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EXECUTIVE SUMMARY

As lead agency for environmental cleanup of Naval Base Kitsap (NBK) Bangor, the U.S. Navy
(Navy) has completed the fourth 5-year review of remedial actions conducted pursuant to
Section 121(c) of the Comprehensive Environmental Response, Compensation, and Liability Act
and the National Oil and Hazardous Substances Pollution Contingency Plan (40 Code of Federal
Regulations Part 300). The purpose of this 5-year review is to ensure that the remedial actions
selected in the Records of Decision (RODs) for operable units (OUs) at NBK Bangor remain
protective of human health and the environment. A 5-year review is required for this site
because the remedies allow contaminants to remain in place at concentrations that do not allow
unlimited site use and unrestricted exposure. This fourth 5-year review was prepared in
accordance with U.S. Department of Defense, Navy, and U.S. Environmental Protection Agency
guidance.

Construction is complete for all of the remedies selected in the RODs for NBK Bangor. The
Navy has completed implementation of 14 of the 21 recommendations from the third 5-year
review and is continuing to work toward completion of the remaining recommendations. The
current status of the OUs and the protectiveness statements are included in Table ES-1.
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Table ES-1
Summary of OU Status and Protectiveness Determination

Protectiveness

ou Site Status Determination® Protectiveness Statement

1 Remedy construction | Short-term The remedy at OU 1 currently protects human health and the environment because LUCs
complete; ongoing protective prevent exposure to groundwater with concentrations of COCs exceeding RGs, the groundwater
remedy operation, plume is stable, and groundwater monitoring is performed to assess the extent of the plume.
maintenance, and However, in order for the remedy to be protective in the long term, the following actions need
monitoring, to be taken to ensure protectiveness:
groupdwater e Prepare a focused feasibility study for OU 1 in accordance with EPA’s MNA guidance and
mon%tor%ng, and LUC the technical impracticability guidance, including an evaluation of remediation time frames
monitoring using a mass balance assessment or other technique, a treatability study of MNA, field

verification of aquifer properties, and a reevaluation of the human health risk pathways.

e Perform a comprehensive evaluation of the pump and treat system maintenance needs and
proactively repair and replace equipment if continued long-term operation of the pump and
treat system is planned.

¢ Investigate the depression in the southeast corner of the burn area to assess impacts to the
leach basin liner and, at a minimum, backfill the hole with clean sand.

2 Remedy construction | Short-term The remedy at OU 2 currently protects human health and the environment because LUCs
complete; ongoing protective prevent exposure to groundwater with concentrations of COCs exceeding RGs, the pump and

remedy operation,
maintenance, and

treat system contains the plume, and groundwater monitoring is performed to assess the extent
of the plume. However, in order for the remedy to be protective in the long term, the following

monitoring, actions need to be taken to ensure protectiveness:

groupdwater ¢ Continue remedy optimization by performing aerobic and anaerobic biodegradation
monitoring, and LUC treatability tests and further modeling.

monitoring

e Continue to evaluate the pump and treat system maintenance needs and proactively repair and
replace equipment to minimize future system shutdowns and the potential loss of plume
containment.

e Tabulate and report data in the body of the long-term monitoring report for 1,3,5-
trinitrobenzene and 1,3-dinitrobenzene, because concentrations of these chemicals exceeded
the RGs during this 5-year review period.
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Table ES-1 (Continued)
Summary of OU Status and Protectiveness Determination

Oou

Site

Status

Protectiveness
Determination®

Protectiveness Statement

¢ Following completion of the modeling activities planned for 2015, reevaluate the need for
additional groundwater monitoring points to better characterize the potentiometric surface
proximate to active infiltration wells and extraction wells in support of RDX plume
containment objectives and the ongoing USACE bioaugmentation pilot study.

e Remove vegetation observed growing in the asphalt seams and drainage swale of the Site F
infiltration barrier, and repair cracks in the asphalt cap, as needed.

16/24 and
25

Remedy construction
complete; ongoing
LUC monitoring at
Site 16/24

Protective

The remedy at OU 3 is protective of human health and the environment. The remedy for Site
16/24 soil consisted of a residential land use restriction. The remedy for Site 25 groundwater
consisted of groundwater monitoring, which met the requirements of the OU 3 ROD in 1997
and was discontinued at that time. Inspections of the LUCs at Site 16/24 have been conducted
regularly, and the current land use remains in accordance with the restrictions defined in the OU
8 ROD (which established the basewide LUCs). Therefore, the selected remedy for OU 3 is
functioning as intended by the ROD. No RAO was established in the OU 3 ROD (U.S. Navy,
USEPA, and Ecology 1994Db).

Remedy construction
complete

Protective

The remedy at OU 6 is protective of human health and the environment. The remedy for Site D
included excavating soil from the burn trench, screening and composting the excavated soils at
an on-base treatment facility, backfilling the treated soils into the excavation area, grading and
revegetation, and surface water and groundwater sampling. The remedy components for soil
removal and treatment, surface water monitoring, and groundwater monitoring at OU 6
functioned as intended by the ROD, and no IC was required for OU 6. These actions
effectively meet the RAOs established in the OU 6 ROD.

B, E/11,
10

Remedy construction
complete; ongoing
remedy maintenance,
groundwater
monitoring, and LUC
monitoring

Protective

The remedy at OU 7 is protective of human health and the environment. The remedy for Site B
(Floral Point) included covering areas of contaminated soil, installing shoreline protection and
stormwater drainage systems to control erosion, monitoring sediment and clam tissue, and
installing signs notifying visitors that the site is to be used for recreational purposes only and
approval is required for digging or mowing. The remedy for soil at Site E/11 included disposal
of stockpiled soil and metal debris, grading site, and backfilling with clean topsoil. The remedy
for Site 10 included ongoing long-term maintenance of the asphalt pavement cover,
groundwater monitoring, groundwater use restrictions, and expansion of the area of asphalt
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Table ES-1 (Continued)
Summary of OU Status and Protectiveness Determination

Protectiveness
ou Site Status Determination® Protectiveness Statement

cover to include soils contaminated with arsenic, cadmium, lead, and polychlorinated biphenyls.
These remedy components functioned as intended by the ROD. LUCs prevent exposure to
groundwater with concentrations of COCs exceeding RGs at Sites E/11 and 10, LUCs and
engineering controls prevent exposure to contaminated soil at Sites B and 10, and groundwater
monitoring is performed to assess the extent of contaminated groundwater at Site E/11 (as part
of OU 2 Site F groundwater monitoring). The LUCs and groundwater monitoring components
of the remedy are functioning as intended by the ROD. These actions effectively meet the
RAOs established in the OU 7 ROD.

8 27,28, Remedy construction | Short-term The remedy at OU 8 currently protects human health and the environment because LUCs
and 29 complete; ongoing protective prevent exposure to groundwater with concentrations of COCs exceeding RGs, the extent of the
LNAPL recovery, groundwater plume is decreasing, and groundwater monitoring is performed to assess the extent
groundwater of the plume. However, in order for the remedy to be protective in the long term, the following
monitoring, and LUC actions need to be taken to ensure protectiveness:
monitoring ¢ Continue remedy optimization activities specified in recommendations (see Table 8-1).

e Perform an additional round of vapor intrusion monitoring following completion of the
benzene pilot study.

e Review the toluene RG prior to discontinuation of monitoring at the site to assess
protectiveness.

*The protectiveness determination is based on EPA guidance (USEPA 2001 and 2012a).

Notes:

COC - chemical of concern

EPA - U.S. Environmental Protection Agency
LNAPL - light nonaqueous-phase liquid

LUC - land use control

OU - operable unit

RDX - hexahydro-1,3,5-trinitro-1,3,5-triazine
RAO - remedial action objective

ROD - Record of Decision

RG - remediation goal
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Five-Year Review Summary Form

SITE IDENTIFICATION

Site Name (from WasteLAN): Naval Base Kitsap Bangor (USNAVY)
EPA ID (from WasteLAN): 110000771219
State: WA

Region: 10

City/County: Kitsap

NPL Status: Final

Multiple OUs? Has the site achieved construction completion?
Yes Yes

Lead agency: Other Federal Agency
If “Other Federal Agency” was selected above, enter Agency name: United States Navy

Author name (Federal or State Project Manager): Ellen Brown

Author affiliation: Naval Facilities Engineering Command Northwest
Review period: 10/1/2009 — 4/30/14
Date of site inspection: September 18, 2014

Type of review: Statutory

Review number: 4

Triggering action date: October 2010

Due date (five years after triggering action date): October 2015

Issues/Recommendations

OU(s) without Issues/Recommendations Identified in the Five-Year Review:
OU 3,0U4,0U5,0U6,and OU 7

Issues and Recommendations ldentified in the Five-Year Review:

OU(s): General Issue Category: Remedy performance

Issue: State and federal human health surface water quality criteria are in process
of public comment and revision.

Recommendation: Evaluate state and federal human health surface water quality
criteria revisions in the next 5-year review.

Affect Current
Protectiveness

Affect Future
Protectiveness

Implementing
Party

Oversight Party

Milestone Date

No

Yes

Federal Facility

EPA/State

10/31/20
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Five-Year Review Summary Form (Continued)

OU(s): General

Issue Category: Remedy performance

Issue: EPA human health exposure factors have been revised, but Ecology has
not included these revisions in current MTCA Method B values.

Recommendation: Evaluate exposure factor changes in next 5-year review.

Affect Current
Protectiveness

Affect Future
Protectiveness

Implementing
Party

Oversight Party

Milestone Date

No

Yes

Federal Facility

EPA/State

10/31/20

OU(s): General

Issue Category: Remedy performance

Issue: Some deficiencies identified in the annual inspection reports were not
immediately repaired.

Recommendation: Ensure deficiencies that impact protectiveness are repaired
within the same year if funding is available, or programmed for the next year if
funding is not available in the same year.

Affect Current
Protectiveness

Affect Future
Protectiveness

Implementing
Party

Oversight Party

Milestone Date

No

Yes

Federal Facility

EPA/State

10/31/16

OuU(s): 1

Issue Category: Remedy performance

Issue: The Site A groundwater treatment system is not functioning as intended by
the ROD, because it has not met the cleanup time frame established in the
ROD.

Recommendation: Prepare an FFS for OU 1 in accordance with EPA’'s MNA
guidance and the technical impracticability guidance. The existing pump and treat
system, MNA, and possibly other treatment technologies would be evaluated in the
FFS. The other treatment technologies to be included in the FFS would be
selected using a collaborative process with the stakeholders. The FFS will also
include an evaluation of remediation time frames using a mass balance
assessment or other technique, a treatability study of MNA, field verification of
aquifer properties, and a reevaluation of the human health risk pathways. An MNA
treatability study work plan will be developed in conjunction with the EPA and
Ecology that would include temporarily deactivating the pump and treat system and
implementing an MNA treatability test using EPA protocols.

Affect Current
Protectiveness

Affect Future Milestone Date

Protectiveness

Implementing
Party

Oversight Party

No

Yes Federal Facility EPA/State 7/31/19

OuU(s): 1

Issue Category: Operations and maintenance

Issue: The Site A pump and treat system is over 15 years old and has
experienced significant wear and tear which could result in equipment failure and
unplanned shutdowns.

Recommendation: If continued long-term operation of the pump and treat system
is planned, perform a comprehensive evaluation of the pump and treat system
maintenance needs and proactively repair and replace equipment. Address
corrosion observed on floor braces supporting effluent piping, and replace
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Five-Year Review Summary Form (Continued)

extraction well vaults with traffic-rated vaults.

Affect Current
Protectiveness

Affect Future
Protectiveness

Implementing
Party

Oversight Party

Milestone Date

No

Yes

Federal Facility

EPA/State

10/31/20

OuU(s): 1

Issue Category: Operations and maintenance

Issue: A depression was noted in the southeast corner of the burn area with a pipe
visible in the depression, which may indicate a possible impact to the leach basin

liner.

Recommendation: Investigate the depression in the southeast corner of the burn
area to assess impacts to the leach basin liner. At a minimum, backfill the hole with

clean sand.

Affect Current
Protectiveness

Affect Future
Protectiveness

Implementing
Party

Oversight Party

Milestone Date

No

Yes

Federal Facility

EPA/State

12/31/17

OuU(s): 2

Issue Category: Remedy performance

Issue: The Site F groundwater treatment system is not functioning as intended by
the ROD, because it has not met the cleanup time frame established in the

ROD.

Recommendation: Perform aerobic and anaerobic degradation treatability test

and further modeling to support Site F remedy optimization.

Affect Current
Protectiveness

Affect Future
Protectiveness

Implementing
Party

Oversight Party

Milestone Date

No

Yes

Federal Facility

EPA/State

10/31/16

OuU(s): 2

Issue Category: Operations and maintenance

Issue: Lengthy unscheduled pump and treat system shutdowns could impact
plume containment.

Recommendation: Continue to evaluate the pump and treat system maintenance
needs, proactively repair or replace equipment to minimize future system
shutdowns and the potential loss of plume containment, and repair the minor water
leaks observed during the site inspection.

Affect Current
Protectiveness

Affect Future
Protectiveness

Implementing
Party

Oversight Party

Milestone Date

No

Yes

Federal Facility

EPA/State

10/31/20

OuU(s): 2

Issue Category: Monitoring

Issue: Concentrations of 1,3,5-TNB and 1,3-DNB, COCs for Site F groundwater,
are not currently being tabulated or reported in the body of the LTM report, and
concentrations during this 5-year review period exceeded RGs.

Recommendation: Tabulate and report data in the body of the LTM report for
1,3,5-TNB and 1,3-DNB, COCs for Site F groundwater, because concentrations of
these chemicals exceeded the RGs during this 5-year review period.

J:\Projects\N\Navy AE\AE-2009\DO 78 - xx49 Bangor 4th 5 Year Review\09 Reports & Deliverables\R-3 Deliverables\dth 5-Year
Review\Final\Final Bangor 4th 5-Year Review - Text.docx vii




Five-Year Review Summary Form (Continued)

Affect Current
Protectiveness

Affect Future Milestone Date

Protectiveness

Implementing
Party

Oversight Party

No

Yes Federal Facility EPA/State 10/31/16

OuU(s): 2

Issue Category: Monitoring

Issue: Limited hydraulic head observation points in the vicinity of extraction well F-
EWS5 and the infiltration wells adjacent to Trigger Avenue limit the ability to assess
plume containment.

Recommendation: Following completion of the modeling activities planned for
2015, reevaluate the need for additional groundwater monitoring points to better
characterize the potentiometric surface proximate to active infiltration and extraction
wells in support of RDX plume containment objectives and the ongoing USACE
bioaugmentation pilot study.

Affect Current
Protectiveness

Affect Future Milestone Date

Protectiveness

Implementing
Party

Oversight Party

No

Yes Federal Facility EPA/State 10/31/16

OuU(s): 2

Issue Category: Operations and maintenance

Issue: During the inspection of the Site F infiltration barrier, vegetation was
observed growing in the seams in the asphalt and in the drainage swale and, if
allowed to continue to grow, could impact the functionality of the infiltration barrier.

Recommendation: Remove vegetation observed growing in the asphalt seams
and drainage swale of the site infiltration barrier, and repair the cracks in the
asphalt cap, as needed.

Affect Current
Protectiveness

Affect Future Milestone Date

Protectiveness

Implementing
Party

Oversight Party

No

Yes Federal Facility EPA/State 10/31/16

OU(s): 8

Issue Category: Remedy performance

Issue: The OU 8 remedy is taking longer to meet the remedial action objectives
than estimated in the ROD, benzene concentrations are increasing in selected
wells, and LNAPL continues to be detected at the site.

Recommendation: Perform additional studies to further define the nature and
extent of dissolved-phase COCs and LNAPL (including LNAPL mobility tests) to
support remedy optimization, perform the benzene pilot test to evaluate air
sparge/soil vapor extraction technology, evaluate whether low-temperature thermal
treatment could enhance MNA, evaluate active source remediation technologies,
reestablish the 1,2-DCA biobarrier after the benzene pilot study has been
completed, and monitor 1,2-DCA and indicator parameters in pilot study wells, in
addition to the ongoing MNA program.

Affect Current
Protectiveness

Affect Future Milestone Date

Protectiveness

Implementing
Party

Oversight Party

No

EPA/State 12/31/17

Yes Federal Facility
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Five-Year Review Summary Form (Continued)

OU(s): 8 Issue Category: Remedy performance

Issue: Because the presence of residual free product could be providing a
continued source of contaminants to groundwater and because of potentially
increasing concentrations of benzene in groundwater, subslab soil gas
concentrations could also increase.

Recommendation: Perform an additional round of vapor intrusion monitoring
following completion of the benzene pilot study.

Affect Current Affect Future Implementing Oversight Party | Milestone Date
Protectiveness Protectiveness Party

No Yes Federal Facility EPA/State 10/31/20
OU(s): 8 Issue Category: Remedy performance

Issue: The toxicity of toluene has increased based on the current EPA reference
dose, and the current MTCA Method B cleanup level of 640 ug/L is lower than the
ROD RG of 1,000 ug/L, which is based on the federal MCL. Using the current EPA
reference dose, the hazard quotient of the MCL of 1,000 ug/L is 2, above the ROD
hazard goal of 1, and the maximum concentration of toluene at the site during this
5-year review period was 16,000 pg/L.

Recommendation: Review the toluene RG prior to discontinuation of monitoring at
the site to assess protectiveness.

Affect Current Affect Future Implementing Oversight Party | Milestone Date
Protectiveness Protectiveness Party
No Yes Federal Facility EPA/State 10/31/20
Protectiveness Statement(s)
Operable Unit: 1 Protectiveness Determination: Addendum Due Date:
Short-term protective Not applicable

Protectiveness Statement:

The remedy at OU 1 currently protects human health and the environment because LUCs prevent

exposure to groundwater with concentrations of COCs exceeding RGs, the groundwater plume is stable,

and groundwater monitoring is performed to assess the extent of the plume. However, in order for the
remedy to be protective in the long term, the following actions need to be taken to ensure
protectiveness:

e Prepare an FFS for OU 1 in accordance with EPA’'s MNA guidance and the technical impracticability
guidance, including an evaluation of remediation time frames using a mass balance assessment or
other technique, a treatability study of MNA, field verification of aquifer properties, and a reevaluation
of the human health risk pathways.

¢ Perform a comprehensive evaluation of the pump and treat system maintenance needs and
proactively repair and replace equipment if continued long-term operation of the pump and treat
system is planned.

¢ Investigate the depression in the southeast corner of the burn area to assess impacts to the leach
basin liner and, at a minimum, backfill the hole with clean sand.
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Five-Year Review Summary Form (Continued)

Operable Unit: 2 Protectiveness Determination: Addendum Due Date:
Short-term protective Not applicable

Protectiveness Statement:

The remedy at OU 2 currently protects human health and the environment because LUCs prevent

exposure to groundwater with concentrations of COCs exceeding RGs, the pump and treat system

contains the plume, and groundwater monitoring is performed to assess the extent of the plume.

However, in order for the remedy to be protective in the long term, the following actions need to be

taken to ensure protectiveness:

e Continue remedy optimization by performing aerobic and anaerobic degradation treatability tests and
further modeling.

¢ Continue to evaluate the pump and treat system maintenance needs and proactively repair and
replace equipment to minimize future system shutdowns and the potential loss of plume containment.

e Tabulate and report data in the body of the LTM report for 1,3,5-trinitrobenzene and 1,3-
dinitrobenzene, because concentrations of these chemicals exceeded the RGs during this 5-year
review period.

¢ Following completion of the modeling activities planned for 2015, reevaluate the need for additional
groundwater monitoring points to better characterize the potentiometric surface proximate to active
infiltration wells and extraction wells in support of RDX plume containment objectives and the ongoing
USACE bioaugmentation pilot study.

¢ Remove vegetation observed growing in the asphalt seams and drainage swale of the Site F
infiltration barrier, and repair cracks in the asphalt cap, as needed.

[ ]

Operable Unit: 3 Protectiveness Determination: Addendum Due Date:
Protective Not applicable

Protectiveness Statement:

The remedy at OU 3 is protective of human health and the environment. The remedy for Site 16/24 soil
consisted of a residential land use restriction. The remedy for Site 25 groundwater consisted of
groundwater monitoring, which met the requirements of the OU 3 ROD in 1997 and was discontinued at
that time. Inspections of the LUCs at Site 16/24 have been conducted regularly, and the current land
use remains in accordance with the restrictions defined in the OU 8 ROD (which established the
basewide LUCs). Therefore, the selected remedy for OU 3 is functioning as intended by the ROD. No
RAO was established in the OU 3 ROD (U.S. Navy, USEPA, and Ecology 1994b).

Operable Unit: 6 Protectiveness Determination: Addendum Due Date:
Protective Not applicable

Protectiveness Statement:

The remedy at OU 6 currently protects human health and the environment. The remedy for Site D
included excavating soil from the burn trench, screening and composting the excavated soils at an on-
base treatment facility, backfilling the treated soils into the excavation area, grading and revegetation,
and surface water and groundwater sampling. The remedy components for soil removal and treatment,
surface water monitoring, and groundwater monitoring at OU 6 functioned as intended by the ROD, and
no IC was required for OU 6. These actions effectively meet the RAOs established in the OU 6 ROD.

Operable Unit: 7 Protectiveness Determination: Addendum Due Date:
Protective Not applicable

Protectiveness Statement:

The remedy at OU 7 is protective of human health and the environment. The remedy for Site B (Floral
Point) included covering areas of contaminated soil, installing shoreline protection and stormwater
drainage systems to control erosion, monitoring sediment and clam tissue, and installing signs notifying
visitors that the site is to be used for recreational purposes only and approval is required for digging or
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Five-Year Review Summary Form (Continued)

mowing. The remedy for soil at Site E/11 included disposal of stockpiled soil and metal debris, grading
site, and backfilling with clean topsoil. The remedy for Site 10 included ongoing long-term maintenance
of the asphalt pavement cover, groundwater monitoring, groundwater use restrictions, and expansion of
the area of asphalt cover to include soils contaminated with arsenic, cadmium, lead, and PCBs. These
remedy components functioned as intended by the ROD. LUCs prevent exposure to groundwater with
concentrations of COCs exceeding RGs at Sites E/11 and 10, LUCs and engineering controls prevent
exposure to contaminated soil at Sites B and 10, and groundwater monitoring is performed to assess
the extent of contaminated groundwater at Site E/11 (as part of OU 2 Site F groundwater monitoring).
The LUCs and groundwater monitoring components of the remedy are functioning as intended by the
ROD. These actions effectively meet the RAOs established in the OU 7 ROD.

Operable Unit: 8 Protectiveness Determination: Addendum Due Date:
Short-term protective Not applicable

Protectiveness Statement:

The remedy at OU 8 currently protects human health and the environment because LUCs prevent

exposure to groundwater with concentrations of COCs exceeding RGs, the extent of the groundwater

plume is decreasing, and groundwater monitoring is performed to assess the extent of the plume.

However, in order for the remedy to be protective in the long term, the following actions need to be

taken to ensure protectiveness:

e Continue remedy optimization activities specified in the recommendations table (see Table 8-1).

e Perform an additional round of vapor intrusion monitoring following completion of the benzene pilot
study.

¢ Review the toluene RG prior to discontinuation of monitoring at the site to assess protectiveness.

Sitewide Protectiveness Statement (if applicable)

Protectiveness Determination: Addendum Due Date:
Short-term protective Not applicable

Protectiveness Statement:

The remedies at NBK Bangor currently protect human health and the environment because LUCs
and/or engineering controls prevent exposure to contaminated media, groundwater plumes are stable
and/or contained by pump and treat systems, and groundwater monitoring is performed to assess the
extent of groundwater plumes. However, in order for the remedies to be protective in the long term, the
actions listed in the protectiveness statements for OUs 1, 2, and 8 need to be taken to ensure
protectiveness.

J:\Projects\N\Navy AE\AE-2009\DO 78 - xx49 Bangor 4th 5 Year Review\09 Reports & Deliverables\R-3 Deliverables\dth 5-Year
Review\Final\Final Bangor 4th 5-Year Review - Text.docx xi



FINAL FOURTH FIVE-YEAR REVIEW Sigrature Sheet

MNaval Base Kitsap Bangor Revision No.: §
Naval Facilities Engineering Command Northwest Date: 9/3/15
Page xiii

Signature sheet for the Naval Base Kitsap Bangor fourth 5-year review report.

[ —— 1 Jriors

Date

~Fwolfer
Captain, U.S. Navy

Commandipg Officer, Nayal Base Kitsap

JAResources\Secure VW P-Data'o0 111506 (04\Final Bangor 4th 5-Year Review - Text.doex



FINAL FOURTH FIVE-YEAR REVIEW Contents

Naval Base Kitsap Bangor Revision No.: 0
Naval Facilities Engineering Command Northwest Date: 9/3/15
Page xv
CONTENTS

ABBREVIATIONS AND ACRONYMS ..ottt ettt ettt ettt st ebeesave e Xxiii
1.0 INTRODUCTION ...ttt ettt ettt ettt e she e b e s e e e beesateenbeenaees 1-1
2.0 SITE CHRONOLOGY ..ottt ettt ettt ettt et sttt st be et sae e 2-1
2.1 SITEWIDE CHRONOLOGY ...ccuttiiiiiiieieetete ettt 2-1
2.2 OU 1 CHRONOLOGY ...etitiiiiiiieiieieniteieete sttt sttt sttt st 2-2
23 OU 2 CHRONOLOGY ...ttt sttt 2-2
24 OU3 CHRONOLOGY ...etetiiiiiieiieieniteie ettt sttt sttt st 2-2
2.5 OU 4 CHRONOLOGY ...ttt st 2-2
2.6 OU 5 CHRONOLOGY ...oteitiiiiiiiieiieieniteeee sttt sttt sttt s 2-2
2.7 OU 6 CHRONOLOGY ...ooititiiieiitetieee ettt sttt ettt 2-3
2.8 OU 7 CHRONOLOGY ...otiitiiiiiieiieieniteie ettt sttt sttt st s 2-3
2.9 OU 8 CHRONOLOGY ...oeiiiiiieiitetiese ettt ettt ettt st st 2-3
3.0 BACKGROUND ...ttt sttt ettt saeeene e 3-1
3.1 OU T (SITE A) ettt sttt e 3-1
32 QU2 (SITE F) oottt s 3-2
33 OU 3 (SITES 16/24 AND 25)...eiiiiieieeite ettt s 3-2
34 OU 6 (SITE D)ottt s 3-3
3.5 OU 7 (SITESB,E, 2,4, 7,10, 11, 18,26, AND 30).....ccoceriiieiiiiiiienieeieene, 3-3
3.5.1 Site B (FIoral POINt) .......cccuiieiiiiiiiiicciec et 3-4

3.5.2 Site E (Acid Disposal Pit) and Site 11 (Pesticide/Herbicide Drum
DiSPOSAL ATEA) ..cuevieeiieiiieiieeie ettt 3-4
3.5.3 Site 10 (Pesticide Storage Quonset HUts) ........ccccveevevievciienciieeiieeeiens 3-4
3.6  OU 8 (SITES 27, 28, AND 29) ...ttt 3-4
3.7  OTHER CLEANUP ACTIONS ...ttt 3-5
3.7.1 Pogy Road Cleanup ACHION..........cccueeriieiieiieeieeie ettt 3-5
3.7.2  Site EO300 Time-Critical Removal Action...........cceceeviiiiiinnieniceneenee. 3-6
4.0 REMEDIAL ACTIONS. ...ttt sttt sttt st s 4-1
4.1 OU T (SITE A) ettt sttt st 4-1
4.1.1 Remedy SeleCtion ........cceeciiiiiieiiieiieeie ettt 4-1
4.1.2 Remedy Implementation............ccecveeeeieeeiieeeiieeeie et 4-2
4.1.3 Operation, Maintenance, and MoNitoring.............ccceevvvereveerieenveenieennnennn. 4-2
4.2 OU 2 (SITE F) ettt ettt st et 4-6
4.2.1 Remedy SeleCtion ........cceeiiiiiiieriieiieeie ettt 4-6
4.2.2 Remedy Implementation..........c.cceeveeeeeieeeiieesiiee e e 4-6
4.2.3 Operation, Maintenance, and MoONitoring.........ccoceevvereerernueneeneenieneenne 4-7

J:\Projects\N\Navy AE\AE-2009\DO 78 - xx49 Bangor 4th 5 Year Review\09 Reports & Deliverables\R-3 Deliverables\dth 5-Year
Review\Final\Final Bangor 4th 5-Year Review - Text.docx



FINAL FOURTH FIVE-YEAR REVIEW Contents

Naval Base Kitsap Bangor Revision No.: 0
Naval Facilities Engineering Command Northwest Date: 9/3/15
Page xvi

CONTENTS (Continued)

4.3 OU 3 (SITES 16/24 AND 25)..cuiiiiiiieieniteieeesteie ettt 4-10
4.3.1 Remedy SEleCtion ........ccceciieeeiiieiiieeiee e e 4-10

4.3.2 Remedy Implementation..........cccceeecuierieeiiienieeiieniie e 4-10

4.3.3 Operation, Maintenance and Monitoring...........cccccveeeevveeecreeercveeenveeene 4-11

4.4 OU 6 (SITE D) ettt e 4-11
4.4.1 Remedy SEleCtion ........ccceccuieeiiiieiiie et e 4-11

442 Remedy Implementation..........cccceeeeuierieeiiienieeiienieeie e 4-11

4.4.3 Operation, Maintenance, and Monitoring...........cccceeeevveeecieeerveeesveeenne 4-12

4.5  OUT7T(SITES B, E/11, AND 10)..c.ciiiiiiiiiiiiieniieieeieseeieeeeeee e 4-12
451 SIE B 4-12

4.5.2 ST /1T oot 4-14

453 ST 10 ittt ee e 4-15

4.0 OU 8ottt et 4-16
4.6.1 Remedy SEleCtion ........cccecciieeriiieiiieeiee e 4-16

4.6.2 Remedy Implementation..........ccccueeeuierieeiiienieeiieie e 4-16

4.6.3 Operation, Maintenance, and Monitoring...........cccceeeevveeecueeescveeenveeenne 4-17

4.7  LAND USE CONTROL MANAGEMENT AND MAINTENANCE.............. 4-21
5.0 PROGRESS SINCE LAST 5-YEAR REVIEW ..ot 5-1
6.0 FIVE-YEAR REVIEW PROCESS......cc.ooitiiiiiieeeeee et 6-1
6.1 FIVE-YEAR REVIEW TEAM.....cciiiiiieeeeeee e 6-1
6.2  COMMUNITY NOTIFICATION AND INVOLVEMENT .....cccccoceevinienennene 6-1
6.3  DOCUMENT REVIEW .....ooiiiiiiiiiieeee ettt 6-2
6.4  DATA REVIEW ..ottt s 6-3
0.4.1  OU T (SIt€ A) coueieeieiieee ettt ettt sttt e ae sttt te st e saeenaesneenneas 6-3

6.4.2 OU 2 (Site F) oo 6-18

6.4.3 OU 7, Site E/1T oot 6-31

0.4.4  OU 8.t 6-31

6.4.5 Annual Institutional Control InSpections..........cccceevevveerciiencieeenieeenen. 6-54

6.5  RESULTS OF SITE INSPECTION .....coociiiiiiiiniiiirieieeieeeesieee e 6-55
6.6  RESULTS OF INTERVIEWS.......ooiieee e 6-57
6.6.1 Navy Personnel..........cocceeiiiiiiiiieiiieiieee e 6-57

6.6.2 Agency Personnel ..........oocvieiiiiiiiiiieiieeeeeee e 6-58

6.6.3  COMMUNILY ..eoouvieiiieiieriieetieeite ettt et e et e st e e beeseeeeseessaeebeessneenseens 6-59

7.0 TECHNICAL ASSESSMENT ...ttt ettt 7-1
7.1 OU T (SITE A) ettt sttt st st 7-2
7.1.1 Functionality of Remedy for OU 1 (Sit€ A) ..oevveevieeeiiieiieeeieeeieeeee 7-2

J:\Projects\N\Navy AE\AE-2009\DO 78 - xx49 Bangor 4th 5 Year Review\09 Reports & Deliverables\R-3 Deliverables\dth 5-Year
Review\Final\Final Bangor 4th 5-Year Review - Text.docx



FINAL FOURTH FIVE-YEAR REVIEW
Naval Base Kitsap Bangor
Naval Facilities Engineering Command Northwest

Contents
Revision No.: 0
Date: 9/3/15

Page xvii

CONTENTS (Continued)

7.1.2  Continued Validity of ROD ASSUMPLIONS ......cceeevuveriieniieniieiieeieeieeene. 7-5

7.1.3  New Information..........cccooiiiiiiiiiiieiiee e 7-7

7.1.4  Technical Assessment SUMMATY ........ccccceeruieeiiienieeiiieniie e e eiee e 7-7

7.2 QU2 (SITE F) oottt 7-8
7.2.1 Functionality of Remedy for OU 2 (Site F).....cccooveivviieriiiiiiieciieeeee, 7-8

7.2.2 Continued Validity of ROD ASSUMPLIONS .......eeevuveerviieeiieeriieeevee e, 7-10

7.2.3  New Information..........coccoeeeviiiiniininiiiecesceeee e 7-12

7.2.4 Technical AsseSSMENt SUMMATY .....ccveeerevieeriieeiieeeiieeeieeeeieeeevee e 7-12

7.3 OU 3 (SITES 16/24 AND 25)..cuiiiiiiiieienieeieeee sttt 7-13
7.3.1 Functionality of Remedy for OU 3 (Sites 16/24 and 25)..........c.c........ 7-13

