maxi mrum and average concentrations of chem cals detected
the Vashon Till. Berylliumwas the only chem cal detected at a | evel that excee
regul atory requirenments. This occurred in 1 sanple out of 23 sanples.

O Vashon Advance Qutwas

Table 6 |lists mininum maxi mrum and average concentrations of chem cal s defected
t he Vashon Advance Qutwash. Berylliumwas the only chenical detected at a | eve



exceeded regul atory requirenents. This occurred in 2 sanples out of 9 sanples.
O Kitsap Formatio

Table 7 lists mininmum maxi num and average concentrations of chem cals detected
the Kitsap Formation.

No chemicals were detected at |evels that exceeded regul atory requirenents.
6.3.5 G oundwater

Groundwat er sanples were collected from 21 nonitoring wells at Site D and vicini
during three separate sanpling events: in the dry season in 1991, in the wet se
1991, and in 1992. These sanpling events corresponded to the seasons when
groundwater is either scarce or abundant. Sanples were collected fromtwo separ
wat er - bearing units: the perched aquifer and the shallow aquifer. During each
event, sanples were collected at upgradi ent, on-site, and downgradi ent |ocations
to the site.

Groundwat er sanpl es were analyzed for volatile and wenivolatile organi c conpound
ordnance conpounds, pesticides and PCBs, and total (unfiltered) and dissolved (f
nmetals. The findings for groundwater sanples fromthe perched aquifer and the s
aqui fer are discussed separately in the follow ng sections.

O Perched Aquife

Table 8 lists mininum maxi num and average concentrations of all chem cals dete
in the groundwater fromthe perched aquifer. Two volatile organic conpounds,
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Table 5

Chenicals Detected in Subsurface Soils Fromthe Vashon Til

Pot

M ni mum Maxi mum Aver age A

No. of No. of Detection Detection Detection \Y

Chemi cal Sanpl es Detections (ng/kg) (mg/ kQg) (mg/ kQg) (m

Met al s

Al um num 23 23 6, 050 35, 600 10, 993 N
Ant i nony 23 2 5.5 10. 3 7.9
Arsenic 23 19 0. 86 6.7 2.15

Bari um 23 23 22.9 228 47.2 5

Beryllium 23 11 0.22 0.83 0. 325



Chrom um 23 23 14.6 86. 4 29.9 80
Cobal t 23 23 5.4 32.4 9.21
Copper 23 23 8.6 71.9 19.5
Lead 23 22 1.2 12 2.48
Manganese 23 23 158 1, 020 282 8
Ni ckel 23 23 24. 7 117 42. 4 1
Vanadi um 23 23 20.9 101 37.3

Zi nc 23 23 17.2 123 31.5 22
Ordnance Conpounds

1,3,5-Trinitrobenzene 23 3 0. 082 0.14 0.121
2,4,6-Trinitrotol uene 23 5 0.021 0. 053 0. 037
Pesti ci des

Met hoxychl or 23 1 0.17 0.17 0.17

Sem vol atil e Organi c Conpounds

Di - n-octyl pht hal ate 22 7 0. 08 0. 25 0.128 1
Bi s(2-ethyl hexyl) 22 4 0.034 0.13 0.101

pht hal at e

Vol atil e Organic Conpounds

Acet one 23 8 0. 007 0. 041 0.018 8
Chl or of orm 23 1 0. 006 0. 006 0. 006

Met hyl ene chl ori de 23 8 0. 002 0. 006 0. 004
Tetrachl or oet hene 23 1 0. 003 0. 003 0. 003

Not es:

The netals calcium iron, magnesi um potassium and sodi um are not shown due to
toxicity.

ng/ kg - mlligranms per kil ogram

ARAR - applicable or relevant and appropriate requirenment

N A - not avail able
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Table 6
Chenicals Detected in Subsurface Soils Fromthe Vashon Advance QOutwash

Pot
M ni mum Maxi mum Aver age A
No. of No. of Detection Detection Detection \%
Chemi cal Sanpl es Detections (ng/kg) (mg/ kQg) (mg/ kQg) (m
Met al s
Al um num 9 9 7,000 32,000 15, 304
Ant i nony 9 2 9.3 10.5 9.9
Arsenic 9 5 0. 97 5.5 2.97
Bari um 9 9 28.9 185 79.5 5



Beryllium
Chrom um
Cobal t
Copper
Lead
Manganese
Mer cury
Ni ckel

Sel eni um
Vanadi um
Zi nc 9
Sem vol atil e Organi c Conpounds
1,2,4-Trichl orobenzene 9

1, 4- Di chl orobenzene

4- Chl or o- 3- et hyi pheno
Acenapht hene

Di - n-octyl pht hal ate

Pheno

Pyrene

Bi s(2- et hyl bexyl)

pht hal at e

Vol atil e Organic Conpounds
1,1, 1-Trichl oroet hane

1, 2- Di chi or oet hene

Acet one

Chl orof orm

Et hyl benzene

Met hyl ene chl ori de
Tetrachl or oet hene

Trichl oroet hene

Xyl enes

© ©O© O© ©O© O OO OO
O OFP ONONOOOO®

PR RRRRRER

© © ©O© © O O O

© © © © © © © © ©
NP UOMNRRORRE

Not es:

[eNeoNeoNolNolNelNolNolo]

ocoooocooo0

.27

26

39
47
57
43

. 042

. 004
. 0007
. 019
. 006
. 001
. 006
. 001
. 007
. 001

70.
23.
54.
14.

835

84.

102

[eNeoNeoNolNolNelNolNolo]

ocoooocooo0

.27

26

39
47
57
43

. 042

. 004
. 0007
. 044
. 006
. 001
. 022
. 037
. 007
. 001

[eNeoNeoNolNolNelNolNolo]

The nmetals calcium iorn, magnesi um potassium and sodium are not shown

toxicity.
ng/ kg - mlligranms per kil ogram

ARAR - applicable or relevant and appropriate requirenment

N A - not avail able
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Table 7
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0o Wwh

. 255

. 69

.27

26

39
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. 029
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M ni mum Maxi mum
No. of No. of Detection Detection
Chemi cal Sanpl es Detections (ng/kg) (mg/ kQg)

Met al s
Al um num 4 4 14, 500 35, 200
Ant i nony 4 2 8.2 12.6
Arsenic 4 4 3.7 6.8
Bari um 4 4 83 216
Beryllium 4 4 0. 34 0.8
Chrom um 4 4 40. 4 83.3
Cobal t 4 4 13.2 28.4
Copper 4 4 24.8 65. 9
Lead 4 4 3.9 10. 4
Manganese 4 4 402 958
Ni ckel 4 4 56.7 103
Sel eni um 4 1 0.59 0.59
Vanadi um 4 4 49.7 98.4
Zi nc 4 4 52.4 119
Sem vol atil e Organi c Conpounds
Benzo(a) pyrene 4 1 0. 067 0. 067
Vol atil e Organi c Conpounds
Acet one 4 3 0. 16 0.19
Chl or of orm 4 1 0. 007 0. 007
Met hyl ene chl ori de 4 1 0. 001 0. 001
Xyl enes 4 1 0. 005 0. 005
Not es:
The netals calcium iron, magnesi um potassium and sodi um are not
toxicity.
ng/ kg - mlligranms per kil ogram
ARAR - applicable or relevant and appropriate requirenment
N A - not avail able
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Dat e

Tabl e 8

Chenicals Detected in Groundwater Fromthe Perched Aquife

Maxi mum
Det ecti on

M ni mum

No. of No. of Det ecti on

Pot
Aver age
Det ecti on

(mg/ kg)

21, 425
10.
4.
123
0.
54.
18.
38.
6.
594
70
0.
68.
74.

. 067

177
. 007
. 001
. 005

O O OO

shown due to
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Pot
Aver age

Det ecti on \Y



Chemi cal Sanples Detections (ag/lL) (ag/ L) (ag/ L) (
Met al s
Al um num 25 16 71.1 230 134
Arsenic 25 2 7.2 33.9 20. 6
Bari um 25 15 4.3 161 69. 8 1,0
Chrom um 25 6 2.5 7.4 4.93
Cobal t 25 1 6.4 6.4 6.4 9
Copper 25 12 5.3 29.9 12. 2 5
Iron 25 18 9.1 531 99.7 N
Lead 25 12 1.1 3.8 1.98
Manganese 25 24 1.4 3.370 312 1,6
Mer cury 25 5 0.24 0.29 0. 264
Ni ckel 25 8 8.1 30.9 13. 4 1
Sel eni um 25 3 2.2 3.3 2.73
Vanadi um 25 4 2 4 2.85 1
Zi nc 25 18 4.4 58. 6 14. 2 4,8
Ordnance Conpounds
1,3,5-Trinitrobenzene 22 4 0.24 24 14.3
2,4,6-Trinitrotol uene 16 2 1.6 33 17.3
2,4-Dinitrotol uene 25 6 0. 097 0.19 0. 139
2, 6-Dinitrotol uene 24 6 0. 015 0. 45 0.281
RDX 23 4 0. 061 4 1.46
Sem vol atil e Organi c Conpounds
Benzoic acid 25 1 1 1 1 64,0
But yl benzyl pht hal ate 25 1 0.6 0.6 0.6 1
Di - n-butyl pht hal at e 25 2 1 4 2.5 1,6
Di - n-octyl pht hal ate 25 8 3 13 6. 38 3
Di et hyi pht hal ate 25 1 0.9 0.9 0.9 12,8
Napht hal ene 25 2 1 4 2.5
Pent achl or ophenol 25 1 1 1 1
Phenol 25 1 2 2 2 9,6
Pyrene 25 1 1 1 1 4
Bi s(2- et hyl hexyl 25 6 1 7 3.5
pht hal at e
Vol atil e Organic Conpounds
Acet one 25 4 11 26 16 8
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Chenicals Detected in Groundwater Fromthe Perched Aqulfer

Pot e



M ni mum Maxi mum Aver age AR

No. of No. of Detection Detection Detection Va
Chemi cal Sanples Detections (ag/lL) (ag/ L) (ag/ L) (e
Chl or obenzene 25 1 3 3 3
Di br onochl or onet hane 25 1 2 2 2
Met hyl ene chl ori de 25 3 3 26 11
Tet rachl or oet hene 25 1 2 2 2
Tol uene 25 2 3 5 4 1,
Xyl enes 25 1 6 6 6 10

aDi ssol ved netal s
bMICA Met hod B value for 2,4-dinitrotoluene and 2, 6-dinitrotol uene m xture

Not es:

The netal s cal cium nagnesium potassium and sodium are not shown due to not sh
ecol ogical toxicity.

ag/L - mcrograns per liter

ARAR - applicable or relevant and appropriate requirenment

N A - not avail able

RDX - Royal Denolition Explosive (cyclonite or hexahydro-1,3,5-trinitro-1,3,5-tr
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nmet hyl ene chl oride and tetrachl oroethene, were detected in 1 sanple out of 25 sa
each at concentrations exceeding regulatory criteria. Methylene chloride is a ¢
| aboratory contam nant. Two senivolatile organi c conmpounds, pentachl orophenol a
bi s(2-ethyl hexyl) phthal ate, were each detected at concentrations greater than r
criteriain 1 out of 25 sanples. Five ordnance conpounds were detected at |eve

regul atory criteria. The concentration of 2,4-dinitrotoluene exceeded regul ator
requirenents in 4 of 25 sanples, 2,6-dinitrotoluene in 5 of 24 sanples, RDX in 2
sanmples, 1,3,5-trinitrobenzene in 3 of 22 sanples, and 2,4,6-trinitrotoluene in

sanpl es. Concentrations of the nmetals arsenic and manganese exceeded regul atory
requirenents in 2 of 25 sanpl es.

O Shal | ow Aqui fe

Table 9 lists mininum maxi num and average concentrations of all chem cals dete
in groundwater fromthe shallow aquifer. The volatile organic conpounds benzene
tetrachl oroet hene were detected at concentrations greater than regulatory requir
benzene in 1 sanple out of 26 (at DMM22) and tetrachl oroethene in 2 sanples out
26 (at DMV 21 and DMWM 32). Concentrations of nmethylene chloride exceeded

regul atory requirenments in 5 out of 26 sanples; however, nethylene chloride is a
common | aboratory contaminant. The pesticide heptachl or was detected in one sam
at a concentration greater than regulatory requirenents. The sem volatile organ



conmpound bi s(2-ethyl hexyl) phthal ate was detected at a | evel greater than regul a
requirenents in 3 out of 26 sanples and was detected in a |laboratory bl ank
Concentrations of two netals, arsenic and beryllium exceeded regulatory require
in 9 out of 26 sanples and 6 out of 26 sanples, respectively.

6.4 PHYSI CAL AND CHEM CAL BEHAVI OR OF ORDNANCE COMPOUNDS

The two npst inportant transformation processes controlling the fate and distrib
ordnance conpounds in the environment are, in general m crobiological and

phot ochemi cal transformation. Oxidation and reduction, and hydrolysis are not
consi dered significant nmechanisnms for the transformation of 2,4,6-trinitrotol uen
2,4-dinitrotoluene, 2,6-dinitrotoluene, 1,3,5-trinitrobenzene, and 1, 3-dinitrobe

The conpounds 2,4,6-trinitrotoluene and 1, 3,5-trinitrobenzene are nmicrobially
transforned, but are not conpletely mneralized to inorganic products and are kn
persist in soil and sedinment for years. The conpounds 2, 4-dinitrotol uene,
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Table 9

Chenicals Detected in Groundwater Fromthe Sball ow Aquifer

Po
M ni mum Maxi mum Aver age
No. of No. of Detection Detection Detection

Chemi cal Sanples Detections (ag/lL) (am/ L) (am/ L)
Met al sa
Arsenic 26 9 2.6 22. 4 8.51
Bari um 26 23 7.3 133 29.1 1,
Beryllium 26 6 1 1.3 1.15
Cadmi um 26 3 2 6.1 3.6
Chrom um 26 8 2.6 4.1 3.74
Cobal t 26 1 4 4 4
Copper 26 12 6 16. 1 9.92
Lead 26 14 1.3 5 3.09
Manganese 26 25 17. 4 276 114 1
Mer cury 26 4 0.2 0.32 0. 27
Ni ckel 26 1 9.2 9.2 9.2
Sel eni um 26 1 3 3 3
Silver 26 1 2 2 2
Vanadi um 26 1 7.8 7.8 7.8
Zi nc 24 18 2.2 426 43. 4 4

Pesti ci des



4, 4- DDT 26 1 0. 0072 0. 0072 0. 0072

Hept achl or 26 1 0. 064 0. 064 0. 064

Sem vol atil e Organi c Conpounds

Benzoic acid 26 1 1 1 1 64
But yl benzyl pht hal ate 26 1 2 2 2

Di - n-butyl pht hal at e 26 1 2 2 2 1
Di - n-octyl pht hal ate 26 1 0. 03 0. 03 0. 03

Napht hal ene 26 1 2 2 2

Bi s(2- et hyl hexyl 26 7 1 130 27.1

pht hal at e

Vol atil e Organic Conmpounds

1,1, 1-Trichl oroet hane 26 1 6 6 6

Acet one 26 2 15 55 35

Benzene 26 2 1 7 4

Chl or of orm 26 1 2 2 2

Met hyl ene chl ori de 26 6 5 17 11.3
Tetrachl or oet hene 26 2 1 2 1.5

aDi ssol ved netal s

Not es:

The netal s al umi num cal cium iron, magnesi um potassium and sodium are not sho
ag/L - mcrograns per liter

ARAR - applicable or relevant and appropriate requirenment

N A - not avail able

4,4-DDT - 4, 4-dichl orodi phenyl trichl oroet hane
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2,6-dinitrotol uene, and 1, 3-dinitrobenzene, unlike 2,4,6-trinitrotoluene, have b
to be bi odegradable to inorganic products such as nitrate and carbon dioxide. T
transformation processes of 2,4,6-trinitrotoluene, 2,4-dinitrotoluene, and 2, 6-
di nitrotol uene involve the successive reduction of nitro groups to am no groups
am no derivatives of 2,4-dinitrotoluene and 2, 6-dinitrotoluene. The netabolic
transformati on products of 2,4,6-trinitrotoluene are adsorbed strongly to organ
mat eri al s and have significantly |Iower toxicity than 2,4,6-trinitrotoluene, 2,4-
dinitrotoluene, and 2,6-dinitrotoluene. High organic carbon concentrations, aer
conditions, and the presence of readily bi odegradabl e co-substrate have been fou
enhance the biotransformation of 2,4,6-trinitrotoluene. High concentrations of
2,4,6-trinitrotoluene can inhibit the devel opnent of an acclinmated mn crobiota.

Bi otransformation is expected to be an inportant process in sedinment and surface

Phot ochemi cal transformation of 2,4,6-trinitrotoluene occurs at a higher rate th
bi otransformati on. Ordnance compounds typically undergo reduction of nitryl gro
foll owed by oxidation nmethyl groups. The primary photochenical transformation b



product of 2,4,6-trinitrotoluene in natural surface water appears to be
1,3,5-trinitrobenzene, which is relatively stable to further photodegradation
phototransformation rate for 2,4,6-trinitrotoluene is inversely proportional to
pH. Phototransformati on of ordnance conpounds is expected to be an inportant
process in surface waters.

Al t hough the quantity of 2,4,6-trinitrotoluene released to the environnment at S
unknown, the conpound appears to be transform ng, as indicated by the nunber of
detections and the concentrations of the 2,4,6-trinitrotoluene transformation pr
1,3,5-trinitrobenzene and 1, 3-di ni trobenzene. As indicated by their high octano
partition coefficients, the conpounds 2,4,6-trinitrotoluene, 2,4-dinitrotol uene,
dinitrotoluene, 1,3,5-trinitrobenzene, and 1, 3-di nitrobenzene are all strongly a
humus and clays. Ordnance concentrations in the area downgradi ent fromthe burn
trench are possibly the result of surface water runoff and erosion of soil and o
particl es containing ordnance conpounds. Erosion is probably the primary transp
pat hway causi ng the spread of ordnance conpounds. This explanation is supported
surface water sanpling that showed that all detections of ordnance conpounds in
wat er occurred during stormevent sanpling. The wi der area of the surface detec
for both field screening and | aboratory results corresponds to a decrease in slo
the burn trench. Over tinme, erosion is expected to transport soil particles con
ordnance conpounds further downgradient at Site D, and ultimately into the peren
streans that drain into Devil's Hole.
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Most of the ordnance conpounds occur in the top 3 feet of the soil columm. This
is consistent with the fact that ordnance conpounds are strongly adsorbed by so
organic material. The conmpound 1,3,5-trinitrobenzene is considerably nore nobi
2,4,6-trinitrotoluene and woul d be expected to mgrate both vertically and horiz
away fromthe original source.

7.0 SUMVARY OF SI TE RI SKS

7.1 HUMAN HEALTH RI SK ASSESSMENT AND CHARACTERI ZATI ON

The baseline risk assessnment in Section 6.0 of the RI/FS (URS 1993) estimated th
probabilities of adverse health effects fromcurrent and future hypothetical exp
chemicals of concern in the absence of renediation. The risk assessnment is a mnu
process consisting of data evaluation, chenmical toxicity assessnents, and exposu
assessnments. By combining the informati on gathered during each of these three s
noncancer and cancer risks can be quantified in a final step ternmed risk charact



All chemicals detected at Site D were screened in accordance with EPA gridelines
sel ect chem cals of potential concern (COPCs) for evaluation in the risk assessm
I norgani ¢ cbem cal s whose mexi mum detected concentrations were | ess than the
cal cul at ed background concentration for OU 6 were screened fromthe risk assessm
A detail ed exposure assessnent followed, which consisted of evaluating the spec
exposure setting and exposure pathways. Default exposure assunptions are define
current EPA risk assessnment gui dance. (Site-specific exposure assunptions for S
are explained in Section 6.0 of the RI/FS.) Toxicity information obtained from
Integrated Risk Information System (I RI'S) database was then applied to each COPC

Noncancer risks were quantified by conparing the estimted intake dose resulting
site exposure to a reference dose (RfD), an EPA estimte of the acceptable daily
of a chemical. Hazard indexes (HI's) greater than 1.0 were consi dered a concern.

Cancer risks were expressed as an excess probability that an individual will dev
cancer if exposed to a chenmical over a lifetine. The National O and Hazardous
Subst ances Pol | uti on Contingency Plan (NCP) states that acceptable risks lie bet
10-4 and 10-6. For exanple, a risk expressed as 1.0 x 10-6 nmeans that 1 person
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1, 000, 000 exposed people may devel op cancer over a lifetinme of exposure to the s
chemicals at the site.

Three exposure scenarios were evaluated: the current worker, the future worker
the future resident. These scenarios were evaluated on the basis of cancer and
noncancer risks for all significant pathways of exposure.

The COPCs for Site D are presented in Table 10. The total H and cancer risk fo
pat hway for the future residential scenario are shown in Table 11. The prinmary
chenmicals of concern contributing to the total risk at Site D are 2,4,6-trinitro
2,4-dinitrotoluene in surface soils, and arsenic in groundwater in the shallow a
These risks represent all chem cals detected at the site and include risks for
chemicals that were not elimnated in the background screening step. Although
not possible to screen out all inorganic chenmicals in the background screening s
on-site concentrations of inorganics were generally consistent with the concentr
nmeasured in the area background. HIs and cancer risks associated with naturally
occurring area-w de | evels of inorganics in soil and groundwater are shown in Ta

The excess noncancer H (sumred across all chem cals and exposure pat hways) and
excess cancer risk for each scenario for Site D are shown in Table 13. These r
estimates, called increnental risks, do not include risks frommetals in the so
groundwat er, which were attributed to naturally occurring conditions and are not
to previous activities at the site. The total groundwater risks for Site D were
predom nantly due to naturally occurring |levels of background inorganics. Groun



risks in the 10-6 range were associ ated with bis(2-ethyl hexyl) phthalate, a comm
| aboratory contam nant, and heptachl or, which was detected in 1 sanple out of 26
sanpl es.

The incremental H for noncancer risk at Site D for the hypothetical future res

nost conservative) is 5.0, which exceeds the threshold value of 1.0. This incre
noncancer risk is due alnost entirely to 2,4,6-trinitrotoluene in surface soil

i ncremental cancer risk for the future resident is approximately 5.0 x 10-5. Ap
70 percent of the increnmental cancer risk is due to 2,4,6-trinitrotol uene and 2,
dinitrotoluene in soil. The remainder of the increnental cancer risk is attribu
i nfrequent detections of heptachlor and bis(2-ethyl hexyl) phthalate in groundwat
PAH compounds in sedi nents.
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Tabl e 10

Reasonabl e Maxi num Exposure Concentrations
for Chem cals of Potential Concern-Human Heal th Eval uati on

Shal | ow
Soi | / Sedi nent  Soil/Sedinent Unfiltered
Surface Water 0 to 3 feet 0 to 12 feet G oundwater

Chemi cal (mg/ L) (mg/ L) (mg/ L) (mg/ L)
Ordnance Conpounds
2,4-Dinitrotol uene 0. 00006 3.7 2.0 ND
2,6-Dinitrotol uene 0. 00045 0. 35 0.19 ND
Ni t robenzene ND 0. 075 0. 075 ND
Pricram c acid ND 0. 064 0. 051 ND
Picric acid ND 0. 29 0.17 ND
RDX 0. 004 0.43 0.24 ND
1,3,5-Trinitrobenzene 0. 0043 0.21 0.14 ND
2,4,6-Trinitrotol uene 0. 0045 530 280 ND
Vol atil e Organic Conpounds
Acet one 0. 0084 0.11 0. 047 0. 009
Benzene 0. 0026 0. 002 0. 002 ND
2- But anone ND 0. 005 0. 005 ND
Chl or obenzene 0. 0025 0. 003 0. 003 ND
Chl orof orm ND 0. 0054 0. 0038 ND
Di br onochl or onet hane 0. 002 ND ND ND
Et hyl benzene ND 0. 003 0. 003 ND
4- Met hyl - 2- pent anone ND ND 0. 0074 ND
Met hyl ene chl ori de 0. 0048 0. 015 0. 0086 0. 0088
Styrene 0. 0026 ND ND ND

Tetrachl or oet hene 0. 002 0. 0059 0. 004 ND



Tol uene 0. 0027 0. 0054 0. 0037 ND
1,1, 1-Trichl oroet hane 0. 0009 0. 0068 0. 0042 ND
Tri chl or oet hene ND 0. 001 0. 003 ND
Xyl enes 0. 0028 0. 0055 0. 0037 ND
Sem vol atil e Organi c Conpounds/ Pesti ci des

Benzo( a) ant hracene ND ND ND ND
Benzo(b) fl uorant hene ND 0.19 0.19 ND
Benzo( k) fl uorant hene ND 0. 096 0. 096 ND
Benzo(a) pyrene ND ND ND ND
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Tabl e 10 (Conti nued)
Reasonabl e Maxi num Exposure Concentrations
for Chemicals of Potential Concern-Human Health Eval uati on

Shal | ow
Soi | / Sedi nrent  Soi | / Sedi nent Unfiltered
Surface Water 0 to 3 feet 0 to 12 feet Groundwater
Chemi cal (mg/ L/) (mg/ L) (mg/ L) (mg/ L)
Benzoic acid 0. 001 ND ND ND
But yl benzyl pht hal ate 0. 0006 ND ND 0. 002
Chrysene ND 0. 09 0. 09 ND
4, 4" - DDT ND ND ND ND
Di - n-butyl pht hal at e 0. 001 0. 68 0. 47 0. 002
Di et hyl pht hal ate 0. 0009 ND ND ND
1, 3-Dini trobenzene ND 0.19 0.14 ND
Di - n-octyl pht hal ate 0. 006 0. 25 0.42 0. 00003
Bi s(2- et hyl hexyl) 0. 0063 0. 63 0. 44 0. 041
pht hal at e
Fl uor ant hene ND ND ND ND
Hept achl or ND ND 0.01 0. 000036
Napht hal ene 0. 004 ND ND ND
N-Ni t rosodi phenyl am ne ND 0. 87 0.55 ND
Pent achl or ophenol 0. 001 ND ND ND
Phenant hr ene ND ND ND ND
Phenol 0. 002 ND ND ND
Pyrene 0. 001 ND 0. 36 ND
Met al s
Ant i nony ND 6.5 4.5 ND
Arsenic 0. 0047 8.9 5.8 0. 0093
Bari um 0.19 230 130 0.14
Beryllium 0. 0011 0. 24 0.21 <Background
Cadm um 0. 0012 2.2 1.1 ND