7.3.2  Continued Validity of ROD ASSUMPLIONS .....coeuvrevieniieiienieeiieeieeiens 7-13

7.3.3  New Information...........ccoocieiiiiiiiiiiie e 7-16

7.3.4 Technical Assessment SUMMATY ........c.ccccueeviierieeriienieeriienieesieeeeeeeeens 7-16

T4 OU O (SITE D)oottt e 7-16
7.4.1 Functionality of Remedy for OU 6 (Site D) .....cccceeviiiiieniieiiieieeens 7-16

7.4.2 Continued Validity of ROD ASSUMPLIONS .......eeevuveervieeeiieeeiieeevee e, 7-17

7.4.3  New Information..........coccoeeeviiiiiniiniiiineeceee e 7-19

7.4.4 Technical AsseSSMENt SUMMATY .....ccveeererieereiieeiieeeiieeeieeeeieeeevee e 7-19

7.5  OUT7(SITES B, E/11, AND 10).c..ciitiiiniiiienienieeieeiieieeieeee et 7-19
7.5.1 Functionality of Remedy for OU 7 (Sites B, E/11, and 10)................... 7-19

7.5.2  Continued Validity of ROD ASSUMPLIONS .....coevvrevieriieiienieeiieeieeiens 7-21

7.5.3  New Information.........c.ccoooeiiiiiiiiiiiiic e 7-23

7.5.4 Technical Assessment SUMMATY ........c.ccccveeriieriieeriienieeniienieenieeeveeeens 7-23

2K © 1 U RS TURS SRR R 7-23
7.6.1 Functionality of Remedy for OU 8 ..........ccooiiiiiiiiiiiiiiiecieeeeeeeeen 7-23

7.6.2 Continued Validity of ROD ASSUMPLIONS .......ccevveeeerieeriiieeniieeeveeeneen. 7-25

7.6.3  New Information..........coccoeeeviiiiiniiniiiiiieceseee e 7-28

7.6.4 Technical AsseSSMENt SUMMATY .....ccvveerevieeriieeiieeeiieeeieeeeieeeevee e 7-29

7.7 POGY ROAD ..ottt sttt et 7-29
7.8  ISSUES L.ttt ettt ettt et e es 7-31
8.0 RECOMMENDATIONS AND FOLLOW-UP ACTIONS ........cociiiiiiniinieiecieeeeeeee 8-1
9.0 CERTIFICATION OF PROTECTIVENESS ..ottt 9-1
9.1 OU Lttt ettt ettt sttt et a et et e s bt et et e bt enae s 9-1
0.2 OU 2ttt ettt e nt ettt eeneenae e e 9-2
93 O Bttt ettt b ettt ettt a bt et h ettt e naeene s 9-2
L © 1 U OSSR 9-3

J:\Projects\N\Navy AE\AE-2009\DO 78 - xx49 Bangor 4th 5 Year Review\09 Reports & Deliverables\R-3 Deliverables\dth 5-Year
Review\Final\Final Bangor 4th 5-Year Review - Text.docx



FINAL FOURTH FIVE-YEAR REVIEW
Naval Base Kitsap Bangor
Naval Facilities Engineering Command Northwest

CONTENTS (Continued)

APPENDICES

Frequently Referenced Documents (Attached as a Disk Appendix)
OU 1, Site A Data

OU 2 Site F Data

OU 8 Data

Site Inspection Forms

Interview Responses

Agency Comments and Reponses to Comments

QmMmg O w >

Contents
Revision No.: 0
Date: 9/3/15
Page xviii

J:\Projects\N\Navy AE\AE-2009\DO 78 - xx49 Bangor 4th 5 Year Review\09 Reports & Deliverables\R-3 Deliverables\dth 5-Year

Review\Final\Final Bangor 4th 5-Year Review - Text.docx



FINAL FOURTH FIVE-YEAR REVIEW Contents

Naval Base Kitsap Bangor Revision No.: 0
Naval Facilities Engineering Command Northwest Date: 9/3/15
Page xix

CONTENTS (Continued)

FIGURES
I-1  NBK Bangor VICINItY Map.......ccoovuiiiiiieeiiieciieesite ettt et eae e eee e eveeesveeesnseeennveeens 1-3
1-2  NBK Bangor Sites and Operable Units ...........ccceerieeriierieeiiienieeieeeieeieesee e sve e 1-4
2-1 Chronology OFf EVENLS .....ccuuiiiiiiciiieciieecee ettt et et tae e e ree e s e e sebeeesnreeennseeens 2-5
3-1  OU 1, Site A LOCAION MAP ....iiiiiiiiiiieeiieiie ettt ettt et iee ettt eebeeeaesnbeeseesnseeseens 3-8
3-2  OU 2, Site F LOCAtION MAP.....uiiiiiiieiiiieciieeeite ettt et eiaeeeteeestaeesnaeeesveeesnneeennseeens 3-9
3-3  OU 3, Sites 16/24 and 25 Location Map.........cccueeuieriieiiienieeiiesie et eeeeiee e 3-10
RV O 1 G CHI S 1 (3 D I o Te7: 1 (o) 0 WL F: 1 o USRS 3-11
3-5 OU 7, Site B LOCAtION MAP ....eoouvieiiieiieeiieeiieeiie ettt s e e e ene 3-12
3-6  OU 7, Site E/11 Location Map .......ccocuiieiiiieiieeciie ettt svee e vee e e seaee e 3-13
3-7  OU 7, Site 10 Location Map ......c.cooiieiieiieeiieeie ettt ettt sae e e seae e eeae e 3-14
3-8 OU 8, Sites 27, 28, 29, and PWIA Service Station Location Map .........c.cccecvveeeveeenneen. 3-15
3-9  POZY ROA SIt€ IMAP ..eoviiiiiieiieeiieeiieeitee ettt ettt et iae et e e e eneeenne 3-16
3-10  Site EO300 LoCAtiON IMAP ...ccuviieiiiieeiieeeiie ettt ettt e eteeesaae e e e ssveeesnneeenneas 3-17
4-1  Site A Compliance and Performance Monitoring Well Locations ............cccceveevuennnenne. 4-23
4-2  OU 2 Site F and OU 7 Site E/11 Compliance and Performance Monitoring Well

LLOCALIONS ...ttt ettt sb et ettt ettt et sbe et e 4-25
4-3  OU 8 Compliance and Performance Monitoring Well Locations ............cccceeeveeeennennnee. 4-27
6-1 Site A RDX Trends in Extraction Wells..........cccevviieiiiiiiiiiieiiieieceeece e 6-60
6-2  Site A RDX Trends in Shallow Aquifer Monitoring Wells...........ccccoceeveieeniiiencieeenen. 6-61
6-3  Site A RDX and TNT Trends in Perched Zone Monitoring Wells.............cccceerurennnne. 6-62
6-4  Extent of RDX in Site A Groundwater During This 5-Year Review Period................. 6-63
6-5  Site A Pump and Treat System Mass Removal Since 1997 ........ccccoovvvvieiiiniinniennne. 6-65
6-6  EVS Pro Modeling Results for RDX Plume at Site A.......ccoovvveiiieriiieeieeeeeeeee e, 6-67
6-7  EVS Pro Modeling Results for RDX Plume Center of Mass at Site A .........c.cccueennenene. 6-69
6-8  Site A Numerical Flow Modeling Results...........cccceeiiieiiiiniiieeiieceecce e, 6-71
6-9  RDX Trends in Extraction Wells Located Near the OU 2 Source Area........................ 6-73
6-10 RDX Trends in Extraction Wells Located Downgradient of the OU 2 Source Area .... 6-74
6-11 TNT Trends in Extraction Wells Located Near the OU 2 Source Area ........................ 6-75
6-12  DNT Trends in Extraction Wells Located Near the OU 2 Source Area..........cc.cc........ 6-76
6-13  Extent of RDX in Site F Groundwater During This 5-Year Review Period ................. 6-77
6-14  Site F Pump and Treat System Contaminant Mass Removal Since 1996 ..................... 6-79
6-15 Extent of 1,2-DCA in OU 8 Groundwater During This 5-Year Review Period............ 6-81
6-16  Extent of Petroleum-Related Chemicals in OU 8 Groundwater During This

5-Year ReVIEW Period.......co.coiiiiiiiiiiiiiieiieeeeeeeee et 6-83
6-17 OU 8 Injection and Monitoring Well Location Map .........ccccceevevieniieeniieeeieeeiee e, 6-85
6-18 OU 8 Electrical Resistivity Imaging Transect Lines ..........cccccceeveveeriienieenienieeiieeene 6-87

J:\Projects\N\Navy AE\AE-2009\DO 78 - xx49 Bangor 4th 5 Year Review\09 Reports & Deliverables\R-3 Deliverables\dth 5-Year
Review\Final\Final Bangor 4th 5-Year Review - Text.docx



FINAL FOURTH FIVE-YEAR REVIEW Contents

Naval Base Kitsap Bangor Revision No.: 0
Naval Facilities Engineering Command Northwest Date: 9/3/15
Page xx

6-19
6-20

6-21
6-22

CONTENTS (Continued)

OU 8 Pilot Study and Existing Well Location Map ..........cccccueeviieniieniienieeiieeieeieeeee. 6-89
Phase II Monitoring Results for DCA Concentrations Within and Near Biobarrier

AL OU 8.ttt ettt b ettt ettt b et bt e bt et e ees 6-91
OU 8 EVS Pro Model Results for 1,2-DCA .......ovviiiiiiiieeeeeee et 6-93
OU 8 EVS Pro Model Results for Benzene............cccevvieviieniiiiieniieiieeieeiieeieeee e 6-95

J:\Projects\N\Navy AE\AE-2009\DO 78 - xx49 Bangor 4th 5 Year Review\09 Reports & Deliverables\R-3 Deliverables\dth 5-Year
Review\Final\Final Bangor 4th 5-Year Review - Text.docx



FINAL FOURTH FIVE-YEAR REVIEW Contents

Naval Base Kitsap Bangor Revision No.: 0
Naval Facilities Engineering Command Northwest Date: 9/3/15
Page xxi

CONTENTS (Continued)

TABLES
3-1 Background Information Summary for NBK Bangor ..........cccccoeviienciiiiciicciiecee, 3-19
4-1 Summary of Annual O&M Costs for OUs 1,2,3,6,7,and 8........cccceevieviieneeniennnen. 4-29
- Summary of Remedial Actions at NBK Bangor..........cccccoevviiieiiieeiiiecieecie e 4-31

4-3  Summary of 2009 to 2014 Planned Groundwater Monitoring Program Versus

ACLUAL TOT STEE A ..ttt ettt st eb e 4-43
4-4  Summary of 2009 to 2014 Planned Groundwater Monitoring Program Versus

Actual for Sites F and E/1T.....oooiiiii s 4-47
4-5  Summary of 2009 to 2014 Planned Groundwater Monitoring Program Versus

ACtUAl TOT OU 8 ...ttt sttt st e 4-51
4- Summary of Institutional and Engineering Controls by Operable Unit ........................ 4-53
5- Actions Taken Since Previous 5-Year ReVIEW .......ccccooiiiiiiiiiiiiiiiiiiiceiecceee e 5-2
6- Summary of Normality and Linear Regression Analysis Results for OU 1.................. 6-97
6- Summary of Mann-Kendall Trend Analysis Results for OU 1........c.ccocoeiveieiicierennenns 6-99
6-3  RDX Concentration Trend Analysis Summary for OU 1 Selected Wells from

Spring 2009 t0 SPriNg 2014 ....cooeviieiieeeee ettt e ae e e e e e sere e e 6-101
6-4  Summary of Mann-Kendall Trend Analyses for OU 2..........cccoooiiviiiiieniiienienieeien, 6-102
6-5  RDX Concentration Trend Analyses Summary for OU 2 Selected Wells from

Spring 2009 t0 SPring 2014 ......oooueieiiiieeieeeie ettt 6-105
6-6  Summary of Normality and Linear Regression Analysis Results for OU §................. 6-106
6-7  Summary of Mann-Kendall Trend Analysis Results for OU 8...........cccccccvveiieninennen. 6-109
6-8 1,2-DCA Concentration Trend Analyses Summary for OU 8 from Spring 2009 to

SPIING 2014 ..ottt et ettt e et e et e st e e bt e enbe e teeenbeeseeennas 6-111
6-9  Benzene Concentration Trend Analyses Summary for OU 8 from Spring 2009 to

SPIING 2014 ..ottt ettt et e et e et e et e st e e bt e enbeeteeenbeeneeennas 6-112

- Summary of October 2009 to 2014 Free-Product Recovery Activities for OU § ....... 6-113

6-11 Reductions in DCA for Phases I and II Pilot Studies and Following Longevity

SAMPIINEG .eveeeiiieeie et e e e st e e et e e e taeeeaaeeesaeeebaeeenbeeensreeennreas 6-114
6-12  Institutional Controls Inspection and Maintenance Summary...........c.cceeveevuereeneennnene 6-117
7-1 Technical ASSESSMENt SUMMATY .....cccvviiiiiieiiieeciie ettt e e e ee e 7-32
7-2  Soil ARARS for Operable Unit 1........cccociieiiiiiiiiiiiieeiee e 7-33
7-3  Groundwater ARARSs for Operable Unit 1 ........cccoeviiiieiiiieiieceeeeeee e, 7-34
7-4  Surface Water ARARSs for Operable Unit 1 .........ccoooiiiiiiiiiiniiiniieieeeeeee e 7-35
7-5  Summary of Current ARAR Changes and Impacts on Protectiveness for NBK

Bangor OUS ......eeieiieeeeee ettt et 7-36
7-6  Soil ARARS for Operable Unit 2.........c.coocviieiiiieiiieeiee et 7-42
7-7  Groundwater ARARS for Operable Unit 2 ..........cccoeeiieiiiniieiienieeieeceeeiee e 7-43

J:\Projects\N\Navy AE\AE-2009\DO 78 - xx49 Bangor 4th 5 Year Review\09 Reports & Deliverables\R-3 Deliverables\dth 5-Year
Review\Final\Final Bangor 4th 5-Year Review - Text.docx



FINAL FOURTH FIVE-YEAR REVIEW

Naval Base Kitsap Bangor Revision No.: 0
Naval Facilities Engineering Command Northwest Date: 9/3/15

CONTENTS (Continued)

7-8  Soil ARARS for Operable Unit 3........cccoooiiiiiiiiiiiiieieeeee et
7-9  Groundwater ARARSs for Operable Unit 3 ........cccoeeoiiieiiiieiieeeeeee e
7-10  Soil ARARS for Operable Unit O........c.ccoveeiiieiiieiiiieeiecie ettt
7-11  Soil ARARS for Operable Unit 7 .......c.ccccocuiieiiieeiiie ettt
7-12 Groundwater ARARS for Operable Unit 7 .........ccccoeeiieiieniieniienieeiieeee e
7-13  Groundwater ARARSs for Operable Unit 8 ..........cccooovieeiiiieiiieeieeeeeee e,
7-14  Soil ARARS for Pogy RoOad .......c.oovuiiiiiiiiiiieiec et
7-15  Comparison of Maximum Pogy Road Concentrations to Current ARARs...................
ToL1O  ISSUCS .ttt ettt et et h e et ettt e ae e et sb e et enaee e
8-1 Recommendations and FOIIoW-Up ACHIONS ........ccccuieeriieeiiieeieeceeecee e

J:\Projects\N\Navy AE\AE-2009\DO 78 - xx49 Bangor 4th 5 Year Review\09 Reports & Deliverables\R-3 Deliverables\dth 5-Year
Review\Final\Final Bangor 4th 5-Year Review - Text.docx



FINAL FOURTH FIVE-YEAR REVIEW Abbreviations and Acronyms

Naval Base Kitsap Bangor Revision No.: 0
Naval Facilities Engineering Command Northwest Date: 9/3/15
Page xxiii

ABBREVIATIONS AND ACRONYMS

ARAR applicable or relevant and appropriate requirement
AWQC ambient water quality criterion

bgs below ground surface

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
CFR Code of Federal Regulations

COC chemical of concern

cm centimeter

cPAH carcinogenic polycyclic aromatic hydrocarbon
CSM conceptual site model

DCA dichloroethane

DCE dichloroethene

DCLP Determination of Cleanup Level Plan

DCP dichloropropane

DDT dichlorodiphenyltrichloroethane

DNB dinitrobenzene

DNT dinitrotoluene

DNX hexahydro-1,3-dinitroso-5-nitro-1,3,5-triazine
Ecology Washington State Department of Ecology
EDB dibromoethane

EPA U.S. Environmental Protection Agency

ESD Explanation of Significant Differences

EVO emulsified vegetable oil

EVS Environmental Visualization System

FFA Federal Facilities Agreement

FFS focused feasibility study

FS feasibility study

ft foot

g gram

GAC granular activated carbon

g/L gram per liter

HMX octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
IC institutional control

ICMP Institutional Controls Management Plan

IRA interim remedial action

IRACR independent remedial action closure report
IRIS Integrated Risk Information System

kg kilogram

LCL lower confidence limit

J:\Projects\N\Navy AE\AE-2009\DO 78 - xx49 Bangor 4th 5 Year Review\09 Reports & Deliverables\R-3 Deliverables\dth 5-Year
Review\Final\Final Bangor 4th 5-Year Review - Text.docx



FINAL FOURTH FIVE-YEAR REVIEW
Naval Base Kitsap Bangor
Naval Facilities Engineering Command Northwest

Abbreviations and Acronyms
Revision No.: 0

Date: 9/3/15

Page xxiv

ABBREVIATIONS AND ACRONYMS (Continued)

LNAPL light nonaqueous-phase liquid

LT™M long-term monitoring

LUC land use control

MCL maximum contaminant level
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FINAL FOURTH FIVE-YEAR REVIEW Section 1.0

Naval Base Kitsap Bangor Revision No.: 0
Naval Facilities Engineering Command Northwest Date: 9/3/15
Page 1-1

1.0 INTRODUCTION

This report presents the results of the fourth 5-year review performed for the Naval Base Kitsap
(NBK) Bangor National Priorities List (NPL) site, more commonly known simply as NBK
Bangor. NBK Bangor is located on the Kitsap peninsula in Kitsap County, Washington, at a
location on Hood Canal approximately 10 miles north of Bremerton (Figure 1-1). The purpose
of a 5-year review is to evaluate whether the remedies selected for implementation in the
Records of Decision (RODs) for a site remain protective of human health and the environment.
The methods, findings, and conclusions of 5-year reviews are documented in 5-year review
reports, which identify any issues found during the review and provide recommendations to
address them. This report was prepared using U.S. Department of Defense, U.S. Navy (Navy),
and U.S. Environmental Protection Agency (EPA) guidance (USDoD 2012 and 2014, U.S. Navy
2011a and 2013a, and USEPA 2001, 2012a, and 2014a).

The Navy, the lead agency for NBK Bangor, has prepared this 5-year review report pursuant to
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) Section
121 and the National Oil and Hazardous Substances Pollution Contingency Plan (NCP; 40 Code
of Federal Regulations [CFR] Part 300). CERCLA Section 121 states the following:

If the President selects a remedial action that results in any hazardous substances,
pollutants, or contaminants remaining at the site, the President shall review such
remedial action no less often than each five years after the initiation of such
remedial action to assure that human health and the environment are being
protected by the remedial action being implemented. In addition, if upon such
review it is the judgment of the President that action is appropriate at such site in
accordance with section [104] or [106], the President shall take or require such
action. The President shall report to the Congress a list of facilities for which
such review is required, the results of all such reviews, and any actions taken as a
result of such reviews.

Naval Facilities Engineering Command Northwest (NAVFAC NW) has conducted this fourth
5-year review of the remedial actions implemented at NBK Bangor. The review was initiated in
May 2014 using data generated between October 2009 and April 2014. The triggering action for
this review was the third 5-year review, executed by the Navy in October 2010 (U.S. Navy
2010a). The second 5-year review was executed in September 2005 (U.S. Navy 2005a), and the
first 5-year was executed in September 2000 (U.S. Navy 2000a). Contaminants have been left at
NBK Bangor above levels that allow for unlimited use and unrestricted exposure. CERCLA
requires 5-year reviews when hazardous substances, pollutants, or contaminants will remain on
site. Because RODs documenting the remedies implemented at NBK Bangor were signed after
October 17, 1986 (the effective date of the Superfund Amendments and Reauthorization Act

[SARA]), this 5-year review is considered a statutory, rather than a policy, review.
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There are eight operable units (OUs) at NBK Bangor (Figure 1-2). The Bangor Ordnance
Disposal Site (OU 1) was added to the NPL in July 1987, and Bangor Naval Submarine Base
Site (OUs 2, 3,4, 5, 6, 7, and 8) was added to the NPL in August 1990. Because no further
action was recommended for OUs 4 and 5 (U.S. Navy, USEPA, and Ecology 1993 and 1994a),
these OUs are not included in the 5-year review. This report covers the remedies selected in the
signed RODs for OUs 1, 2, 3, 6, 7, and 8 (U.S. Navy, USEPA, and Ecology 1991a, 1994b,
1994c, 1994d, 1996, and 2000a).

This 5-year review is streamlined to minimize repeating information that has been included in
previous 5-year reviews. The intent is to focus on the actions, monitoring, and issues over the
last 5 years and recommendations and protectiveness for the next 5 years. To facilitate this,
information from the previous 5 years is briefly summarized and a reference is included where
the reader may obtain more detailed information. In addition, frequently referenced documents
are included in Appendix A on a CD.
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2.0 SITE CHRONOLOGY

This section summarizes dates of major events such as the initial discovery of contamination,
NPL listing, decision and enforcement documents, remedial and removal actions, construction
completion, and prior 5-year reviews. The chronology of major site events for NBK Bangor is
summarized by OU on Figure 2-1. The chronology of major site events up to and including the
RODs are discussed in the sections below. Additional information can be obtained by reviewing
Section 2 of the first, second, and third 5-year reviews (U.S. Navy 2000a, 2005a, and 2010a),
which were completed in 2000, 2005, and 2010, respectively. These documents are included as
attachments in Appendix A for easy reference. Information on major site events occurring after
the signing of the ROD is provided in subsequent sections of this report.

21 SITEWIDE CHRONOLOGY

In 1978, the Navy Assessment and Control of Installation Pollutants (NACIP) program was
initiated, and waste disposal sites at NBK Bangor were evaluated under this program. As part of
the NACIP program, an initial assessment study was conducted at NBK Bangor (NEESA 1983).
The purpose of the initial assessment study was to identify and assess environmental
contamination resulting from past hazardous materials storage, transfer, processing, and disposal
operations at NBK Bangor. Following completion of the initial assessment study, a current
situation report was completed for OU 1 (U.S. Navy 1988), and a combined current situation
report was completed for sites included in OUs 2 through 7 (U.S. Navy 1989). As a result of the
U.S. Congress enacting SARA, the Navy suspended further NACIP program activities and
transitioned into the EPA’s remedial investigation/feasibility study (RI/FS) procedures for
inactive waste sites.

NBK Bangor is listed twice on EPA’s NPL. The Bangor Ordnance Disposal Site (OU 1) was
added to the NPL in July 1987 and Bangor Naval Submarine Base Site (OUs 2, 3,4, 5,6, 7,
and 8) in August 1990. In January 1990, the Navy, EPA, and Washington State Department of
Ecology (Ecology) entered into a Federal Facilities Agreement (FFA). Three sites initially
investigated as part of OU 7 (Sites 27, 28, and 29) were included in a separate OU (OU 8)
following the discovery that volatile organic compounds (VOCs) had been detected in a newly
installed, but not yet operational, water supply well in the neighborhood southeast of these sites.
OU 8 was added to the FFA in October 1994. In addition to Sites 27, 28, and 29, OU 8 also
includes the Public Works Industrial Area (PWIA) service station. In the FFA, the 22 sites at
NBK Bangor were divided into 8 OUs for management purposes. Figure 1-2 depicts the
locations of the 22 sites and lists the division of the sites into their respective OUs.
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22 OU1CHRONOLOGY

The RI for OU 1 occurred from 1988 through 1989, and the FS was completed in 1991 (U.S.
Navy 1991). The ROD for OU 1 was signed in December 1991 (U.S. Navy, USEPA, and
Ecology 1991a). The OU 1 ROD has been amended by three Explanations of Significant
Differences (ESDs) (U.S. Navy, USEPA, and Ecology 1994e, 1998, 2000b), which documented
changes to the OU 1 ROD selected remedy. These ESDs were signed in May 1994, March 1998,
and August 2000, respectively.

23 OU2CHRONOLOGY

Prior to the completion of the RI/FS, a ROD for an interim remedial action (IRA) was signed in
September 1991 (U.S. Navy, USEPA, and Ecology 1991b). The RI for OU 2 occurred from
1990 through 1992, and the FS was completed in 1993 (U.S. Navy 1993a). The OU 2 IRA ROD
has been amended by one ESD signed in April 1994 (U.S. Navy, USEPA, and Ecology 1994f),
which documented changes to the OU 2 IRA selected remedy. The ROD for OU 2 was signed in
September 1994 (U.S. Navy, USEPA, and Ecology 1994d).

24  OUS3 CHRONOLOGY

The RI for OU 3 occurred from 1991 through 1992, and the FS was completed in 1992 (U.S.
Navy 1992a). The ROD for OU 3 was signed in April 1994 (U.S. Navy, USEPA, and Ecology
1994b).

25 OU4 CHRONOLOGY

The RI for OU 4 occurred from 1991 through 1992, and the FS was completed in 1993 (U.S.
Navy 1993b). The ROD for OU 4 was signed in July 1994 (U.S. Navy, USEPA, and Ecology
1994a). No further action was the selected remedy for OU 4. Therefore, this OU is not
discussed further in this document.

26 OUS5CHRONOLOGY

The RI for OU 5 occurred in 1992, and the FS was completed in 1992 (U.S. Navy 1992b). The
ROD for OU 5 was signed in September 1993 (U.S. Navy, USEPA, and Ecology 1993). No
further action was the selected remedy for OU 5. Therefore, this OU is not discussed further in
this document.
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2.7 OU6 CHRONOLOGY

The RI for OU 6 occurred from 1991 through 1992, and the FS was completed in 1993 (U.S.
Navy 1993¢). The ROD for OU 6 was signed in September 1994 (U.S. Navy, USEPA, and
Ecology 1994c).

28 OU7CHRONOLOGY

Two removal actions were completed at OU 7 prior to the signing of the ROD and prior to most
of the RI/FS activities at the OU. In 1988, a soil, debris, and drum removal action was
completed at Site 2. A soil and drum removal action was completed at Site 11 in 1992. The RI
for OU 7 occurred from 1991 through 1994, and the FS was completed in 1994 (U.S. Navy
1994a and 1994b). The ROD for OU 7 was signed in April 1996 (U.S. Navy, USEPA, and
Ecology 1996).

29 OU8CHRONOLOGY

The RI for OU 7 included investigation of the sites later transferred to OU 8 and was performed
from 1991 through 1994. The RI for OU 8 occurred from 1995 through 1996, and the FS was
completed in 2000 (U.S. Navy 1999a and 2000b). The ROD for OU 8 was signed in September
2000 (U.S. Navy, USEPA, and Ecology 2000a). The following removal actions were conducted
prior to the signing of the ROD:

o 1986—-1998: Free-product removal at the PWIA service station

o 1992—-1996: Multiple underground storage tank (UST) removals and closures at
the PWIA service station

o 1995-1998: Soil vapor extraction/air sparging system operation at the PWIA
service station

o 1995: Time-critical removal action (TCRA) to supply off-base residents with an
alternative water supply

. 1997-1999: Non-time-critical removal action to construct and operate a
groundwater containment system
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3.0 BACKGROUND

NBK Bangor covers 7,201 acres on the Kitsap peninsula in Kitsap County, Washington, at a
location on Hood Canal approximately 10 miles north of Bremerton (Figure 1-1). The Kitsap
County Comprehensive Plan Land Use Map (Kitsap County 2014), included on the website
http://www kitsapgov.com/dcd/gis/maps_data/standard maps/regulatory planning.htm, lists land
immediately surrounding NBK Bangor as predominantly rural residential (one dwelling unit per
5 acres). One area immediately southeast of NBK Bangor is identified as urban industrial.

Naval activities began at NBK Bangor in June 1944, when the U.S. Naval Magazine, Bangor
was established to provide a deep-water shipment facility for ordnance. From 1944 to the early
1970s, the Navy facility at Bangor was primarily used for transshipment and storage of ordnance
and demilitarization of unserviceable and dangerous ammunition. In February 1977, NBK
Bangor was commissioned as the West Coast home port for the Trident Submarine Launched
Ballistic Missile System. The current mission of the base is to provide administrative and
personnel support for submarine force operations and logistical support for other Navy activities.

The following sections describe each of the OUs at NBK Bangor, including their physical
characteristics. Table 3-1 summarizes the land and resource use, history of contamination,
removal actions performed, and basis for taking remedial action for each OU. Additional
information can be obtained by reviewing Section 3 of the first, second, and third 5-year reviews
(U.S. Navy 2000a, 2005a, and 2010a), as well as the RODs for each OU (U.S. Navy, USEPA,
and Ecology 1991a, 1994b, 1994c, 1994d, 1996, and 2000a). These documents are included as
attachments in Appendix A for easy reference.

31 OUL(SITEA)

The Bangor Ordnance Disposal Site (Site A) is located in the northern portion of NBK Bangor
(Figure 1-2). Site A is currently divided into the following areas: burn area, debris areas 1 and
2, and stormwater discharge area (Figure 3-1). The off-base community of Vinland is located
approximately 2,000 feet to the north of the site and Cattail Lake is located downhill and to the
west of the site. Hood Canal, which borders NBK Bangor, is located to the west of Site A,
Vinland, and Cattail Lake. Ground elevations at the site range from 150 to 180 feet above mean
sea level (MSL). Surface water runoff from the site flows northerly and westerly and eventually
discharges into Hood Canal. Groundwater of interest occurs in two zones at Site A. The first is
the perched zone, which occurs within a localized deposit of recessional outwash extending from
ground surface to depths of 20 feet. When present seasonally, the perched zone is encountered at
depths typically ranging from 10 to 20 feet below grade. The perched water sits upon lower
permeability glacial till, which separates the perched zone from the underlying shallow aquifer.
The shallow aquifer at Site A is an unconfined aquifer occurring within the stratified sand/silt
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deposits underlying the till (groundwater surface at depths of 70 to 90 feet below the burn area).
Groundwater in the shallow aquifer beneath the former burn area flows toward the west-
northwest, with discharge to the Cattail Lake drainage (U.S. Navy 1991). Note that the
municipal water supplies for Vinland are obtained from the deeper sea level aquifer, which has
not been impacted by activities at Site A (U.S. Navy 1991).

32 OU2(SITEF)

The wastewater lagoon and overflow ditch (Site F) is located in the south-central portion of NBK
Bangor approximately 1.5 miles east of Hood Canal (Figure 1-2). It is located in a clearing
surrounded by a large forested area. Local features near Site F include a Navy helipad
approximately 700 feet northwest of the site and sidings and a rail line approximately 1,500 feet
west (Figure 3-2). The ground elevation near the former disposal lagoon ranges from
approximately 300 to 310 feet above MSL and increases to the west until it reaches a plateau at
an elevation from 375 to 400 feet MSL. The site is located within a large closed basin with no
natural drainages. However, the site does received minor surface water flow during precipitation
events from ditches constructed along roads and railroad tracks. Groundwater in the shallow
aquifer occurs approximately 50 feet below the ground surface (bgs) in the vicinity of the former
lagoon and is from 60 to 100 feet thick below Site F. This shallow aquifer occurs throughout
NBK Bangor and flows generally to the northwest, eventually discharging via seeps in the
western part of NBK Bangor. These seeps feed an unnamed creek that flows through the town of
Old Bangor and into Hood Canal. Beneath the shallow aquifer is an aquitard, which impedes the
vertical flow of groundwater from the shallow aquifer to a deeper aquifer. This deeper aquifer,
referred to as the sea level aquifer, is encountered 80 to 100 feet beneath the bottom of the
shallow aquifer and is confined by the low-permeability aquitard. The sea level aquifer also
occurs throughout NBK Bangor. No on-base water supply well is completed in the shallow
aquifer, and the shallow aquifer does not extend off base to the west beneath the communities of
Olympic View and Old Bangor. Therefore, water supply for these communities is not derived
from the shallow aquifer.

3.3 OUS3(SITES 16/24 AND 25)

OU 3 is located in the southeastern portion of NBK Bangor in the vicinity of the PWIA

(Figure 1-2) and consists of Sites 16, 24, and 25. Sites 16 and 24 are the locations of former
solid- and liquid-waste incinerators and a drum storage area. Because of their proximity, they
are addressed together as Site 16/24 (Figure 3-3). Site 25, downgradient of Site 16/24, is the
location of a former sewage treatment plant outfall from the PWIA. The ground elevation at
Site 16/24 is approximately 325 feet above MSL, with the surface sloping gently down to the
north and steeply to the south. A small drainage swale extends along the western side of the site
and drains to the south. The ground elevation at Site 25 is approximately 275 feet MSL. Site 25
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currently provides treatment of stormwater prior to its discharge into the central branch of Clear
Creek, an ephemeral stream located off base to the southeast of the site. Stormwater treatment
includes two earthen stormwater detention/retention ponds, which cover approximately 1.2 acres
and an oil/water separator. Clear Creek ultimately discharges into Dyes Inlet of Puget Sound
(Figure 1-1). The shallow aquifer in the vicinity of Sites 16/24 and 25 generally flows south.