Chrom um 0. 03 33 31 <Backgr ound
Cobal t 0.011 7.5 7.7 <Backgr ound
Copper 0. 051 150 76 0. 049
Cyani de ND 1.2 1.2 ND
Lead 0.013 78 36 <Backgr ound
Manganese 0. 46 400 330 0.5
Mer cury 0. 00019 0.19 0.12 0. 00018
Ni ckel 0. 063 38 44 0.1
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Tabl e 10 (Conti nuted)
Reasonabl e Maxi num Exposure Concentrations
for Chemicals of Potential Concern-Human Heal th Eval uation
Shal | ow
Soi | / Sedi ment  Soi | / Sedi ment Unfiltered
Surface Water O to 3 feet 0 to 12 feet G oundwater
Cheni cal (mg/ L) (mg/ kg) (mg/ kg) (mg/ L)
Sel eni um 0. 0058 0.43 0. 37 0.01
Silver 0. 0011 2.0 1.3 <Backgr ound
Thal I'i um ND ND ND 0. 006
Vanadi um 0. 036 46 41 <Backgr ound
Zi nc 0.13 230 120 <Backgr ound
Not es:
ng/L - mlligrans per liter

ng/ kg - mlligranms per kil ogram
ND - not detected
< Background - concentration |less than background concentration

Table 11
Total Hazard |Index and Cancer Risk for Site D for Future Resident

Exposur e Pat hway Hazard | ndex Cancer Risk
I nci dental soil ingestion 2.3 1in 27,000 (3.7 x 10-5)
Dermal contact with soil 2.7 1in 50,000 (2.0 x 10-5)
I ngestion of groundwater 6.0 1in 5,000 (2.0 x 10-4)
I nhal ati on of groundwater <0.1 1in 5,900,000 (1.7 a 10-7
Dermal contact with surface water <0.1 1in 2,000,000 (5.1 x 10-7
Total risk 11.0 1in 4,000 (2.6 x 10-4)
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Table 12

Total Hazard | ndex and Cancer Risk for Naturally Occurring |norganic
Conmpounds Detected in Area Background Sanpl es

Scenario Hazard | ndex Cancer Risk
Current worker <0.1 1in 3,800,000 (2.6 x 10-7
Fut ure worker 3.0 1in 10,000 (9.7 x 10-5)
Future resident 8.6 1in 5,000 (2.1 x 10-4)
Tabl e 13

Total Incremental Hazard |Index and Cancer Risk for Site D

Hazard | ndex Cancer Risk

Primary Pri

Scenari o Tot al Contri butorsa Tot al Contr
Current worker 0.5 2,4,6-trinitrotoluene 0.4 3.6x 10-4 2,4,6-trinitroto
Fut ure worker 1.3 2,4,6-trinitrotoluene 1.2 1.1 x 10-5 2,4,6-trinitroto

2,4-dinitrotol ue
bi s(2- et hyl hexyl ) pht hal
Future resident 5.0 2,4,6-trinitrotoluene 4.7 5.0 x 10-5 2,4,6-trinitroto

2,4-dinitrotolue
benzo(b) fl uorant
benzo(k) fl uorant

beryllium 1.4 x 10-6
bi s(2- et hyl hexyl
chrysene 1.0 x 10-6

hept achl or

al ncl udes those chemicals contributing a Hazard I ndex of 0.1 or greater
bl ncl udes those chenicals contributing a cancer risk of 1.0 x 10-6 or greater

Note: The increnmental risks in this table represent only site-related chem cals
by naturally occurring inorganic chenicals are not included.
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7.2 ECOLOG CAL RI SK ASSESSMENT

The purpose of the ecological risk assessnent was to determ ne potential toxico
threats that chenmicals released into the environment at Site D nmay pose to sens
ecol ogi cal receptors. For purposes of the ecological risk assessnment, Site D wa
separated into two areas: the burn trench and the main area. This ecol ogica
assessnment enconpassed both areas.

The approach to the ecol ogical risk assessnment followed both federal (U S. EPA 1
1989a, 1989b, 1990, 1992a) and Washi ngton State (Ecol ogy 1991) gui dance. Exposu
nodel i ng was used to evaluate potential risks. Exposure nodels use results of c
anal ysis, chenmical biotransfer factors, and exposure factors to provi de conserva
estimates for receptors. Estinated doses are conpared with conservative toxicit
reference values (TRVsS) to evaluate potential risks. There is considerable unce
associ ated with exposure nodeling, because the biotransfer and exposure factors

uni que to the site.

The ecol ogi cal assessnment eval uated potential risks fromtwo matrices: surface

surface water. Mst of Site Dis characterized as seasonal wetlands with satura
nearly saturated soil during periods of high precipitation. Because of the mni

aquatic habitat associated with this site, aquatic populations are linmted to am
Thi s ecol ogi cal assessnent focused exposure nodeling on terrestrial species.

Table 14 lists the ecological COPCs for soils and surface water and their assoc

RME concentrations. Because the ecological risk assessnent uses exposure assunp
different fromthe human health ri sk assessnent, the ecol ogical RME concentratio
somewhat different fromthe hunman health RME concentrations. These chemicals we
used for the exposure nodeling for the Townsend's vole, the black-tailed deer, t
tail ed weasel, and the northern pygny ow .

Tabl e 15 shows the results of the exposure nodeling for hazard quotients (HQ) ¢
than 1.0. The Townsend's vole had HQ greater than 1.0 for alum num cadm um
copper, lead, zinc, 1,3,5-trinitrobenzene, 2,4,6-trinitrotoluene, and 2,4-dinitr
TRVs for alum num copper, |ead, and zinc were based on the npst toxic formof t
nmetal s known. Because the chemical forns of metals were not determined, it was
difficult to ascertain the potential risks these netals pose. Wth the possible
cadmium the nmetals are not likely to be on site in their nost toxic forn thus,
not pose significant risks.
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Tabl e 14
Cheni cal s of Potential Concern-Ecol ogical Eval uation

Surface Water RME

Soil RME Concentration Concentration

Chemi cal (mg/ kQg) (mg/ L)
Met al s
Al um num 15, 900 10.1
Ant i nony 6. 96 N A
Arsenic 9. 35 N A
Bari um 536 0.94
Cadm um 6.22 0. 0012
Chr omi um 34.5 0.03
Cobal t 8.91 0.011
Copper 301 0. 051
Mer cury 0.21 0. 00019
Ni ckel 45.1 N A
Sel eni um N A 0. 0058
Silver N A 0. 0011
Vanadi um 53.3 0. 036
Zi nc 447 0.132
Ordnance Conpounds
2,4-Dinitrotol uene 8.44 N A
2,6-Dinitrotol uene 1.16 N A
1,3,5-Trinitrobenzene 0.742 N A
2,4,6-Trinitrotol uene 2,830 N A
Vol atil e Organic Conpounds
Tet rachl or oet hene 0. 0048 N A
Not es:

RVE - reasonabl e maxi num exposure
ng/ kg - mlligranms per kil ogram
N A - not considered a chem cal of potential concern in this nedium
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Tabl e 15

Hazard Quotients Greater Than 1.0 for Ecol ogi cal Receptors

Townsend's Bl ack-Tail ed Long-Tail ed Nort hern
Chemi cal Vol e Deer Weasel Pygmy Ow

Met al s
Al um num 1.46 2.27 2.24



Cadm um 5.06

Copper 3.49

Lead 1.55 3.03
Vanadi um 1.39
Zi nc 1.42

Ordnance Conpounds

1,3,5-Trinitrobenzene 3.35

2,4,6-Trinitrotol uene 1, 830 21.8 1.87
2,4-Dinitrotol uene 5.69

The three ordnance conpounds (1,3,5-trinitrobenzene, 2,4,6-trinitrotoluene, and
dinitrotoluene) were found to pose risk to the vole. Methods for deternning

bi oconcentration factors (BCFs) were not devel oped using ordnance conpounds and,
thus, may not apply. However, ordnance conpounds were found at concentrations t
woul d require substantial changes in the BCFs to reduce the HQ to | ess than 1.0.

Thus, the ordnance conpounds may pose threats to small mammal i an herbivores and
carnivores. The compound 2,4,6-trinitrotoluene was found at such an el evated
concentration around the burn trench that deer using the area |less than 1 percen
time still would receive doses that substantially exceed H@ of 1.0.

7.3 UNCERTAI NTY ANALYS1S

Sources of uncertainty identified in this risk assessnent are summanzed in Tabl e
For each source of uncertainty, the followi ng are noted: the possible effect on
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Table 16

Summary of Uncertainties in the Ri sk Assessnment Approach
and Site-Specific Characteristics

Source of Uncertainty Directi ona Magnitudeb

Dat a Eval uation

Identification of COPCs present at the - 1 Used site-
sites sanmpli ng work plan and focus sanp

efforts

Quality of analytical data +/ - 1 Used qua
Esposure Assessment

No attenuati on of chenical + 1 Conserva
concentration woul d ta
Exposure assunptions +/ - 2 Used sta

eval uate
Experimental dermal absorption rates +/ - 2 Preferen



Theoretical dermal absorption rate +/ - 3 Eval uat e

for conp
Toxi city Assessment
Failure to include all chenicals because - 2 Used sur
of lack of toxicity val ues
Extrapol ati on from animal studies to + 3 Used con
human toxicity factors
Lack of chem cal -specific dermal toxicity - 2 Used una
val ues surrogat
Ri sk Characterization
Assunption of additive interactions +/ - 2 Assuned
Site-Specific Uncertainties
Future devel opnent of the site for + 3 Assuned
i ndustrial or residential purposes site's d
cl assif
site dev
Future site (e.g., residential use + 2 Assuned
the shall ow aqui fer as a drinking water woul d oc
sour ce)
Del i neati on of hot spot +/ - 1 Used sta
hot spot
Groupi ng of sanples for sitew de + 2 Eval uat e
eval uati on sets for
Use of biokinetic nodel (i.e., calculating + 1 Used nod
total risk rather than incremental risk)
aDirection of effect: + = potentially overestimte risk bMagni t ude of
- = potentially underestimate risk
3 = large effect
Not es:
COPC - chemical of potential concern
RVE - reasonabl e maxi num exposure
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estimate (i.e., underestinmation or overestimtion), the degree of such effect, a
steps taken to mitigate the uncertainty.

7.3.1 Data Eval uation

COPCs were identified by using the analytical data fromthe RI. Confidence int
results presented in the risk characterization depend on the quality of the ana

obtained during the RI. All analytical data used in the risk assessnent were va
ensure accuracy. Quality assurance aspects of the environnental sanpling data w
di scussed in Section 4.0 of the RI/FS (URS 1993). In general, nost analytical m



produce results with an accuracy range of 10 to 20 percent.

Ri sk estimtes presented for the sitew de evaluation may be biased high, because
hi gher density of sanples was obtained fromthe hot spot than fromthe main area
overwei ghts the sanples fromthe hot spot and results in exposure-point concentr
that are biased high.

Sanpl e station distribution and coverage indicate that Site Dis well characteri
the nature and extent of chemical distribution. However, there is a lack of dat
i nternmedi ate and sea-Ilevel aquifers.

7.3.2 Exposure Assessnment

Several uncertainties associated with the exposure assessnent affect the risk es
the nost inportant of which are sumuarized as fol |l ows:

O For the purposes of statistical calculations, quantitation linmts f
undet ected val ues were divided by two (in cases where the chenica
detected at |east once in that medium. This practice may underest
or overestimate the true average val ue.

O Al t hough current exposure |levels are based on neasured concentratio
the nedi a of concern, these values are uncertain because of linmited
sanpling and anal ytical variation. To account for this, the 95 per
upper confidence linmt (UCL) of the nean concentration values and t
average values were used in dose calculations. Using the 95 percen
in risk assessnments is likely to result in an overestimate of the a
aver age dose.
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O Chemi cal concentrations that could occur under the future |and-use

scenario are highly uncertain. Chenical concentrations in soil to
of 12 feet bel ow ground surface were included in the data set for f
| and use. The 95 percent UCL of the nmean of the soil concentration
the depth of 0 to 12 feet bel ow ground surface may result in an
underestinmate or overesti mate of actual dose.

O Cheni cal concentrations in all media for future use were assuned to
the sane as current concentrations, with no adjustment due to dil ut
bi odegradation, or volatilization. This assunption is reasonable f
i norgani c COPCs (netals); however, for organic COPCs it mmy result
overestimate of site risks.

O Dermal uptake of chemicals fromsoil is difficult to estinmte becau



val ue depends on both chenical -specific characteristics of contanin
and the soil at the site, which affects the extent of elenmental fix
desorption, and adsorption to soil particles. The absorption val ue
estimate dermal uptake, particularly when no chem cal -specific valu
avail abl e, are highly uncertain, leading to an overestimate or unde
of the dose.

O The risk estimates presented in the risk characterization section o
RI/FS were cal cul ated using 6 percent dermal absorption for all che
The risks were recal cul ated using 50 percent dermal absorption for
trinitrotoluene, 2,4-dinitrotoluene, 2,6-dinitrotoluene, 1,3,5-trin
and RDX, whereas all other paranmeters remmi ned the sane.

O The 6 percent dernmal absorption val ue was based on experinmental dat
avail abl e for dermal absorption evaluations. This was the highest
absorption value reported under conditions simlar to actual human
exposure. The 50 percent value is based on a theoretical value ass
for conpounds with | ow Kas and | ow di nensi onl ess Henry's Law consta
Al risk estimates cal cul ated using dermal exposure val ues should b
consi dered highly uncertain because of the paucity of data avail ab
chemical -specific dermal absorption rates. Both approaches to eva
dermal exposure (i.e., the experinmental and theoretical approaches
deternmining dermal absorption values) result in dernmal absorption v
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that have not been scientifically validated and may result in an
overestimation or underestimati on of actual exposure.

O The permeability constants used in the derivation of dernal uptake
wat er are not available for all chemicals identified as COPCs and m
calculated. This may |lead to an overestimte or underestimte of t
for these chemicals. According to EPA's Dermal Exposure Assessnent
Principles and Applications, prelimnary testing showed the dernal
resulting froma 10-m nute shower exceeds the dose associated with

drinking 2 L/day for a number of pollutants: "For the fastest pene
chemicals the dermal dose was predicted to exceed the ingested dose
about two orders of magnitude . . . This seens counterintuitive an

concerns that the nodel may be overly conservative. Lack of data m
val idation of the nodel very difficult." (U S. EPA 1992).

Most of the assunptions in the exposure assessnent involved use of default val ue
standardi zed ri sk assessnment recomrended for EPA Region 10 (U.S. EPA 1991a).
Uncertainties regardi ng exposure assunptions stemfromthe natural variabilities
paranmeters such as body weight or soil ingestion rate, as well as frominsuffic



the distribution of these parameters.

7.3.3 Toxicity Assessnent
EPA policy states, " as a matter of science policy, the study of the nobst s
species (the species showing a toxic effect at the | owest adm ni stered dose) is
the critical study for the basis of the RfD' (U S. EPA 1989). This nay overest
underestimte the actual risks to humans of the |ack of enpirical human toxicity
dat a.

The prediction of potential human health effects likely to occur foll ow ng expos
gi ven dose of a chemical is inprecise because of the nany uncertainties in toxic
i nformati on on dose-response rel ationships. The quantity of toxicity informatio
chenmicals evaluated is typically limted, with correspondingly varying degrees o
uncertainty associated with the calcul ated toxicity val ues.
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Sources of uncertainty associated with toxicity values include the follow ng:

O Usi ng dose-response information fromeffects observed at hi gh doses
predi ct the potential adverse health effects from exposure to the
expected from human contact with the agent in the environnent

O Usi ng dose-response information from short-term exposure studies to
predict the effects of |ong-term exposures and vice versa

O Usi ng dose-response information from aninmal studies to predict effe
humans
O Usi ng dose-response information from honogeneous ani mal popul ati ons

predict the effects likely to be observed in a general population c
of individuals with a wide range of sensitivities

Uncertainty factors for nost of the RfFD values are in the range of 100 or 1, 000,
i ndi cati ng consi derabl e uncertainty regarding the actual value of the RfD. For
the uncertainty factor for oral RfDs for 2,4,6-trinitrotoluene is 1,000. This h
uncertainty factor allows for uncertainties in |laboratory aninal to human dose
extrapol ation, interindividual sensitivity, subchronic to chronic extrapol ation
observed adverse effects level to no observed adverse effects |evel extrapolatio
ot her hand, the uncertainty factors for the oral RfDs for arsenic, barium nmanga
silver are less than 10, indicating little uncertainty regarding the actual valu
Rf Ds.

Two of the carcinogens (cancer-causing chem cals) evaluated in the human health



assessnment (arsenic and chromiumVl) are classified as Goup A known human
carcinogens. There is little uncertainty regarding the carcinogenicity of these
i n humans.

Most of the renmmi nder of the carcinogens are classified as Goup B2, probable hu
carci nogens. \Wereas there is no evidence of carcinogenicity in humans, there
sufficient evidence in animals. There are a nunmber of uncertainties regarding e
of carcinogenicity based on animal tests. One is the use of maxi mumtolerated d
t hat cause cellul ar damage, which increases the rate of cell growh during repa
processes. High rates of cell growth tend to increase the potential for carcino
effects as a result of the exposure. Another source of uncertainty is the assum
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all chenicals that are carcinogenic in animals are also carcinogenic in hunmans.
chenmicals classified as Goup B2, |ack of evidence of carcinogenicity in humans
consi derabl e uncertainty in the cancer risk estinmates.

The assunption that response is linear with respect to dose and that there is no
threshold for induction of cancer are inportant sources of uncertainty. Current
suggest that carcinogens may act by several different nechanisns, which could re
nore than one type of dose-response curve. Currently, however, data are inadequ
support nore detail ed assunpti ons regardi ng dose-response. The uncertainties
associated with carcinogenic slope factors (CSFs) nmake the greatest contribution
total uncertainty of a cancer risk estinate.

The CSF for benzo(a)pyrene was used as a surrogate for all polycyclic aromatic
hydrocarbon (PAH) conpounds that are considered carcinogenic. Because

benzo(a) pyrene nmay be the npst potent carcinogenic PAH, aggregating carcinogenic
PAHs in this fashion nay serve to overestinmate risks. However, until nore toxic
are available on these contanminants, it is not possible to conduct nore chem ca
eval uati ons.

Ri sks associated with dermal contact with soils were evaluated for only a limte
of contam nants. Because netals are not easily absorbed through the skin, the d
route was not evaluated for netals. |In addition, the uncertainty concerning der
and CSFs is high because of the lack of chem cal -specific dermal toxicity inform

No RfD or CSF is currently available for lead. Therefore, the LEAD5 nodel was u
to evaluate potential exposure to lead. This nodel provides a conservative est
ri sk because it eval uates exposure to the nost sensitive subpopul ation

7.3.4 Risk Characterization

The factors that contribute uncertainty to the estimates of exposure concentrat



i ntakes, and toxicity information also contribute uncertainty to the estimtes o
and noncancer risks. These factors include the follow ng:

O Chemni cal s not included
O Exposur e pat hways not consi dered
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O Derivation of exposure-point concentrations

O I ntake uncertainty

O Toxi col ogi cal dose-response and toxicity val ues

When val ues for cancer and noncancer risk are sunmed across chemicals, it is ass
that the chenical -specific carcinogenic and noncarci nogenic effects are i ndepend
additive. Actually, these effects may interact to produce a | ess-than-additive
(antagonistic) or a nore-than-additive effect (synergistic). Unfortunately, dat
chemical interactions are |acking for nost chemical mxtures. |In the absence of
specific toxicity data, the assunption of additivity is a standard approach. Th
result in an overestimate or underestimate of the cancer and noncancer risks.

The standard approach for evaluating potential health risks at a site is to calc
incremental risks (i.e., the risks attributable to site-related contanination an
risks attributable to background sources). The results of the LEAD5 nodel take

account other sources of lead (e.g., lead present in food). The nodel provides

estimate of the blood | ead concentration resulting from background and site expo
lead. This nmay lead to an overestimation of risk.

El evated human health risks were predicted for nmetals in groundwater. These ris
consi dered representative of background, and exposure is not likely for the fol
reasons:

O The history of the site indicates that the COPCs expected to contri
nost of the risk are ordnance conpounds and senivolatile organic
conmpounds. No information exists to indicate that the netals in
groundwater are attributable to site activities.

O The sea-level aquifer is used in the region for drinking water. An
drinking water at the site will nost likely be obtained fromthis a
O Concentrations of netals in groundwater at Site D are conparable to

background and regi onal background (i.e., Kitsap County) concentrat
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8.0 REMEDI AL ACTI ON OBJECTI VES

Actual or threatened rel eases of hazardous substances fromthis site, if not add
i mpl ementing the response action selected in this ROD, may present a hazard to h
health or the environnment.

The results of the baseline risk assessnment indicate some human health risk to c
i ndustrial workers, hypothetical future industrial workers, and hypothetical fut
residents. Potential ecological effects on small burrowi ng marmal s and deer are
predicted if soil contami nation is unabated. Based on the risk assessnent resu
contami nation at Site D exceeds established health-based thresholds. Consistent
EPA' s NCP and EPA policy, renedial action is warranted to address these potentia
to human health and the environment and to address those areas where chenicals
exceed state standards. The follow ng sections present the renedial action obje
(RAGCs) for soil, surface water, and groundwater at Site D

8.1 SA LS

The human health risk assessnment identified excess carcinogenic risks exceeding
and excess non-carci hogeni ¢ hazard i ndexes exceeding 1.0 associated with COPCs i
The conpounds 2,4, 6-trinitrotoluene and 2,4-dinitrotoluene are the COPCs present
hi ghest concentrations and quantities in soil and contribute nore than 70 percen
total excess cancer risk at Site D, based on the future residential scenario. E
2,4,6-trinitrotoluene in soil accounts for greater than 95 percent of the tota
noncar ci nogeni ¢ risks. The exposure routes of concern are ingestion and der nal
with soil. The ecological risk assessnment concluded that the conmpounds 1, 3, 5-
trinitrobenzene, 2,4,6-trinitrotoluene, and 2,4-dinitrotoluene my pose risks to
mammal s and the bl ack-tail ed deer.

The ordnance conpounds of concern were detected in surface and subsurface soils
burn trench area in the top 3 feet of the soil colum and in surface soil at gri
G 1 and M12 at concentrations that pose a significant risk to human health and
envi ronnent and exceed state cleanup criteria (Figure 12).

The RAO identified for soils at Site Dis to prevent unacceptable current and po
future risks to human health and the environment that are posed by ingestion and
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dermal contact with 2,4,6-trinitrotoluene and 2,4-dinitrotoluene. Response act
achieve the RAO for soils include treatnment of the soils to renove these ordnanc
conmpounds.

In devel oping the remedi al goals for soils, consideration was given to the poten
i mpacts of the renediation on the environnment at Site D. Washington State Mde
Toxi cs Control Act (MICA) Method B cleanup levels for 2,4,6-trinitrotoluene were
applied for the entire site because the concentration of 2,4,6-trinitrotoluene e
MICA Method B cleanup levels in two distinct areas of contam nation. However, 2
dinitrotoluene is widely distributed across the site at concentrations exceedi ng
Met hod B cleanup levels. Approximately 1.4 acres are potentially affected with
wet | ands boundary. Therefore, a renedial action to attain MICA Method B cl eanup
levels for 2,4-dinitrotoluene within the wetlands would result in significant da
exi sting wetlands ecosystem In keeping with MICA requirenments (WAC 173-340-706
MICA Method C cleanup levels will be applied to the cleanup of 2,4-dinitrotoluen
wi thin the wetlands boundary to mnim ze ecol ogi cal danage to the wetl ands.

The foll owi ng renedi al goals have been defined for soils at Site D

O Renmedi ate all soils at Site D that contain 2,4,6-trinitrotol uene at
concentrations exceeding the MICA Method B cl eanup level (33.3 ng/k

O Qutside the wetl ands boundary, renediate soils that contain 2, 4-
di nitrotoluene at concentrations exceeding the MICA Met hod B cl eanu
level (1.47 nmg/kg). Wthin the wetlands boundary, apply the MICA
Met hod C cl eanup | evel (58.8 ng/kg) to 2,4-dinitrotol uene.

O For all soils that are renmedi ated, attain MICA Met hod B cl eanup |ev
for 2,4,6-trinitrotoluene and rel ated ordnance conpounds, i ndudi ng
di nitrotol uene and 2, 6-dinitrotoluene. The soil treatnent |levels a
presented in Table 17.

Attaining the remedial goals for ordnance conpounds in soils will reduce the sit
reasonabl e maxi mum exposure concentrations such that excess carcinogenic risks t
human health will be in the 10-6 range, and excess noncancer hazard indexes will
than 1.0. Residual human health risks in soils will be primarily attributable t
ordnance concentrations in soils and concentrations of PAH conpounds detected in
sedi nents on site and upgradient of Site D
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Tabl e 17
Soil Treatnent Levels for 2,4,6-Trinitrotoluene and
Rel at ed Ordnance Conpounds
MICA Met hod B Cl eanup Level (Corresponds
to 1.0 x 10-6 Cancer Riska,b)

Compound (mg/ kQg)
2,4,6-Trinitrotol uene 33.3
2,4-Dinitrotol uene 1.5
2, 6-Dinitrotol uene 1.5
Ni t r ot ol uenec 800
1,2-Dinitrobenzene 32
1,3-Dinitrobenzene 8
1,4-Dinitrobenzene 32
Trinitrobenzened 4
Ni t robenzene 40

aCunul ative risk fromall ordnance conpounds remaining in treated soil shall no
1.0 x 10-5.
bRi sk cal cul ated from MICA Met hod B equati ons

clncludes all isoners

dNoncarci nogen, i.e., cleanup |evel based on hazard index of 1.0

Hazard quotients for ordnance conpounds will be reduced to |less than 1.0 for al
ecol ogi cal receipts except the Townsend's vole. The hazard quotient for the Tow
vole will be reduced approximately by a factor of 100, with the residual risk be
attributed mainly to 2,4,6-trinitrotoluene. Applying the MICA Method C cl eanup
to 2,4-dinitrotoluene in the wetlands boundary will also contribute to the resid

t he Townsend's vol e.