34 OUG6 (SITED)

Site D is a former ordnance disposal area in the west-central portion of NBK Bangor

(Figure 1-2). Hood Canal, which borders NBK Bangor, is located approximately one-half mile
to the west of Site D. Ground elevations at the site range from approximately 100 to 180 feet
above MSL and the land surface slopes from the vicinity of Escolar Road down to the abandoned
railroad grade (Figure 3-4). Much of Site D is seasonally wet, with the lower western portion of
the site beneath standing water during the wet season. Surface water enters the site from two
ephemeral drainages and one perennial stream, becomes impounded by the abandoned railroad
grade, and leaves the site via an ephemeral drainage to Devil’s Hole Lake to the northwest
(Figure 1-2). Two aquifers were identified during the RI/FS at Site D: the perched groundwater
and the shallow aquifer. Groundwater in the perched zone is at or near the ground surface and
discharges to the surface in the western part of the site. The perched water sits upon lower
permeability glacial till, which separates the perched zone from the underlying shallow aquifer.
Groundwater in both the perched zone and the shallow aquifer beneath the former burn area
flows toward the west-northwest.

35 OUT7(SITESB,E,?24,7,10, 11, 18, 26, AND 30)

OU 7 includes 10 known or suspected waste sites (Sites B, E, 2,4, 7, 10, 11, 18, 26, and 30) at
locations across NBK Bangor (Figure 1-2). Sites 27, 28, and 29 were originally part of OU 7,
but were included in OU 8 in 1994 following the investigation of surrounding areas. Although
not part of OU 7 as defined in the FFA, three lake or wetland areas (Cattail Lake, Hunter’s
Marsh, and Devil’s Hole [Figure 1-2], collectively termed the Ecological Areas) were included
for study with the 10 sites.

The OU 7 risk assessment concluded that conditions at Sites 4, 7, 18, and 30 and the three
Ecological Areas pose no unacceptable risks to human health (under an unrestricted use
scenario) or the environment. The OU 7 ROD declared that no remedial action (and no
institutional control [IC] or monitoring) is required for these sites/areas, and no 5-year review is
required. Thus, they are not discussed further here. The third 5-year review (U.S. Navy 2010a)
recommended that 5-year reviews of Sites 2 and 26 should be discontinued. Therefore, these
two sites are also not discussed further in this 5-year review. Background information for the
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remaining OU 7 sites is included in the following sections. Sites E and 11 are discussed together
because of their proximity.

3.5.1 Site B (Floral Point)

Site B (Floral Point) is located at the northern end of NBK Bangor and covers approximately

5 acres of natural shoreline along Hood Canal (Figure 1-2). Amberjack Avenue provides access
to the site, and a gravel road extends through the site in a circle (Figure 3-5). The average
ground elevation at Site B is 14 feet above MSL, with the surface sloping gently up from the
shoreline toward the center of the site at 25 feet above MSL. Floral Point has no surface water
drainages, because of the high permeability of the soils at the site. Groundwater beneath the site
is saline (nonpotable) because of tidal mixing.

3.5.2 Site E (Acid Disposal Pit) and Site 11 (Pesticide/Herbicide Drum Disposal Area)

Sites E and 11 are located in the south-central portion of the NBK Bangor one-half mile north of
Thresher Avenue (Figure 1-2). Sites E and 11 are contiguous, and there was concern that
pesticide/herbicide drums may also have been disposed of at Site E (Figure 3-6). Therefore, the
two sites are addressed together (Site E/11) in the OU 7 ROD. The ground elevation at Site E/11
is approximately 325 feet above MSL, and the site slopes gradually down toward the northeast.
Site E/11 is located in the upper reaches of the Clear Creek drainage area, but does not drain
directly into the creek (Figure 1-1). Perched groundwater does not appear to be present at

Site E/11. The shallow aquifer is present and appears to flow toward the northeast at Site E/11.

3.5.3 Site 10 (Pesticide Storage Quonset Huts)

Site 10, the location of two former pesticide storage Quonset huts, is located just west of the
PWIA in the southeastern portion of the base (Figure 3-7). The ground elevation at Site 10 is
approximately 300 feet above MSL. Perched groundwater does not appear to be present at
Site 10. The shallow aquifer is present and appears to flow toward the southeast under a gentle
gradient trending roughly parallel to the area topographic gradient.

3.6  OU 8 (SITES 27, 28, and 29)

OU 8 consists of approximately 150 acres of land located in the southeastern corner of NBK
Bangor (Figure 1-2). It encompasses the PWIA and off-base residential community along
Mountain View Road between Clear Creek Road and the NBK Bangor boundary. OU 8 consists
of the following known or suspected former waste sites (Figure 3-8):

o Site 27, Steam Cleaning Pit
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o Site 28, Paint Shop Drainage Ditch
o Site 29, Public Works Maintenance Garage

Sites 27, 28, and 29 were also studied during RIs of OU 7. OU 8 also encompasses a plume of
groundwater contamination that emanates from the PWIA and extends in a southeast direction
toward the Mountain View residential neighborhood. Ground elevations at OU 8 range from
approximately 275 to 300 feet above MSL, and the site slopes gradually down toward the
southeast. The PWIA is near the headwaters of the central branch of Clear Creek, which flows
south to Dyes Inlet. The central branch is an ephemeral stream that is confined to stormwater
culverts beneath the paved surfaces in the PWIA. While flowing through the Mountain View
residential area, the central branch follows a naturalized drainage swale. Throughout most of
OU 8, the Vashon Till is exposed at the surface, and typically varies from 20 to 40 feet thick.
Underlying the till at OU 8 is the Vashon Advance Outwash that hosts an unconfined aquifer
system referred to as the shallow aquifer. The shallow aquifer is approximately 120 feet thick
throughout most of OU 8, and the depth to groundwater ranges from 5 to 65 feet bgs. In the
PWIA, the depth to groundwater is approximately 22 feet bgs. The general direction of
groundwater flow in the shallow aquifer is to the southeast.

3.7 OTHER CLEANUP ACTIONS

Two cleanup actions have been conducted at NBK Bangor since execution of the OU 8 ROD,
one at the Pogy Road site and one at Site EO300. These two cleanup actions are summarized in
this section.

3.7.1 Pogy Road Cleanup Action

The Pogy Road site is located in the northern portion of NBK Bangor at the northern terminus of
Pogy Road (Figures 1-2 and 3-9). The area was used on January 10, 2001, for emergency
treatment of selected ordnance items recovered during a TCRA involving the clearance of
munitions and explosives of concern at Jackson Park Housing Complex. Soil was contaminated
with ordnance compounds as a result of the emergency detonation of the munitions and
explosives of concern, and an independent cleanup action was completed for soil under the
Model Toxics Control Act (MTCA) regulations. Based on confirmation sampling results, the
closure report concluded that no residual contamination exists at or near the risk-based cleanup
levels identified for the cleanup action (U.S. Navy 2005b). Further information on the
independent cleanup action can be obtained by reviewing Section 3.7 of the third 5-year review
(U.S. Navy 2010a), which is included in Appendix A.
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3.7.2 Site EO300 Time-Critical Removal Action

Site EO300 consists of two pistol ranges and a trap range (Figures 1-2 and 3-10). Small arms
were fired at these ranges to support military training from the late 1940s until the late 1970s.
The former firing points for the ranges are located in a cleared area of the woods. After being
closed as a small arms range, the site was used as a recreational archery range. Today, the site is
vacant, and the land use is designated as recreational. Hiking trails at the site lead to Trident
Lakes and are occasionally used by recreational users.

Initial site investigations were performed from 1996 to 2005. Soil sample results showed that
lead concentrations in soil were greater than state screening concentrations, which protect human
health. In particular, soils from the berms at the pistol ranges and within the shotfall zone at the
trap range were greater than state screening concentrations. Based on the results of these site
investigations, a TCRA was completed in 2009 (U.S. Navy 2010b). The TCRA involved
removing soil contaminated with lead from the pistol ranges. A concrete target-stand pad along
the impact-berm toe and the soil underlying the pad in Pistol Range 1 were removed. In
addition, two sheds and a canopy over a firing point in Pistol Range 1 were demolished.

During the RI (U.S. Navy 2011b), soil and groundwater samples were collected in the vicinity of
the pistol and trap ranges, and sediment and surface water samples were collected near the banks
of Trident Lakes to evaluate if contamination had migrated from the site. The RI identified lead,
carcinogenic polycyclic aromatic hydrocarbons (cPAHs), and dioxins/furans in surface soil at
concentrations exceeding Washington State soil cleanup levels for unrestricted land use.
Groundwater concentrations were found to be below drinking water standards, and
concentrations of chemicals found in sediment and surface water near the banks of Trident Lakes
were less than state cleanup levels.

The Navy completed a human health risk assessment and screening-level ecological risk
assessment for Site EO300. The human health risk assessment concluded the following:

o Direct contact exposure to lead in surface soil at the pistol ranges may result in
unacceptable cancer risks to future residents (note that this risk was addressed
with the removal of soils during the 2009 TCRA).

° Direct contact exposure to cPAHs, lead, and dioxins/furans in surface soil at the
trap range may result in unacceptable cancer and noncarcinogenic risks to future
residents.

Based on the results of the screening-level ecological risk assessment, potential risks to soil
invertebrates (e.g., earthworms), plants, and birds were unacceptable. These risks were from
exposure to lead in surface soil at the trap range.
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During the FS, remedial action objectives (RAOs) were established, and remedial alternatives
were developed and evaluated (U.S. Navy 2011b). The following two RAOs were established
for the site:

o Prevent unacceptable risk from exposure to soil with concentrations of cPAHs,
lead, and dioxins/furans greater than Washington State cleanup levels for
unrestricted land use (i.e., residential cleanup goals).

o Minimize disturbance to the environment during cleanup activities (for example,
limit the number of trees that will be cut down).

In the proposed plan, the Navy proposed Alternative 2b as the preferred remedy for Site EO300
(U.S. Navy 2012a), which consists of the following:

. Removal of contaminated soil from selected areas of Site EO300
o Treatment of excavated soil and disposal of the treated soil at an off-site waste
landfill

The RI/FS also identified areas of the site that required further delineation prior to completing
the remedial action design. These areas include upland forest, where measures to minimize
disturbance must be considered. To address these data gaps, a work plan was completed in 2013
(U.S. Navy 2013Db).
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parking and construction-related storage.

Undeveloped forest land is located immediately to
the north, south, and west of the site.

The PWIA is located approximately 150 feet to the
southwest.

incinerator for burning demilitarization wastewater from

Site F, Otto fuel wastewater, and waste solvents. The solid-
waste unit burned solid waste, including rags, sawdust, and
protective clothing and carbon filters contaminated with Otto
fuel.

Surface soil at Site 16/24 was contaminated as a result of
these activities.

CERCLA, both incinerators at Site 16/24 were
deactivated in 1983 and removed from the site in 1987.

OU | Site(s) Land and Resource Use History of Contamination Removal Actions Performed Basis for Taking Remedial Action as Identified in the ROD

1 A The site is currently not being used and is fenced to From 1962 to 1975, the Navy used Site A to detonate and Although not performed as a removal action under Burn area:
prevent unauthorized access. incinerate various ordnance materials, and soil, surface CERCLA, the following activities were performed: e Potential unacceptable risks to site workers from exposure to
Undeveloped forest land is located immediately water, and shallovy 'gr.oundwater were contaminated as a ¢ Buildings at the site were demolished and burned on soil and groundwater contaminated with ordnance compounds
adjacent to the site. result'of'these activities. o site in 1977. e Potential unacceptable risks to hypothetical future residents
Residential development (Vinland) is located The site ¥nclude§1 burn mounqs, fa0111tle§ fo'r personnel, fire- | o A stormwater diversion structure was constructed in from exposure to soil contaminated with ordnance compounds
approximately 2,000 feet to the north. Suppression vehicles and equipment, an incinerator for 1983 to convey surface water discharges from the and PCBs and groundwater contaminated with ordnance

ammunition, and a blast pit for ordnance detonation. burn area to Hood Canal to minimize the potential compounds
The groundwater plume in the shallow aquifer, at the time of migration of contamination to Vinland. e Potential unacceptable risk to terrestrial wildlife from exposure
the ROD, extended approximately 250 feet west from the to soil contaminated with ordnance compounds
leach basin. Debris area 2:
e Potential unacceptable risks to site workers from exposure to
soil contaminated with ordnance compounds and PCBs
o Potential unacceptable risk to terrestrial wildlife from exposure
to soil contaminated with lead
No unacceptable risk was identified for debris area 1 or the
stormwater discharge area.

2 F The paved portion of the former lagoon area is From approximately 1960 to 1972, the Navy used the former | Although not performed as a removal action under o Potential unacceptable risks to hypothetical future residents
currently used by the recycling facility and for wastewater lagoon and overflow ditch for the disposal of CERCLA, the following activities were performed: from exposure to soil and groundwater contaminated with
vehicle parking and container storage. wastewater produced during the demilitarization of ordnance | o While the lagoon was in active service, it was ordnance compounds
Undeveloped forest land is located immediately items in the adjacent segregation facility building. periodically allowed to drain, and waste materials at | e Potential ecological risks to sensitive aquatic species if
adjacent to the site. Much of the wastewater, which contained high the surface were “burned off” in place or transported ordnance contamination in the shallow aquifer were to reach

concentrations of ordnance compounds, apparently infiltrated to Site A for burning and disposal. the aquifer discharge area (seeps near the western base
through the unlined bottom of the lagoon and overflow ditch. | e In February 1972, 500 cubic feet of soil were boundary)
As a result, both soil and shallow groundwater were excavated from the top several feet of the former
contaminated with ordnance Compounds. lagoon and taken to Site A for buming.
The groundwater plume in the shallow aquifer, at the time of | o n 1980, the former lagoon area was backfilled and
the ROD, extended 4,900 feet northwest from the former covered with asphalt.
lagoon.
The sea level aquifer has not been impacted by ordnance
compounds
3 16/24 The site is fenced and generally used for vehicle Between 1973 and 1983, the Navy used the liquid-waste Although not performed as a removal action under Concentrations of metals in soil at Site 16/24 exceeded MTCA

cleanup levels.
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prevent unauthorized access.

Undeveloped forest land is located immediately
adjacent to the site.

electroplating wastes and Otto fuel in an unlined pit at Site E
(acid disposal site).

In 1968 or 1969, the Navy used Site 11 as a
pesticide/herbicide disposal area, where empty, rinsed
pesticide containers were buried between two barricaded
railroad siding areas.

Soil and groundwater were contaminated as a result of these
activities.

at Site 11, during which 85 containers were removed
together with approximately 400 cubic yards of soil
containing pesticides.

e Excavated soil was stockpiled on site.

OU | Site(s) Land and Resource Use History of Contamination Removal Actions Performed Basis for Taking Remedial Action as Identified in the ROD
3 25 The site is currently being used for stormwater From 1942 to 1977, the Navy discharged treated sewage Although not performed as a removal action under Concentrations of metals in groundwater at Site 25 exceeded
detention and consists of two earthen stormwater from the industrial and barracks areas of NBK Bangor to the | CERCLA Site 25 was regraded during construction of MTCA cleanup levels.
detention/retention ponds and an oil/water separator. central branch of Clear Creek via an outfall at Site 25. the stormwater detention ponds currently located at the Potential unacceptable ecological risks to aquatic biota from
The PWIA is located just to the north of the site, a Groundwater at Site 25 was contaminated as a result of this site. exposure to surface water and sediment in the headwaters of
solid waste transfer station is located southwest of activity. Clear Creek’s central branch (adjacent to Site 25), where some
the site, and a residential area located outside the chemical concentrations exceeded state water and/or sediment
base boundary is located to the southeast. quality criteria
6 D The site is currently undeveloped. From 1946 until 1963, Site D served as the principal area for | None Concentrations of volatile organic compounds in groundwater
Undeveloped forest land is located immediately burning, detonating, and possibly burying ordnance at NBK exceeded MTCA cleanup levels.
adjacent to the site. Bangor. Soil, sediment, surface water, and shallow Concentrations of metals in surface water exceeded MTCA
groundwater were contaminated as a result of these activities. cleanup levels.
The site included a small arms incinerator, burn trench, and Potential unacceptable risks to hypothetical future residents
smaller burn areas or mounds. from exposure to soil contaminated with ordnance compounds.
Potential unacceptable risk to terrestrial wildlife from exposure
to soil contaminated with ordnance compounds and possibly
metals.
7 B The site is currently used as a recreational area (boat In the 1950s and 1960s, pyrotechnic testing and black None Potential unacceptable risks to hypothetical future residents
ramp) by base personnel. powder burning was reportedly performed at Floral Point. from exposure to soil contaminated with polycyclic aromatic
The beach south of Floral Point is used by base From approximately 1950 to 1968, the Navy used Floral hydrocarbons, PCBs, and metals
personnel for shellfish harvesting every 3 to 5 years, Point for station dumping, including pit disposal, landfilling, Potential unacceptable risk to plants, soil invertebrates, and
on a rotational basis with other base beaches. and trash burning. mammals from exposure to soil contaminated with metals
The beach at and to the north of Floral Point is not In 1966 to 1967, the site was reportedly used for open
used for shellfish harvesting because of the lack of burning of RDX and TNT residuals from Site F.
suitable sediment substrate. Soil and groundwater were contaminated as a result of these
Undeveloped forest land is located immediately to activities.
the east of the site.
E/1 The site is currently not being used and is fenced to From 1960 to 1973, the Navy reportedly disposed of e In 1992, a time-critical removal action was initiated Potential unacceptable risks to site workers and hypothetical

residents from exposure to stockpiled soil contaminated with
pesticides

Potential unacceptable risks to hypothetical future residents
from exposure to groundwater contaminated with petroleum
hydrocarbons (Otto fuel)

Potential unacceptable risk to mammals from exposure to
stockpiled soil contaminated with pesticides

J:\Projects\N\Navy AE\AE-2009\DO 78 - xx49 Bangor 4th 5 Year Review\09 Reports & Deliverables\R-3 Deliverables\4th 5-Year Review\Final\Final Bangor 4th 5-Year Review - Text.docx




FINAL FOURTH FIVE-YEAR REVIEW
Naval Base Kitsap Bangor
Naval Facilities Engineering Command Northwest

Table 3-1 (Continued)
Background Information Summary for NBK Bangor

Section 3.0
Revision No.: 0
Date: 9/3/15
Page 3-23

OU | Site(s) Land and Resource Use History of Contamination Removal Actions Performed Basis for Taking Remedial Action as Identified in the ROD
7 10 The site is currently a paved parking lot for Prior to 1979, the two former wooden floor Quonset huts Although not performed as a removal action under ¢ Potential unacceptable risks to hypothetical future residents
Buildings 2011 and 2012. were used to store pesticides and herbicides. CERCLA, the Quonset huts were demolished in 1983 from exposure to groundwater contaminated with petroleum
Undeveloped forest land is located immediately Groundwater was found to be contaminated. However, the and reportedly disposed of in the former barricaded hydrocarbons
north, east, and west of the site. source of contamination was most likely the PWIA. railroad siding area. e Concentrations of metals and PCBs in soil exceeded the MTCA
The PWIA is located approximately 200 feet east of In 2008 during a construction project at Site 10, soil in an Method A soil cleanup level for unrestricted land use
the site, and one of the site buildings and a parking unpaved area of the site was found to contain chemicals at
area are located south of the site. concentrations above the MTCA Method A soil cleanup
level for unrestricted land use.
8 27, 28, The site currently includes the PWIA, and land use Site 27 is the location of a former steam cleaning pit that Although not performed as a removal action under Potential unacceptable risks to off-based residents and to
and 29 is industrial. consisted of an excavated sump filled with gravel used to CERCLA, the following activities were performed: hypothetical future on-base residents from exposure to
Residential development (Mountain View collect and dispose of steam cleaning condensate generated e When the steam cleaning pit at Site 27 was full, the gro'unc}water contaminated with Vo'lat'ile grganic compounds
neighborhood) is located approximately 100 feet to from locomotive maintenance in Building 1014 and may grease and residue were hauled away to an unknown | (drinking water pathway and crop irrigation only, no vapor
the southeast of the PWIA. have been used for the disposal of spent solvents, waste oils, location for disposal. intrusion risks)
and pesticides. o From 1986 to 1998, LNAPL was recovered from the
Site 28 is the location of a former paint shop (located in the vicinity of the PWIA service station using a free-
vicinity of existing Building 1204) that was used by public product recovery system that consisted of three
works personnel to mix and apply paint and where waste product-recovery wells equipped with pneumatic
materials from the paint shop were reportedly disposed of in pumps, an oil/water separator, and an aboveground
a ditch adjacent to the building and/or dumped behind the holding tank.
building. e From 1992 to 1996, several USTs were removed or
Site 28 is also the current location of the PWIA service abandoned in place to prevent further releases to the
station, where a gasoline release from a UST was discovered subsurface, based on the results of tightness tests
in 1986. performed on USTs in the PWIA.
Site 29 is the location of an area historically used to rinse e From 1994 to 2000, a combined soil vapor extraction
neutralized pesticide containers on the west side of Bulldlng and bioventing System were used in the Vlcnnty of
1021 and perform routine service on trucks and other the gasoline release at the PWIA service station to
vehicles. remediate petroleum-contaminated soil.
Soil and groundwater were contaminated as a result of site The following two removal actions were performed
activities. under CERCLA:
LNAPL was present beneath the PWIA service station, and e In 1995, the Navy connected the Mountain View
the groundwater plume extended approximately 2,000 feet neighborhood, southeast of the base boundary, to a
southeast from the gas station into the Mountain View municipal water supply.
residential neighborhood at the time of the ROD. o From 1996 to 1999, the Navy installed and operated
a groundwater containment system to minimize off-
base plume migration into the Mountain View
residential neighborhood.
Notes:

CERCLA - Comprehensive Environmental Response, Compensation, and Liability Act

LNAPL - light nonaqueous-phase liquid
MTCA - Model Toxics Control Act

NBK - Naval Base Kitsap

OU - operable unit

PCB - polychlorinated biphenyl
PWIA - Public Works Industrial Area

RDX - hexahydro-1,3,5-trinitro-1,3,5-triazine
ROD - Record of Decision

TNT - trinitrotoluene

UST - underground storage tank
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4.0 REMEDIAL ACTIONS

The RODs for NBK Bangor required remedial actions for six OUs (1, 2, 3, 6, 7, and 8). This
section summarizes the RAOs, remedies, remedy components and implementation, and ongoing
operation, maintenance, and monitoring (OM&M) requirements established in the RODs for
each of these OUs. Information previously presented in the third 5-year review is not repeated
here. Therefore, additional information can be obtained by reviewing Section 4 of the third
S-year (U.S. Navy 2010a) and the RODs and ESDs for each OU, which are included in
Appendix A. This 5-year review focuses on remedy implementation activities between October
2009 and April 2014, as well as OM&M information for this same time period.

The operation and maintenance (O&M) costs for each OU are summarized for this 5-year review
period in Table 4-1. These costs are as follows:

) The O&M costs for OU 1 ranged between $302,628 and $548,176 with an
average cost of $446,526. These costs are fairly uniform and do not appear to be
decreasing.

J The O&M costs for OU 2 averaged $1,091,623 per year with little variability.
These costs are nearly 10 times the costs estimated in the OU 2 ROD and reflect
the increasing maintenance costs associated with this aging treatment system.

o The O&M costs for OU 7 were below $70,000 during 5 of the 6 years presented
in Table 4-1. Only during 2011 did the costs exceed this threshold when the Navy
expended $277,971 for this OU.

° The O&M costs for OU 8 ranged between $287,247 and $904,875 with an
average cost of $602,526. These costs are 3 times the costs estimated in the OU 8
ROD and reflect the pilot study efforts being conducted at this OU.

o Compared to the last 5-year review period, the O&M costs were significantly
higher for all of the OUs, except for OU 1.

41 OU1(SITEA)
4.1.1 Remedy Selection

The reasonably anticipated land use, impacted media, chemicals of concern (COCs), remediation
goals (RGs), RAOs, and description of the remedy components are summarized in Table 4-2.
Further information on remedy selection can be obtained by reviewing Section 4.1 of the third 5-
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year review (U.S. Navy 2010a), the OU 1 ROD (U.S. Navy, USEPA, and Ecology 1991a), and
the ESDs for OU 1 (U.S. Navy, USEPA, and Ecology 1994e, 1998, and 2000b), which are
included in Appendix A.

4.1.2 Remedy Implementation

The remedy for Site A soil was implemented from October 1992 through September 1997.
During this time implementation of the soil remedy included the following components:

o Fourteen monitoring wells were abandoned by pressure grouting.

o Ordnance-contaminated surface soils were excavated and stockpiled.

o A lined soil-washing basin was constructed in the resulting excavation.

J Stockpiled soils were amended with sand and calcium chloride to improve
permeability.

o Amended stockpiled soils were placed in the soil-washing basin.

o Passive soil leaching was conducted.

o Leachate was collected and treated with granulated activated carbon.

o Upon closure, untreated basin leachate was diverted into the storm water

diversion system.

Groundwater remediation began in May 1997 and is ongoing. Implementation of the
groundwater remedy included the following components:

o Extracted groundwater is pumped to the soil leachate treatment system for
treatment.
J Treated groundwater is currently discharged to the stormwater diversion system.

Further information on remedy implementation can be obtained by reviewing Section 4.1 of the
third 5-year review (U.S. Navy 2010a).

4.1.3 Operation, Maintenance, and Monitoring

The OM&M program for Site A, specified by the OU 1 ROD, consists of OM&M of the
groundwater treatment system, monitoring groundwater, and managing and maintaining land use
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controls (LUCs) implemented for the site. LUC management and maintenance are discussed in
Section 4.7 for all of the sites where they apply.

Groundwater Treatment System OM&M

Operation of the Site A groundwater treatment system began in December 1994. The objective
of the groundwater remediation system at Site A is aquifer restoration and groundwater
containment. The process involves pumping groundwater from extraction wells, removing
hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) in the aboveground treatment system, and
returning the treated water to the shallow aquifer via a reintroduction well or directly to surface
water via a stormwater drainage ditch.

OM&M requirements for the groundwater treatment system have been established in the annual
O&M manuals during this review period (U.S. Navy 2009c, 2010e, 2011d, 2012c, 2013d, and
2014q). OM&M included the following:

o Routine inspection and maintenance of equipment

o Weekly, quarterly, semiannual, and annual equipment and instrument preventive
maintenance

o Corrective maintenance of equipment as needed

o Monthly treatment system building inspections

o Compliance and performance monitoring and sampling, including recording

operating parameters, sampling water at various stages within the treatment
process, and water level monitoring in wells

In addition to the these OM&M activities, extraction well maintenance was performed during
this 5-year review period in accordance with the 2009 sampling and analysis plan (SAP) (U.S.
Navy 2009b) and the 2012 well maintenance work plan (U.S. Navy 2012¢). Extraction well
maintenance included removing and cleaning pumps and redeveloping the wells.

Since the third 5-year review, the extraction and treatment system has generally performed as
designed, with periodic maintenance and repair completed as necessary. Minimal unscheduled
shutdowns occurred in 2009, 2010, and 2013 (less than 2 days total). During 2011 (9 days),
2012 (6 days), and 2014 (4 days), there was a total of 19 days of unscheduled shutdowns from
power outages, road closures, site access restrictions, and bad weather (U.S. Navy 2014b).
Additional planned shutdowns occurred in order to repair equipment, including 64 days in 2011,
24 days in 2012, and 3 months in 2013 (U.S. Navy 2014b). The results of the groundwater
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treatment system OM&M are documented in the annual long-term monitoring (LTM) and O&M
data reports and discussed in Section 6.

Groundwater Monitoring

Monitoring of groundwater at Site A is conducted to assess contaminant distribution, compliance
with RGs, performance of the groundwater extraction and treatment system, and performance of
natural attenuation. Monitoring requirements have been established in the SAPs completed
during this review period (U.S. Navy 2009b, 2010f, 2011e, 2012d, and 2013¢e). Performance and
compliance monitoring wells include shallow aquifer extraction wells, perched zone monitoring
wells, and shallow aquifer monitoring wells, which are shown on Figure 4-1 (U.S. Navy 2013e).
The groundwater was analyzed for ordnance compounds (EPA Method 8330) and natural
attenuation parameters (methane, nitrate/nitrite, alkalinity, dissolved organic carbon,
chloride/sulfate, and manganese) and tested for field parameters.

During this 5-year review period, six new monitoring wells were installed at Site A in
accordance with project work plans (U.S. Navy 2009b and 2012e) for the purpose of further
characterizing the site as part of remedy optimization (Figure 4-1):

° A-MWS56 and A-MW57 in November 2009
° A-MW58, A-MW59, A-MW60, and A-MW61 in August 2013

Well A-MW56 was positioned downgradient of existing A-MW49 to help delimit the extent of
RDX in groundwater between A-MW49 and Tinosa Road. Well A-MW57 was positioned along
Tinosa Road as a sentinel well between monitoring wells A-MW51 and A-MW52. Both new
wells are screened high in the saturated zone to monitor potential migration of contaminants at
the top of the shallow aquifer. A-MW58 was positioned adjacent to A-MW21 and upgradient to
the site in the perched zone. A-MW59, A-MW60, and A-MW61 were positioned adjacent to the
leach basin to evaluate the perched zone conditions and assess the RDX extent near the source
area in the perched zone (U.S. Navy 2014b).

Since the third 5-year review, the monitoring frequency for the perched zone and the shallow
aquifer monitoring wells varied depending on the well. The extraction well monitoring
frequency (annual) remained the same during this review period. The planned and actual
sampling program over the 5-year review period is summarized in Table 4-3. The deviations
from the sampling plans are as follows:

o In 2010, monitoring well A-MW53 was sampled once, although only planned for
water level measurement.

° In 2014, A-MW36, A-MW38, and A-MW60 were not sampled.
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Well A-MW53 was sampled in 2010 at the request of the EPA (U.S. Navy 2011f). The 2014 LTM
report noted the deviation from the SAP listed above and stated that wells A-MW36, A-MW38,
and A-MW60 were dry at the time of sampling. Although three wells were not sampled in 2014, a
large set of data was obtained for the site, and these data are distributed sufficiently to provide
representative documentation of groundwater conditions over this 5-year review period.

Note that minor inconsistencies were observed in the 2011, 2012, and 2013 Site A SAP planning
tables. The general monitoring tables included sampling of a few wells that did not appear on
the event-specific monitoring tables. Any deviation or planned delay in sampling should be
documented in the applicable SAP tables and the conclusion section of the LTM reports.

Groundwater Modeling

As part of a remedy optimization effort during this 5-year review period, an updated conceptual
site model (CSM) was completed for Site A (U.S. Navy 20141) that included a data collection
field effort, groundwater modeling, and a preliminary alternative remedial options analysis.
Several models were developed, including a three-dimensional model to visualize subsurface
conditions and the RDX plume, vadose zone loading to evaluate contributions to the shallow
aquifer, and numeric flow modeling to evaluate transport through groundwater under current and
future conditions. The purpose of the modeling investigation was to address issues and
recommendations identified in the third 5-year review and support remedy optimization for OU 1
(U.S. Navy 2010a).

The issues identified in the third 5-year review were as follows:

o The potential contaminant contribution to the shallow aquifer from the perched
zone and residual soil contamination is unclear, as is the quantity of contaminant
mass removed from the shallow aquifer by the pump and treat system as
compared to natural attenuation.

o The Site A groundwater treatment system is not functioning as intended by the
ROD.

The recommendations stated in the third 5-year review were as follows:
. Update the CSM to portray the latest understanding of contaminant inputs from
residual soil and perched zone contamination and contaminant removal from

natural attenuation and pump and treat.

o Complete the assessment of an alternative remedy to the current treatment system,
and take action based on the results of the assessment.
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Results of the groundwater modeling are discussed in Section 6.4.1.

42 OU2(SITEF)
4.2.1 Remedy Selection

The reasonably anticipated land use, impacted media, COCs, RGs, RAOs, and description of the
remedy components are summarized in Table 4-2. Further information on remedy selection can
be obtained by reviewing Section 4.1 of the third 5-year review (U.S. Navy 2010a), the OU 2
ROD (U.S. Navy, USEPA, and Ecology 1994d), and the ESD for OU 2 (U.S. Navy, USEPA, and
Ecology 1994f), which are included in Appendix A.

4.2.2 Remedy Implementation

The remedy for Site F soil was implemented from summer 1996 through August 1997. During
this time implementation of the soil remedy included the following components:

o Contaminated soil was excavated and hauled to the on-base treatment facility for
screening and composting.

o Composted soils were used as backfill at Sites F and D.

o The Site F excavation was backfilled with a variety of oversized material from the
screening and available broken asphalt.

o An infiltration barrier capped with a concrete pad was placed over the fill.
o A recycling facility was constructed at the site on the concrete pad.

Groundwater restoration began in December 1994 and is ongoing. Implementation of the
groundwater remedy included the following components:

o Extracted groundwater is pumped to an on-site treatment system for treatment.
o Treated groundwater is reinjected into the shallow aquifer.