Figure 12 shows the areas at Site D in which the concentrations of ordnance conp
in surface soil exceed the renmedi al goals. Based on these objectives, 880 cubic
(1,200 tons) of soil will require renediatiom The area near the burn trench is
approximately 60 by 125 feet and will be excavated to a depth of 2 to 3 feet. T
areas at grid locations G1 and M 12 are assuned to be approximtely 25 by 25 fe
will be excavated to a depth of 1 foot. The excavation depth estinmates are base
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results of subsurface borings. Actual excavation umts at any given | ocation wi
on confirmation sanpling during excavati on.

8.2 SURFACE WATER

The human health and ecol ogical risk assessnents did not identify significant ri
associated with COPCs in surface water. However, arsenic, copper, nmercury, tha
and zinc exceeded regulatory criteria in surface water sanples collected fromsS
di scussed in Section 6.0, each of these chem cals exceeded in one or two sanples
32 sanples collected. Arsenic also exceeded regulatory criteria in surface wate
col | ected upgradient of Site D

Under MICA, Method B cleanup | evels are established to be at |east as stringent
concentrations established under state and federal |aws. Thus, exceedances of t
Washi ngton State Water Quality Standards (WAC 173-201A) and Cl ean Water Act

Ambi ent Water Quality Criteria (33CFR330) are considered to be exceedances of
MICA Met hod B surface water cleanup |evels.

No source has been identified for the exceedances of MICA Method B cl eanup | eve
for nmetals in Site D surface water. O these netals, only arsenic was detected
concentrations exceeding MICA Method B soil cleanup levels, in three out of 74
sanpl es. The | ocations of the arsenic exceedances in soil do not correspond to
| ocations of the arsenic exceedances in surface water. Stormmater runoff fromE
Road may contribute to the detected concentrations of metals in surface water at
Arsenic, copper, |lead, and zinc have been shown to be present at elevated |levels
stormvat er runoff (Metro 1982).

Wet | ands are known to renove heavy netal pollutants in surface water (Chan 1982,
Greeson 1979). Rempval nechani sms i nclude sedi nmentation, adsorption, filtration,
vegetative uptake. These nmechanisnms likely occur at Site D, as evidenced by the
that none of the netals detected in Site D surface water exceeded MICA Met hod B
cl eanup levels in downgradi ent surface water

Lead and bi s(2-ethyl hexyl) phthal ate exceeded regulatory criteria in surface wat
sanpl es col |l ected downgradi ent or cross-gradient fromSite D. As discussed in S
6.0, each of these chemicals exceeded regulatory criteria in one or two sanples
sanpl es collected. Lead and bis(2-ethyl hexyl) phthal ate do not appear to be re
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site activities. Dissolved |ead was not detected in Site D surface water and bi
et hyl hexyl) phthal ate did not exceed MICA Method B cleanup | evels on site. Ohe
sources may exist for the detected cross-gradi ent and downgradi ent exceedances,

bi s(2- et hyl hexyl) phthal ate may have been introduced in the sanples as a | aborat



contami nant. Since the affected off-site sanpling stations (DSWO06, DSWO08, and
09) receive runoff from areas outside of the study area, the single detection of
the two exceedances of bis(2-ethyl hexyl) phthalate in off-site surface water can
attributed to Site D

In sutmmary, active renediation of surface water at Site D to address exceedances
MICA Method B cl eanup levels is not practicable for the follow ng reasons:

O No COPCs in surface water were identified in the human health or
ecol ogical risk assessnents as posing significant risks (URS 1993).

O No source area has been identified for the netals found in Site D s
wat er, although stormwvater runoff from Escol ar Road nmay contribute
the nmetals concentrations.

O No transport of nmetals is occurring fromSite D to downgradi ent sur
water. The wetlands area of Site D provides natural attenuation of
concentrations.

O Active renmediation within the wetlands, where the mgjority of surfa
wat er regul atory exceedances occurred, is likely to cause | oss of h
greater short-term and | ong-tenn environmental risk conpared to cur
risks.

The RAO identified for surface water at Site Dis to prevent migration of nmetals
Site D surface waters in quantities that may adversely affect ecol ogical recepto
downgradi ent surface waters. Because the Site D wetlands currently attenuate th
netal s concentrations, the response actions for surface water are limted to ins
controls (specifically confirmation sanpling). However, if the results of the ¢
sanpling indicate that regulatory criteria are exceeded in downgradi ent surface

due to transport of contaminants from Site D, response actions including active

renmedi ation will be considered, if feasible.
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8.3 GROUNDWATER
8.3.1 Perched Aquifer

Groundwater in the perched aquifer is not a potential future source of drinking

The human health and ecol ogical risk assessnments concluded that it does not pose
unacceptable risks when it is manifested as surface water through seeps. Theref
regul atory criteria are exceeded and no RAGCs are identified for groundwater in t
perched aquifer.



8.3.2 Shall ow Aquifer

The human health risk assessment concluded that risks due to ingestion or inhala
shal | ow aqui fer groundwater are alnost entirely due to naturally occurring conce
of inorganics. For organic conpounds, regulatory criteria were exceeded in the
aqui fer for benzene in one sanple upgradient of Site D, for tetrachl oroethene in
sanpl e upgradi ent and one sanpl e downgradient of Site D, and for heptachlor in o
sanple within Site D. Methylene chloride and bi s(2-ethyl hexyl) phthal ate, conmo
| aboratory contam nants, exceeded regulatory criteria in 5 out of 26 sanples and
26 sanples, respectively. No sources for the exceedances have been identified.
characterization of the shallow aquifer is warranted to address these exceedance
regul atory cateria. Accordingly, the RAO established for the shallow aquifer is
prevent potential future risks to human health that may be caused by ingestion o
i nhal ati on of COPCs in shallow aquifer groundwater. Response actions to neet th
RAO i ncl ude:

O Short-termnonitoring for volatile organi c conpounds (VOCs) in the
shal |l ow aqui fer to verify exceedances of health-based criteria

O Further characterization of the shallaw aquifer to determne the na
extent of contamination, if confirnmed by the short-term nonitoring

O | f exceedances of health-based criteria are confirned, active rened
shal | ow groundwater wi Il be consi dered.
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9.0 DESCRI PTI ON OF ALTERNATI VES

Three areas at Site D have concentrations of ordnance conpounds in surface soi
require remedial action. The principal applicable or relevant and appropriate
requi renent (ARAR) for these remedial actions is MICA, which |ists cleanup stand
Three alternatives were eval uated as possible renedial actions.

9.1 ALTERNATI VE 1: NO ACTI ON

Alternative 1 is included for conparison purposes under CERCLA. This alternativ
woul d not require any action. No treatnment, storage, or containnment of waste wo
occur.

Moni t ori ng woul d be conducted for the chemi cals of concern in groundwater in the
shal |l ow aqui fer and in surface water. The nonitoring program would consist of t
foll owi ng conponents:



O Confirmation sanpling of on-site and downgradi ent surface water for
nmetal s woul d be conducted to assess any transport of surface water
contam nants from Site D

O Short-termnonitoring for VOCs in the shallow aquifer would be
conducted, using existing nonitoring wells, to confine previous exc
of health-based criteria. |If confirmed, long-termnonitoring for V

the shal |l ow aqui fer woul d be conduct ed.

CERCLA requires a review at |east every 5 years if the selected renedial action

in some untreated contanmination. This reviewis also required under MICA (WAC 1
340-420) because exceedances of Method B cleanup levels will remain on site. Th
reviews are conducted to ensure that human health and the environnent are protec
(CERCLA, Section 121). The results of the review would be used to deterni ne whe
addi ti onal ongoing monitoring is required. A detailed nonitoring program would

devel oped in the renmedi al design

Alternative 1 does not sufficiently protect human health or the environnent, nor
neet state and federal regulations for Site D. It does not renpve or renediate
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contam nants detected in the surface soils at Site D and, therefore, results in
human health and the environnent.

9.2 ALTERNATI VE 2: | NCI NERATI ON

Incineration is a proven technol ogy that woul d permanently destroy the highest
concentrations of contaminants at Site D, thereby protecting human health and th
environnent. This alternative includes excavation of approximately 1,200 tons o
contanminated soils with conventional excavation equipnent, testing of the soils
excavation to verify renmoval of contam nants to an acceptable |level, on-site inc
testing of incinerated soils to confirmeffectiveness, and replacenent of the in
soils in the excavation. The disturbed area would then be covered with clean to
graded, and revegetated. Mnitoring of groundwater and surface water would be
required. The conponents of Alternative 2 are described in detail in the follow
sections.

9.2.1 Excavation

A detail ed excavation plan woul d be devel oped before soil renmpval has started.
pl an woul d descri be the configuration and quantity of contam nated material (inc
soil, debris, vegetation, etc.), the nethods to be used to excavate the soil, th
be used for staging and stockpiling the soils, the nethods for |oading the hau



decont anmi nati on procedures, and the requirenents for personnel protection and he
and safety nonitoring. The excavation plan would include an environnental prote
pl an.

Sanpling woul d be perforned during excavation to ensure that all contaninated so
exceeding the RACs are renoved and renedi ated. The excavation plan would includ
verification sanpling and data anal ysis plan defining statistical methods to ver
attai nment of RAOs. Appropriate statistical nethods would be used to determ ne
requi red nunber of verification sanples. The actual nunber of sanples would var
based on field conditions.

Proper erosion and drai nage controls would be inplenented during on-site renedia
action work to protect any wetlands. Disturbed areas would be restored after th
treatment is conplete.
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9.2.2 Stockpiling

A staging area woul d be constructed on or near Site D for excavated soils. The

| ocation of the staging area would be verified in the renmedial design. Soils aw
treatment woul d be staged in bernmed and lined stockpiles in the staging area.
9.2.3 Process Description

A nobile rotary kiln incinerator would be nobilized to the site. The incinerat
process uses a controlled, enclosed environment to reduce the levels of contanin
the soils by conmbusting the soils at high tenperatures (approximlely 1,600 to 2
The process permanently destroys organic contam nants, converting theminto stab
i norgani ¢ conmpounds such as carbon di oxi de and water

I ncineration involves the follow ng basic steps:

O Contanminated soil is fed into the incinerator as a fuel source (typ
an auxiliary fuel)

O Soi |l s are burned, destroying organic conpounds and yiel ding residua
products in the formof dust and gases

O Treated soils are cooled and stockpiled for use as backfil
O Resi dual gases are cool ed, cleaned, and rel eased to the atnobsphere

I nci neration woul d provide nearly conplete destruction of ordnance conpounds.
Possi bl e treatnment residuals fromincinerator operations include dust and/or scr



water fromthe off-gas treatnment system Treatnent residuals generated fromthe
i nci nerator woul d be anal yzed and di sposed of in accordance with applicable regu

9.2.4 Operating Parameters

O Site Requirenent

Sufficient area is needed for the incineration system the feed and auxiliary fu
area, and the treated soil stockpile. In addition, space is required for decont

spare parts storage, and other auxiliary equipnent. Portions of the site may be
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and others covered with asphalt. A surface area of approximately 0.5 acre woul d
required for the incineration site. Construction of access roads to the inciner
may be necessary. Fencing and signs would be required around the treatnment site
[imt access.

Uility requirenents for a nmobile incinerator include a continuous water supply
el ectrical service

O Backfilling of Treated Soi

The treated soil would be tested for ordnance conpounds to verify the effectiven
the treatnment in achieving RACs and treatnent standards, and then used to backf
excavated areas. Treated soil would be devoid of any organic content and woul d
conducive to plant growth. Therefore, the disturbed area woul d be covered with
m ni mum of 1 foot of clean soil. Additional clean fill nmay be required to retur
to natural contours under the incineration alternative because of an approxi mate
percent reduction in volume. The area would be revegetated with native plants.

The treatnment system woul d be renoved and the treatnment area returned to natura
contours and revegetated. Any access roads required for construction of the tre
system along with the existing access road constructed during the Rl at Site D
renmoved and returned to natural contours and reveget at ed.

O | mpl emrentation Tim

After conpletion of the renedial design and construction of necessary facilities
i ncineration process is expected to take approximately 2 weeks.

9.2.5 Incineration ARARs

Incineration will require neeting the substantive permt requirenents, including
and performance criteria. Requirenents are set forth in the Clean Air Act (40 C



and WAC 173-460, and in the Puget Sound Air Pollution Control Agency regulations

Excavation and backfilling would be perforned in accordance with the health and
requi renents of the Cccupational Safety and Health Adm nistration (OSHA) (29 CFR
1910 and 1926) and the Washi ngton Industrial Safety and Health Adm nistration

W SHA) (WAC 296-62 Part P). Under typical conditions, no respiratory protection
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woul d be required; however, the contractor would use appropriate dust control ne
and woul d nmonitor for airborne particulates. Fugitive dust emi ssions would be r
by the Puget Sound Air Pollution Control Agency.

The chemical and historical information fromthe RI indicates that excavated so

debris would not be designated as a dangerous or hazardous waste. However, exca
soil and debris and any treatnent residuals woul d be eval uated by the Navy to de
whet her dangerous or hazardous waste is being generated. The evaluation criteri
forth in the Washi ngton State Dangerous WAste Regul ati ons (WAC 173-303) and the

Resource Conservation and Recovery Act (RCRA) regul ations (40 CFR 261).

9.2.6 Monitoring and Review
Under Alternative 2, the nonitoring programwould consist of the follow ng conmpo

O Confirmation sanmpling of on-site and downgradi ent surface water wou
conducted followi ng soil renediation. Surface water sanples would
anal yzed for netals to address previous netals exceedances and for
ordnance conpounds to verify that ordnance conpounds were not
nmobi |i zed during soil renmediation activities. |f the results of th
confirmation sanpling indicate that regulatory criteria are exceede
downgr adi ent surface waters due to transport of contam nants fromsS
response actions including active renedi ati on woul d be consi dered.

O Short-termnonitoring for VOCs in the shall ow aquifer would be
conducted, using existing nonitoring wells, to confirm previ ous exc
of health-based criteria. |If confirmed, further investigations to

the source and extent of VOCs in the shallow aqui fer would be condu
Once characterized, active renediation of the shallow aquifer would
conducted, if necessary and feasible.

A review woul d be conducted within 5 years of inplenmentation of the renmedy to
eval uate the effectiveness of the renmedy and to ensure that human health and the
environnent are protected. The results of the review would be used to deternine
whet her additional actions or ongoing nmonitoring is required. A detailed nonito
program woul d be devel oped in the renedial design
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9.2.7 Land-Use Restrictions

Alternative 2 does not include deed restrictions or other adninistrative |imtat
future land use. Existing wetlands |aws would prevent future devel opnent of Sit
wet | ands.

9.3 ALTERNATI VE 3: COWPOSTI NG

Conposting is an innovative technol ogy that woul d pernanently destroy the highes
concentrations of contaminants at Site D, thereby protecting human health and th
environnent. This alternative includes excavating approxi mtely 1,200 tons of

contami nated soil with conventional excavation equi pment, testing the soil bel ow
excavation to verify renoval of contam nants to an acceptable |level, on-site com
testing the conposted soils to confirmeffectiveness, and replacing the conposte
the excavation. The disturbed area would then be covered with clean topsoil gra
and revegetated. Mnitoring of groundwater and surface water would be required.
conmponents of Alternative 3 are described in detail in the follow ng subsections

9.3.1 Excavation

Excavation woul d be conducted as descri bed under Alternative 2.

9.3.1 Stockpiling

St ockpiling woul d be conducted as described under Alternative 2.

9.3.3 Process Description

Conposting is a biological treatnment process by which toxic organics are biodegr
| ess toxic organic and inorganic by-products and heat energy. The heat energy
trapped within the conpost matrix, enhancing the mcrobiol ogical growh rate and
t he bi odegradation rate. Conposting is a well-devel oped technol ogy used comrerc
to treat garbage, yard and agricultural waste, and wastewater sludges.
Conposting can be acconplished by three methods: static pile, mechanically agit
vessel (MAIV), and windrow. Static conposting was rejected during the screening

process of the FS on the basis of effectiveness. Wndrow and MAIV conposting ar
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nmet hods that have been proven effective at treating ordnance-contam nated soils

(Weston 1993). W ndrow conposting has been shown to be as effective as, or supe
to, MAIV in biodegrading 2,4,6-trinitrotoluene. The primary difference between

conposting systens is the technology |level required to nmaintain operating parane
order to achieve the desired degradation efficiency. The MAIV nmethod is a highl
automated and rmultistep process with capital and operation and mai ntenance costs
hi gher than that of the wi ndrow conposting process. For these reasons, the w nd
technology is the preferred process option for Site D soils.

Conmponents of a wi ndrow conposting systeminclude an excavated soil staging area
mat eri al storage area, soil screening and nixing areas, a process water system a
el ectrical service, a front-end | oader and dunp truck, a treatnent pad, a canopy
Wi ndr ow-t ur ni ng nmachi ne.

The first step in the w ndrow conposting process is feed preparation. Before th
anmendnents (additives to pronote conposting) are added, the excavated soil may n
mechani cal screening to renmove unacceptable debris and |arge rocks in order to p
damage to or interference with the conposting process. Rocks and debris would b
washed to renpove any contam nated particulate. The rocks would be returned to t
excavated area and other debris would be properly disposed of in an acceptable o
or off-site location. Wstewater would be collected in a | eachate collection sy
reused in the conposting systemto nmaintain a proper noisture content. Vegetat
fromthe renediati on area woul d be chi pped and/ or shredded, if necessary, and

i ncorporated into the conpost piles.

The nost effective and | east expensive amendnents used in previous treatability
were manure/ al fal fa-based anendnents. The exact conposition of anmendnents to be
used in conposting Site D soils will be determined in the pilot-scale treatabil
The nost effective soil |oading volunmes, as a percentage of total conposting vo
range from 10 to 30 percent. G eater soil volunme |oadings significantly reduce
degradation potential of the ordnance conmpounds by reduci ng heat generation. Th
pilot-scale treatability study for Site D soils being conducted at Site F will v
heat generated within the windrows is sufficient to maintain optinumtenperature
technical concerns identified in the pilot-scale treatability study will be addr
remedi al design.

The conpost m xture woul d be prepared by adding soil and anendnents to a m xing
Mul tiple bins allow the material to be prepared in stages. The mixture would th
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transferred fromthe bin to a windrow. After a new batch of conpost mxture is
in arow, a w ndrowturning machi ne woul d pass over the new conpost to fluff, ae
and shape the pile. Once established, the wi ndrow would require periodic turnin
Wi ndr ow-t ur ni ng nmachi ne.

No treatment residuals, other than the conpost mxture itself, would be generate
Treatabilly studies have indicated that a greater than 99 percent reduction in 2
trinitrotol uene concentrations can be readily achi eved. Degradation products of
trinitrotoluene in the conpost m xture, which include nonoamni nodinitrotol uenes a
di am noni trotol uenes, have limted nmobility and significantly lower toxicity tha
parent conpound.

9.3.4 Operating Parameters
O Site Requirenent

The conposting facility would be sited at SUBASE, Bangor. The prinmary design
paranmeter for w ndrow conposting is the assunption that the desired degradation
achi eved for each batch after 7 weeks of treatnent. This timefrane has been ver
the bench-scale treatability study using soils fromSite D. The renediation tim
will be verified in the pilot-scale study and may affect the size of the treatne
requi red for wi ndow conposting. The total area required for w ndrow comnposting
estimated at 41, 000 square feet.

Uility requirenents for the composting systeminclude a coni unuous water supply
el ectrical service. Fencing and warning signs would be constructed to limt acc
treatnment site.

O Treatability Stud

In addition to the bench-scale treatability study that has verified the effectiv
conposting, a pilot-scale treatability study will deternmne the optinmal soil-to-
rati o, amendnment conposition, water requirenments, and residence tinmes. This
information is required for devel opi ng design parameters for a final composting
treatment facility.
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O Backfilling of Treated Soi

The treated soils would be tested for ordnance compounds to verify the effective



the treatnment in achieving RAGCs, and then used to backfill the excavated areas.
materials in the conpost amendnent, such as the nmanure, are expected to deconpos
within the specified treatnment tine. However, sone of the conponents may not to
deconpose during the specified treatnment tine but are expected to continue to
deconpose after being placed in the excavated area. This phase of conposting is
referred to as curing and results in the production of stabilized conpost. A st
conpost requires no additional nutrients to enhance degradati on and has a | ow ox
demand. Curing would continue at a slowrate after the materials have been plac
t he excavation, and the conpost would not require continued nanagenent. To mini
runoff of excess nutrients from curing conpost, the backfilled areas would be co
with 1 foot of clean soil and revegetated with native plants. The soil cover wo
m nim ze public and environnmental exposure to the conpost materi al

Upon conpl etion, the treatnment system would be renoved and the treatnment area
returned to natural contours and revegetated. Any access roads required for
construction of the treatnment system along with the existing access road constr
during the RI at Site D, would be renmoved and returned to natural contours and
reveget at ed.

O | mpl emrentation Tim

After conpletion of the renedial design and construction of necessary facilities
expected tine to remediate the soils by conmposting is 8 nonths. The operation t
may vary seasonally and woul d depend on the soil condition.

9.3.5 Conposting ARARs

Excavation and backfilling would be perforned in accordance with the health and
requi renents of the Cccupational Safety and Health Adm nistration (OSHA) (29 CFR
1910 and 1926) and the Washi ngton Industrial Safety and Health Adm nistration
(WSHA) (WAC 296-62 Part P). Under typical conditions, no respiratory protectio
woul d be required; however, the contractor would use appropriate dust control ne
and woul d nmonitor for airborne particulates. Fugitive dust emi ssions would be r
by the Puget Sound Air Pollution Control Agency.
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The chemical and historical information fromthe RI indicates that excavated so

debris would not be designated as a dangerous or hazardous waste. However, exca
soil and debris and any treatnent residuals would be eval uated by the Navy to de
whet her dangerous or hazardous waste is being generated. The evaluation criteri
forth in the Washi ngton State Dangerous WAste Regul ati ons (WAC 173-303) and the

Resource Conservation and Recovery Act (RCRA) regul ations (40 CFR 261).

9.3.6 Monitoring and Review



Under Alternative 3, the nmonitoring programwould consist of the follow ng conmpo

O Confirmation sanmpling of on-site and downgradi ent surface water wou
conducted followi ng soil renediation. Surface water sanples would
analyzed for netals to address previous netals exceedances, and for
ordnance conpounds to verify that ordnance conpounds were not
nmobi |i zed during soil renmediation activities. |f the results of th
confirmation sanpling indicate that regulatory criteria are exceede
downgr adi ent surface waters due to transport of contam nants fromsS
response actions including active renedi ati on woul d be consi dered.

O Short-termnonitoring for VOCs in the shall ow aquifer would be
conducted, using existing nonitoring wells, to confirm previ ous exc
of health-based criteria. |f confirmed, further investigations to

the source and extent of VOCs in the shallow aquifer would be condu
Once characterized, active renediation of the shallow aquifer would
conducted i f necessary and feasible.

A review woul d be conducted within 5 years of inplenmentation of the renmedy to
eval uate the effectiveness of the remedy and to ensure that human health and the
enviroment are protected. The results of the review would be used to deternine
whet her additional actions or ongoing nmonitoring is required. A detailed nonito
program woul d be devel oped in the renedial design

9.3.7 Land-Use Restrictions
No deed restrictions or other admnistrative limtations on future | and use are
in Alternative 3. Existing wetlands |aws would prevent future devel opnent of S

wet | ands.
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10. 0 COVPARATI VE ANALYSI S OF ALTERNATI VES
The EPA has established nine criteria for the evaluation of renedial alternative

O Overall protection of human health and environnment -whet her a renmedy
provi des adequate protection and how risks posed through each pat hw
are elimnated, reduced, or controlled through treatnment engineerin
controls or institutional controls

O Conpliance with ARARs-whether a remedy will neet all of the ARARs
of other federal and state environnental statutes and/or provide gr
for invoking a waiver



O Long-term ef fecti veness and permanence-the magni tude of residual ri
and the ability of a remedy to maintain reliable protection of huma
and the environnment over tinme once cleanup goals have been net

O Reduction of toxicity, nmobility, or volune through treatnent-the
antici pated performance of the treatnment technol ogi es that nay be
enpl oyed in a renedy

O Short term effectiveness-the speed with which the renmedy achi eves
protection, as well as the remedy's potential to adversely affect h
health and the environment during the construction and inpl enmentat
peri od

O I mpl ementability-the technical and administrative feasibility of a
including the availability of materials and services needed to inpl
chosen sol ution

O Cost -i ndudes capital and operation and nmi ntenance costs

O St at e accept ance-whet her, based on its review of the RI/FS and prop
pl an, the State concurs with, opposes, or has no coment on the pre
r emedy.
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O Community acceptance-comments received during the public coment

period indi cate whether the community concurs with the preferred re

The three renedial action alternatives for Site D were eval uated agai nst these c
The foll owi ng sections discuss each of the alternatives in terns of the eval uat

10.1 OVERALL PROTECTI ON OF HUMAN HEALTH AND THE ENVI RONVENT
10.1.1 Alternative 1

Alternative 1 (no action) does not contribute any additional protection to prese
future workers or future residents at Site D, nor does it provide any additiona
to the environnent. The contaminant |evels at the site, deternm ned by the risk
assessnment to be above acceptable Iimts, will renmain essentially at current
concentrations for nmore than 10 years. The exposure pat hways of concern at the
dermal contact and ingestion of ordnance-contani nated soils, and ingestion of
groundwater fromthe shallow aquifer. Alternative 1 does not elimnate, reduce,
control exposure to the contam nants and does not neet the RAGCs.