Further information on remedy implementation can be obtained by reviewing Section 4.2 of the
third 5-year review (U.S. Navy 2010a).
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4.2.3 Operation, Maintenance, and Monitoring

The OM&M program for Site F, specified by the OU 2 ROD, consists of OM&M of the
groundwater treatment system, monitoring groundwater, and managing and maintaining LUCs
implemented for the site. LUC management and maintenance are discussed for all of the sites
where they apply in Section 4.7.

Groundwater Treatment System OM&M

Operation of the Site F groundwater treatment system began in December 1994. The objective
of the groundwater remediation system at Site F is aquifer restoration and groundwater
containment. The process involves pumping groundwater from extraction wells, removing
ordnance compounds in the aboveground treatment system, and returning the treated water to the
shallow aquifer via reintroduction wells.

OM&M requirements for the groundwater treatment system have been established in the annual
O&M manuals during this review period (U.S. Navy 2009d, 2010g, 2012f, and 2014d). The
results of the groundwater treatment system OM&M are documented in the annual LTM and
O&M data reports and discussed in Section 6. OM&M included the following:

o Routine inspection and maintenance of equipment

o Daily, quarterly, semiannual, and annual equipment and instrument preventive
maintenance

o Corrective maintenance of equipment as needed

o Monthly treatment system building inspections

o Compliance and performance monitoring and sampling, including recording
operating parameters and sampling water at various stages within the treatment
process

In addition to the these OM&M activities, extraction and injection well maintenance was
performed during this 5-year review period in accordance with the 2011 and 2012 well
maintenance work plans (U.S. Navy 2011h and 2012e). Well maintenance included removing
and cleaning pumps, replacing selected pumps, and redeveloping the wells.

Since the last 5-year review, the groundwater treatment system has not performed as designed
because of operational issues and frequent system shutdowns. However, these system shutdowns
and operational issues do not appear to have impacted containment of ordnance-contaminated
groundwater (see discussion in Section 6.4.2). Operational issues at the Site F groundwater

J:\Projects\N\Navy AE\AE-2009\DO 78 - xx49 Bangor 4th 5 Year Review\09 Reports & Deliverables\R-3 Deliverables\dth 5-Year
Review\Final\Final Bangor 4th 5-Year Review - Text.docx



FINAL FOURTH FIVE-YEAR REVIEW Section 4.0

Naval Base Kitsap Bangor Revision No.: 0
Naval Facilities Engineering Command Northwest Date: 9/3/15
Page 4-8

treatment system, which began in 2009, were the result of low voltages and voltage fluctuations.
Low voltage requires equipment to run at high amperage, which causes issues with the electrical
and programming systems that run the Site F groundwater treatment system. The operational
issues included blown fuses, damaged pump circuits, and undercurrent faults on the influent and
effluent variable drives. The voltage fluctuations resulted in occasional electric faults, which
shut down the system for short periods of time. Corrective measures were initiated in 2010 and
included tracking voltage readings on a weekly basis. In March 2012, the Navy installed a surge
protector to prevent future damage from power surges to the electrical system and influent and
effluent pumps at the Site F groundwater treatment plant.

Long system shutdowns occurred from January 2013 to March 2014 because of large voltage
fluctuations, repairs and upgrades to the system, and the U.S. Army Corps of Engineers
(USACE) treatability study (U.S. Navy 2014¢). The groundwater treatment system was offline
for the majority of January 2013 because of large voltage fluctuations. The system was restarted
in February 2013 at reduced extraction rates. The system was shut down again from September
to October 2013 for repairs and upgrades to restore full operation of the system. Operations
resumed at the end of October 2013, but wells were operated intermittently during the startup
phase for the newly installed pumps and piping. The system was shut down again for
approximately 3 months from December 2013 to March 2014 for the USACE treatability study,
which required the Site F system to be idle. During the planned system shutdown, numerous
system improvements were implemented (U.S. Navy 2014c). Regularly scheduled quarterly
monitoring in wells F-MW63, F-MW64, F-MW67, F-MW68, F-MW70, and F-MW71 conducted
in 2013 during the reduced system operations and in winter 2014 during the system shutdown for
USACE testing did not show significant changes in plume containment. RDX monitoring results
in northern plume edge wells during the times of limited operations were similar to sampling
results prior to the long system shutdowns, indicating that RDX did not migrate beyond
containment (U.S. Navy 2014c).

Groundwater Monitoring

Monitoring of groundwater at Site F is conducted to assess contaminant distribution, compliance
with RGs, and performance of the groundwater extraction and treatment system. Because

Site E/11 lies within the Site F RDX plume, monitoring of Site E/11 is conducted as part of the
monitoring at Site F. Monitoring requirements have been established in the SAPs completed
during this review period (U.S. Navy 2009¢, 2010h, 20111, 2011q, 2012g, and 2013f).
Performance and compliance monitoring wells are shown on Figure 4-2 (U.S. Navy 2013f). The
groundwater was analyzed for ordnance compounds (EPA Method 8330) and nitrate/nitrite (EPA
Method 353.2) and tested for field parameters. In addition, samples collected from two wells at
Site E/11 were also analyzed for propylene glycol dinitrate (the primary constituent of Otto fuel)
using the laboratory’s standard operating procedure SOC-OTTO.
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In February 2011, two new monitoring wells (F-MW?70 and F-MW71) were installed at Site F in
accordance with the project work plan (U.S. Navy 2011g) (Figure 4-2). The wells were installed
downgradient of existing northern plume edge wells F-MW67 and F-MW68 to help define the
downgradient extent of RDX in groundwater above the RG of 0.8 ug/L (U.S. Navy 2014c).
Monitoring in these wells has been performed quarterly since they were installed in 2011.

The planned and actual sampling program for Sites F and E/11 over the 5-year review period is
summarized in Table 4-4. Note that Table 4-4 does not include the monitoring wells where only
depth to groundwater measurements were collected. Changes that were made to the monitoring
frequency over this 5-year review period are as follows:

. Monitoring frequency was changed from annually to every 5 years for wells
EMW-21U and EMW-23U in April 2011, because concentrations of Otto fuel
were consistently below the RG.

. Monitoring frequency was changed from quarterly to annually for northern plume
edge wells F-MW66 and F-MW69 in April 2012, because concentrations of RDX
were consistently below the RG.

The deviations from the sampling plans are as follows:

° In 2013, wells F-EW1, F-EW2, F-EW7, and F-EW 10 were sampled more
frequently than planned.

o In 2014, wells F-MW32 and F-MW55M were not sampled.

During the spring 2013 sampling event, six of the extraction wells (F-EW3, F-EW4, F-EWS5,
F-EW6, F-EWS, and F-EW9) were not sampled because the pump motors in these wells had
failed as a result of power supply problems. After replacement of the failed pump motors, all 10
extraction wells were sampled in December 2013. As a result, the four extraction wells with
functioning motors were sampled twice in 2013. Because of the RDX spiking and frequent
sampling conducted as part of a treatability study (which caused a shutdown of the groundwater
treatment system for 3 months), wells F-MW32 and F-MWS55M were not sampled as planned
during the winter 2014 sampling event (U.S. Navy 2014¢). Comparison of the planned to actual
groundwater sampling conducted indicates that the groundwater monitoring program has been
successfully implemented during this 5-year review period at Site F.

Remedy Optimization and Groundwater Modeling Studies

USACE developed and calibrated a numerical groundwater flow model and contaminant
transport model for Site F (USACE 2014) to support remedy optimization and help evaluate
aerobic and anaerobic biodegradation at the site. The groundwater flow model was developed to
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address issues and recommendations identified in the third 5-year review and support remedy
optimization for OU 2 (U.S. Navy 2010a).

The issues identified in the third 5-year review were the following:

o The concentration trend at well F-MW67, which is beyond the limits of the
extraction system containment, is increasing.

o The Site F groundwater treatment system is not functioning as intended by the
ROD.

The recommendation stated in the third 5-year review was to complete the ongoing assessment
and optimization of the Site F treatment system to address containment issues, downgradient
plume extent, and the portion of the plume downgradient of the current capture zone.

Results of the groundwater modeling are discussed in Section 6.4.2.

43  OU 3 (SITES 16/24 AND 25)
4.3.1 Remedy Selection

The reasonably anticipated land use, impacted media, COCs, RGs, RAOs, and description of the
remedy components are summarized in Table 4-2. Further information on remedy selection can
be obtained by reviewing Section 4.3 of the third 5-year review (U.S. Navy 2010a) and the OU 3
ROD (U.S. Navy, USEPA, and Ecology 1994b), which are included in Appendix A.

4.3.2 Remedy Implementation

The remedy for Site 16/24 soil, which consisted of a residential land use restriction, was
implemented in 1993 prior to the completion of the ROD by the Commanding Officer of the
Naval Submarine Base, Bangor (see Attachment 2 of the ROD [U.S. Navy, USEPA, and
Ecology 1994b]). The Navy prepared an Institutional Controls Management Plan (ICMP) for all
of NBK Bangor in 2001 (U.S. Navy 2001). The 2001 ICMP formalized the LUCs for Site 16/24.
The ICMP was revised in 2007 and 2010 (U.S. Navy 2007a and 2010c).

The remedy for Site 25 groundwater, which consisted of groundwater monitoring, was
performed from March 1994 through September 1997. At that time, the Navy and Ecology
agreed that the groundwater monitoring for Site 25 met the requirements of the OU 3 ROD and
no additional monitoring was required (U.S. Navy 2000a).
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Further information on remedy implementation can be obtained by reviewing Section 4.3 of the
third 5-year review (U.S. Navy 2010a), which is included in Appendix A.

4.3.3 Operation, Maintenance and Monitoring

The OM&M program for Sites 16/24 and 25, specified by the OU 3 ROD, consists of fulfilling
ROD-mandated monitoring requirements and managing and maintaining LUCs implemented for
the site. LUC management and maintenance are discussed for all of the sites where they apply in
Section 4.7.

No monitoring activities are currently being conducted at Sites 16/24 and 25 (see Section 4.3.2
above).

44 OUG (SITED)

4.4.1 Remedy Selection

The reasonably anticipated land use, impacted media, COCs, RGs, RAOs, and description of the
remedy components are summarized in Table 4-2. Further information on remedy selection can
be obtained by reviewing Section 4.4 of the third 5-year review (U.S. Navy 2010a) and the OU 6
ROD (U.S. Navy, USEPA, and Ecology 1994c¢), which are included in Appendix A.

4.4.2 Remedy Implementation

The remedy for Site D was implemented from December 1995 through June 2000. During this
time, implementation of the remedy included the following components:

o Pre-excavation sampling was performed in the three areas of Site D identified in
the RI/FS as requiring remediation: Grid G-1, Grid M-12, and the former burn
trench.

o Sampling results indicated that soils in Grids G-1 and M-12 met soil cleanup

levels and, therefore, did not require remediation (following site reconnaissance
and extensive discussions, Ecology declared these grid areas as requiring no
further action).

o An unexploded ordnance survey was completed for the trench and none was
found.
. Contaminated soil from the burn trench was excavated and hauled to the on-base

treatment facility for screening and composting.
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o Verification soil samples were collected from the excavation for analyses.
o Composted soils were used to backfill the excavation at Site D.

o The site was graded to match the existing contours to the extent possible and
revegetated with native plants.

o Surface water samples were collected from nine locations at Site D in December
1997 and analyzed for target analyte list metals and ordnance compounds.

J Two rounds of groundwater samples were collected for VOC and semivolatile
organic compound analysis, one round prior to soil excavation and the second
after soil treatment and backfilling were completed.

J Nine groundwater monitoring wells present at the site were decommissioned.

Ordnance compounds were not detected in the nine surface water samples. In addition, no
elevated metals concentration was detected in surface water. The second round of groundwater
sampling data showed no detection above the groundwater cleanup levels.

Further information on remedy implementation can be obtained by reviewing Section 4.4 of the
third 5-year review (U.S. Navy 2010a), which is included in Appendix A.

4.4.3 Operation, Maintenance, and Monitoring

No ongoing OM&M activities are required by the OU 6 ROD. While no formal IC requirement
is in place for this site, the site has restrictions in place under wetland regulations, which were
determined to provide sufficient protection in the ROD. LUC management and maintenance for
these informal ICs is discussed in Section 4.7.

45 OUT(SITES B, E/11, AND 10)

The selected remedy for OU 7 includes remedial action for Sites B and E/11 and no action with
monitoring for Site 10. The selected remedies for these sites are discussed below. As previously
discussed, remedial activities and monitoring at Sites 2 and 26 are considered complete and are
not discussed in this 5-year review.

451 SiteB

Remedy Selection
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The reasonably anticipated land use, impacted media, COCs, RGs, RAOs, and description of the
remedy components are summarized in Table 4-2. Further information on remedy selection can
be obtained by reviewing Section 4.5.1 of the third 5-year review (U.S. Navy 2010a) and the
OU 7 ROD (U.S. Navy, USEPA, and Ecology 1996), which are included in Appendix A.

Remedy Implementation

The remedy for Site B was implemented from June through November 1997. During this time,
implementation of the remedy included the following components:

° Surficial metal debris was removed from the wetland area.

o Areas of known contaminated soil were covered by 1 foot of clean soil overlain
by a mulch layer, then revegetated with native plants.

o A shoreline protection system, consisting of a sand and gravel blend (beach mix)
similar to the native beach materials was constructed along the site perimeter to
reduce site erosion.

o Control points were established at the top of the shoreline protection berm to
monitor future beach movement.

o A stormwater drainage system was installed to control erosion.

o A concrete turnaround was constructed at the top of the boat ramp to prevent
erosion from vehicles using the ramp.

J Nine groundwater monitoring wells present at the site were decommissioned.

J Signs were placed at the site notifying visitors that the site is to be used for
recreational purposed only and that approval is required for digging or mowing.

Ecology reviewed the final remedial action report and determined that the Site B remedial action
had been completed in accordance with the OU 7 ROD (Ecology 1999a). Further information on
remedy implementation can be obtained by reviewing Section 4.5.1 of the third 5-year review
(U.S. Navy 2010a), which is included in Appendix A.

Operation, Maintenance, and Monitoring

The OM&M program for Site B, specified by the OU 7 ROD, consists of fulfilling ROD-
mandated monitoring requirements and managing and maintaining LUCs implemented for the
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site. LUC management and maintenance are discussed for all of the sites where they apply in
Section 4.7.

Sediment and clam tissue monitoring was conducted in the area of Floral Point for 14 years
(1991 through 2004). Concentration trends in the analytical data were analyzed as the data
accumulated. The data trends showed that groundwater discharge from Floral Point into Hood
Canal is not adversely affecting sediments or clam tissue. This monitoring component of the
Site B remedy has functioned as intended by the ROD and is complete (Ecology 2005). The
ROD did not require LTM after it was demonstrated that groundwater discharge was not
adversely affecting sediments or clam tissue (U.S. Navy, USEPA, and Ecology 1996).

45.2 Site E/11
Remedy Selection

The reasonably anticipated land use, impacted media, COCs, RGs, RAOs, and description of the
remedy components are summarized in Table 4-2. Further information on remedy selection can
be obtained by reviewing Section 4.5.2 of the third 5-year review (U.S. Navy 2010a) and the
OU 7 ROD (U.S. Navy, USEPA, and Ecology 1996), which are included in Appendix A.

Remedy Implementation

The remedy for soil at Site E/11 was implemented from July 1997 through May 1998. During
this time implementation of the soil remedy included the following components:

o Approximately 830 cubic yards of stockpiled soil were sampled for
characterization, transported, and disposed of at a permitted landfill.

J A stockpile of metal debris was also disposed of at an off-site facility.

o Two rounds of conformation soil samples were collected from the location
beneath the former soil stockpile.

o The site was graded and backfilled with 6 inches of clean topsoil.

The groundwater use restriction component of the remedy was formally satisfied in 2000, with
adoption of the basewide ICMP required by the OU 8§ ROD. Further information on remedy
implementation can be obtained by reviewing Section 4.5.2 of the third 5-year review (U.S.
Navy 2010a), which is included in Appendix A.

Operation, Maintenance, and Monitoring

J:\Projects\N\Navy AE\AE-2009\DO 78 - xx49 Bangor 4th 5 Year Review\09 Reports & Deliverables\R-3 Deliverables\dth 5-Year
Review\Final\Final Bangor 4th 5-Year Review - Text.docx



FINAL FOURTH FIVE-YEAR REVIEW Section 4.0

Naval Base Kitsap Bangor Revision No.: 0
Naval Facilities Engineering Command Northwest Date: 9/3/15
Page 4-15

The OM&M program for Site E/11, specified by the OU 7 ROD, consists of fulfilling ROD-
mandated monitoring requirements and managing and maintaining LUCs implemented for the
site. LUC management and maintenance are discussed for all of the sites where they apply in
Section 4.7. Site E/11 groundwater is being monitored in conjunction with Site F monitoring
(see Section 4.2.3).

45.3 Site 10
Remedy Selection

The reasonably anticipated land use, impacted media, COCs, RGs, RAOs, and description of the
remedy components are summarized in Table 4-2. Further information on remedy selection can
be obtained by reviewing Section 4.5.4 of the third 5-year review (U.S. Navy 2010a) and the
OU 7 ROD (U.S. Navy, USEPA, and Ecology 1996), which are included in Appendix A.

Remedy Implementation

The remedy for Site 10 was implemented after the signing of the ROD in 1996. This included
the following components:

o Ongoing long-term maintenance of the asphalt pavement cover

o Groundwater monitoring

o Groundwater use restrictions

o Expansion of area of asphalt cover to include soils contaminated with arsenic,

cadmium, lead, and polychlorinated biphenyls (PCBs) (U.S. Navy 2008a)

The first 5-year review (U.S. Navy 2000a) found that the original remedy components for Site 10
(first three bullets above) had not been completed and listed this as a deficiency. In response to
that finding, the Navy conducted two groundwater sampling events, on November 6, 2000, and
July 17,2001 (U.S. Navy 2002). This sampling event satisfied the groundwater component of
the remedy for Site 10 as established in the OU 7 ROD, and no further groundwater sampling has
been conducted at Site 10. Ecology concurred with the decision to discontinue groundwater
monitoring at Site 10.

The OU 8 ROD amended the Site 10 remedy by stating that it was not necessary for the
pavement to remain in place. This amendment was based on a finding that the cancer and
noncancer risk for future residents from chemicals in soil at Site 10 were acceptable, based on
EPA criteria, and that the concentrations of these chemicals in soil passed the applicable MTCA
criteria. The Site 10 remedy was again amended in 2008, through a memorandum to the
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administrative file (U.S. Navy 2008a). This memorandum established asphalt capping as a
component of the remedy for an area of Site 10 soil that was found to contain arsenic, lead,
cadmium, and PCBs at concentrations above the MTCA Method A soil cleanup level for
unrestricted land use. These contaminants in soil at Site 10 were identified during a construction
project to add a new warehouse and parking lot to a previously unpaved portion of Site 10. The
expanded asphalt capping component of the remedy was constructed between September 22 and
November 7, 2008 (U.S. Navy 2009a). The expansion of the footprint of Site 10, subject to ICs
and the inclusion of the asphalt cap maintenance requirement, is part of the 2010 update to the
ICMP.

Further information on remedy implementation can be obtained by reviewing Section 4.5.4 of
the third 5-year review (U.S. Navy 2010a), which is included in Appendix A.

Operation, Maintenance, and Monitoring

The OM&M program for Site 10, specified by the OU 7 ROD, consists of fulfilling ROD-
mandated monitoring requirements and managing and maintaining LUCs implemented for the
site. LUC management and maintenance are discussed for all of the sites where they apply in
Section 4.7. Monitoring activities are not currently being conducted at Site 10 (see Remedy
Implementation section above).

46 OU8
4.6.1 Remedy Selection

The reasonably anticipated land use, impacted media, COCs, RGs, RAOs, and description of the
remedy components are summarized in Table 4-2. Further information on remedy selection can
be obtained by reviewing Section 4.6 of the third 5-year review (U.S. Navy 2010a) and the OU 8
ROD (U.S. Navy, USEPA, and Ecology 2000a), which are included in Appendix A.

In addition to the remedy components for OU 8, the OU 8 ROD formally established ICs for
other sites at NBK Bangor to comply with recent EPA guidance regarding ICs (USEPA 2002).
The formalization of ICs for other sites was incorporated into the OU 8 ROD in lieu of preparing
ESDs for each of the previously signed RODs.

4.6.2 Remedy Implementation

The remedy for OU 8 was initiated in October 2000 and is ongoing. This included the following
components:

o Monitored natural attenuation (MNA) of COCs in groundwater is ongoing.
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o A passive light nonaqueous-phase liquid (LNAPL) skimming pilot test was
conducted over a 16-day period.
o Passive LNAPL recovery of free product was implemented.
o Free-product recovery was monitored.
o Long-term groundwater monitoring is ongoing.
o Deployed oxidation reduction potential (redox) manipulation in groundwater as a

phased contingent action.

o Groundwater use restrictions were implemented both on and off base.

Further information on remedy implementation can be obtained by reviewing Section 4.6 of the
third 5-year review (U.S. Navy 2010a), which is included in Appendix A.

4.6.3 Operation, Maintenance, and Monitoring

The OM&M program for OU 8, specified by the OU 8 ROD, consists of fulfilling ROD-
mandated monitoring requirements, recovering free product, and managing and maintaining
LUCs implemented for the site. LUC management and maintenance are discussed for all of the
sites where they apply in Section 4.7. Additional investigations (vapor intrusion and pilot
studies) and groundwater modeling were performed to evaluate whether additional phased
contingent actions are warranted at the site.

Groundwater Monitoring

Monitoring of groundwater at OU 8 is conducted to assess contaminant distribution, including
free product, compliance with RGs, and performance of natural attenuation. Monitoring
requirements have been established in the SAPs completed during this review period (U.S. Navy
2009e¢, 20101, 2011j, 2013g, and 2014¢e). Performance and compliance monitoring wells are
shown on Figure 4-3 (U.S. Navy 2014e). The groundwater was analyzed for VOCs (EPA
Method 8260C) and natural attenuation parameters (hydrogen sulfide, ferrous iron,
ethane/ethene, methane, nitrate/nitrite, alkalinity, dissolved organic carbon, chloride/sulfate, and
manganese) and tested for field parameters. No additional performance and compliance
monitoring well was installed at OU 8 for the groundwater monitoring program during this
S-year review period.

Groundwater monitoring for evaluating natural attenuation performance was initially conducted
quarterly, with the frequency decreased to semiannually after November 2001. The planned and
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actual sampling program for OU 8 over this 5-year review period is summarized in Table 4-5.
Currently monitoring at OU 8 is conducted as follows:

o Performance monitoring for MNA is conducted semiannually at seven locations.

o Performance and compliance monitoring for MNA and VOC:s is conducted
semiannually at seven additional locations.

o Performance and compliance monitoring for MNA and VOC:s is conducted
annually at one location.

o Compliance monitoring for VOCs is conducted semiannually at four locations.
o Field parameters are monitored annually at five locations.
J Free-product thickness is measured semiannually at 10 locations and annually at 5

additional locations.

Five additional monitoring wells at OU 8 were sampled on a one-time basis during this 5-year
review period. Two damaged monitoring wells (28MWO01 and SMW28) have been replaced in
the monitoring program with two existing, undamaged wells (8MW24 and MWO0S, respectively).
No additional change was made to the monitoring locations or sampling frequency over this
S-year review period.

As shown on Table 4-5, there was only one deviation from the monitoring plans for OU 8. A
sample was not collected from 8MW47 in the spring of 2009, because of the presence of free
product in the well. However, it should be noted that this deviation is for the previous 5-year
review period. Therefore, the MNA performance monitoring plans have been successfully
implemented during this 5-year review period at OU 8.

Free-Product Recovery

Free-product recovery at OU 8 was terminated in 2004, because product recovery rates were
below the ROD-specified practical recovery endpoint of 0.5 gallon per month for the last 2.5
years of operation. However, during the Round 15 sampling event in October 2006, free product
was observed in well SMW47. As a result, free-product recovery was restarted in August 2009
and has occurred through April of 2014, except in June 2010, July 2010, January 2011, February
2011, and October 2011 through March 2012. Initially, product recovery was only performed in
well SMW47, but activities were later expanded to include 17 wells located within the PWIA. It
should be noted that free product was not recovered from all 17 wells. Free-product recovery
activities shifted to measurement only in April 2014 to facilitate LNAPL mobility testing, as
recommended in the Round 29 monitoring report (U.S. Navy 2014f). LNAPL mobility tests will
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be conducted to evaluate whether additional effort to reduce free product underlying the PWIA is
warranted.

In accordance with the OU 8 SAPs (U.S. Navy 2009¢, 20101, 2011j, and 2013g), recovery of
product was conducted for any well where more than 0.10 foot of floating product was detected.
For wells where product is detected above this threshold, product was recovered once a week
until the thickness remained below 0.10 foot. Product was recovered either by bailer, wicking
sock, or peristaltic pump with tubing. Note that dedicated pumps in wells containing free
product were not removed in order to avoid contaminating the pump. A summary of the free-
product recovery activities conducted at OU 8 is included in Section 6.

Vapor Intrusion Studies

Concentrations of a number of volatile chemicals in groundwater exceed health-protective
screening levels for the vapor intrusion pathway within the PWIA area of OU 8§ at NBK Bangor.

Although remediation activities have removed contamination from the top 15 feet of the vadose
zone, some residual soil contamination may still be present between 15 feet and the water table
(30 feet bgs). Residual free product is also present at some locations. Residual deep soil
contamination and free product are both serving as sources of vapors to soil gas, in addition to
the dissolved constituents in groundwater within the PWIA. Because groundwater is sufficiently
shallow and the vadose zone is permeable and contains possible preferential pathways (buried
utility corridors), the vapor intrusion pathway was considered potentially complete for the PWIA
buildings. As a result, a vapor intrusion assessment, which included the development of a CSM
for vapor intrusion, was performed for the PWIA (U.S. Navy 2012h). The report for this initial
assessment identified Buildings 1021 and 1202 as the buildings with the greatest potential for
vapor intrusion concerns within the PWIA based on their locations over maximum groundwater
concentrations and residual free product, as well as their size and occupancy rates. The vapor
intrusion assessment report recommended additional sampling to fill data gaps and verify
assumptions made in the modeling and analysis.

Based on the recommendation from the first phase of vapor intrusion assessment, a second phase
was performed. During this second phase, additional sampling was performed, including subslab
vapor and indoor air samples, and the CSM was updated based on these results and the most
recent groundwater monitoring results (U.S. Navy 2014n). Results of both phases of the vapor
intrusion assessment are presented in Section 6.4.4.

Pilot Studies

To address the slower-than-anticipated remediation progress of the selected remedy, the
increasing benzene concentrations observed during the third 5-year review period, and the return
of free product in monitoring wells, the Navy implemented pilot testing to evaluate potential
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additional contingent remedial actions at OU 8. These pilot studies, conducted during this 5-year
review period, consist of the following:

o A Phase I field study to augment the MNA remedy for the 1,2-dichloroethane
(DCA) plume in shallow groundwater using biostimulation and bioaugmentation
in a treatment barrier to reduce concentrations of chlorinated VOCs migrating in
groundwater from source areas in the PWIA (U.S. Navy 2011k)

o A laboratory study to evaluate the potential for bioremediation of benzene in the
presence of 1,2-DCA under aerobic and anaerobic conditions using soil and
groundwater collected from NBK Bangor (Battelle 2011)

o A Phase 1II field study to gather additional data to further assess the outcome of
the Phase I field study, address uncertainties for full-scale implementation of a
treatment barrier, and gather contaminant and physical data to address data gaps
identified within the source area (U.S. Navy 2013h and 2013n)

o A bioaugmentation longevity field study to provide an updated evaluation of the
effectiveness of the treatment barrier for enhancing the biodegradation of
1,2-DCA and other chlorinated VOCs 21 months after completion of the Phase I1
study (U.S. Navy 2014g)

Results of these pilot studies are discussed in Section 6.4.4. The Navy also intends to perform
further investigation of the vapor intrusion pathway within the OU 8 PWIA following
completion of the current pilot testing program. Results of the vapor intrusion investigation will
be reported in study-specific reports upon completion of the study and evaluated in the next
S-year review report.

Groundwater Modeling

A three-dimensional model was constructed for OU 8 to evaluate plume stability and better
understand the nature and extent of the LNAPL source material. The purpose of the modeling
investigation was to address issues and recommendations identified in the third 5-year review
and support remedy optimization for OU 8 (U.S. Navy 2014h).

The issues identified in the third 5-year review were as follows:

o Benzene concentrations in the core of the plume at OU 8§ exhibited an increasing
trend from 2005 to 2009, and free product was once again observed in monitoring
wells.
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o The OU 8 remedy was taking longer to meet the RAOs than anticipated in the
ROD.

The recommendations stated in the third 5-year review were as follows:

o Obtain documentation of COC concentrations remaining in soil following
removal actions.

o Assess whether residual COC concentrations in soil are protective of
groundwater.

J Update the OU 8 CSM accordingly.

Results of the groundwater modeling are discussed in Section 6.4.4.

4.7 LAND USE CONTROL MANAGEMENT AND MAINTENANCE

LUCs, which include ICs and engineering controls, are part of the remedies for Sites A, F, 16/24,
B, E/11, and 10 and OU 8. While no formal IC requirement is in place for Site D, this site has
restrictions in place under wetland regulations, which were determined to provide sufficient
protection by the OU 6 ROD. Media, ICs, and engineering controls are summarized in Table 4-6
for each site where they apply. ICs and engineering controls are currently managed under the
ICMP for NBK Bangor that was updated in 2010 (U.S. Navy 2010c¢). The functions of the ICMP
are as follows:

o Describes the LUC requirements for each site

o Notifies planners and other Navy personnel about the environmental conditions of
the property that is encumbered by LUCs

o Limits land use to industrial and outdoor recreational uses in designated areas

J Provides a process for inspection and maintenance of ICs and engineering
controls

o Provides tracking information to regulators that the land use remains consistent

with restrictions placed upon a site by the RODs

The boundaries of each IC area, as well as the location of engineering controls, are shown on
figures in the ICMP. The ICMP established procedures for primary and contingency inspections.
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The ICMP also provides a mechanism for updating the ICs as necessary over time, with the
concurrence of Ecology and EPA.

The purpose of the annual (primary) inspection is to document site conditions, ensure that the
ICs and engineering controls are functioning as intended, and identify potential problems at an
early stage, prior to the need for significant repairs. The annual inspection includes visual
inspections, review of the excavation permits, and beach profile measurements at Site B. The
visual inspection is documented using a checklist provided in the ICMP, field notes, and
photographs. The excavation permit review is performed by the NBK Bangor remedial project
manager throughout the year and documented in the annual inspection report. The beach profile
measurements are performed using methods and procedures specified in the ICMP. Following
the primary inspection, any deficiency is noted and corrected through the NBK Bangor work-
order process.

Contingency inspections are required in the event that an IC or engineering control might have
been compromised either as documented during the annual inspection or as suspected based on
the occurrence of a specific event, such as a construction project, natural disaster, or severe
weather event. Contingency inspections will occur as recommended in the annual inspection
report and will typically occur after required maintenance or repair, or after a construction
project, natural disaster, or storm event.

Annual inspections were performed in accordance with the ICMP during October 2009,
September 2010, 2011, 2012, and 2013 and reported in annual IC inspection letter reports (U.S.
Navy 2010d, 2011¢, 2012b, 2013c, and 2014a). Based on the results of the annual inspection,
maintenance of engineering controls is conducted on an as-needed basis. Site inspection results
are provided in Section 6.
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Table 4-1
Summary of Annual O&M Costs for OUs 1, 2, 3,6, 7, and 8
ou1 ou?2 ou 3 ou6° ouT* ou 8
Sites Sites B, E/11, Sites 27,
Year Site A Site F 16/24 and 25 Site D and 10 28, and 29

2009 $548,176 $1,260,242 $0 $0 $69,040 $313,830
2010 $449,291 $866,070 $0 $0 $36,729 $287,247
2011 $302,628 $1,111,789 $0 $0 $277,971 $897,672
2012 $521,070 $1,049,191 $0 $0 $25,346 $904,875
2013 $407,124 $1,122,449 $0 $0 $25,346 $458,796
2014 $450,865 $1,139,994 $0 $0 $65,100 $752,736
Average Annual O&M Cost 2010-2014 $446,526 $1,091,623 $0 $0 $83,255 $602,526
Estimated Annual O&M Cost in ROD NS $160,000 NS $16,500 NS $196,300

*The remedy for Site 16/24 consists of residential land use restrictions. The remedy for Site 25 consists of groundwater monitoring for a 5-year
period, which was completed in 1997. Costs associated with the annual institutional controls inspections for this site are included in the costs for
OUs 1,2, 7, and 8.

"The remedy for Site D consists of composting of contaminated soil and placement of the remediated material back on the site, followed by short-term
monitoring in the shallow aquifer. The remedy was completed in 2000. While no formal IC requirement is in place for this site, restrictions are in
place under wetland regulations, and annual institutional controls inspections are conducted at this site. Costs associated with the annual institutional
controls inspections for this site are included in the costs for OUs 1, 2, 7, and 8.

‘O&M costs (long-term monitoring) for Site E/11 is included in the costs for OU 2.