10.1.2 Alternative 2

Alternative 2 (incineration) would be effective in protecting human health and t
environnent. Al RACs would be net by the alternative. Residual risks in treat
are expected to be bel ow the nost stringent of the carcinogenic risk | evels deem
acceptabl e for human exposure. Final concentrations of ordnance conpounds in th
treated soil are expected to be near zero and bel ow MICA Met hod B cl eanup val ues
all ordnance conmpounds and their degradation products.

Treated soil (void of any organic content) deposited back in the original excava
woul d not be conducive to plant growth. Therefore, 1 foot of clean topsoil woul
pl aced over the treated soil and the site revegetated and returned to original g
Adherence to the substantive permtting requirenments would ensure that the incin
systemis operating safely and effectively. Gases enmtted to the atnosphere wou
nmoni tored and the system shut down if the incinerator did not neet substantive p
requi renents. GCccupational risks during construction would be addressed in the

health and safety plan.
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Potential human health risks associated with groundwater in the shallow aquifer
potential ecological risks associated with exceedances of regulatory criteria in
wat er woul d be addressed in the nonitoring program and, if necessary and feasib
t hrough active renediation.

10.1.3 Alternative 3

Alternative 3 (conposting) would provide for the overall protection of human hea
the environnment by reducing 2,4,6-trinitrotoluene concentrations in the finished
to 33 ng/ kg or less, and reducing 2,4-dinitrotoluene and 2, 6-dinitrotol uene
concentrations to 1.47 ng/kg or less. The results of the conposting studies ind
these | evel s can be achieved. Renediation to these concentrations or |ess would
the RAGCs. Consequently, human and environnmental exposure to high concentrations
ordnance conpounds in soils would be reduced to acceptable Ievels. Follow ng
treatment, the conpost m xture would be backfilled. One foot of clean top soi

pl aced over the conpost and revegetated to mnimze runoff of excess nutrients f
curing conpost. COccupational risks during construction would be addressed in th
project health and safety plan.

Potential human health risks associated with groundwater in the shallow aquifer
potential ecological risks associated with exceedances of regulatory criteria in
wat er woul d be addressed in the nonitoring program and, if necessary and feasib
t hrough active renediation.



10.2 COVPLI ANCE W TH ARARS
10.2.1 Alternative 1

Alternative 1 (no action) does not conmply with either federal or state ARARs reg
soil remediation. The excess cancer risk posed by direct contact with contamn na
surface soils currently present at Site D based on the future residential use sc
within the acceptable range of 10-4 to 10-6 stated in the NCP. However, the non
hazard i ndex exceeds 1.0. Concentrations of chemicals in soil exceed the cleanu
st andards established in MICA.
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10.2.2 Alternative 2
Alternative 2 (incineration) will nmeet all ARARs as descri bed:
O Cheni cal - Speci fi ¢ ARARs

Incineration is expected to successfully reduce concentrations of o
conmpounds in the excavated soil to below MICA Method B cl eanup | eve
Renmedi ati on to concentrations bel ow the cleanup | evels woul d neet
MICA' s requi rement of reducing access cancer risk to 1.0 x 10-6 or
Cheni cal -specific ARARs for groundwater and surface water woul d be
t hrough nonitoring, and, if necessary and feasible, active renediat

O Locati on- Speci fi c ARARs
I nci neration woul d not affect protected species at SUBASE, Bangor

Remedi al actions in potential wetlands areas woul d be conducted in
accordance with the U S. Arny Corps of Engineers' conditions of the

Nati onwi de Permit Programand will, therefore, nmeet the applicable
ARARS.
O Acti on-Specific ARARs

The nmobile rotary kiln incineration process would be desi gned and
operated to satisfy all action-specific ARARs.

10.2.3 Alternative 3
Al ternative 3 (conposting) would neet all ARARs, as descri bed:

O Cheni cal - Speci fi ¢ ARARs



Treatability studies of ordnance conposting have shown that conpost
degrades greater than 99 percent of 2,4,6-trinitrotoluene in soil
Conposting woul d reduce the concentrati ons of ordnance conmpounds in
the excavated soil to bel ow MICA Met hod B cl eanup | evels. Renediat
to concentrations below the cleanup |levels would nmeet MICA' s

requi renent of reducing excess cancer risk to 1.0 x 10-6 or |ess.
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speci fic ARARs for groundwater and surface water would be net throu
monitoring, and, if necessary and feasible, active renediation.

O Locati on- Speci fi c ARARs
Conposting is not expected to affect protected species of SUBASE

Bangor. Renedial actions in or adjacent to the wetlands area that
conducted in accordance with the U S. Arnmy Corps of Engineers

conditions of the Nationwide Pernmit Programw ||l neet the applicab
ARARS.
O Acti on-Specific ARARs

The conposting systemused for Site D woul d be designed and operate
satisfy all action-specific ARARs.

10. 3 LONG- TERM EFFECTI VENESS AND PERMANENCE

Under each alternative, surface water confirmation sanpling would be conducted t
ensure that downgradi ent surface water is not adversely affected by runoff from
Short-term nonitoring would be conducted for VOCs in the shall ow aquifer to conf
previ ous exceedances of health-based criteria. |If confirned, further investigat
characterize the source and extent of VOCs in the shallow aquifer would be condu
Once characterized, active renediation of the shallow aquifer would be conducted
necessary and feasible (under Alternatives 2 and 3).

10.3.1 Alternative 1

The effectiveness and reliability of Alternative 1 (no action), which includes n
control measures, is extrenely low. The |long-term nagnitude of remaining risk w
be altered under this alternative. Carcinogenic risks will remain above accepta
and the potential for direct exposure for future site users renains.

10.3.2 Alternative 2



Alternative 2 (incineration) is an effective nmethod of permanently destroying or
such as the ordnance contaminants at Site D. Because the process destroys all t
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the contaminants in treated soils, the long-termeffectiveness of the alternativ
excel | ent.

10.3.3 Alternative 3

Alternative 3 (conposting) is expected to reduce the concentration of ordnance
compounds in excavated soil to levels that achieve the RAGCs and satisfy MICA

Met hod B requirenents. The residual concentrations in the treated conpost are
expected to be less than 33.3 ng/kg for 2,4,6-trinitrotoluene and 1.47 ng/ kg for
dinitrotoluene, requiring no additional remnediation or |ong-term managenent.

10. 4 REDUCTI ON OF TOXICI TY, MOBILITY, AND VOLUME THROUGH
TREATMENT

10.4.1 Alternative 1

No treatnment nethods are enployed under Alternative 1 (no action). Therefore,
any, reduction in toxicity, nobility, or volune of the on-site contam nants will
achi eved.

Nat ural processes will gradually reduce the toxicity of ordnance-contam nated so
situ biodegradation is occurring, as evidenced by the presence of transformation
of 2,4,6-trinitrotoluene; however, the natural degradation rate is slow. Unacce
| evel s of contamination are still present at the site 25 years after ordnance in
and di sposal ceased. Ordnance conpounds have a high affinity for soil, and surf
cont ami nation has spread downgradi ent of the burn trench because of natural eros
and surface water runoff.

10.4.2 Alternative 2

Alternative 2 (incineration) will significantly reduce contam nant toxicity and
organi ¢ contami nant nobility will not be an issue after the contaminants are tre
The toxicity and volunme of the ordnance contaminants will be reduced by nearly 1
percent through the incineration process. The soil volume will be reduced by
approximately 25 percent. Incineration is the nost effective alternative in red
contami nant toxicity.
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10.4.3 Alternative 3

Alternative 3 (conposting) will permanently reduce the toxicity and nmobility of
conmpounds in the soil. Geater than 99 percent destruction of ordnance conpound
expected. However, the volune of finished conpost product will be approxi mately

percent greater than the volume of soils excavated for treatnent.

10.5 SHORT- TERM EFFECTI VENESS
10.5.1 Alternative 1

Because no new treatnment or construction activities will occur with Alternative
action), no additional risks would be posed to the environment or to workers or
publi c.

10.5.2 Alternative 2

After conpletion of the renedial design and construction of the necessary facil
i ncineration process is expected to take approximately 2 weeks.

No adverse effects on humans or the environment are expected during the incinera
remedi ati on process. The incinerator operator may conduct a "trial burn" (or su
performance data that can serve as a substitute for trial burn results) to test
the incinerator to neet all applicable performance standards. The risk to the
environnent and the public during a trial burn is mninml because of the small (g
of incinerated materials and the short duration of the test.

During excavation, dust would be nonitored to protect on-site workers from airbo
particul ates. Mnitoring and corrective actions required to maintain safe | eve
di scussed in the health and safety plan. Exposure to dust at the site is not ex
be a significant problem

Operation of the incinerator would alter the natural conditions of the site beca
tree clearing, grading, and construction of an access road. Wetlands may be aff
during the excavation/backfilling phases. Disturbed | and areas would be reclaim
foll owi ng project conpletion.
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The incinerator, if operating properly, would be virtually snokel ess and odorl es
white vapor, conposed nostly of water vapor, would discharge fromthe stack. No
fromthe incineration process is not expected to be significant. Mnitoring of
gases would be required to verify conpliance with appropriate standards. A
decont ani nati on area would be constructed for workers and equi pment to elininate
potential for off-site transport of contami nants. Fencing and signs would limt
the treatnment area. No protected species are expected to be affected during the
renmedi ati on.

10.5.3 Alternative 3

After conpletion of the renedial design and construciion of the necessary facil
time required to inplenment Alternative 3 is approximately 8 nonths. This altern
poses minimumrisks to workers or the conmunity during remediation. The site
currently a restricted area and there are no base-related activities in the area
traffic on Escolar Road. The base is a secured facility. Fencing and signs wou
access to the treatnent area.

Wth a properly designed treatnment facility, including |leachate collection and
cont ai nnent features, em ssions of ordnance conpounds fromthe treatnent site ar
expected. Care would be taken to ensure that the operation of the w ndrow turner
not release soil particles fromthe treatnment area. Adequate ventilation would
provided in the treatnent area to prevent the buildup of ammonia fromthe conpos
process.

I mpl ementing this alternative would alter the natural conditions of the site bec
tree clearing, grading, and construction of an access road. Wetlands night be a
during the excavation/backfilling phases. Disturbed | and areas would be reclaim
foll owi ng project conpletion.

Wor kers woul d be required to wear protective gear, follow special handling proce
and performnmonitoring to mninmze risk involved with the renedi ati on process.
backfilled conpost would pose little or no ecological risk. No protected specie
expected to be affected during the renediation.
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10.6 | MPLEMENTABI LI TY

10.6.1 Alternative 1



Technically, Alternative 1 (no action) is inplenmentable. The adninistrative fea
however, is relatively low. Regulatory agencies will probably find Alternative
unaccept abl e.

10.6.2 Alternative 2

The technical and adnministrative inplenmentability of Alternative 2 (incineration
I nci neration use has been denonstrated at other nilitary installations. Fulfil
substantive permt requirenments will require that the owner or operator of the

i ncinerator performregular inspections and naintenance according to specified
schedules. Mbile rotary kiln incinerators are wi dely available. Several vendo
capabl e of providing the required incineration services.

10.6.3 Alternative 3

The technical inplenmentability of Alternative 3 (conposting) has been proven for
ordnance-contam nated soils in pilot studies and with bench-scal e studies of Sit
Conposting is a well-devel oped technol ogy and is used comercially for treatnent
gar bage, waste sludge, and yard waste. Additionally, sufficient information and
experience is available as a resource for design and operating purposes. A pilo
treatability study for wi ndrow conposting of Site D soils will verify design par
Construction of a wi ndrow conposting facility poses no unusual design or constru
probl ems. Conposting is readily inplenented adm nistratively.

10. 7 COSsT

The estimted capital and operation and mai ntenance (O&V) costs for each alterna
are sumuarized in Table 18. Net present worth costs are al so summari zed and are
based on 5 years of operations and an assuned annual discount rate of 5 percent.
cost estmates provide an accuracy of +50 percent to -30 percent, in accordance w
EPA gui del i nes.
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Tabl e 18

Cost Conparison of Renedial Action Allernatives

Al ternative Capi tal Cost Annual O&M Cost Net Present Worth
No action $0 $16, 500 $75, 000
I nci neration $1, 424,000 $16, 500 $1, 499, 000

Conposti ng $841, 000 $16, 500 $916, 000



10. 8 STATE ACCEPTANCE

Ecol ogy concurs with the selected renedial action at Site D and has been invol ve
devel opnent and review of the RI, FS, proposed plan, and ROD. Coments from
Ecol ogy have resulted in substantive changes in these docunents, and the agency
been integrally involved in determnining which cleanup standards apply to contam
soi | under MTCA.

10.9 COVMUNI TY ACCEPTANCE

Comments received during the public comment period (January 9 through February 8
1994) indicate that the public accepted the proposed plan

11. 0 THE SELECTED REMEDY
Based on consideration of CERCLA requirenents, the detailed analysis of the
alternatives using the nine EPA criteria, and the public coments received, both
EPA and the State of Washi ngton have deternined that Alternative 3 (conposting)
the nost appropriate remedy for QU 6, Site D, at SUBASE, Bangor

The sel ected renedy includes the follow ng conponents:

O Excavating and stockpiling soils containing the highest concentrat
ordnance conpounds. All soils at Site D that contain 2,4,6-trinitr
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in concentrations exceeding the MICA Method B cl eanup | evels (33.3

ng/ kg) will be excavated. OQutside the wetlands boundary, soils tha
contain 2,4-dinitrotoluene in concentrations exceedi ng the MICA

Met hod B cleanup levels (1.47 ng/kg) will be excavated. Wthin the
wet | ands boundary, the MICA Method C cl eanup | evel (58.8 ng/kg) wl
be applied to 2,4-dinitrotol uene.