Notes:

NS - not specified in ROD

O&M - operation and maintenance
OU - operable unit

ROD - Record of Decision
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Table 4-2
Summary of Remedial Actions at NBK Bangor
Remedy
Reasonably Construction/ Ongoing Operation,
Anticipated Chemical of Remediation Implementation Maintenance, and
ou Site Land Use Medium Concern Goals Remedial Action Objectives Remedy Components Complete Monitoring
1 A Outdoor Soil TNT 33 mg/kg Reduce the concentrations of e Excavate soil from the burn area and debris area 2 that exceeds MTCA Yes e Maintain signs.
recreational Total DNT 1.5 mg/kg contaminants in soil to be direct contact cleanup levels for the COCs. e Maintain blackberries
RDX 9.1 mg/kg protective of human health foran |, py,ce s0il in a soil washing basin constructed at the Site A burn area. along the upper portion of
Lead 250 mg/kg unrestricted site use. . . . the steep ravine containing
Total phthalates® 140 mg/kg e Place soils exceeding the RG for lead in a separate cell. debris area 2 to restrict
Total PCBs 4.3 mg/kg e Conduct verification monitoring during and/or following the excavation to .
. . access to the ravine.
ensure that all soils exceeding the cleanup levels have been excavated. o )
. . . . . bf e Maintain excavation
o Perform soil washing on soils placed in the treatment basin.” permit requirements
o Treat the leachate with UV oxidation. e Conduct annual LUC
e Debris area 2 soils that contain lead concentrations above the RG after monitoring.
treatment will be excavated and disposed of at a permitted off-site solid
waste facility.d
e Recycle the treated water back to the leach basin.”®
e Abandon the soil washing basin, liner, and soil contents in place by placing
a 1-foot soil cover over the treated material, and revegetate to prevent
erosion.
o Grade site to allow for surface water drainage, including drainage from the
abandoned leach basin.
e Implement LUCs as specified in the OU 8 ROD.
GW TNT 2.9 pg/L e Reduce concentrations of e Immediately abandon all older monitoring wells that may not have Yes e Perform regular operation,
Total DNT 0.1 ng/L contaminants in the shallow competent surface seals. maintenance, and
RDXS 0.8 pg/L aquifer groundwater to levels e Concurrent with the soil washing, conduct additional groundwater monitoring of the Site A
Lead . 15 pg/L below MTCA groundwater monitoring and pilot-level treatability studies to support the final design of groundwater treatment
%0?1 gl(ljt}l;alsates 3 ﬁlg/ L/L cleanup. the groundwater remediation system. system.
ota s . ; ; ;
He * The point of compliance Wl.ll be | o Achieve the groundwater RG for RDX in the most cost-effective manner * Condu.ct performange and
throughout the shallow aquifer. within a 10-year period of operation.” compliance monitoring of
. D dwater.
o Treat extracted groundwater using UV oxidation to reduce RDX and } grounciwater
reinject into the subsurface to facilitate maximum flushing of the aquifer.' ¢ Con(.ltuct. annual LUC
¢ Install an effective effluent polishing process to achieve RGs if the fhonttoring.
groundwater treatment system proves ineffective.
e Monitor and evaluate system effectiveness as a component of operation
and maintenance.
o (Cease system operation when it can be demonstrated that either the cleanup
standards have been met, or continued operation is no longer practicable.
e Implement LUCs as specified in the OU 8 ROD.
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Remedy
Reasonably Construction/ Ongoing Operation,
Anticipated Chemical of Remediation Implementation Maintenance, and
ou Site Land Use Medium Concern Goals Remedial Action Objectives Remedy Components Complete Monitoring
SW TNT 31 pg/L None None NA None
Total DNT 0.6 pg/L
RDX 30 pg/L
Lead’ 1 pg/L
Total phthalates® 3 ng/L
Total PCBs’ <0.01 ug/L
2 F ¢ Industrial Soil Direct Contact: Eliminate the risk associated with Excavate contaminated soils to a depth of 15 feet with concentrations above Yes ¢ Conduct periodic
e Outdoor RDX 9.1 mg/kg potential direct contact with direct contact RGs. inspection of the infiltration
recreational TNT 33 mg/kg contaminated soils. Conduct verification soil sampling during and/or following the excavation to barrier, as needed, to ensure
DNT 1.5 mg/kg ensure that all soils exceeding the direct contact RGs to a depth of 15 feet have its long-term integrity.
TNB 4 mg/kg” been excavated. Conduct annual LUC
DNB 8 mg/kg’ Mix the excavated soils with organic amendment, and place the monitoring.
Nitrate 29,000 mg/kg soil/amendment mixture into a structure designed specifically to house the
Nitrite 8,000 mg/kg biological treatment process.
Manganese 940 mg/kg Use the treated soil/amendment mixture to fill and regrade the Site F
Groundwater Protection: excavation and overflow ditch to provide a generally flat surface over which to
RDX 1 mg/kg place the infiltration barrier.
TNT 0.3 mg/kg Install an infiltration barrier over all soils with concentrations above
DNT 0.5 mg/kg groundwater protection RGs.
TNB 0.25 mg/kg Cover the infiltration barrier with uncontaminated soil both to allow
DNB 0.25 mg/kg revegetation and provide greater protection against physical and chemical
Nitrate 1,000 mg/kg degradation.
Nitrite 100 mg/kg Implement LUCs as specified in the OU 8 ROD.
Manganese 940 mg/kg
GW RDX 0.8 ug/L Cleanup groundwater contamination Abandon groundwater monitoring wells that are no longer of use. Yes Perform regular operation,
TNT 2.9 ug/L in the shallow aqulfer to afshle.ve the Enhance the Site F interim remedial action groundwater extraction, treatment, maiqtengnce, and )
DNT 0.13 pg/L most Tlos.t -effelitlve reduction in and reintroduction system to provide efficient removal of contaminant mass monitoring of the Site F
TNB 0.8 pg/L overall site risk. and handle the higher system flow rate. groundwater treatment
DNB 1.6 ug/L Treat extracted groundwater by GAC (and ion exchange, if needed for nitrate system.
Nitrate 10,000 pg/L removal) to meet RGs, and return the treated water to the shallow aquifer via Condupt per formgnge and
: reintroduction wells. compliance monitoring of
Nitrite 1,000 pg/L? . ) ) groundwater.
Manganese 50 pg/L Mo'mtor and evaluate system effectiveness as a component of operation and c
maintenance. 0n<.1uc'g annual LUC
Initiate formal review of the groundwater system operations after one of the monitoring.
following performance evaluation criteria is met:
- Groundwater RGs are achieved for all constituents of concern in the Site F
shallow aquifer.
- No statistically significant change in constituent concentrations is observed
in monitoring wells with concentrations above RGs after reasonable system
modifications have been implemented.

J:\Projects\N\Navy AE\AE-2009\DO 78 - xx49 Bangor 4th 5 Year Review\09 Reports & Deliverables\R-3 Deliverables\4th 5-Year Review\Final\Final Bangor 4th 5-Year Review - Text.docx




FINAL FOURTH FIVE-YEAR REVIEW
Naval Base Kitsap Bangor

Naval Facilities Engineering Command Northwest

Section 4.0
Revision No.: 0
Date: 9/3/15
Page 4-35

Table 4-2 (Continued)
Summary of Remedial Actions at NBK Bangor

Remedy
Reasonably Construction/ Ongoing Operation,
Anticipated Chemical of Remediation Implementation Maintenance, and
ou Site Land Use Medium Concern Goals Remedial Action Objectives Remedy Components Complete Monitoring
- The rates of concentration decline in the Site F shallow aquifer indicate that
the cost of continued system operation is substantial and disproportionate
relative to the incremental degree of environmental protection being
achieved.
e Implement LUCs as specified in the OU 8 ROD.
SW RDX 260 pg/L None None NA None
TNT 40 pg/L
DNT 300 pg/L
TNB 80 pg/L
DNB NA'
Nitrate 10,000 pg/L
Nitrite NA
Manganese NA'
3 16/24 | Industrial Soil Antimony 32 mg/kg None established” e Implement institutional controls to prevent residential use. Yes Conduct annual LUC
Arsenic 20 mg/kg o Attach deed restrictions to any future property transfer. monitoring.
Beryllium 0.23 mg/kg
25 Industrial GW Cadmium 8 ug/L None established’ Perform 5 years of semiannual groundwater monitoring to verify that Yes None
Manganese 50 pg/L concentrations of chemicals in the shallow aquifer are consistent with naturally
occurring background concentrations.
6 D Outdoor Soil MTCA Method B: Prevent unacceptable current and e Excavate and stockpile all soils at Site D containing TNT concentrations above Yes None
recreational TNT 33.3 mg/kg potential future risks to human the MTCA Method B residential soil cleanup level.
DNT 1.47 mg/kg health and the environment posed by |  Qyside of the wetland boundary, excavate and stockpile soils containing DNT
MTCA Method C: ingestion and de;rma}l contact with concentrations above the MTCA Method B residential soil cleanup level.
DNT TNT and DNT in Site D soil. « Within th land bound te and stockpile soil tainine DNT
58.8 mg/kg" ithin the wetland boundary, excavate and stockpile soils containing
concentrations above the MTCA Method C soil cleanup level.
e Treat the excavated soils by composting to achieve MTCA Method B
residential soil cleanup levels for nine designated ordnance compounds.
o Backfill the excavations with the treated soils, covering them with clean soils
and revegetating the affected areas with native vegetation.
e Return the treatment area and any access roads to natural contours, and
revegetate them with native vegetation.
e Conduct a review of the soil remediation data to evaluate the effectiveness of
the remedy within 5 years of remedy commencement.
SW Arsenic 0.0842 ng/L Prevent migration of metals from e Conduct surface water sampling to confirm that RGs are not exceeded in Yes None
Copper 6.1 ng/L™ Site D surface water at downgradient surface water due to transport of contaminants from Site D
Mercury 0.012 pg/L (total) concentrations that may adversely following soil remediation.
Thallium 1.56 pg/L (total) affect ecological receptors in e Consider response actions, including active remediation, if monitoring
Zinc 57 ng/L downstream surface water. identifies exceedances of RGs in downgradient surface water.
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Remedy
Reasonably Construction/ Ongoing Operation,
Anticipated Chemical of Remediation Implementation Maintenance, and
ou Site Land Use Medium Concern Goals Remedial Action Objectives Remedy Components Complete Monitoring
GW Acetone 800 pg/L Prevent potential future human o Conduct short-term groundwater monitoring for VOCs in the shallow aquifer to Yes None
Chlorobenzene 100 pg/L health risks that may be caused by verify exceedances of health-based criteria.
DBCM 100 pg/L ingestion or inhalation of e Perform further characterization of the shallow aquifer to determine the nature
Methylene chloride 5.83 ug/L contaminants in shallow aquifer and extent of contamination, if confirmed by the short-term monitoring.
Tetrachloroethene 0.858 ug/L groundwater. o Consider active remediation of the shallow groundwater if exceedances of RGs
Toluene 1,000 pg/L are confirmed by monitoring.
Xylenes 10,000 pg/L o Conduct a review of the short-term monitoring data to evaluate the
effectiveness of the remedy within 5 years of remedy commencement.
7 B Outdoor Soil PAHs 1 ppm (1.0 mg/kg) | Prevent dermal contact and ingestion | ¢ Cover the site with a soil cover. Yes e Maintain soil cover and
recreational PCBs 1 ppm (1.0 mg/kg) | of shallow and subsurface soil o Vegetate the soil cover. shoreline stabilization
Arsenic 20 ppm (20 mg/kg) | containing PAH and PCB e Construct swales to control or reduce infiltration of rainwater. measures as needed.
concentrations above the state e Maintain the soil cover to prevent future contact with the contaminated soil.  Conduct annual LUC
cleanup level of 1 ppm for soil to e Install signs informing visitors of restricted site use. monitoring.
15 feet bgs and arsenic e Implement LUCs as specified in the OU 8 ROD.
concentrations above 20 ppm.
GW None established None established Confirm through monitoring of Conduct a 5-year monitoring program of marine sediments and clam tissue to be Yes None
Hood Canal sediments and clam included under Site 26 monitoring.
tissue that groundwater discharge
from Floral Point into Hood Canal is
not negatively affecting the
sediments or clam tissues.
7 E/11 | Outdoor Soil DDT 2.94 ppm (2.94 Prevent direct contact with and Transport and dispose of approximately 400 cubic yards of contaminated Yes None
recreational mg/kg) ingestion of stockpiled soil and stockpiled soil to a Resource Conservation and Recovery Act-approved landfill.
underlying soil down to 15 feet bgs
that contains DDT in concentrations
above the state cleanup level of 2.94
ppm.
GW PGDN 0.0002 ppm (0.2 Prevent ingestion of groundwater e Groundwater at Site E/11 is currently being treated under OU 2. Yes e Conduct groundwater
ng/L) containing Otto fuel concentrations | ¢ Monitor groundwater for ordnance compounds and Otto fuel. monitoring as part of
above 0.0002 ppm.! PGDN is one of | e Conduct a S-year evaluation of the effectiveness of the OU 2 remediation OU 2 (Site F) monitoring.
several chemical compounds in Otto system in removing Otto fuel. e Conduct annual LUC
fuel and is used as the indicator ¢ Implement groundwater use restrictions. monitoring.
chemical.
7 10 Industrial GW TPH 1 ppm (1,000 Prevent ingestion of groundwater e Perform long-term groundwater monitoring Yes e None
pg/L) containing TPH concentrations e Implement groundwater use restrictions
above the state cleanup level of 1
ppm throughout the aquifer.
Soil Arsenic 20 mg/kg None established. e Maintain the existing asphalt pavement to protect human health and the Yes e Maintain asphalt soil
Cadmium 2 mg/kg environment. cover.
Lead 250 mg/kg e Establish asphalt capping as an extended remedy for an area of site soil found e Conduct annual LUC
PCBs 1 mg/kg to contain arsenic, lead, cadmium, and PCBs at concentrations above the stated monitoring.
RGs."
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Table 4-2 (Continued)
Summary of Remedial Actions at NBK Bangor

Remedy
Reasonably Construction/ Ongoing Operation,
Anticipated Chemical of Remediation Implementation Maintenance, and
ou Site Land Use Medium Concern Goals Remedial Action Objectives Remedy Components Complete Monitoring
8 ¢ Industrial on GW Benzene 5png/L e Minimize the migration of VOCs Monitor for natural attenuation of COCs in groundwater. Yes Conduct performance and
base 1,2-DCA 5 ug/L from LNAPL beneath the PWIA Consider phased contingent actions if MNA is shown to be insufficient, compliance monitoring of
e Residential off 1,1-DCE 0.0729 ng/L into groundwater at including the possible use of oxidation reduction potential manipulation, groundwater.
base 1,2-EDB 0.000515 pg/L concentrations that would cause pumping and treating groundwater using the existing system, or new Free-product recovery
Toluene 1,000 pg/L adverse noncancer health effects technologies. Conduct annual LUC
or unacceptable cancer risks. e Remove LNAPL using a free-product recovery system until the recovery rate monitoring.

e Minimize human exposure to reaches the practicable endpoint of an average of 0.5 gallon per month for a
COCs in sitewide groundwater 1-year period.
that would result in adverse e Establish institutional controls for OU 8, both on and off base, to prevent the
noncancer health effects or use and consumption of untreated groundwater.
unacceptable cancer risks.

“The cleanup level for total phthalates is based on bis(2-ethylhexyl)phthalate, which is the most toxic of the phthalates detected at OU 1 (Site A). Although phthalates were identified as COCs in the ROD, they were not a risk driver for the site and have not been included in the long-
term monitoring at the site.

*To improve permeability of the soil in the soil washing basin, ESD No. 1 prescribed the addition of a sand amendment in a 1:1 volume ratio to the soil and calcium chloride up to 40 mg/L to the wash water.

“Because of improved permeability of the soil in the soil washing basin, ESD No. 1 prescribed a change from UV oxidation to GAC for the treatment of soil washing leachate to reduce operational costs.

ESD No. 1 prescribed that the limited volume of debris area 2 soil containing lead concentrations above RG after treatment can be left in place, because excavating the soil poses a greater risk to human health and the environment.

%To ensure that leachate releases from the treatment basin after basin closure will be protective of human health and the environment, ESD No. 1 prescribed the development and implementation of a leachate management plan for the closed leach basin.

'ESD No. 2 prescribed the use of composting to complete remediation of the leach basin soils.

€ESD No. 3 prescribed that the leachate from the closed soil washing basin was acceptable for discharge to surface water without treatment.

?ESD No. 1 prescribed that treating groundwater begin by July 1, 1996, rather than 1 year after soil treatment is complete.

'ESD No. 2 prescribed a change from UV oxidation to GAC for the treatment of extracted groundwater to reduce operational costs.

'DNT cleanup level applied to soils located outside the wetlands boundary

“DNT cleanup level applied to soils located inside the wetlands boundary

"There is no cleanup value for Otto fuel. The calculated preliminary remediation cleanup goal is 0.000038 ppm. However, the method detection limit for Otto fuel is 0.0002 ppm and in accordance with state regulations is used as the cleanup goal.

"Based on an average hardness of 55 mg/kg calcium carbonate
"The Site 10 remedy was amended in 2008 through a memorandum to the administrative file, which established asphalt capping as a component of the remedy for an area of Site 10 soil that was found to contain arsenic, lead, cadmium, and PCBs at concentrations above

the MTCA Method A soil cleanup level for unrestricted land use.

°The baseline risk assessment showed that risks at Sites 16/24 and 25 were within EPA’s acceptable risk range and that no remedial action was necessary. However, because the exceedances of MTCA cleanup levels in surface soil at Sites 16/24 and groundwater at Site 25, LUCs
have been implemented at Sites 16/24 and groundwater monitoring was performed at Site 25.

"The ROD presented inconsistent RGs for TNB and DNB. The values presented in this table are from Table 15 of the ROD. A value of 1.1 mg/kg was presented in the text on page 15 of the ROD for TNB and a value of 2.1 mg/kg for DNB.

9The ROD presented inconsistent RGs for nitrite. The value presented in this table is from Table 15 of the ROD. A value of 490 ug/L was presented in the text on page 16 of the ROD.

"The ROD presented inconsistent RGs for DNB and manganese. The values in this table are from Table 15 of the ROD. A value of 10 pg/L was presented in the text on page 16 of the ROD for DNB and a value of 1,500 pg/L for manganese.

*Lead and PCBs were included on the summary of COCs in the ROD. However, they were not risk drivers at the site, and monitoring for these chemicals has not been included in the long-term monitoring at Site A.

Notes:

bgs - below ground surface

COC - chemicals of concern

DCA - dichloroethane

DCE - dichloroethene

DBCM - dibromo(chloro)methane
DDT - dichlorodiphenyltrichloroethane
DNB - 1,3-dinitrobenzene

DNT - 2,4- and 2,6-dinitrotoluene
EDB - dibromoethane
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EPA - U.S. Environmental Protection Agency
GAC - granular activated carbon

GW - groundwater

LNAPL - light non-aqueous phase liquid
LUC - land use control

pg/L - microgram per liter

mg/L - milligram per liter

mg/kg - milligrams per kilogram

MNA - monitored natural attenuation
MTCA - Model Toxics Control Act

NA - not applicable

OU - operable unit

PAH - polycyclic aromatic hydrocarbon
PCB - polychlorinated biphenyl

PGDN - propylene glycol dinitrate

ppm - parts per million

PWIA - Public Works Industrial Area
RDX - hexahydro-1,3,5-trinitro-1,3,5-triazine
RG - remediation goal

ROD - record of decision

SW - surface water

TNB - 1,3,5-trinitrobenzene

TNT - trinitrotoluene

TPH - total petroleum hydrocarbon

UV - ultraviolet

VOC - volatile organic compound

Table 4-2 (Continued)
Summary of Remedial Actions at NBK Bangor
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Table 4-3
Summary of 2009 to 2014 Planned Groundwater Monitoring Program Versus Actual for Site A
Planned Sampling Frequency Planned Analytes Actual
Natural
2009 8/2010 to 4/2011 and Attenuation Ordnance Sampled Sampled Sampled Sampled Sampled Sampled
well ID? to 2010 8/2011 to 4/2012 8/2012 to 4/2013 7/2013 to 4/2014 Parameters | Compounds 2009 2010 2011 2012 2013 2014
Compliance
A-MW22° Biennial Biennial Annual Annual X X NS¢ NP NS¢ X X X
A-MW32 Annual Annual Annual Annual X X X X X X X X
A-MW34°¢ Biennial Biennial Annual Annual X X X NP NS°® X X X
A-MW36° WL only WL only WL only Annual X X WL only WL only WL only X X NS’
A-MW38%8 Biennial Biennial Annual Annual X X NS¢ NP X X X NS'
A-MW44 Biennial Biennial Every 5 years Every 5 years X X X NP NP’ NP NP X
A-MW47%¢ Biennial Biennial Annual Annual X X NS¢ NP X X X X
A-MW48%¢ Biennial Biennial Annual Annual X X X NP NS¢ X X X
A-MW49 Annual Quarterly Quarterly Annual X X X XX¢ XXXX XXXX XXX X
A-MWS50 Biennial Biennial* Biennial Biennial X X X NP NP X NP X
A-MWS51 Annual Quarterly Quarterly Annual X X X Xx¢ XXXX XXXX XX X
A-MW52 Annual Annual Annual Annual X X X X X X NP' X
A-MWS53 Annual WL only Biennial Biennial X X X X° WL only X NP X
A-MW54 Annual Annual Annual Annual X X X X X X NP' X
A-MWS55 Annual Annual Annual Annual X X X X X X NP' X
A-MW56 Annual Quarterly Quarterly Annual X X X Xx¢ XXXX XXXX XXX X
A-MW57 Annual Quarterly Quarterly Annual X X X Xx¢ XXXX XXXX XX X
A-MW58° NA NA NA One-time X X NA NA NA NA NA X
A-MW59" NA NA NA One-time X X NA NA NA NA NA X
A-MW60° NA NA NA One-time X X NA NA NA NA NA NS'
A-MW61° NA NA NA One-time X X NA NA NA NA NA X
Performance
A-EW4 Annual Annual Annual Annual X X X X X X X X
A-EWS5 Annual Annual Annual Annual X X X X X X X X
A-EW6 Annual Annual Annual Annual X X X X X X X X
A-EW7 Annual Annual Annual Annual X X X X X X X X
A-EWS Annual Annual Annual Annual X X X X X X X X
A-MW33 Every 5 years Every 5 years Every 5 years Every 5 years X X X NP NP NP NP X
A-MW35" Every 5 years Every 5 years Every 5 years Every 5 years X X X NP NP NP NP X
A-MW37 Annual Annual Annual Annual X X X X X X X X
A-MW46 Annual Annual Annual Annual X X X X X X X X
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Table 4-3 (Continued)
Summary of 2009 to 2014 Planned Groundwater Monitoring Program Versus Actual for Site A

A-MW21, A-MW28, A-MW30, A-MW31, and A-IW3 planned water level collection only, and are not included on this table.

"These wells are screened in the perched zone.

“Sampled following U.S. Environmental Protection Agency request

Sampled only twice because of transition from annual to quarterly sampling in August 2010

‘Only planned to sample a maximum of two perched zone wells based on the presence of water. The sampling was to be conducted in the following order until sampling was completed in two wells: A-MW48, A-MW47, A-MW38, A-MW22, and A-MW34
fWell not sampled because of low potentiometric surface in the perched zone, resulting in an inadequate volume of groundwater in the well
£Considered a performance monitoring well through 2011

%‘Considered a compliance monitoring well through 2013

'An additional round of sampling performed in this well in August 2013 after restart of the treatment system

’Sampling frequency changed from biennially to once every 5 years in 2011.

“Biennial sampling of A-MW50 delayed until 2012.

'Annual sampling changed from summer to spring, with the first annual spring event performed in 2014,

Notes:

Bold entry represents more frequent sampling than planned.

Bold and yellow highlighted entry represents less frequent sampling than planned.
NA - not applicable (wells did not exist until August 2013.)

NP - not planned

NS - not sampled

WL - water level

X - sampled as planned
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Table 4-4
Summary of 2009 to 2014 Planned Groundwater Monitoring Program Versus Actual for Sites F and E/11
Planned Sampling Frequency Planned Analytes Actual
Evaluation Change Otto Nitrate/ | Ordnance | Sampled | Sampled | Sampled | Sampled | Sampled | Sampled
Well ID Function 2009-2014 and Year Fuel Nitrite | Analytes® 2009 2010 2011 2012 2013 2014

Site F Compliance
F-MW40 Compliance Every 5 years X X X NP NP NP NP X
F-MW42° Compliance Semiannual X X XX XX XX XX XX X
F-MW43 Compliance Every 5 years X X X NP NP NP NP X
F-MW45 Compliance Every 5 years X X X NP NP NP NP X
F-MW46 Compliance Every 5 years X X X NP NP NP NP X
F-MW56 Compliance Biennial X X X NP X NP X NP
F-MW57 Compliance Biennial X X X NP X NP X NP
F-MW58 Compliance Biennial X X X NP X NP X NP
F-MW60 Compliance Biennial X X X NP X NP X NP
F-MW65 Compliance Annual X X X X X X X X
F-MW66 Compliance Quarterly/ Annual 2011

annual X X XXXX | XXXX XX X X X
F-MW69 Compliance Quarterly/ Annual 2011

annual X X XXXX | XXXX XX X X X
F-MW70 Compliance NP/quarterly Quarterly 2011 X X NP NP XXX° XXXX XXXX XX¢
F-MW71 Compliance NP/quarterly Quarterly 2011 X X NP NP XXX° XXXX XXXX XX°
Site F Performance®
F-MW27 Performance Biennial X X X NP X NP X NP
F-MW31 Performance Annual X X X X X X X X
F-MW32 Performance Biennial X X X NP X NP X NP
F-MW33 Performance Annual X X X X X X X NS¢
F-MW35 Performance Biennial X X X NP X NP X NP
F-MW37 Performance Biennial X X X NP X NP X NP
F-MW38 Performance Annual X X X X X X X X
F-MW39 Performance Annual X X X X X X X X
F-MW41 Performance Semiannual X X XX XX XX XX XX X¢
F-MW44 Performance Annual X X X X X X X X
F-MW48 Performance Biennial X X X NP X NP X NP
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Table 4-4 (Continued)
Summary of 2009 to 2014 Planned Groundwater Monitoring Program Versus Actual for Sites F and E/11
Planned Sampling Frequency Planned Analytes Actual
Evaluation Change Otto Nitrate/ | Ordnance | Sampled | Sampled | Sampled | Sampled | Sampled | Sampled
Well ID Function 2009-2014 and Year Fuel Nitrite | Analytes® 2009 2010 2011 2012 2013 2014
Site F Performance (continued)
F-MWS51 Performance Every 5 years X X X NP NP NP NP X
F-MW52 Performance Every 5 years X X X NP NP NP NP X
F-MW53 Performance Biennial X X X NP X NP X NP
F-MW548S Performance Annual X X X X X X X X
F-MWS55 Performance Biennial X X X NP X NP X NP
F-MW55M | Performance Annual X X X X X X X NS¢
F-MW59 Performance Biennial X X X NP X NP X NP
F-MW61 Performance Annual X X X X X X X X
F-MW62 Performance Annual X X X X X X X X
F-MW63" Performance Quarterly X X XXXX | XXXX | XXXX XXXX | XXXX XX©
F-MW64" Performance Quarterly X X XXXX | XXXX | XXXX XXXX | XXXX XX©
F-MW67" Performance Quarterly X X XXXX | XXXX | XXXX XXXX | XXXX XX°
F-MW68" Performance Quarterly X X XXXX | XXXX XXXX XXXX XXXX XX°
Performance
F-EW1 (extraction well) Annual X X X X X X XX X
Performance
F-EW2 (extraction well) Annual X X X X X X XX X
Performance
F-EW3 (extraction well) Annual X X X X X X X X
Performance
F-EW4 (extraction well) Annual X X X X X X X X
Performance
F-EWS5 (extraction well) Annual X X X X X X X X
Performance
F-EW6 (extraction well) Annual X X X X X X X X
Performance
F-EW7 (extraction well) Annual X X X X X X XX X
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Table 4-4 (Continued)
Summary of 2009 to 2014 Planned Groundwater Monitoring Program Versus Actual for Sites F and E/11

Planned Sampling Frequency Planned Analytes Actual
Evaluation Change Otto Nitrate/ | Ordnance | Sampled | Sampled | Sampled | Sampled | Sampled | Sampled
Well ID Function 2009-2014 and Year Fuel Nitrite | Analytes® 2009 2010 2011 2012 2013 2014
Site F Performance (continued)
Performance
F-EW8 (extraction well) Annual X X X X X X X X
Performance
F-EW9 (extraction well) Annual X X X X X X X X
Performance
F-EW10 (extraction well) Annual X X X X X X XX X
Site E/11
Annual/
EMW-21U | Compliance 5 years 5 years 2012 X X X X X NS NS X
Annual/
EMW-23U | Compliance 5 years 5 years 2012 X X X X X NS NS X

*Ordnance analytes for Site F are as follows: RDX, 2,4,6-TNT, 2,4-DNT, 2,6-DNT, 1,3,5-TNB, 1,3-DNB, MNX, DNX, TNX, and nitrobenzene. Note that 1,3,5-TNB and 1,3-
DNB together with the results for seven additional ordnance analytes (HMX, tetryl, 2-NT, 3-NT, 4-NT, 2-amino-4,6-DNT, and 4-amino-2,6-DNT) are reported by the laboratory
but not included in the monitoring reports.

®Initiated monitoring in this well in 2011 after the first quarterly sampling event

“This 5-year review only includes sampling through April 2014. Additional sampling is to be performed in 2014 after this cut-off date.

%This well was not sampled in April 2014, because the well was used for a treatability study that involved injection of water spiked with RDX at high concentrations.

°This well was considered a performance monitoring well through 2012.

"This well was considered a compliance monitoring well through 2011.

fWells F-MWO08, F-MW17, F-MW19, F-MW20, F-MW21, F-MW23, F-MW24, F-MW25, F-MW26, F-MW28, F-MW29, F-MW30, F-MW34, F-MW41S, F-MW42S, F-MW43S,
F-MW44S, F-MW49, F-MW50, F-MW54, F-IW1, F-IW2A, F-IW3, F-IW4, F-IWS5, F-IW6, F-IW7, F-IW8, F-IW9, F-IW10, F-IW11, EMW-22U, EMW-23L, and EMW-24L
planned water level only and are not included in this table.
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Table 4-4 (Continued)
Summary of 2009 to 2014 Planned Groundwater Monitoring Program Versus Actual for Sites F and E/11

Notes:

Bold entry represents more frequent sampling than planned.
Bold and highlighted in yellow entry represents less frequent sampling than planned.
DNB - 1,3-dinitrobenzene

DNT - dinitrotoluene

DNX - hexahydro-1,3-dinitroso-5-nitro-1,3,5-triazine

HMX - octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine

MNX - hexahydro-1-nitroso-3,5-dinitro-1,3,5-triazine

NT - nitrotoluene

RDX - hexahydro-1,3,5-trinitro-1,3,5-triazine

TNB -1,3,5-trinitrobenzene

TNT - trinitrotoluene

TNX - hexahydro-1,3,5-trinitroso-1,3,5-triazine

NP - not planned

NS - not sampled

X - sampled as planned; each X represents one sampling event.
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Table 4-5
Summary of 2009 to 2014 Planned Groundwater Monitoring Program Versus Actual for OU 8
Planned Sampling Frequency Planned Analytes Actual
Product Field Sampled Sampled Sampled Sampled Sampled Sampled
Well ID 2009-2014 Change and Year Thickness Parameters VOCs® MNAP 2009 2010 2011 2012 2013 2014
Performance™
SMW16 Semiannual X X X XX XX XX XX XX“ X
MWO03 Semiannual X X X XX XX XX XX XX“ X
8MWS53 Semiannual X X X XX XX XX XX XX“ X
SMW30 Semiannual X X X XX XX XX XX XX“ X
28MWO01 Semiannual Obstruction discovered in 2009 X X X X NP NP NP NP NP
SMW24 Semiannual Replaces 28MWO1 in fall 2009 X X X X°© XX XX XX XX“ X
SMW48 Semiannual X X X XX XX XX XX° XX“ X
SMW32 Semiannual X X X XX XX XX XX Xx? X
Performance and Compliance
MWO05 Annual X X X X X X X X X NP®
EMW42 Semiannual X X X X XX XX XX XX XX X
SMW28 Semiannual Obstruction discovered in 2010 X X X XX X NP NP NP NP
MWO08 Semiannual Replaces SMW28 in fall 2010 X X X NP X" XX XX XX X
SMW47 Semiannual X X X X X' XX XX XX XX X
EMW06 Semiannual X X X X XX XX XX XX XX X
8MW33 Semiannual X X X XX XX XX XX XX X
SMW35 Semiannual X X X XX XX XX XX XX X
EMWO03 Semiannual X X X XX XX XX XX XX X
Compliance
EMW25 Semiannual X X XX XX XX XX XX X
SMW13 Semiannual X X XX XX XX XX XX X
SMW37 Semiannual X X XX XX XX XX XX X
SMW19 Semiannual X X XX XX XX XX XX X
One Time
EMW49 One time X X X X NP NP NP NP X4 NP
25MWO03 One time X X X NP NP NP NP X4 NP
25MW04 One time X X X NP NP NP NP NP NP
SMW02 One time X X NP NP NP X' NP NP
SMW14 One time X X NP NP NP X' NP NP
SMW34 One time X X NP NP NP X' NP NP

*VOCs include benzene, toluene, ethylbenzene, 1,2-dibromoethane , 1,2-dichloroethane, 1,1-dichlorothene, 1,1,2-trichloroethane, and 1,2-dichloropropane.

"MNA includes hydrogen sulfide, ferrous iron, ethane/ethane, methane, nitrate/nitrite, alkalinity, dissolved organic carbon, chloride/sulfate, and dissolved manganese.
‘Well 8MW24 was sampled in lieu of 28MWO1 due to an obstruction in the latter well that was observed in October 2009. VOCs were analyzed in the sample collected during the fall 2009 to provide additional plume information.

“The Navy elected to sample this location for VOCs to assess the distribution of benzene, toluene, ethylbenzene, and xylenes beyond MNA requirements.
“The Navy elected to sample this location for VOCs to provide additional information this year only to support the pilot study and assess the distribution of petroleum VOCs.

"The Navy requested a one-time sampling for field parameters and VOCs to assess current conditions for VOCs in the shallow portion of the aquifer downgradient of the source area.

¥This well is sampled annually. An additional 2014 sampling event is to be conducted in the fall after this 5-year review period.
%‘Well MWO08 was sampled in lieu of S8MW28 because of high water temperatures and steam encountered in well SMW28 during spring 2010 that has caused the well casing to fail, producing an obstruction.
'Well 8MW47 was not sampled in the spring because of the presence of free product in the well, and in the fall it was sampled after free product was removed from the well and the sampling crew confirmed no measurable thickness of free product was present.

Five wells considered to be performance monitoring wells are not included on this table (8MW22, 8MW46, 29MWO01, 25MWO04, and 8MWO05). Only field parameters and product thicknesses are measured in these wells on an annual basis, except product thickness is
not measured at SMWO5.
“Wells EMWO08, SBMW09, MW 17, 8MW27, SMW29, 8MW49, 25MWO05, 25MW07, and MW04 planned water level only and are not included in this table.

Notes:

Bold and highlighted in yellow entry represents less frequent sampling than planned.
MNA - monitored natural attenuation
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NP - not planned
VOC - volatile organic compound

X - Sampled as planned; each X represents one sampling event.
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Table 4-6
Summary of Institutional and Engineering Controls by Operable Unit
Site Name
(Associated OU) Media Institutional Control Engineering Control
Site A burn area | Groundwater e Groundwater use prohibition o Leach basin liner

(OU 1) e Land use restrictions (land uses e Treatment system protection
must be consistent with remedy) | e Fence

e Excavation permits and
construction project review

required
Site A Debris Soil o Land use restrictions (outdoor e Signs
area 2 (OU 1) recreational only) e Thorny vegetation barrier

e Excavation permits and
construction project review
required

e Ensure that all disturbed or
excavated soils at or from the site
are properly categorized and
disposed of and that workers are
protected during any such
disturbance or excavation

Site F (OU 2) Groundwater and | e Groundwater use prohibition o Infiltration barrier

soil beneath ¢ Land use restrictions (land uses e Treatment system protection

infiltration barrier | myst be consistent with remedy)

e Excavation permits and
construction project review
required

¢ Notify Ecology and EPA prior to
any development or
redevelopment of the site to
ensure the integrity of the
remedy

Site 16/24 (OU 3) | Soil e Land use restriction (industrial None
only)

e Excavation permits and
construction project review
required

o Ensure that all disturbed or
excavated soils at or from the site
are properly categorized and
disposed of and that workers are
protected during any such
disturbance or excavation
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Table 4-6 (Continued)
Summary of Institutional and Engineering Controls by Operable Unit

Site Name
(Associated OU) Media Institutional Control Engineering Control

Site D (OU 6)* Soil/sediment e Excavation permits and None
within wetland construction project review
area required

e Ensure that all applicable
permitting for construction in
wetland obtained

e Ensure that all disturbed or
excavated soils at or from the site
are properly categorized and
disposed of and that workers are
protected during any such
disturbance or excavation

¢ Notify Ecology, EPA, and the
U.S. Army Corps of Engineers
prior to any development or
redevelopment of the site to
ensure wetland regulations are
followed

Site B (OU 7) Soil e Land use restriction (outdoor
recreational use only)

Vegetative soil cover

Soft bank erosion protection
e Excavation permits and e Signs
construction project review
required

Stormwater drainage system

¢ Notify Ecology and EPA prior to
any development or
redevelopment of the site to
ensure the integrity of the
remedy

Site E/11 (OU 7) | Groundwater Covered as part of Site F Covered as part of Site F

Site 10 (OU 7) Groundwater and | ¢ Groundwater use prohibition o Infiltration barrier
soil e Land use restriction (industrial e Slope erosion control system

only)

e Excavation permits and
construction project review
required
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Summary of Institutional and Engineering Controls by Operable Unit

neighborhood
(OU 8 off base)

Site Name

(Associated OU) Media Institutional Control Engineering Control
Public Works Groundwater and | ¢ Groundwater use prohibition None
Industrial Area soil o Land use restrictions (land uses
(OU 8 on base) must be consistent with remedy

and land use restrictions below

15 feet to water table to prevent

exposure to petroleum-

contaminated soil)

e Excavation permits and

construction project review

required
Mountain View Groundwater Groundwater use prohibition None

*No formal institutional control for this OU. However, wetland laws are used to restrict activities within the wetland
area, and annual inspections are performed.

Notes:

Ecology - Washington State Department of Ecology
EPA - U.S. Environmental Protection Agency

OU - operable unit
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5.0 PROGRESS SINCE LAST 5-YEAR REVIEW

This section summarizes the status of recommendations and follow-up actions from the last
S-year review, the results of implemented actions, including whether they achieved the intended
purpose, and the status of any other prior issues (Table 5-1). The Navy has completed most of
the actions recommended by the last 5-year review. Outstanding issues include the ongoing
evaluation of remedy optimization at Sites A and F and OU 8.
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Table 5-1
Actions Taken Since Previous 5-Year Review
Recommendations/ Completion
Follow-up Actions Date Notes Regarding Completion Reference

OUs1and?2
Update the labeling of valves, treatment equipment, and February 26, Additional labeling has been added to Site A to provide U.S. Navy
other components of the Sites A and F treatment systems 2013 clarification, including labeling of valves within Site A 20131
to reduce the potential for error in system operation. extraction well monuments for compressed air and water

discharge lines.
Site A: If pump and treat will continue in the long term July 23, 2009 Measurements of discharge rates are being conducted by U.S. Navy
and if it is feasible, consider including individual bucket tests on a quarterly basis. At present, this provides | 2010j
extraction well line flow totalizers to enhance sufficient detail for functionality assessments.
functionality assessments.
Title the annual reports that include both monitoring and June 23, 2010 Reports have been retitled as “(year) Annual LTM and U.S. Navy
treatment system operation data “year Operations, O&M Data Report for Site A.” 20105, 20101
Maintenance, and Monitoring Report.”
Monitor EPA’s reevaluation of the RDX cancer slope In progress This evaluation will likely be completed as part of the NA
factor and reassess the protectiveness of Sites A and F future fifth 5-year review (see Section 7). Currently, the
when the reevaluation is complete. RDX toxicological review is in the preliminary draft

stage, and the EPA is seeking review and comment. Once

the toxicological review is finalized, a new cleanup level

can be calculated and compared to existing soil results.
Oou1l
Update the conceptual site model to portray the latest July 3, 2014 The Navy submitted a conceptual site model update for U.S. Navy
understanding of contaminant inputs from residual soil Site A. The EPA has outstanding issues with the Site A 20141
and perched aquifer contamination and contaminant conceptual site model update, and the Navy will address
removal from natural attenuation and pump and treat. these concerns through the completion of an FFS and field

verification of aquifer properties.
Complete the assessment of an alternative remedy to the July 3, 2014 The evaluation of remedies was considered in the Site A U.S. Navy
current treatment system, and take action based on the conceptual site model update. 20141

results of the assessment.
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Table 5-1 (Continued)
Actions Taken Since Previous 5-Year Review
Recommendations/ Completion
Follow-up Actions Date Notes Regarding Completion Reference
In progress The approach of evaluating MNA at the site recommended | U.S. Navy

in the Site A CSM update is currently under consideration
by the Navy. Recent GW monitoring events have
included the collection of water quality parameters (i.e.,
degradation products of RDX and methane) in support of
MNA analysis at the site. In addition, the Navy will
prepare an FFS for OU 1 in accordance with EPA’s MNA
guidance and the technical impracticability guidance. The
existing pump and treat system, MNA, and possibly other
treatment technologies would be evaluated in the FFS.
The FFS will also include an evaluation of remediation
time frames using a mass balance assessment or other
technique, a treatability study of MNA, field verification
of aquifer properties, and a reevaluation of the human
health risk pathways.

20111, 20121,
20131, 2014b

Plant additional thorny bushes to discourage access to

Completed

The Navy has determined that the steep slope and security

Interview with

Debris Area 2, or fence the area. measures within the lower base sufficiently discourage Navy RPM
access in combination with signs that post no access, and
inspections reveal the presence of some thorny bushes in
Debris Area 2, such as holly and native blackberries.
ou?2
Complete the ongoing assessment and optimization of the | August 1,2014 | The following work has been completed in addressing the | U.S. Navy
Site F treatment system to address containment issues, ongoing containment issues and downgradient extent: 2010k, 20101,
downgradient plume extent, and the portion of the plume o Installed wells F-MW70 and E-MW71 in 2011 that 2010m, 2010n,
downgradient of the current capture zone. Include an bounded the extent of the plume 20100, 2010p,
a§sessment of the capture and treatment of Otto fuel from e Reported on groundwater containment in all monitoring 20111, 201 1m,
Site E/11. . . . 2011n, 20110,
reports, including at Site E/11 2011p, 2012
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Table 5-1 (Continued)
Actions Taken Since Previous 5-Year Review

Recommendations/ Completion

Follow-up Actions Date Notes Regarding Completion Reference

In progress USACE will conduct a treatability study to evaluate Interview with
anaerobic biodegradation of RDX. The results will be Navy RPM
presented in an optimization report to be finalized in 2015,
after this 5-year review period. The Navy’s contractor
will use the USACE model to perform simulations in
support of optimizing the remedy at Site F. This modeling
is scheduled to be completed in 2015. Currently, the Navy
is reviewing recommendations for additional and
expanded pilot studies involving aerobic and/or anaerobic
biodegradation.
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Table 5-1 (Continued)
Actions Taken Since Previous 5-Year Review

Recommendations/ Completion

Follow-up Actions Date
Expand the IC boundary for Site F to cover the larger area
of the groundwater plume.
Review the groundwater analytical program at OU 2,
considering the higher cleanup levels that would be
calculated today for some compounds, and update the
monitoring plan based on the results.

Notes Regarding Completion Reference

Review the analytical results for the six OU 2 COCs not
regularly summarized in the LTM reports against their
ROD RGs and potential cleanup level changes to evaluate
whether the LTM program should continue to analyze
groundwater for these chemicals. Revise the OU 2 LTM
program based on the conclusions.
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Section 5.0
Revision No.: 0
Date: 9/3/15
Page 5-6

Recommendations/ Completion
Follow-up Actions Date Notes Regarding Completion

Reference

monitoring program. These are the RDX reduction
intermediates (MNX, DNX, and TNX) and Otto fuel.
Monitoring for MNX, DNX, and TNX was added as a line
of evidence for in situ RDX degradation. Otto fuel
(propylene glycol dinitrate) monitoring was added because
it is a contaminant at Site E/11, which is within the Site F
plume boundaries. The analytical results for 2,4,6-TNT,
RDX, 2-4 DNT, 2-6 DNT, MNX, DNX, TNX,
nitrite/nitrate (yearly), and Otto fuel (once yearly and now
every 5 years) are listed in the LTM reports, but the
historical results (showing concentration trends) are only
presented for RDX, 2,4,6-TNT, and total DNT as an
appendix.

In progress Although historical concentration (trends) are not
presented for the other chemicals monitored in the LTM
reports, the Navy reviewed historical and current
concentrations of the other COCs during this 5-year
review to determine if any other chemicals should be
dropped from GW monitoring (see Section 6).

NA

ou3

Track EPA’s reevaluation of arsenic toxicity, and evaluate | In progress This evaluation will likely be completed as part of the

the need for changes to ICs for soil at OU 3 if arsenic future fifth S-year review (see Section 7). Currently, the
concentrations in soil are confirmed to be above arsenic toxicological review is in the draft development
background levels. Revise the ICMP based on the stage, and the EPA is seeking review and comment. Once
conclusions. the toxicological review is finalized, a new cleanup level
can be calculated and compared to existing soil results.

NA
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Table 5-1 (Continued)
Actions Taken Since Previous 5-Year Review

Recommendations/ Completion

Follow-up Actions Date
Evaluate OU 3 based on current and historical
groundwater monitoring data to determine if groundwater
ICs can be removed. Revise the ICMP based on the
conclusions.

Notes Regarding Completion Reference

Oou 6

Collect and analyze soil and sediment samples for 2,4-
dinitrotoluene to evaluate whether current concentrations
meet the Method B level. Based on the results, consider
discontinuing 5-year reviews at OU 6.
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Table 5-1 (Continued)
Actions Taken Since Previous 5-Year Review
Recommendations/ Completion
Follow-up Actions Date Notes Regarding Completion Reference

ou7

Discontinue 5-year reviews at Sites 2 and 26.

ou 8

Implement the currently planned pilot testing to evaluate
potential additional contingent remedial actions at OU 8 to
address the slower-than-anticipated remediation progress
of the selected remedy, the increasing benzene
concentrations, and the return of free product.
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Table 5-1 (Continued)
Actions Taken Since Previous 5-Year Review

Recommendations/ Completion

Follow-up Actions Date Reference

Notes Regarding Completion
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Table 5-1 (Continued)
Actions Taken Since Previous 5-Year Review

Recommendations/ Completion

Follow-up Actions Date Notes Regarding Completion Reference

In progress A separate pilot study to address dissolved benzene Interview with
concentrations and LNAPL in GW in the PWIA source Navy RPM
area has been contracted by the Navy. The study will
provide limited treatment of the plume through air
sparge/soil vapor extraction technology, as well as data to
evaluate its effectiveness at this site.

Data gaps were identified in the modeling technical
memorandum at OU 8. The Navy has acquired technical

services to resolve any data gaps (results are expected in
2015).

Perform an investigation of the vapor intrusion pathway
within the PWIA of OU 8 following completion of the
current pilot testing program. If the use of the buildings
located above the COC plume in groundwater changes,
accelerate the vapor intrusion investigation.
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Table 5-1 (Continued)
Actions Taken Since Previous 5-Year Review
Recommendations/ Completion
Follow-up Actions Date Notes Regarding Completion Reference
Obtain documentation of COC concentrations remaining April 5,2013 The implementation report and CSM update of the DCA U.S. Navy
in soil following removal actions, assess whether residual plume pilot study concluded that residual concentrations 2013h
COC concentrations in soil are protective of groundwater, in soil are not protective of GW, although they are
and update the OU 8 CSM accordingly. presumed tightly bound within the fine-grained till.
General
Revise the ICMP to include updated field checklists and September 16, Revised in the latest ICMP. U.S. Navy
figures and an enhanced shoreline monitoring procedure. 2010 2010c
Prepare draft Notice of Intent to Delete for soils at Sites A, | NA Will not be carried through to the fourth 5-year review NA
D,E,F, 2,11, and 26. because of EPA’s National Priorities List deletion policy,
as discussed during the stakeholder kickoff meeting (U.S.
Navy 2014p). EPA does not separate soil and
groundwater for deletions. The entire site, including both
soil and groundwater, is deleted at once.
Evaluate alternative methods for analyzing data trends. July 30, 2014 Substantial additional statistical analysis has been added U.S. Navy
to monitoring reports for Sites A and F and OU 8. Trends | 2010j,2010q,
analysis presented as part of this 5-year review. 2014c

Notes:

Yellow - in progress

Green - completed

COC - chemical of concern

CSM - conceptual site model

DCA - dichloroethane

DNB - dinitrobenzene

DNT - dinitrotoluene

DNX - hexahydro-1,3-dinitroso-5-nitro-1,3,5-triazine
Ecology - Washington State Department of Ecology
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Table 5-1 (Continued)
Actions Taken Since Previous 5-Year Review

EPA - U.S. Environmental Protection Agency
EVO - emulsified vegetable oil

FFS - focused feasibility study

GW - groundwater

IC - institutional control

ICMP - Institutional Controls Management Plan
LNAPL - light nonaqueous phase liquid

LTM - long-term monitoring

pg/L - microgram per liter

MNA - monitored natural attenuation

MNX - hexahydro-1-nitroso-3,5-dinitro-1,3,5-triazine
NA - not applicable

NIRIS - Naval Installation Restoration Information System
OU - operable unit

PWIA - Public Works Industrial Area

RDX - hexahydro-1,3,5-trinitro-1,3,5-triazine
RG - remediation goal

ROD - Record of Decision

RPM - Remedial Project Manager

TNB - trinitrobenzene

TNT - trinitrotoluene

TNX - hexahydro-1,3,5-trinitroso-1,3,5-triazine
USACE - U.S. Army Corps of Engineers

VOC - volatile organic compound
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6.0 FIVE-YEAR REVIEW PROCESS

6.1 FIVE-YEAR REVIEW TEAM

The Navy is the lead agency for this 5-year review, which covers the period October 2009
through April 2014. Personnel from NAVFAC NW and NBK Bangor represented the Navy in
this 5-year review. Project managers and other staff from the EPA, Ecology, and other
stakeholder groups have also participated in the review process. Both the EPA and Ecology are
cosignatories of the RODs for NBK Bangor. All team members had the opportunity to provide
input to this report. Comments received from EPA and Ecology together with the Navy’s
responses are included in Appendix G.

6.2 COMMUNITY NOTIFICATION AND INVOLVEMENT

There are specific requirements pursuant to CERCLA Section 117(a), as amended, that require
certain reports to be released to the public and the public to be notified of proposed cleanup plans
and remedial actions. The community notification and involvement activities are described in
the paragraphs below.

The Navy placed a notice of intent in the Kitsap Week on November 21, 2014 and in the Kitsap
Sun on November 23, 2014 informing the public that the site is currently undergoing a 5-year
review. This notice also provided information as to when, where, and how the public could
receive information and how to provide comments on the protectiveness of the remedy. There
has been no public response resulting from the notice. However, one community member was
interviewed during this 5-year review (see Section 6.6).

The Navy has maintained an ongoing commitment to community involvement since the time of
the first investigations at NBK Bangor. The Navy has written a community relations plan, which
was last updated in 2009, that is available for public review (U.S. Navy 2009f). In the past, the
community has been informed of progress at the site through fact sheets, published public
notices, and public meetings. The proposed plans were circulated for public comment before the
RODs were finalized. Key documents have been made available for review at NAVFAC NW
and the Central Kitsap Regional Library on Sylvan Way in Bremerton.

A Restoration Advisory Board (RAB) for NBK Bangor was established in 1995 to provide
community input to remediation activities at NBK Bangor. The RAB members included
representatives of the Navy, regulatory agencies, civic groups, private citizens, tribal
governments, local governments, and environmental activist groups. The NBK Bangor RAB
was active from 1995 to 2005. It was disbanded in May 2005 since there was no longer
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sufficient, sustained community interest, and the RAB had achieved the installation’s desired end
goal.

6.3 DOCUMENT REVIEW

Documents reviewed during this 5-year review were those documents describing the inspection,
monitoring, operation, and maintenance of the selected remedies. The documents that were
reviewed are listed below:

o The first, second, and third 5-year reviews for NBK Bangor (U.S. Navy 2000a,
2005a, and 2010a)

° The signed RODs (OUs 1, 2, 3, 6, 7, and 8) (U.S. Navy, USEPA, and Ecology
1991a, 1994b, 1994c, 1994d, 1996, and 2000a)

o ESDs for OUs 1 and 2 (U.S. Navy, USEPA, and Ecology 1994e, 1994f, 1998, and
2000Db)

° OM&M plans for OUs 1 and 2 (U.S. Navy 2009¢, 2009d, 2010e, 2010g, 2011d,
2012¢, 20121, 2013d, and 2014d)

J SAPs for OUs 1, 2, and 8 (U.S. Navy 2009b, 2009¢, 2010f, 2010h, 20101, 2011e,
20111, 20113, 2011q, 2012d, 2012g, 2013e, 2013f, 2013g, and 2014e¢)

o Monitoring reports for OU 1 (U.S. Navy 2010j, 20111, 2011u, 2011v, 2011w,
2012i, 2012q, 20121, 2012s, 20131, 2013q, 2013r, 2013s, 2013t, and 2014b)

° Monitoring reports for OU 2 (U.S. Navy 2010k, 20101, 2010m, 2010n, 20100,
2010p, 2011m, 2011n, 20110, 2011p, 2012}, 2012k, 20121, 2012m, 2013j, 2013k,
20131, 2013m, 2014c, 2014j, 2014k, and 20141)

° Monitoring reports for OU 8 (U.S. Navy 2010q, 2010r, 2011s, 2011t, 20120,
2012p, 20130, 2013p, 2014f, and 2014m)

o The ICMPs for NBK Bangor (U.S. Navy 2007 and 2010c¢)

° Institutional controls inspection letter reports (U.S. Navy 2010d, 2011¢, 2012b,
2013c, and 2014a)

o Studies related to optimization of the OU 1 remedy (Annable 2012, USEPA
2013a, and U.S. Navy 2014i)
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o Study related to optimization of the OU 2 remedy (USACE 2014)

o Studies related to optimization of the OU 8 remedy (Battelle 2011 and U.S. Navy
2011k, 2011r, 2013h, 2013n, 2014g, and 2014h)

o Vapor intrusion studies for OU 8 (U.S. Navy 2012h and 2014n)

o Treatment system maintenance and well installation and maintenance for OUs 1
and 2 (U.S. Navy 2010s, 2011g, 2011h, 20111, 2012e, 2012t, 2013u, and 20140)

The latest monitoring reports for OU 1, OU 2, and OU 8§ are included in Appendix A for easy
reference.
6.4 DATA REVIEW

This section summarizes data collected through the various monitoring programs at Bangor, with
emphasis on data collected since the last 5-year review, which includes the following:

o LTM and O&M data at OU 1 (Section 6.4.1)

o LTM and O&M data at OU 2 (Section 6.4.2)

o LTM data at OU 7 (Section 6.4.3)

o MNA data at OU 8 (Section 6.4.4)

o Annual IC inspection data at Bangor (Section 6.4.5)

In addition to LTM and O&M data collected for OUs 1, 2, and 8, data have been collected and
analyzed relative to remedy optimization. These data are also discussed in Sections 6.4.1, 6.4.2,
and 6.4.4, respectively.

The required O&M programs are described in Section 4, and the implications of the data for the
functionality and protectiveness of the remedies are discussed in Section 7.

6.41 OU1 (Site A)

This section summarizes the results of work performed at OU 1 during this 5-year review period.
This includes a review of the LTM results, treatment system O&M data, and a summary of the
additional post-ROD investigations and studies conducted for OU 1.

OU1LTM

The OU 1 ROD (U.S. Navy, USEPA, and Ecology 1991a) specified that the concentrations of
COCs (RDX, 2.,4,6-trinitrotoluene [TNT], and 2,4- and 2,6-dinitrotoluene [DNT]) in the
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compliance wells located in the seasonal perched groundwater zone and throughout the shallow
aquifer of the burn area shall comply with the RGs within a 10-year period of treatment system
operation. In addition, treatment system performance is to be monitored by sampling
performance wells. The main objective at Site A is to restore shallow aquifer waters to support
possible future drinking water use (U.S. Navy, USEPA, and Ecology 1991a). To meet ROD
requirements, LTM of groundwater has occurred at Site A since 1994. Site A LTM data, as well
as treatment system OM&M data (discussed below), over this review period are documented in
the annual LTM and O&M data reports (U.S. Navy 20105, 2011f, 20121, 20131, and 2014b) and
LTM letter reports (2011u, 2011v, 2011w, 2012q, 20121, 2012s, 2013q, 2013r, 2013s, and
2013t). Note that the 2014 annual LTM and O&M data report did not include all data for the site
in the cumulative data table. This should be corrected in future versions of the annual report.

During this 5-year review period, LTM was performed in 17 compliance monitoring wells and 9
performance wells, including 7 extraction wells, as detailed in Section 4.1.3. Four additional
compliance monitoring wells A-MWS58, A-MW59, A-MW60, and A-MW61 were installed in
August 2013 and sampled in April 2014 to assist with the assessment of RDX extent near the
source in the perched groundwater zone (U.S. Navy 2014b). Analytical results for ordnance
compounds (RDX, 2,4,6-TNT, 2,4-DNT, and 2,6-DNT) in groundwater samples collected at the
site since 1994 are summarized in Table B-1 of Appendix B-1 (U.S. Navy 2014b). In addition,
field parameters and natural attenuation analytical results from 2009 to 2014 are summarized in
Table B-2 of Appendix B-1 (U.S. Navy 2014b). Starting in 2009, the RDX reduction
intermediates hexahydro-1-nitroso-3,5-dinitro-1,3,5-triazine (MNX), hexahydro-1,3-dinitroso-5-
nitro-1,3,5-triazine (DNX), and hexahydro-1,3,5-trinitroso-1,3,5-triazine (TNX) were also
reported for the site.

Statistical trend analysis, including linear regression and Mann-Kendall, were conducted on a
subset of wells in the 2014 annual groundwater data report (U.S. Navy 2014b). Data from the
wells were reviewed to identify wells with RDX, 2,4,6-TNT, 2,4-DNT, and 2,6-DNT results
above detection limits in at least 80 percent of the historical results. Wells with data sets
containing greater than 20 percent nondetections were eliminated from the analyses because of
insufficient data. Data sets for the following monitoring wells were determined to be suitable for
statistical evaluation in groundwater:

° Performance wells, including the following extraction wells: A-EW4, A-EWS5,
A-EW6, A-EW7, A-EW8, A-MW37, and A-MW46

o Compliance wells, including the following shallow aquifer monitoring wells:
A-MW32, A-MW49, and A-MW54

o Compliance wells, including the following perched zone monitoring wells:
A-MW22, A-MW47, and A-MW48
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A summary of the linear regression and Mann-Kendall evaluation is provided in Tables 6-1 and
6-2, which were reproduced from Tables 4-1 and 4-2 of the 2014 annual LTM and O&M data
report for Site A (U.S. Navy 2014b). The linear regression and Mann-Kendall evaluations are
discussed in the following sections for the performance and compliance monitoring wells.

OU 1 Performance Well LTM Summary

Performance monitoring at Site A was conducted at nine locations and generally included the
following:

o Annual sampling of five extraction wells (A-EW4 through A-EW8) and two
converted monitoring wells (A-MW37 and A-MW46) located within the burn
area (source area)

o Sampling of two shallow aquifer monitoring wells (A-MW33 and A-MW35),
located just to the north and the east of the burn area, once every 5-years

RDX was the only COC detected in the performance monitoring wells during this 5-year review
period at concentrations greater than site RGs. RDX was detected at concentrations greater than
its RG at seven of the nine performance monitoring wells during this 5-year review period, as
summarized below (see Appendix B-1 Table B-1):

. At extraction well A-EW4 during all sampling events at concentrations from 80 to
130 pg/L

o At extraction well A-EWS5 during all sampling events at concentrations from 0.97
to 34 ng/L

J At A-EW6 during two out of five sampling events that have occurred since the

last 5-year review at concentrations of 1.3 and 1.4 pg/L

o At A-EW7 during all sampling events at concentrations from 110 to 300 pg/L

o At A-EWS above its RG during all sampling events at concentrations from 66 to
220 pg/L

o At A-MW37 during all sampling events at concentrations from 62 to 110 pg/L

o At A-MW46 during all sampling events at concentrations from 59 to 100 pg/L
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RDX reduction intermediates MNX, DNX, and/or TNX were detected during this 5-year review
period at these seven wells except at A-EW6. The presence of these compounds indicates that
RDX breakdown is occurring. No RGs were established in the ROD for these constituents.

Review of the performance monitoring data obtained during this 5-year review period indicates
that adequate data are being obtained to measure and document performance of the remedy and
that all the data types and frequencies remain necessary. Therefore, no change to the
performance monitoring program is recommended at this time.

OU 1 Performance Well Concentration Trends from Latest LTM Report

Statistical trend analysis including linear regression and Mann-Kendall were conducted for RDX
in the seven performance monitoring wells where concentrations exceeded the RDX RG. No
trend analysis was performed for wells A-EW6, A-MW33, and A-MW35, because the data sets
for these wells had greater than 20 percent nondetections. Performance well linear regression
trend analysis results for RDX are summarized in Table 6-1 and as follows:

o A-EW4 shows a statistically significant increasing trend.

o A-EWS5 shows a statistically nonsignificant increasing trend.

o A-EW7, A-MW37, and A-MW46 show statistically significant decreasing trends.
o A-EW8 shows a statistically nonsignificant decreasing trend.

Performance well Mann-Kendall trend analysis results for RDX are summarized in Table 6-2
and as follows:

o A-EW4 shows an increasing trend at 80 and 90 percent confidence levels.
o A-EWS5 shows no trend and stable conditions.

o A-EW6,' A-EW7, and A-EW8 show decreasing trends at 80 percent confidence
level.

o A-MW37 and A-MW46 show decreasing trends at 80 and 90 percent confidence
levels.

' Although there were greater than 20 percent nondetections for this well, Mann-Kendall trend analysis was

performed. However, linear regression analysis was not performed.
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Therefore, only one of the seven performance monitoring wells (A-EW4), where trend analysis
was performed, shows a potentially increasing trend of ordnance compounds, and the remaining
performance wells show no trends or decreasing concentrations.

RDX concentration trends in groundwater samples collected between 1994 and March 2014 from
extraction wells at Site A and from shallow aquifer monitoring well A-MW33 are presented in
Figures 6-1 and 6-2, respectively (U.S. Navy 2014b). These figures show the concentration
trends using a logarithmic scale. While reductions in ordnance compounds have occurred,
Figure 6-1 illustrates that concentrations remain above RGs in all but one extraction well.

Figure 6-2 illustrates that the concentration at A-MW33 is currently below the RG.

OU 1 Performance Well Concentration Trends Performed as Part of 5-Year Review

Additional trend analyses were performed as part of this 5-year review and consisted of plotting
the log-transformed laboratory data against time using only data from this 5-year review period.
Concentration trends were evaluated for a subset of the performance monitoring wells and
included those wells with the highest detected concentrations during this 5-year review period, or
those with increasing concentrations trends based on the linear regression and Mann-Kendall test
performed in the latest LTM report (A-EW4, A-EW5, A-EW7, A-EWS, and A-MW37).

All of the performance monitoring wells selected for inclusion in this analysis are extraction
wells. The concentration trend plots and a description of the methodology used for this trends
analysis are provided in Appendix B-2 and B-3, respectively. The average concentration,
minimum reported concentration, maximum reported concentration, trend of concentration decay
rate, 95 percent upper confidence limit (UCL), and 95 percent lower confidence limit (LCL)
were calculated for these data on a well by well basis. Table 6-3 presents these calculated values
for RDX concentrations reported for the five performance monitoring wells included in this
analysis.

The average concentrations over the last 5 years calculated for RDX in the performance
monitoring wells included in this analysis ranged from 23 to 210 pg/L. These wells are located
adjacent to the burn area at Pintado Road or within the burn area itself (A-MW37). The average
concentrations are greater than the established RG of 0.8 ug/L. A negative concentration decay
rate was calculated for all wells included in this analysis except for A-EW4, indicating
decreasing concentration trends with greater than 50 percent probability but less than 95 percent
probability. The concentration trend at A-EW4 produced a slightly positive concentration decay
rate of 0.017, suggesting stable to slightly increasing concentrations (see Table 6-3). No
estimate of time to achieve the RG for RDX in the performance monitoring wells can be made at
this time because of the slightly increasing concentration trend at A-EW4.

J:\Projects\N\Navy AE\AE-2009\DO 78 - xx49 Bangor 4th 5 Year Review\09 Reports & Deliverables\R-3 Deliverables\dth 5-Year
Review\Final\Final Bangor 4th 5-Year Review - Text.docx



FINAL FOURTH FIVE-YEAR REVIEW Section 6.0

Naval Base Kitsap Bangor Revision No.: 0
Naval Facilities Engineering Command Northwest Date: 9/3/15
Page 6-8

OU 1 Compliance Monitoring Well LTM Summary

Compliance monitoring at Site A was conducted at 21 locations and generally included the
following:

J Annual sampling of two shallow aquifer wells (A-MW32 and A-MW49) located
within the RDX plume

o Annual sampling of three shallow aquifer wells (A-MW54, A-MWS55, and
A-MW56) located close to the leading edge of the RDX plume

o Annual sampling of three shallow aquifer wells (A-MW51, A-MW52, and
A-MW57) and biennial sampling from two shallow aquifer wells (A-MW50 and
A-MW53) located downgradient of the existing RDX plume

o Annual sampling of six perched zone wells (A-MW22, A-MW34, A-MW36,
A-MW38, A-MW47, and A-MW48) located within or just adjacent to the burn
area

o Sampling once every 5-years of one shallow aquifer monitoring well (A-MW44)
located downgradient of the existing plume.

J One-time sampling of three newly installed perched zone wells (A-MW59,
A-MW60, and A-MW61) located within the burn area (Note that a sample could
not be collected from A-MWG60 because it was dry at the time of sampling.)