O Renmedi ati ng the excavated soils by conposting at SUBASE, Bangor
Conposting will attain MICA Method B cl eanup | evels for 2,4, 6-
trinitrotoluene and its degradation products, including 2,4-dinitro
and 2, 6-di nitrotol uene.

O Backfilling the treated soils in the excavations, covering them wt
clean soil, and revegetating the affected areas with native veget at



O Returning the treatnent area and any access roads (including the ex
access road at Site D) to natural contours and revegetating them w
nati ve vegetation.

O Conducting confirmation sanpling of on-site and downgradi ent surfac
water. One round of surface water sanmpling will occur follow ng so
remedi ati on. Surface water sanples will be analyzed for netals to

previ ous netal s exceedances and for ordnance conmpounds to verify th
ordnance conpounds were not nobilized during soil renediation activ
If the results of the confirmation sanmpling indicate that regulator
are exceeded in downgradi ent surface waters due to transport of
contaminants from Site D, response actions including active renedi a
wi Il be considered.

O Conducting short-termnonitoring of the shallow aquifer to confirm
previ ous exceedances of health-based criteria. The short-term non
in the shallow aquifer will consist of one round of sanmpling for VO
exi sting nonitoring wells. The results of this sanpling will be co
the nost restrictive criteria established under the foll owi ng ARARs
federal MCLs (40 CFR 141); state MCLs (WAC 246-290-310); and MICA
Met hod B cl eanup | evel (WAC 173-340-720). |f exceedances are
confirmed, further investigations to characterize the source and ex
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VOCs in the shallow aquifer will be conducted. Once characterized

response actions including active renediation will be considered.

O Conducting a review of the soil renediation data and the short-term

monitoring data to evaluate the effectiveness of the renedy and to
that human health and the environnent are protected. The review w
conducted within 5 years of conmencenent of the renedial action. T
results of the review will be used to deternine whether additional
nmonitoring is required.

The selected renmedy will protect human health and the environment by achieving t
RACs and soil treatnent |levels presented in Section 8.0.

12. 0 STATUTORY DETERM NATI ON

Under CERCLA, Section 121, the selected renedi es nust be protective of human hea



and the environment, conply with ARARs, be cost effective, and use pernanent
solutions and alternative treatnent technol ogi es or resource recovery technol og
maxi num extent practicable. |In addition, CERCLA indudes a preference for renedi
that enploy treatnment that permanently and significantly reduces the vol une, tox
mobi ity of hazardous wastes as their principal element. The follow ng sections
how the sel ected renedy neets these statutory requirenents.

12.1 PROTECTI ON OF HUMAN HEALTH AND THE ENVI RONMENT

The selected renmedy will protect hunman health and the environment by renoving an
treating the Site D soils that contain ordnance conpounds in concentrations abov
establ i shed MICA Method B and Method C cl eanup | evels. The excavated soils will
treated by conposting to permanently reduce concentrations of ordnance conpounds
bel ow MTCA Met hod B concentrations. The selected remedy will minimze risks to
ecol ogi cal receptors by renoving the highest concentrations of ordnance conpound
fromSite D, while mnimzing the short-term environnental inpacts of the renedi
on wet| ands.
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Confirmation sanmpling of surface water and characterization of shall ow groundwat
address potential human health and ecol ogical risks associated with surface wate
groundwater. A review will be conducted within 5 years of the commencenent of t
remedi al action to ensure that the renmedy continues to provide adequate protect
human heal th and the environnent.

12. 2 COVPLI ANCE W TH ARARS

The sel ected renmedy of soil treatnent by conposting, along with nonitoring of su
wat er and perched groundwater and nonitoring and characterization of the shall ow
aquifer, will conply with all state and federal ARARs. Action-specific, chenica
and |l ocation-specific ARARs are presented below, along with to-be considered (TB
gui dance that has been devel oped to inplenent ARARS

12.2.1 Action-Specific ARARs

O Hazar dous Waste Managenent Act (42 USC 6901 et seg.); Resource Conservat
and Recovery Act (RCRA), Regulations (40 CFR 260 to 268); Washington Stat
Danger ous Waste Regul ati ons (WAC 173-303)

These regul ati ons establish the procedures for the designation of waste as hazar
dangerous. They are applicable for determ ning handling and di sposal requirenen
solid wastes generated during cleanup activities.



O The Clean Air Act, Section 101 (42 USC 7405, 7601); Washington Cenera
Regul ations for Air Pollution Sources (WAC 173-400)

These requirenments are applicable to sources of fugitive dust that are generated
the renedi ation efforts and nmust be controlled to avoid nuisance conditions.

O The Puget Sound Air Pollution Control Agency Regul ation

These requirenments are applicable to sources of fugitive dust that are generated
the renedi ation efforts and nmust be controlled to avoid nuisance conditions.
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O The Cccupational Safety and Health Administration (OSHA) standards (29 C
1910. 1000)

These standards regul ate enpl oyee exposure to airborne hazardous substances |i st
Tabl es 2-1-A through 2-3 of the rules. Table 2-1-A of the standards |ist 2,4, 6-
trinitrotoluene, 2,4-dinitrotoluene, and 2,6-dinitrotoluene. Table 2-3 provides
for inert or nuisance dust that could be the result of airborne soil. These sta
apply to worker conditions during the excavation and handling of contani nated so

O Federal Occupational Safety and Health Regul ations (29 CFR 1926

These requirenments establish applicable health and safety standards for workers
i n hazardous waste investigations.

O State of Washington Cccupational Safety and Health Regul ati ons (WAC 296-
Part P)

These requirenments establish applicable health and safety standards for workers
i n hazardous waste investigations.

O Hazar dous Materials Transportation Act (49 CFR 171 to 172

These regul ations are applicable to the transportation of potentially hazardous
i ncl udi ng sanpl es and wast es.

12.2.2 Chenical - Specific ARARs

O The State of Washi ngton Hazardous Waste Cl eanup- Mbdel Toxics Control Ac
(MICA; Chapter 70.105D RCW

Est abl i shes requirenents for the identification, investigation, and cl eanup of f



wher e hazardous substances have cone to be |ocated as codified in Chapter 173-34
WAC. Soil, surface water, and groundwater cleanup standards established under t
MICA are applicable for determ ning renediati on areas and vol unes and conpli ance
nmonitoring requirenments, and are rel evant and appropriate for deternmning treatm
st andar ds.
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O Washi ngt on Danger ous WAste Regul ations (WAC 173-303

These regul ations are applicable in deternining whether excavated soil is consid

dangerous waste for purposes of waste handling and treatnment system design and
operation.

O Safe Drinking Water Act MCLs and MCLGs (40 CFR 141

The Safe Drinking Water Act establishes maxi mum contami nant | evels (MCLs) and
maxi mum cont am nant |evel goals (MCLGs). The MCL is the maxi num perm ssible

I evel of a contaminant in water that is delivered to any user of a public water
The MCLG is the maxi mum | evel of a contam nant in drinking water at which no kno
or anticipated adverse effect on human health woul d occur and that allows an ade
margi n of safety. MCLGs are nonenforceable. Although the groundwater at Site D
not currently used as a source of drinking water, MCLs should be considered an A
for the shall ow aquifer.

O State Board of Health Drinking Water Regul ati ons (WAC 246-290- 310

The Washington State Board of Health has established MCLs sinmilar to federal MCL
Because the groundwater in the shallow aquifer at Site Dis a potential source o
dri nki ng water based on the future residential scenario, state MCLs should be co
an ARAR for the shall ow aquifer.

O Safe Drinking Water Act Health Advisorie

The Safe Drinking Water Act health advisories are classified a "to be consi dered
gui deline for evaluating shallow aquifer groundwater quality at Site D.

O State of Washington Water Quality Standards for Surface Waters (WA
173- 201A)

These requirenments establish water quality standards for surface waters at Site
O Cl ean Water Act Anbient Water Quality Criteria for Surface Water (33 CFR

Cheni cal -specific nuneric criteria have been promulgated for priority pollutants



anbi ent surface waters. These criteria are applicable to surface waters at Site
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12.2.3 Location-Specific ARARs
Several ARARs apply to wetlands and the critical habitat at Site D
O Executive Order 11990 (40 CFR 6); Clean Water Act, Section 404 (33 CFR 3

Executive Order 11990 requires federal agencies to avoid, to the extent possible
adverse inpacts associated with the destruction or |oss of wetlands. The respon
party is required to avoid adverse inpacts or nmininze these inpacts if no pract
alternative to the action exists (U. S. EPA 1991b). Under Section 404 of the fed
Cl ean Water Act, the Secretary of the Army, acting through the United States Arm
Corps of Engineers, provides the guidelines for actions that occur in wetlands.
United States Arny Corps of Engi neers' Nationwi de Permt (NWP) program (33 CFR
330) provides the regulations that apply to wetlands. The regul ati ons provide s
al l omances for activities occurring in wetlands one of which specifically addres
renmedi al actions in wetl ands.

The al l owance 33 CFR 330 (Appendix A[B]J[38]) is for specific activities required
contain, stabilize, or renove hazardous waste that are performed, ordered, or sp
by a governnent agency with established | egal or regulatory authority. Court-or
remedi al action plans or related settlenents are al so authorized by the nati onwi
permit. Although this allowance provides for renedial actions in wetlands, such
still nmust conply with the "Notification" general condition of the NWP (33 CFR 3
Appendi x A[C][13]).

O Endangered Species Act of 1973 (16 USC 1531 et seq.; 50 CFR 402); Fish a
Wl dlife Coordination Act (16 USC 661 et seq.)

Al t hough no known threatened or endangered speci es have been observed on Site D
eagl es have been observed at SUBASE. Bangor. The bald eagle (Haliaeetus

| eucocephal us) is protected by the Endangered Species Act of 1973 and the Fish a
Wl dlife Coordination Act. Any action that would affect the critical habitat of
eagl e woul d be subject to these ARARSs.
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12.2. 4 TBC Gui dance

The Washi ngton State Departnent of Ecol ogy document "Statistical Guidance for
Ecol ogy Site Managers" is identified as a TBC in inplementing the requirenments o
MTCA.

12.3 COST EFFECTI VENESS

Conposting and incineration were the two alternatives capable of achieving the R
The present worth cost of conposting ($916,000) is nearly 40 percent less than t
i ncineration (%$1,499,000). The selected remedy provides an overall effectivenes
proportional to costs and represents a reasonable value for the noney that will

12. 4 UTI LI ZATI ON OF PERMANENT SOLUTI ONS AND ALTERNATI VE
TREATMENT TECHNOLOG ES OR RESOURCE RECOVERY
TECHNOLOG ES TO THE MAXI MUM EXTENT PRACTI CABLE

The sel ected renedy represents the best balance of tradeoffs anong the alternat
evaluated. It provides a high degree of permanence, uses innovative treatnent
technol ogi es to the maxi mnum extent practicable, does not negatively affect human
or the environnment during renediation, can be conpleted in a reasonable length o
and is cost effective.

The sel ected renmedy was chosen primarily because it conplies with MICA an
applicable regulation, and is the npst cost-effective neans of achieving the RAO

The sel ected renmedy neets the statutory requirenment to use pernmanent sol utions t

maxi mum extent practicable. Conposting of soil fromSite Dw Il permanently des
ordnance conpounds.

12.5 PREFERENCE FOR TREATMENT AS PRI NCl PAL ELEMENT
The preference for treatnment as a principal elenment of the renedial action is sa
Site D by using conposting, an innovative treatnent technol ogy, to permanently d

t he hi ghest concentrations of ordnance conpounds in soils.
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13. 0 DOCUMENTATI ON OF SI GNI FI CANT CHANGES

No significant changes fromthe final feasibility study or proposed plan have oc
prepari ng the ROD.
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Thi s Responsi veness Sunmary addresses the public comments received on the propos
plan for renedial action at QU 6 (Site D) at SUBASE, Bangor. Two conments were
recei ved during the public comment period of January 9, 1994, through February 8
The comrents were received at a public neeting held by the Navy on January 27, 1
at the Oynmpic View Community Club in Silverdal e, Washington

1.0 SUMVARY COF PUBLI C COMMENT

Two comrents were received by the Navy concerning the proposed plan. These were
oral conments raised at and responded to during the public nmeeting. A transcrip
public neeting is available at the information repositories.

Summary of Comments: Two nenbers of a comrunity organization stated that the
organi zati on had revi ewed technical documents regarding the proposed plan. The
organi zati on agreed with the proposed plan and believed the Navy had done a good
during the investigations. The nenbers thanked the Navy for the opportunity to
participate in the process and expressed interest in remaining involved in the
devel opnent of the monitoring programand its results.

2.0 RESPONSE TO COMMENT

Response: The Navy appreciates the conmment regarding the quality of the docunen
and investigations. The Navy encourages and val ues public participation in this
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