J One-time sampling of one newly installed perched zone well (A-MW58) located
just upgradient of the burn area

2,4-DNT was not detected above its RG in any of the compliance monitoring wells during this
review period. RDX, 2,4,6-TNT, and/or 2,6-DNT were detected at concentrations greater than
their respective RGs at 8 of the 21 compliance monitoring wells (Figure 6-3) during this 5-year
review period, as summarized below (see Appendix B-1 Table B-1):

o RDX at shallow aquifer well A-MW32 during all sampling events at
concentrations from 5.9 to 9.1 pg/L

. RDX at shallow aquifer well A-MW49 during all sampling events at
concentrations from 1 to 240 pg/L

o RDX at perched zone well A-MW22 during all sampling events at concentrations
from 31 to 49 pg/L
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o RDX at perched zone well A-MW36 during all sampling events at concentrations

of 30 and 32 pg/L

o 2,6-DNT at perched zone well A-MW36 during one sampling event at a
concentration of 0.31 pg/L

o RDX at perched zone well A-MW38 during all sampling events at concentrations
ranging from 13 to 49 pg/L

o 2,4,6-TNT at perched zone well A-MW38 during two sampling events at
concentrations of 3.4 and 4 ug/L

o 2,6-DNT at perched zone well A-MW38 during two sampling events at a
concentration of 0.2 ng/L

o RDX at perched zone well A-MW47 during all sampling events at concentrations
from 6.2 to 43 pg/L

o 2,6-DNT at perched zone well A-MW47 during all sampling events at
concentrations from 0.17 to 0.55 pg/L

o RDX at perched zone well A-MW48 during all sampling events at concentrations
from 69 to 99 pg/L

o RDX at perched zone well A-MW61 (4.3 ng/L) during the only sampling event
conducted at the well

RDX reduction intermediates MNX, DNX, and/or TNX were detected during this 5-year review
period at these eight wells. The presence of these compounds indicates that RDX breakdown is
occurring. No RGs were established in the ROD for these constituents.

Review of the compliance monitoring data obtained during this 5-year review period indicates
that adequate data are being obtained to measure and document progress towards meeting RAOs
in groundwater beneath the site and that all the data types and frequencies remain necessary.
Therefore, no change to the compliance monitoring program is recommended at this time.

OU 1 Compliance Well Concentration Trends from Latest LTM Report

Statistical trend analysis, including linear regression and Mann-Kendall, were conducted for
RDX and 2,4,6-TNT in six of the compliance monitoring wells. Trend analyses were performed
for RDX in A-MW22, A-MW32, A-MW47, A-MW48, and A-MW49 and 2,4,6-TNT in
A-MW47, because these wells had large enough data sets with less than 20 percent
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nondetections. Although the concentrations of RDX in A-MW54 did not exceed the RGs during
this 5-year review period, trend analysis was performed for this well because the data set had less
than 20 percent nondetections, and concentrations exceeded RGs during the last 5-year review
period.

Compliance well linear regression trend analysis results for RDX and 2,4,6-TNT are summarized
in Table 6-1 and as follows:

o Shallow aquifer well A-MW32 shows a statistically nonsignificant increasing
RDX trend.

o Shallow aquifer wells A-MW49 and A-MW54 show statistically significant
decreasing RDX trends.

o Perched zone well A-MW22 was not analyzed, because EPA guidance does not

recommend performing linear regression analysis on less than eight data points.

o Perched zone wells A-MW47 and A-MW48 show statistically nonsignificant
decreasing RDX trends.

J Perched zone well A-MW47 shows a statistically significant decreasing
2,4,6-TNT trend.

Compliance well Mann-Kendall trend analysis results for RDX and 2,4,6-TNT are summarized
in Table 6-2 and as follows:

o Shallow aquifer well A-MW32 shows an increasing RDX trend at 80 percent
confidence level.

o Shallow aquifer well A-MW49 and perched zone wells A-MW22 and A-MW47
show no RDX trends and stable conditions.

o Shallow aquifer well A-MW54 and perched zone well A-MW48 show decreasing
RDX trends at 80 and 90 percent confidence levels.

o Perched zone well A-MW47 shows decreasing 2,4,6-TNT trends at 80 and
90 percent confidence levels.

Therefore, only one of the six compliance monitoring wells (A-MW32) where trends analysis
was performed show potentially increasing trends of ordnance compounds, and the remaining
compliance wells show stable or decreasing concentrations.
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RDX and TNT concentration trends in groundwater samples collected between 1994 and March
2014 from selected compliance monitoring wells at Site A in both the shallow aquifer and the
perched zone groundwater are presented in Figures 6-2 and 6-3, respectively (U.S. Navy 2014b).
These figures show the concentration trends using a logarithmic scale. While reductions in
ordnance compounds have occurred, these figures illustrate that concentrations remain above
RGs.

OU 1 Compliance Well Concentration Trends Performed as Part of 5-Year Review

As discussed above, additional trend analyses were performed as part of this 5-year review and
consisted of plotting the log-transformed laboratory data against time using only data from this
5-year review period. Concentration trends were evaluated for a subset of the compliance
monitoring wells and included those wells with the highest detected concentrations during this
S5-year review period, those with increasing concentrations trends based on the linear regression
and Mann-Kendall test performed in the latest LTM report, or were located along the leading
edge of the plume. The compliance monitoring wells selected for inclusion in this analysis
include two perched monitoring wells (A-MW47 and A-MW48) and five shallow aquifer
monitoring wells (A-MW32, A-MW49, A-MW54, A-MW56, and A-MW57). The concentration
trend plots and a description of the methodology used for this trend analysis are provided in
Appendices B-2 and B-3, respectively. Table 6-3 presents these calculated values for RDX
concentrations reported for the seven compliance monitoring wells included in this analysis.

The average concentrations over the last 5-years calculated for RDX were 20.8 and 83.75 pg/L
in the two perched zone wells. Both of these are located within the burn area (source area).
These concentrations are greater than the established RG of 0.8 ng/L. A negative concentration
decay rate was calculated for A-MW48, indicating a decreasing concentration trend with a
greater than 95 percent probability. The concentration trend at A-MW47 indicated a positive
concentration decay rate, indicating an increasing concentration trend.

The average concentrations over the last 5-years calculated for RDX were 6.9 and 65.7 pg/L in
the two shallow aquifer wells (A-MW32 and A-MW49) located within the plume boundary and
just outside the source area. These concentrations are greater than the established RG of 0.8
ug/L. A negative concentration decay rate was calculated for A-MW49, indicating a decreasing
concentration with greater than 50 percent probability, but less than 95 percent probability. The
concentration trend at A-MW32 indicated a slightly positive concentration decay rate of 0.079,
indicating a slightly increasing concentration trend.

The average concentrations over the last 5 years calculated for RDX in the three shallow aquifer
wells (A-MW54, A-MW56, and A-MW57) located near the leading edge of the plume ranged
from 0.1 to 0.5 pg/L. The concentrations are less than the established RG of 0.8 ug/L. A
negative concentration decay rate was calculated for A-MWS57, indicating a decreasing

concentration trend with greater than 50 percent probability, but less than 95 percent probability.
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The concentration trends at A-MW54 and A-MW56 produced slightly positive concentration
decay rates of 0.013 and 0.017, suggesting stable to slightly increasing concentrations (see
Table 6-3).

In summary, RDX concentrations at the site remain above the established RG in the area shown
on Figure 6-4. The RDX concentrations in half of the wells evaluated located within the plume
boundary were decreasing and half were increasing over this 5-year review period. For those
wells located near the leading edge of the plume, the RDX concentrations in the two wells
nearest to the plume edge were increasing and decreasing in the one well farthest from the plume
edge. No estimate of time to achieve the RG for RDX in the compliance monitoring wells can
be made at this time, because of the increasing concentrations at some of the site wells.

Ordnance Constituent Distribution in Groundwater at OU 1

The 2009 and 2014 (March/April) distribution of RDX in groundwater is shown on Figure 6-4
(reproduced from Figure 3-3 of U.S. Navy 2010j and Figure 3-4 of U.S. Navy 2014b). The
estimated lateral distribution of RDX at concentrations above its RG appears to be relatively
stable from 2009 to 2014.

However, the lateral extent of the RDX plume core, which is represented by the 100 pg/L
contour, has decreased from 2009 to 2014. In 2009, wells with concentrations exceeding 100
pg/L included A-MW36 (130 pg/L) and A-EW7 (180 pg/L), and the plume core was estimated
to extend from the well cluster at A-MW37 to just west (downgradient) of Pintado Road
(approximately 300 feet long by 75 feet wide) (Figure 6-4). In 2014, wells with concentrations
exceeding 100 pg/L included A-EW7 (110 pg/L) and A-EWS8 (120 ug/L), and the plume was
roughly circular in the vicinity of these two wells with a diameter of 100 feet (Figure 6-4). It
should be noted that the RDX plume core has also decreased when compared to the 2004
analytical results. In 2004, wells with concentrations exceeding 100 png/L included A-MW46
(160 pg/L), A-MW37 (130 pg/L), and A-MW49 (360 ug/L), and the plume core extended
approximately 600 feet.

As previously discussed in Section 4.1.3, six new wells were installed during this 5-year review
period to refine the extent of the RDX contamination in both the shallow aquifer and the perched
zone. Wells A-MW56 and A-MWS57 are both located downgradient of well A-MW49 and are
screened in the shallow aquifer. Twelve to 13 rounds of sampling occurred between 2009 and
2014, and results indicate that groundwater samples from these wells contained very low levels
(below the RG) of RDX and no detections of 2,4,6-TNT, 2,6-DNT, or 2,4-DNT at concentrations
above their respective reporting limits. The results from these wells confirmed that the RDX
plume does not extend very far beyond well A-MW49. Wells A-MW58 through A-MW61 were
located along the perimeter of the burn area. One sample was collected from each well, except
A-MW60, which was dry at the time of sampling. All wells were screened in the perched zone.
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RDX was detected above its RG at AMW-61, which is located close to the RDX plume core.
RDX and all other ordnance compound analytes were not detected at the other two locations.

Monitoring of two Site A shallow aquifer monitoring wells (A-MW28 and A-MW30) located
near the northern base boundary has shown no detectable RDX between years 1994 and 2007.
The monitoring data demonstrated that the plume is not approaching the northern base boundary
and that drinking water wells in Vinland are not threatened by Site A contaminants. Sampling at
these wells was terminated during the last 5-year review period based on these results.

OU 1 Treatment System Performance

Site A OM&M and performance data are documented in the annual LTM and O&M data reports
(U.S. Navy 20105, 20111, 20121, 20131, and 2014b). Monthly samples were submitted for
analysis of influent and effluent (between lead and lag granular activated carbon [GAC] vessels)
to ensure that treated water meets discharge requirements prior to surface water discharge.
Monitoring confirmed that criteria were met over the past 5 years. No carbon change-out has
been necessary since the most recent change in April 2008, and no change is anticipated for
several years based on the low rate of carbon loading and the previous longevity (U.S. Navy
2014b).

Treatment system repairs and inspections performed between November 2009 and January 2014
included the following (U.S. Navy 2010s and 2013u):

o Updated the labeling of valves, treatment equipment, and other components

° Redeveloped extraction wells A-EW4, A-EWS, A-EW6, A-EW7, and A-EWS,
inspected and cleaned pumps in November 2009, and redeveloped the five
extraction wells again in October 2012

o Replaced treatment plant sump pump in September 2012

o Observed cracks in condenser unit, air receiver tank, and containment in April
2013

o Removed expired test kits, old pumps and equipment, and polyvinyl chloride

pipes and hoses in May/June 2013

o Replaced air compressor and associated components in July and August 2013 and
installed new air compressor control panel in September 2013 and air compressor
filter regulator in November 2013
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o Removed, inspected, repaired, and cleaned extraction well pumps for A-EW6 and

A-MW37 in December 2013 and January 2014

Cumulative contaminant mass removal over time for the Site A groundwater treatment system is
shown on Figure 6-5 (reproduced from Figure 5-3 of U.S. Navy 2014b). The system has
removed approximately 54 pounds of total ordnance since operations began in May 1997.
Approximately 30 pounds of the total is RDX and approximately 2 pounds is 2,4,6-TNT.
Approximately 4 pounds of RDX has been recovered during this review period (September 2009
to March 2014). From 2009 through 2014, the average cost per pound of RDX removed was
approximately $500,000, which is about double the cost per pound reported during the previous
S-year review period, primarily because the weight of RDX removed during this review period is
about half of what was removed during the previous 5-year review period. During 2013, the
latest full year of operation, the treatment system treated approximately 1.7 million gallons of
water, based on 269 days of operation and an average flow rate of 4.4 gallons per minute (U.S.
Navy 2014b).

The last 15 years of operational information for the pump and treat system suggest that the
shallow aquifer could not be used as a drinking water source because of the low pumping rates
and, therefore, does not represent a complete human health pathway at the site. Therefore,
remediation levels may be adjusted to ones based on protection of ecological receptors in
downgradient water bodies. Based on this, it is recommended that a field verification of aquifer
properties be performed and the human health risk pathways reevaluated.

Assessment of Extraction System Containment at OU 1

Assessment of containment was performed as part of routine OM&M and reported annually.
These assessments were based on observed hydraulic heads and downgradient chemical
monitoring data. Potentiometric surface data show that groundwater extraction does alter the
potentiometric heads close to the point of groundwater withdrawal, but cannot accomplish
sufficient drawdown in the low-permeability aquifer to achieve containment. This observation is
consistent with previous findings (U.S. Navy 2008b). No overall decline in water elevations is
evident to date as a result of restoring the Cattail Lake drainage. The potentiometric surface has
declined slightly, but is within the normal range of observations (U.S. Navy 2014b).

Chemical monitoring data downgradient of the infiltration wells showed that RDX extends
beyond the line of extraction wells, most notably at well A-MW49. Monitoring at wells
A-MW56 and A-MWS57 continue to confirm that A-MW49 is positioned near the leading edge of
the plume, as RDX concentrations were well below the cleanup level at A-MW56 and not
detected above the laboratory quantitation limit at A-MWS57 (U.S. Navy 2014b).
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Natural degradation of ordnance compounds apparently contributes to mass reduction within the
plume at Site A (U.S. Navy 2014b). For this reason, the degradation indicator compounds MNX,
DNX, and TNX were added to the reporting beginning in 2009, and indicator parameters for
natural degradation were added in 2010. The RDX degradation compounds were detected in
numerous wells, and their presence provided a strong indication that degradation is active at

Site A. Where RDX is detected above approximately 5 pg/L, MNX also occurs consistently at 2
percent of the RDX concentration (U.S. Navy 2014b).

OU 1 Post-ROD Investigations

The third 5-year review (U.S. Navy 2010a) identified the need to update the Site A CSM to
portray the latest understanding of contaminant inputs from residual soil and perched zone
groundwater contamination, as well as contaminant removal from natural attenuation and
groundwater treatment. Issues with the hydrogeologic CSM were identified by EPA, including
gaps in understanding of the contaminant mass distribution, contaminant mass flux, water
balance, and natural attenuation mechanisms and their relative contributions to plume cleanup

(USEPA 2012b).

An initial assessment of the mass discharge (extraction) of RDX for OU 1 Site A was performed
in 2012 using LTM data collected through August 2010 (Annable 2012). A mass removal rate of
approximately 1.4 g/day was estimated for the seven extraction wells in the shallow aquifer. The
total mass of RDX for the shallow aquifer, both sorbed and in solution, was estimated at 6,000 g
or 6 kg. Assuming a constant mass extraction rate (zero-order model) of 1.4 g/day from the
extraction wells, 13 years would be required to remove all of the RDX. Based on a more
realistic first-order decay model, the time to remove 90 percent of the mass would be about 25
years and to remove 99 percent around 50 years. The total mass of RDX for the perched zone
was estimated at 300 grams (g). The uncertainty of this number was considered very high
because of the limited number of wells and other unknowns. Assuming a water recharge rate
from the perched zone to the unconfined aquifer of 10 cm/year, then a mass discharge rate of 60
g/year would result in an estimated removal time of 5 years for the perched zone (Annable
2012).

Based on a review of the previous EPA memorandum (2012b) and Annable’s mass discharge
memorandum (2012), the EPA provided three strategies for optimizing site cleanup (USEPA
2013a). Option 3, discontinue pump and treat and implement an enhanced in situ bioremediation
remedy, was recommended to achieve restoration within a reasonable time frame in order to
meet ROD requirements. They also recommended that the Navy conduct comprehensive remedy
optimization, including a focused FS (FFS) to screen and evaluate all of these options and any
others the Navy may consider reasonable.
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The updated CSM report finalized in 2014 (U.S. Navy 20141) used data collected during the
2013 field season and groundwater modeling to predict future RDX concentrations, vadose zone
contributions to groundwater, and flow and transport of both groundwater and dissolved RDX in
groundwater. CTech Development Corporation’s Environmental Visualization System Pro (EVS
Pro) modeling software was used to visually model the RDX plume at different times, including
1997, 2009, and 2013 (Figure 6-6) and determine the center of mass for historical data from 1997
through 2013 (as shown on Figure 6-7). Numerical flow modeling was used to predict future
extent of RDX contamination for years 10, 30, 50, and 100, assuming groundwater pumping and
no groundwater pumping scenarios (Figure 6-8).

The CSM report (U.S. Navy 20141) listed the following conclusions based on evaluation of site
history, site data (historical and 2013 field investigation), and modeling:

° The initial source of RDX in site soils has been controlled.

o RDX concentrations in site groundwater sampled at wells within both the perched
zone and shallow aquifer are generally declining or show erratic values with no
clear temporal trend.

o The plume appears to be stable with the center of mass not moving over time
(Figure 6-7).

J The plume volume appears to be decreasing with time with a clear and
pronounced trend (Figure 6-6).

o The plume mass and concentration are also decreasing, but along less clear and
pronounced trends.

o SESOIL modeling, which was used to evaluate RDX contributions from the
vadose zone, suggests that vadose zone loading to the shallow aquifer may no
longer be significant.

o Groundwater flow and transport modeling suggest that groundwater in the
shallow aquifer moves toward the Cattail Lake drainage, but that concentrations
reaching that drainage would be lower than 1.0 pg/L (Figure 6-8).

o Monitoring wells downgradient of the source area along the road have not shown
detections of RDX above the RG since they were installed.

o Numerical flow modeling, which was used to evaluate flow and transport of both
groundwater and dissolved RDX in groundwater, suggests very little difference in

plume behavior between the pumping and no pumping scenarios (Figure 6-8).
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The pump and treat system does not appear necessary for containing the plume or
making significant progress toward achieving the RGs (Figure 6-8).

RDX breakdown products have been found in groundwater, suggesting that
degradation processes are at work beneath the site.

The site pump and treat system does not appear to be significantly more effective
than natural attenuation for RDX reduction in affected site groundwater.

Natural processes appear to have contributed to the remedial progress made to
date. There are no complete exposure pathways, and the low transmissivity of the
shallow aquifer make pump and treat, or other technologies that rely upon aquifer
transmissivity, less effective.

Eleven potential remedy optimization options (including no action) were evaluated in the CSM
report for effectiveness, implementability, and cost, and the following five options were
evaluated in more detail in the report (U.S. Navy 20141):

Continued operation of the pump and treat system
MNA

In situ alkaline hydrolysis

In situ chemical oxidation

Enhanced in situ bioremediation

Of these five alternatives, MNA was recommended, if demonstrated to be viable by deactivation
of the pump and treat system, as discussed further below. This alternative was recommended
because of the following reasons:

The RDX plume appears to be shrinking and is not posing a near-term threat to
surface water bodies.

Drinking water wells are not located in the area, an IC is in place to prevent the
installation of wells for drinking water, and current conditions do not pose a risk
to human health or the environment.

The value of operating the expensive pump and treat system is not apparent and
has been the subject of discussion among the Navy, Ecology, and EPA for the
past 15 years.

Extensive additional studies could be performed to determine the mass of RDX in
the system and develop an estimate of the rate of natural attenuation. These
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studies will be expensive and, because of the complexity of the factors, may not
be conclusive.

o It is the least expensive alternative.

The Site A CSM concluded that a more direct way to determine the value of continued operation
of the pump and treat system is to deactivate the system and monitor changes in the plume.
Because the plume is not near any receptor, temporarily deactivating the system does not pose a
risk. If the plume size increases, the pump and treat system can be reactivated and alternative
approaches could then be evaluated, such as in situ alkaline hydrolysis, in situ chemical
oxidation, and in situ enhanced biological treatment. If the plume continues to shrink, it would
be a good indicator that continued system operation is not beneficial. Based on these
conclusions, the Navy is recommending that a treatability test of MNA be performed at Site A.
This MNA treatability test would be completed using EPA protocols and would include
temporarily deactivating the pump and treat system. Prior to the treatability test, the Navy would
develop a treatability study work plan in conjunction with EPA and Ecology.

6.42 OU 2 (Site F)

This section summarizes the results of work performed at OU 2 during this 5-year review period.
This includes a review of the LTM results and treatment system operation and maintenance data
and a summary of the additional post-ROD investigations and studies conducted for OU 2.

OU2LTM

The OU 2 ROD (U.S. Navy, USEPA, and Ecology 1994d) specified that the concentrations of
COCs (RDX, 2,4,6-TNT, 2,4-DNT, 2,6-DNT, 1,3,5-trinitrobenzene [TNB], 1,3-dinitrobenzene
[DNB], nitrate, nitrite, and manganese) in the compliance wells located throughout the shallow
aquifer shall comply with the MTCA groundwater cleanup levels, which is expected to occur
within 5 to 10 years of the start of treatment. In addition, treatment system performance is to be
monitored by sampling performance wells. The main objective at Site F is to restore shallow
aquifer waters to support possible future drinking water use (U.S. Navy, USEPA, and Ecology
1994d). To meet ROD requirements, LTM of groundwater has occurred at Site F since 1994.
Site F LTM data, as well as treatment system OM&M data, over this review period are
documented in the LTM and O&M data reports (U.S. Navy 2010m, 2010n, 20100, 2010p,
2011m, 2011n, 20110, 2011p, 2012j, 2012k, 20121, 2012m, 2013j, 2013k, 20131, 2013m, 2014c,
2014j, 2014k, and 20141).

Over the last 5-year period, LTM was performed in 14 compliance monitoring wells and 34
performance monitoring wells, including 10 extraction wells, as detailed in Section 4.2.3. Two
additional compliance monitoring wells, F-MW70 and F-MW71, were installed in February
2011 and have been sampled quarterly since then to help define the downgradient extent of RDX
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in groundwater above the RG of 0.8 ug/L (U.S. Navy 2014c). Analytical results for ordnance
compounds (RDX, 2,4,6-TNT, total DNT) in groundwater samples collected at the site since
1994 are summarized in Tables C-1 through C-3 of Appendix C-1 (U.S. Navy 2014c). Starting
in 2010, the RDX reduction intermediates MNX, DNX, and TNX were also reported for the site
(see Appendix C-1 Table C-4). Note that the format of the data in Appendix C-1 Tables C-1
through C-4 complicates the review of the data, and it is recommended that the data be presented
in a manner similar to Site A. In addition, data for DNT should be reported in these tables
separately for 2,4-DNT and 2,6-DNT for consistency with the data tables in the body of the
document. Nitrate (nitrate-N/nitrite-N) concentrations are presented in the monitoring reports.
However, nitrates have never been presented in the historical summary tables included in
Appendix C-1, and it is recommended that nitrate be included in this table.

Results for 1,3,5-TNB and 1,3-DNB (COCs identified in the ROD) and eight additional ordnance
analytes being analyzed for at Site F (nitrobenzene, octahydro-1,3,5,7-tetranitro-1,3,5,7-
tetrazocine, tetryl, 2- nitrotoluene, 3- nitrotoluene, 4- nitrotoluene, 2-amino-4,6-DNT, and 4
amino-2,6-DNT), which were not identified as COCs in the ROD, are not discussed in the
monitoring reports, but the data are available in laboratory reports included in the appendices of
the monitoring reports. Manganese, a chemical identified as a COC in the ROD, has never been
analyzed for during LTM at Site F because it occurs naturally in soils. See Section 7 for further
discussion of this chemical.

Statistical trend analysis using the Mann-Kendall test was conducted for the performance and
compliance monitoring wells in the 2014 annual groundwater data report (U.S. Navy 2014c).
Trend analysis was performed for RDX, 2,4,6-TNT, and total DNT using data from the last 10
sampling events. If the ordnance compound was not detected during the 10 sampling events, the
trend analysis was not performed. A summary of the Mann-Kendall evaluation is provided in
Table 6-4, which was reproduced from Table 4-1 of the 2014 annual LTM and O&M data report
for Site F (U.S. Navy 2014c). The Mann-Kendall evaluation is discussed in the following
sections for the performance and compliance monitoring wells.

OU 2 Performance Well LTM Summary

Performance monitoring at Site F was conducted at 34 locations and generally included the
following:

o Annual sampling of 10 extraction wells (F-EW 1 through F-EW10)

o Biennial sampling of eight shallow aquifer monitoring wells (F-MW27, F-MW32,
F-MW35, F-MW37, F-MW48, F-MW53, F-MW55, and F-MW59)

o Annual sampling of nine shallow aquifer monitoring wells (F-MW31, F-MW33,
F-MW38, F-MW39, F-MW44, F-MW54S, F-MW55M, F-MW61, and F-MW62)
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Semiannual sampling of one shallow aquifer monitoring well (F-MW41)

Quarterly sampling of four shallow aquifer monitoring wells (F-MW63,
F-MW64, F-MW67, and F-MW68)

Sampling of two shallow aquifer monitoring wells (F-MW51 and F-MW52) once
every 5-years

RDX, 2,4,6-TNT, total DNT, and nitrate/nitrite were detected at concentrations greater than their

respective RGs during this 5-year review period in the performance monitoring wells, as follows
(see Appendix C-1 Tables C-1 through C-3):

RDX in all 10 of the extraction wells during all sampling events at concentrations
from 4.2 pg/L in well F-EW6 to 91 pg/L in well F-EW4

2,4,6-TNT at extraction wells F-EW1, F-EW3, and F-EW7 during all sampling
events at concentrations from 17 pg/L in well F-EW1 to 120 pg/L in well F-EW7

Total DNT at extraction wells F-EW 1, F-EW3, and F-EW7 during all sampling
events (except not at F-EW1 and not sampled for at F-EW3 in April 2013) at
concentrations from 0.28 pg/L in well F-EW7 to 4.99 pg/L also in well F-EW7

RDX in two northern plume edge performance monitoring wells (F-MW67 and
F-MW68) during all of the sampling events, in one (F-MW63) during 18 of the
sampling events, and in one (F-MW64) during 9 of the sampling events at
concentrations from 0.87 pg/L in well F-MW64 to 4.6 pg/L in well F-MW67

RDX in the 16 remaining performance monitoring wells (F-MW27, F-MW31,
F-MW33, F-MW35, F-MW37, F-MW38, F-MW39, F-MW44, F-MW48,
F-MW51, F-MW52, F-MW53, F-MW54S, F-MW-55, F-MW55M, and F-MW59)
during all sampling events at concentrations from 2.2 pg/L in well F-MWS52 to
2,200 pg/L in well F-MW48

2,4,6-TNT at performance monitoring wells F-MW31, F-MW32, F-MW33, and
F-MW35 during all sampling events (except below its RG at F-MW32 in April
2011) at concentrations from 5 pg/L in well F-MW32 to 2,200 pg/L in well
F-MW31

Total DNT at performance monitoring wells F-MW31, F-MW33, and F-MW35
during all sampling events that have occurred since the last 5-year review (except
it was not detected at F-MW35 in April 2013) at concentrations of from 0.49 pg/L
in well F-MW35 to 50.9 pg/L in well F-MW31
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o Nitrate and nitrite analyzed as nitrogen in performance monitoring well F-MW31

RDX reduction intermediates MNX, DNX, and/or TNX were detected during this 5-year review
period at 8 of the extraction wells and 12 of the other performance monitoring wells (Appendix
C-1 Table C-4). The highest concentrations of these three chemicals have consistently been
reported at F-MW39. The presence of these compounds indicates that RDX breakdown is
occurring. No RGs were established in the ROD for these constituents.

1,3,5-TNB and 1,3-DNB data were downloaded from Naval Installation Restoration Information
System (NIRIS), and concentrations were compared to their RGs. It should be noted that not all
data were available in the NIRIS database, because the most current laboratory data has not been
loaded into the system. In reviewing the data available for the last 5 years, only well F-MW31
had concentrations of 1,3-DNB above the ROD RG of 1.6 pg/L. F-MW31 is located close to the
source, and concentrations have doubled from 10 ug/L (in April 2010) to 20 pg/L (in January
2014). Concentrations of 1,3,5-TNB in recent data exceeded the ROD RG of 0.8 pug/L in nine
wells: F-EW1, F-EW2, F-EW3, F-EW7, F-MW31, F-MW32, F-MW33, F-MW35, and
F-MW548S. All of these wells are located near the source area. Wells F-MW31 and FMW-35
appear to have increasing concentrations for 1,3,5-TNB in the reviewed data. It is recommended
that future monitoring reports tabulate and report data for 1,3,5-TNB and 1,3-DNB in the body of
the report, since concentrations of these chemicals exceeded the RGs during this 5-year review
period.

Review of the performance monitoring data obtained during this 5-year review period indicates
that adequate data are being obtained to measure and document progress towards meeting RAOs
in groundwater beneath the site and that all the data types and frequencies remain necessary.
Therefore, no change to the performance monitoring program is recommended at this time.

OU 2 Performance Well Concentration Trends from Latest LTM Report

Statistical trend analysis using the Mann-Kendall test was conducted for RDX in all of the
performance monitoring wells, except F-MWS51, F-MW61, and F-MW62. Statistical trend
analysis was conducted for 2,4,6-TNT in the following wells: F-EW1, F-EW2, F-EW3, F-EW7,
F-MW31, F-MW32, F-MW33, F-MW35, and F-MW548S. Statistical trend analysis was
conducted for total DNT in the following wells: F-EW1, F-EW3, F-EW7, F-MW31, F-MW32,
and F-MW33. Trend analysis was not performed when there were less than four detections in
the last 10 sampling events. Performance well Mann-Kendall trend analysis results for RDX,
2,4,6-TNT, and total DNT are summarized in Table 6-4 and as follows:

o F-MW44 and F-MW48 show increasing RDX trends at 80 and 90 percent

confidence levels.
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o F-MW35 shows an increasing 2,4,6-TNT trend at 80 and 90 percent confidence
levels.

° F-MW35, F-MW37, and F-MW64 show no RDX trends and stable conditions
(note that well F-MW64 is a northern plume edge well).

° F-EW7 and F-MW548S show no 2,4,6-TNT trends and stable conditions.
° F-EW1 and F-EW7 show no total DNT trends and stable conditions.

° F-EW7, F-EW9, F-MW31, F-MW55, and F-MW63 show decreasing RDX trends
at the 80 percent confidence level.

o F-EW3 shows a decreasing total DNT trend at the 80 percent confidence level.

. F-EW1 through F-EW6, F-EWS, F-EW 10, F-MW27, F-MW32, F-MW33,
F-MW38, F-MW39, F-MW41, F-MW52, F-MW53, F-MW54S, F-MW55M,
F-MW59, F-MW67, and F-MW68 show decreasing RDX trends at 80 and 90
percent confidence levels (note that wells F-MW63, F-MW67, and F-MW68 are
northern plume edge wells).

° F-EW1, F-EW2, F-EW3, F-MW31, F-MW32, and F-MW33 show decreasing
2,4,6-TNT trends at 80 and 90 percent confidence levels.

° F-MW31, F-MW32, and F-MW33 show decreasing total DNT trends at 80 and
90 percent confidence levels.

Therefore, only 3 of the 34 performance monitoring wells (F-MW35, F-MW44, and F-MW48)
show increasing trends of ordnance compounds, and the remaining performance wells show
nondetected, stable, or declining concentrations. None of the wells with increasing trends is
located along the northern plume edge. The increasing trends in wells F-MW44 and F-MW48
are most likely the result of the RDX plume core being drawn toward extraction well F-EWS5. It
is unclear why 2,4,6-TNT concentrations are increasing in well F-MW35.

RDX concentration trends in groundwater samples collected between 1994 and March 2014 from
extraction wells located near and downgradient of the source area are presented on Figures 6-9
and 6-10, respectively (U.S. Navy 2014c). Because most 2,4,6-TNT and DNT removal occurs
near the source area (principally at wells F-EW 1, F-EW3, and F-EW7), Figures 6-11 and 6-12
present the 2,4,6-TNT and DNT concentration trends over time in the wells near the source area
only. Figures 6-9 through 6-12 illustrate the decreasing concentrations in extraction wells over
time on logarithmic scales. While reductions in ordnance compounds have occurred, Figures 6-9

through 6-12 illustrate that concentrations remain above RGs.
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The Mann-Kendall analysis currently being used to evaluate Site F data trends provides a useful
analysis of trends. However, additional statistical methods are available for consideration. The

Mann-Kendall analysis is being applied to the 10 most recent sample records to identify current
trends. The Navy should consider the use of additional statistical tools to provide a more robust

analysis on long-term trends for future evaluations in the annual LTM reports. For example, the
linear regression analysis used for OUs 1 and 8§ could also be applied to OU 2.

OU 2 Performance Well Concentration Trends Performed as Part of 5-Year Review

As discussed for Site A above, additional trend analyses were performed as part of this 5-year
review and consisted of plotting the log-transformed laboratory data against time using only data
from this 5-year review period. Concentration trends were evaluated for a subset of the
performance monitoring wells and included wells along the plume longitudinal axis with five or
more detected results over this 5-year review period. The performance wells selected for
inclusion in this analysis were locations from the source area (F-MW31, F-MW33, and
F-MW548S), the central plume area (F-MW39 and F-MW55M), north containment area (just
upgradient of the reinjection wells along Trigger Avenue) (F-MW44), and the northern plume
edge area (F-MW68). These concentration trend plots are included in Appendix C-2 of this
report, and a description of the methodology used for this trend analysis is provided in Appendix
B-3. The average concentration, minimum reported concentration, maximum reported
concentration, concentration decay rate trend, and 95 percent UCL and LCL were calculated for
these data on a well by well basis. Table 6-5 presents these calculated values for RDX
concentrations reported for the seven performance monitoring wells included in this analysis.

The average concentrations over the last 5 years calculated for RDX ranged from 10 to 160 pg/L
in three wells located within the source area (F-MW31, F-MW33, and F-MW54S). These
concentrations are greater than the established cleanup level of 0.8 ng/L. Negative concentration
decay rates were calculated for two of these locations, indicating decreasing concentration
trends. The trends are decreasing with greater than 95 percent probability at well F-MW33 and
decreasing with greater than 50 percent but less than 95 percent probability at location
F-MW3548S. The concentration trend at well F-MW31 indicated a positive concentration decay
rates indicating an increasing concentration trend.

The average concentrations over the last 5 years calculated for RDX were 463 and 50.8 nug/L in
wells F-MW39 and F-MWS55M located in the central plume area. These concentrations are
greater than the established cleanup level of 0.8 pg/L. Negative concentration decay rates were
calculated for both of these locations, indicating decreasing concentration trends. The trends are
decreasing with greater than 95 percent probability at well F-MW39 and decreasing with greater
than 50 percent but less than 95 percent probability at location F-MWS55M.
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The average concentration over the last 5 years calculated for RDX was 978 ug/L in well
F-MW44 located in the north containment plume area. This concentration is greater than the
established cleanup level of 0.8 pg/L. A negative concentration decay rate was calculated for
F-MW48, decreasing at a greater than 95 percent probability. The concentration trend at well
F-MW31 indicated a positive concentration decay rate, indicating an increasing concentration
trend.

The average concentration over the last 5 years calculated for RDX was 3.03 ug/L in well
F-MW68 located in the northern plume edge area. This concentration is greater than the
established cleanup level of 0.8 pg/L. A negative concentration decay rate was calculated for
F-MW68, indicating a decreasing concentration trend with a greater than 95 percent probability.

In summary, RDX concentrations at the site remain above the established RG in the areas shown
on Figure 6-13. The RDX concentrations in five of the seven wells evaluated were decreasing,
and the remainder was increasing over this 5-year review period. No estimate of time to achieve
the RG for RDX in the performance monitoring wells can be made at this time, because of the
increasing concentrations at some of the wells.

OU 2 Compliance Well LTM Summary

Current routine sampling of the compliance wells includes biennial sampling of four shallow
aquifer monitoring wells (F-MW56, F-MW57, F-MW58, and F-MW60), annual sampling of
three shallow aquifer wells (F-MW65, F-MW66, and F-MW69), semiannual sampling of one
shallow aquifer monitoring well (F-MW42), quarterly sampling of two shallow aquifer
monitoring wells (F-MW70 and F-MW71), and sampling of four shallow aquifer monitoring
wells (F-MW40, F-MW43, F-MW45, and F-MW46) once every 5-years. RDX, 2,4,6-TNT, total
DNT, and nitrate/nitrite were not detected above their respective RGs in any of the compliance
monitoring wells during this 5-year review period. RDX reduction intermediates MNX, DNX,
and TNX were not detected during this 5-year review period at any of the compliance monitoring
wells.

Review of the compliance monitoring data obtained during this 5-year review period indicates
that adequate data are being obtained to measure and document progress towards meeting RAOs
in groundwater beneath the site and that all the data types and frequencies remain necessary.
Therefore, no change to the compliance monitoring program is recommended at this time.

OU 2 Compliance Well Concentration Trends from Latest LTM Report

Statistical trend analysis using the Mann-Kendall test was conducted for RDX in the following
wells: F-MW42, F-MW45, F-MW65, and F-MW69. Trend analyses were not performed when
there were less than 4 detections in the last 10 sampling events. Compliance well Mann-Kendall
trend analysis results for RDX are summarized in Table 6-4, which was reproduced from
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Table 4-1 of the 2014 annual LTM and O&M data report for Site F (U.S. Navy 2014c¢). All
compliance wells where trend analysis was performed showed decreasing RDX concentration at
the 80 and 90 percent confidence levels.

OU 2 Compliance Well Concentration Trends Performed as Part of This 5-Year Review

As discussed for Site A above, additional trend analyses were performed as part of this 5-year
review and consisted of plotting the log-transformed laboratory data against time using only data
from this 5-year review period. Concentration trends were evaluated for one of the compliance
monitoring wells located in the northern plume edge area (F-MW64). The concentration trend
plot is included in Appendix C-2 of this report, and a description of the methodology used for
this trend analysis is provided in Appendix B-3. Table 6-5 presents these calculated
concentration values for RDX reported in the one compliance monitoring well included in this
analysis. The average concentration over the last 5 years calculated for RDX was 0.91 pg/L.
This concentration is greater than the established cleanup level of 0.8 pg/L. A negative
concentration decay rate was calculated for well F-MW64, indicating a decreasing concentration
trend with a greater than 50 percent but less than 95 percent probability.

In summary, RDX concentrations at the site remain above the established RG in the area shown
on Figure 6-13. The RDX concentrations in five of the seven wells evaluated were decreasing
and increasing in the remaining two wells over this 5-year review period. No estimate of time to
achieve the RG for RDX in the compliance monitoring wells can be made at this time, because
of the increasing concentrations at some of the performance monitoring wells at the site.

Ordnance Constituent Distribution in Groundwater at OU 2

The 2009 (August) and 2014 (winter) distribution of RDX in groundwater is shown on

Figure 6-13 (reproduced from Figure 3-3 of U.S. Navy 20101 and Figure 3-6 of U.S. Navy
2014c¢). The estimated lateral distribution of RDX at concentrations above its RG appears to be
relatively stable from 2009 to 2014. A discussion of the separate portion of the plume located
north of Trigger Avenue (Figure 6-13) is included as part of the discussion of plume containment
and post-ROD investigation in the sections below.

However, the lateral extent of the RDX plume core, which is represented by the 1,000 and

100 pg/L contours, has decreased from 2009 to 2014. In 2009, wells with concentrations
exceeding 1,000 pg/L included F-MW39 and F-MW48, and wells with concentrations exceeding
100 pg/L included F-MW33, F-MW35, F-MW39, F-MW44, F-MW48, F-MW55, and
F-MWS55M. The plume core at that time was divided into two pieces, with one smaller area in
the vicinity of F-MW33 (with dimensions approximately 500 by 750 feet) in the source area and
one larger area south of Trigger Avenue (with dimensions approximately 1,000 by 2,000 feet)
(Figure 6-13).
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In 2014, the only well with a concentration exceeding both 100 and 1,000 pg/L was F-MW44,
although not all wells were sampled during this sampling event. (Note that the highest RDX
concentration of this 5-year review period was observed in well F-MW48 at 2,200 pg/L, which
lies in relatively close proximity to extraction well F-EWS5.) The plume core in 2014 was again
divided into two pieces, with one very small area in the vicinity of F-MW54 and a larger area
south of Trigger Avenue (with dimensions approximately 750 by 1,000 feet) (Figure 6-13).

As previously discussed in Section 4.2.3, two new wells were installed downgradient of existing
northern plume edge wells F-MW67 and F-MW68 to help define the downgradient extent of
RDX in groundwater above the RG of 0.8 ug/L (U.S. Navy 2014c¢). Fourteen rounds of
sampling occurred between 2011 and 2014, and RDX was detected only once (below the RG) in
well F-MW70 in April 2011. 2,4,6-TNT and total DNT were not detected above their respective
reporting limits. The results from these wells confirmed that the RDX plume does not extend
very far beyond well F-MW68.

OU 2 Treatment System Performance

Site F OM&M and performance data are documented in the LTM and O&M data reports (U.S.
Navy 20100, 20110, 20121, 20131, and 2014c). Monthly samples of influent water, water
between GAC units, and effluent water were analyzed to track concentrations before and after
GAC treatment and ensure that treated water meets discharge requirements prior to reinjection.
Monitoring confirmed that discharge criteria were met over the past 5 years. Carbon change-
outs occurred on the following dates: January 29, 2010; August 10, 2010; April 26, 2011;
November 30, 2011; May 9, 2012; and October 23, 2012. No carbon change-out was completed
in 2013 because of the low operating flow rates and extended time the treatment system was shut
down.

Treatment system repairs and inspections performed between November 2009 and March 2014
included the following (U.S. Navy 20111, 2012t, 2013u, 2014d, and 20140):

. Updated the labeling of valves, treatment equipment, and other components
J Replaced a seized butterfly valve on an influent line in January 2010
. Installed a system in September 2010 intended to monitor and record the aquifer

and the infiltration well’s ability to contain the plume and real time changes in
infiltration rates in the reintroduction wells F-IW1, F-IW2A, F-IW7, F-IW8,
F-IW9, F-IW10, and F-IW11

° Drilled and installed two new monitoring wells, F-MW70, and F-MW71 in
February 2011
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o In August and September of 2011, redeveloped reintroduction wells F-IW1,

F-IW8, F-IW9 and extraction wells F-EW5 and F-EW 10, replaced failed motors
at F-EWS5 and F-EW 10, and cleaned the pumps at F-EWS5 and F-EW 10

o In February 2012, replaced a motor in well F-EW4 that failed after an
unscheduled electrical outage at Site F in November 2011

o Installed a surge protector with a power monitoring device into the motor control
center to protect the Site F electrical system from observed persistent externally
generated electrical surges and replaced piping and flanges in March 2012

o Cleaned and redeveloped reintroduction wells F-IW7 and F-IW10 and extraction
wells F-EW2 and F-EW6 in November 2012

o From September through November 2012, upgraded the electrical system based
on an electrical inspection completed in 2004

o Took the Site F treatment plant temporarily offline in January 2013 after an
electrical event triggered alarms on a surge protector, tripped thermal overloads
and fuses, rendered the programmable logic controller temporarily inoperable,
and caused subsequent pump/motor failures in wells F-EW3, F-EW4, F-EWS5,
F-EW6, F-EWS, and F-EW9

o As a result of the electrical issues listed above, lowered taps in the Site F
transformer to reduce incoming voltage to 485 volts and restarted the treatment
plant with the remaining four extraction wells operating at full capacity to
maintain plume containment

J From April through July 2013, purchased new well locks; conducted lock, casing,
and well house maintenance; completed extensive vegetation removal; removed
and properly disposed of expired and no longer relevant test kits; removed and
recycled old pumps and equipment; and replaced flow transmitter on one of the
influent lines

J In August 2013, replaced/installed various valves and vacuum breakers, repaired
leaking process piping, and replaced process piping

J From September through November 2013, conducted emergency repairs and
upgrades to the Site F treatment plant system, including replaced extraction well
pumps P-1, P-2, P-3, P-4, P-5, P-6, P-13, and P-14; reinstalled polyvinyl chloride
sounding tubes in each of the 10 extraction wells; replaced all aboveground
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extraction wellhead piping and equipment; installed new pressure gauges at the
wellheads; installed a new flow totalizer at well F-EW10; redeveloped wells
F-EW1, F-EW3, F-EW4, F-EW7, F-EWS, and F-EW 10 after the pump
assemblies and well head piping had been removed; installed a new monitoring
well to perform a treatability study to identify and develop a bioaugmentation
culture that can degrade RDX at Site F; installed new pump protection units in the
motor control panel; and installed an uninterruptible power supply

o From December 2013 to March 2014, conducted a maintenance inspection of the
treatment system valves; replaced various valves, check valves, and vacuum
breakers; installed a saddle with a manual air release/sample port and pressure
gauge on both well field influent lines; installed new pressure gauges on the bag
filter units; and replaced all extraction well heat tape with new self-regulating
cable

Cumulative contaminant mass removal over time for the Site F groundwater treatment system is
shown on Figure 6-14 (reproduced from Figure 5-1 of U.S. Navy 2014c¢). The system has
removed approximately 4 billion gallons of water and approximately 3,500 pounds of total
ordnance since operations began in 1996. Over 3,000 pounds of the total is RDX, of which over
400 pounds is 2,4,6-TNT and approximately 30 pounds total DNT. Approximately 400 pounds
of RDX has been recovered during this review period (September 2009 to March 2014). From
2009 through 2014, the average cost per pound of RDX removed was approximately $4,000,
which is less than the cost per pound reported during the previous 5-year review period. During
2013, the latest full year of operation, the treatment system treated approximately 52 million
gallons of water (U.S. Navy 2014c).

Assessment of Extraction System Containment at OU 2

Containment assessment was performed as part of routine OM&M and reported annually. These
assessments were based on observed hydraulic heads and downgradient chemical monitoring
data. As in the last 5-year review, potentiometric surface data show that extraction from well
F-EW5 and reintroduction in the line of infiltration wells has established a strong reversal of
gradient, which is supportive of good containment. Considering the configuration of the
potentiometric surface, the limited hydraulic head observation points available between the
individual infiltration wells limit the ability to determine with certainty that containment is
complete. Well F-EWS5, the most important extraction well for containment, has operated over
the last 7 years at an average annual extraction rate of approximately 200 gallons per minute.
Although the annualized rate dropped to 43.5 gallons per minute in 2013, well F-EWS5 has been
restored to a high rate of extraction and resumed operations at 100 percent capacity (U.S. Navy
2014c).
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As discussed in Section 4.2.3, long system shutdowns occurred from January 2013 to March
2014 because of large voltage fluctuations, repairs and upgrades to the system, and the USACE
treatability study (U.S. Navy 2014c). These shutdowns presented containment challenges.
Monitoring was conducted quarterly in 2013 throughout the reduced operations and then again in
winter 2014 to assess whether the reduced operations were impacting groundwater containment.
During the system shutdown for USACE testing, there was no significant change of plume
containment. Although there were limited operations during 2013, results gave support that
RDX did not appear to migrate beyond containment during 2013.

Chemical data for monitoring wells located downgradient of the infiltration wells showed
decreasing trends, indicating that containment continued to be effective even with the limited
operations of 2013. The majority of wells located downgradient of the infiltration wells showed
decreasing RDX trends and/or RDX concentrations below the RG. Wells FMW65, F-MW67,
F-MW68, and F-MW69 showed decreasing RDX trends at 80 and 90 percent confidence levels,
and well F-MW63 showed a decreasing RDX trends at the 80 percent confidence level, with
wells F-MW65 and F-MW69 below the RG. Although well F-MW64 showed no trend,
concentrations of RDX were below the RG at 0.76 pg/L in January 2014 and slightly above the
RG at 0.87 png/L in March 2014. Finally, RDX was not detected at well F-MW66.

Under conditions of complete containment, downgradient wells are expected to exhibit
decreasing trends that eventually reach RGs. Decreasing trends suggest the system is
accomplishing complete or near-complete containment. However, the concentrations of RDX
above or near the RDX cleanup level of 0.8 ug/L at wells F-MW63, F-MW64, F-MW67, and
F-MW68 could be explained by either incomplete containment, or by the slow tailing of a higher
concentration slug whose migration precedes complete containment (U.S. Navy 2014c).

The OU 2 extraction system is also intended to provide containment of Otto fuel constituents in
groundwater at Site E/11. Although the containment assessment for Site F does not explicitly
discuss Otto fuel at Site E/11, the assessment that was performed for Site F is applicable to

Site E/11, because the groundwater plume for Site F overlays the area where Otto fuel
contamination is present.

Because the limited hydraulic head observation points available between the individual
infiltration wells limit the ability to determine with certainty that containment is complete, the
2014 annual LTM and O&M report for Site F (U.S. Navy 2014¢) recommended that new
piezometers be installed adjacent to and between infiltration wells to improve characterization of
the potentiometric surface and assess the quality of containment. The report also recommended
that piezometers be installed adjacent to active extraction wells that currently lack an adjacent
observation point to improve the potentiometric surface for passive wells, which are more
representative of aquifer conditions. The need for additional groundwater monitoring points to
better characterize the potentiometric surface should be reevaluated following completion of the
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modeling activities to be performed in 2015 (see the following section) in support of RDX plume
containment objectives and the ongoing USACE bioaugmentation pilot study.

OU 2 Post-ROD Investigations

The third 5-year review (U.S. Navy 2010a) identified the need to complete the ongoing
assessment and optimization of the Site F treatment system to address containment issues,
downgradient plume extent, and the portion of the plume downgradient of the current capture
zone. Based on this recommendation, a numerical groundwater flow model and contaminant
transport model was developed and calibrated to support a treatability study to evaluate
anaerobic biodegradation of RDX at Site F (USACE 2014).

The groundwater flow and contaminant transport modeling effort consisted of developing a
groundwater flow model using MODFLOW and a contaminant transport model using MT3DMS.
The local geologic, hydrologic, hydrogeologic, and contaminant conditions and other off-site
influences were incorporated to reproduce the site conditions of Site F. The groundwater model
objectives were as follows:

o Assimilate relevant site data into a comprehensive hydrogeologic conceptual and
mathematical model framework.

J Adequately represent the current site groundwater conditions.

. Quantitatively evaluate up to two alternatives for pilot tests and full-scale
bioremediation.

. Provide an updatable and transferable tool (i.e., the model in electronic form) for

future site groundwater management.

The contaminant transport model was calibrated using RDX data collected from 1994 (when the
pump and treat system began operation) to determine if the model was capable of predicting
long-term plume migration. The results of the calibrated contaminant transport model were then
compared to observed RDX concentration contours for April 2013 (U.S. Navy 20131) to verify
that the modeled plume migration was representative of site conditions. The model was able to
predict the general shape of the plume and migration of the lower concentration RDX lobe
towards monitoring wells F-MW70 and F-MW71 (USACE 2014). However, the model
underpredicted concentrations near the source area and the injection wells. These areas may
have continuing sources that may not be adequately represented in the contaminant transport
model.

J:\Projects\N\Navy AE\AE-2009\DO 78 - xx49 Bangor 4th 5 Year Review\09 Reports & Deliverables\R-3 Deliverables\dth 5-Year
Review\Final\Final Bangor 4th 5-Year Review - Text.docx



FINAL FOURTH FIVE-YEAR REVIEW Section 6.0

Naval Base Kitsap Bangor Revision No.: 0
Naval Facilities Engineering Command Northwest Date: 9/3/15
Page 6-31

The groundwater flow model was able to simulate seasonal groundwater fluctuations as well as
stresses from extraction and injection, and the contaminant transport model was able to simulate
the general pattern of contaminant migration. However, spikes and large increases in RDX
concentrations were not replicated, which was likely because of insufficient representation of
source terms (USACE 2014). The USACE groundwater flow and contaminant transport
modeling will be used in predictive simulations for pilot testing and full-scale bioremediation.
Results of predictive simulations together with the anaerobic biodegradation treatability test
results will be completed in 2015 and reported in the next 5-year review.

6.43 OU7, Site E/11

The OU 7 ROD (U.S. Navy, USEPA, and Ecology 1996) specified that ingestion of groundwater
containing Otto fuel concentrations above its RG will be prevented through the implementation
of a groundwater use restriction, and concentrations of Otto fuel (propylene glycol dinitrate is
used as the indicator chemical) in site wells shall be monitored. To meet ROD requirements,
LTM has occurred at the site since August 1996. Site E/11 groundwater monitoring data over
this review period is reported along with the Site F groundwater monitoring results documented
in the LTM and O&M data reports (U.S. Navy 20100, 20110, and 2014c). In addition, analytical
results for Otto fuel in groundwater samples collected at the site since 1994 are summarized in
Table C-5 of Appendix C-1 (U.S. Navy 2014c).

Over the last 5-year period, LTM was performed in two site monitoring wells (E-MW21U and
E-MW23U), as detailed in Section 4.2.3. In 2011, the sampling frequency was revised to once
every 5 years. Otto fuel has been detected during this 5-year review period in wells EEMW21U
and E-MW23U below the RG of 0.2 mg/L, with the exception of the 2010 sample for E-MW23U
(0.23 pg/L) and the 2014 sample result for EEMW21U (0.27 pg/L). Since April 2010, Otto fuel
concentrations have been consistently detected with concentrations ranging from 0.087
(estimated value) to 0.27 pg/L.

Monitoring of Otto Fuel should be continued for Site E/11 wells at the current frequency.
Therefore, the next sampling event would occur in the winter of 2019 to provide data for the next
5-year review. Because the hydraulic head elevations for Site E/11 wells are consistently lower
than Site F wells in the vicinity, Site E/11 wells should be resurveyed to verify that the apparent
head difference is not an artifact of the existing top-of-casing survey data for the monitoring
wells.

6.44 OUS8

This section summarizes the results of work performed at OU 8 during this 5-year review period.
This includes a review of the LTM results, LNAPL recovery data, and summary of the additional
post-ROD investigations and studies conducted for OU 8.
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The OU 8 ROD (U.S. Navy, USEPA, and Ecology 2000a) specified that the concentrations of
COCs (benzene, 1,2-DCA, 1,1-dichloroethene [DCE], 1,2-dibromomethane [EDB], and toluene)
in the off-base compliance monitoring wells shall comply with the RGs within a 10-year period
of time and the source of groundwater contamination (LNAPL) will be removed until the
recovery rate reaches the practicable recovery endpoint. Although the ROD did not specify a
time frame for meeting RGs at on-base locations, it did specify that RGs would be met in the on-
base compliance monitoring wells. The ROD also specified that MNA performance is to be
monitored by sampling performance monitoring wells for MNA parameters.

The main objectives of the remedial action at OU 8§ are to minimize the migration of VOCs from
LNAPL beneath the PWIA into groundwater at concentrations that would cause unacceptable
risks and minimize human exposure to COCs in sitewide groundwater that would result in
unacceptable risks (U.S. Navy, USEPA, and Ecology 2000a). To meet ROD requirements, LTM
has occurred at OU 8 since 1998. OU 8 groundwater monitoring and LNAPL recovery data over
this review period are summarized below and documented in the MNA monitoring reports (U.S.
Navy 2010q, 2010r, 2011s, 2011t, 20120, 2012p, 20130, 2013p, 2014f, and 2014m).

During this 5-year review period, the Navy periodically monitored conditions in groundwater at
24 monitoring wells and conducted monitoring activities on a one-time basis at 5 additional
locations, as detailed in Section 4.6.3. The number of monitoring wells includes five locations
where only field parameters and/or product thickness were measured (SMW22, SMW46,
29MWO01, 25MW04, and 8BMWO05). An additional 13 wells were also monitored for the presence
of LNAPL either on a regular or a one-time basis. The performance and compliance monitoring
activities conducted are further detailed below.

Performance monitoring for MNA was conducted semiannually at seven locations:
o Well SMW 16 positioned approximately 600 feet upgradient from the source area

° Wells MWO03, SMWS53, 8BMW30, SMW24 (which replaced 28MWO1 in fall
2009), and 8MW48 positioned within the source area

o Well 8MW32 positioned within the known contaminant plume downgradient
from the source area

Performance and compliance monitoring for MNA and VOCs was conducted semiannually
(unless otherwise noted below) at nine locations:

o Well 8MW42 positioned approximately at the upgradient edge of the source area
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o Wells MWO0S8 (which replaced 8MW28 in fall 2010), SMW47, MWO05 (annually),
8MW49 (one time), and SMWO06 positioned within the source area

o Well 8MW33 positioned within the known contaminant plume downgradient
from the source area

J Wells SMWO03 and 8MW35 positioned at the downgradient NBK Bangor
installation boundary

Compliance monitoring for VOCs was conducted semiannually (unless otherwise noted below)
at eight locations:

o Wells 8MW34, SMWO02, SMW25, and 25MWO03 (all one time) positioned at the
downgradient NBK Bangor installation boundary

o Wells SMW13, 8MW 14 (one-time), MW 19, and 8MW37 positioned
approximately 800 feet off site and downgradient of the installation boundary

Historical analytical results for COCs (benzene, 1,2-DCA, 1,1-DCE, 1,2-EDB, and toluene) and
1,1,2-trichloroethane (TCA) in groundwater samples collected from selected wells at the site
since 1998 are summarized in Table D-1 of Appendix D-1 (U.S. Navy 2014m). Analytical
results for VOCs, including all COCs, and MNA parameters for sampling events conducted
during this 5-year review period were copied from the MNA monitoring reports and are included
in Appendix D-2 (U.S. Navy 2010q, 2010r, 2011s, 2011t, 20120, 2012p, 20130, 2013p, 2014f,
and 2014m). To aid in trend analysis, it is recommended that future MNA monitoring reports
include historical analytical data for all wells monitored at OU 8 in Appendix D. During this 5-
year review period, VOCs were not reported at concentrations above RGs in wells SMW 16,
8MW42, SBMW32, 25MW04, SBMW25, 25MWO03, MW 13, 8BMW37, and SMW 19.

1,2-DCA was detected at concentrations greater than its RG during this 5-year review period, as
summarized below:

o At source area well MWOS during four of eight sampling events at concentrations
from 10 to 46 ng/L

o At source area well SMW47 during 6 of 10 sampling events at concentrations
from 19 to 61 pg/L

o At source area well MWOS5 during all five sampling events at concentrations from

180 to 820 pg/L
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At source area well SMWO06 during 9 of 10 sampling events at concentrations
from 260 to 1,100 pg/L

At near-source downgradient well SMW33 during all 11 sampling events at
concentrations from 13 to 40 pg/L

At downgradient installation boundary well SMWO03 during five of nine sampling
events at concentrations from 6.5 to 11 pg/L

At downgradient installation boundary well SMW35 during 1 of 10 sampling
events at a concentration of 5.2 pg/L

Similarly, benzene was detected at concentrations greater than its RG during this 5-year review
period, as summarized below:

At source area well SMW28 during one of two sampling events at a concentration
of 5.6 ng/L

At source area well SMW30, which was sampled 10 times, but only 1 sample was
analyzed for benzene, at a concentration of 15 pg/L

At source area well SMW53, which was sampled 10 times, but only 1 sample was
analyzed for benzene, at a concentration of 450 pg/L

At source area well MWOS during all eight sampling events at concentrations
from 1,700 to 12,000 pg/L

At source area well SMW47 during all 10 sampling events at concentrations from
1,600 to 12,000 pg/L

At source area well SMW24, during all three sampling events that benzene was
analyzed for, at concentrations from 620 to 3,500 ng/L

At source area well SMW48, during all three sampling events that benzene was
analyzed for, at concentrations from 5,000 to 8,000 ng/L

At source area well MWOS5 during all five sampling events at concentrations from
10,000 to 20,000 pg/L

At source area well SMW49 during a one-time sampling event at a concentration
of 6,400 pg/L
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o At source area well SMWO06 during all 10 sampling events at concentrations from

11,000 to 19,000 pg/L

Because concentrations of VOCs have been below the RGs for the last 2 years in the off-base
wells, the 2014 LTM report recommended that the frequency for compliance monitoring in these
wells should be changed to annually. No other change to the monitoring program is
recommended at this time.

OU 8 LTM Statistical Trend Analysis Summary

Statistical trend analysis, including linear regression and Mann-Kendall, were conducted on a
subset of wells in the 2014 annual LTM and O&M data report for OU 8 (U.S. Navy 2014f).
Data from the wells were reviewed to identify wells with benzene, ethylbenzene, toluene, 1,1,2-
TCA, 1,2-DCA, 1,1-DCE, 1,2-EDB, 1,2-dichloropropane (DCP), and vinyl chloride results
above detection limits in at least 80 percent of the historical results. Wells with data sets
containing greater than 20 percent nondetections were eliminated from the analysis because of
insufficient data. Locations where data sets contain less than 20 percent nondetections, one-half
the detection limit for the nondetected data points was substituted in the data sets for the
analysis.

Data sets for the following monitoring wells were determined to be suitable for statistical
analysis in groundwater:

o Petroleum COCs in upgradient well SMW42 (Mann-Kendall only)

° Petroleum COCs in source area wells SMWO06, SMW47, MWO05, and MWO08

o Chlorinated VOCs in source area wells SMW06 and MWO05

° Chlorinated VOCs in on-site downgradient wells SMWO03, 8MW33, and SMW35
o Chlorinated VOCs in off-site downgradient wells MW 13 and SMW19

Summaries of the linear regression and Mann-Kendall evaluations are provided in Tables 6-6
and 6-7, which were reproduced from Tables 4-2 and 4-3 of the 2014 annual LTM and O&M
data report for OU 8 (U.S. Navy 2014f). The linear regression and Mann-Kendall evaluations
are discussed in the following sections for the performance and compliance monitoring wells.

OU 8 LTM Linear Regression Trend Analysis Summary

Linear regression trend analysis results for COCs are summarized in Table 6-6 on a well-specific
basis and by COC as follows:
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o Benzene:

- Statistically significant decreasing concentration trends not found

- A decreasing concentration trend for well MWOS that is not statistically
significant

- An increasing concentration trend for well SMW47 that is not statistically
significant

- Statistically significant increasing concentration trends in wells SMW06 and
MWO05

o Ethylbenzene:
- Statistically significant decreasing concentration trend in well SMW47

- A decreasing concentration trend for well MWOS that is not statistically
significant

- Statistically significant increasing concentration trends in wells SMW06 and
MWO05

° Toluene:

- Statistically significant decreasing concentration trends in wells SMW47 and
MWO08

- An increasing concentration trend for well MWOS that is not statistically
significant

- Statistically significant increasing concentration trend in well SMWO06

o 1,1,2-TCA: Statistically significant decreasing concentration trends in wells
EMWO03, 8BMW33, and SMW35

. 1,1-DCE:

- Statistically significant decreasing concentration trends in wells SMW03 and
SMW35
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- A decreasing concentration trend for well SMW33 that is not statistically
significant

° 1,2-DCA:

- Statistically significant decreasing concentration trends in wells SMWO06,
EMWO03, BMW35, 8MW13, and MW 19

- An increasing concentration trend for well MWOS that is not statistically
significant

- Statistically significant increasing concentration trend in well SMW33
o 1,2-DCP: Statistically significant decreasing concentration trend in well SMW33

This analysis indicates that concentration trends for petroleum-related COCs are generally
increasing in source area wells SMW06 and MWO0S5, but are decreasing or stable in source area
wells SMW47 and MWO0S. This analysis also shows that concentration trends for chlorinated
VOCs are generally decreasing in groundwater at the site, except for well SMW33 where 1,2-
DCA concentrations have increased and well MWO05 where concentrations of 1,2-DCA are
stable.

OU 8 LTM Mann-Kendall Trend Analysis Summary

The Mann-Kendall trend analysis results for COCs are summarized in Table 6-7 on a well-
specific basis and by COC as follows:

° Benzene:

- A decreasing concentration trend for the 2009 to 2013 time period in wells
8MW42 and SMW47 at the 90 percent confidence level

- No statistically significant concentration trend was found in well MWOS for
the 2010 to 2013 time period and well SMW47 for the 2000 to 2013 time
period

- An increasing concentration trend for the 2000 to 2013 time period in wells
8MWO06 and MWOS5 at the 95 percent confidence level and at the 90 percent
confidence level for the 2009 to 2013 time period for well SMWO06 and the
2007 to 2013 time period for MWO05
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o Ethylbenzene:

- A decreasing concentration trend for the 2000 to 2013 time period in well
8MW47 at the 95 percent confidence level and at the 90 percent confidence
level for the 2009 to 2013 time period

- No statistically significant concentration trend found in well MWO08

- Anincreasing concentration trend for the 2000 to 2013 time period in wells
8MWO06 and MWOS5 at the 95 percent confidence level and at the 90 percent
confidence level for the 2009 to 2013 time period for well SMWO06 and the
2007 to 2013 time period for well MWO5

° Toluene:

- A decreasing concentration trend for the 2000 to 2013 time period in well
8MW47 at the 95 percent confidence level and at the 90 percent confidence
level for the 2009 to 2013 time period

- A decreasing concentration trend for the 2010 to 2013 time period in well
MWO8 at the 95 percent confidence level

- No statistically significant concentration trend found in well SMWO06 for the
2009 to 2013 time period and in well MWOS5 for either the 2000 to 2013 or the
2007 to 2013 time periods

- Anincreasing concentration trend for the 2000 to 2013 time period in well
8MWO6 at the 95 percent confidence level

o 1,1,2-TCA:

- A decreasing concentration trend for the 2000 to 2013 time period in wells
8MWO03, SMW33, and 8SMW35 at the 95 percent confidence level

- A decreasing concentration trend for the 2009 to 2013 time period in well
8MW33 at the 90 percent confidence level

- No statistically significant concentration trend found for the 2009 to 2013
time period in well SMW35

- No statistically significant increasing concentration trends found
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° 1,1-DCE:

- A decreasing concentration trend for the 2000 to 2013 time period in wells
8MWO03 and 8MW33 at the 95 percent confidence level

- A decreasing concentration trend for the 2009 to 2013 time period in well
8MW?35 at the 90 percent confidence level

- No statistically significant concentration trend found for the 2009 to 2013
time period in wells SMWO03 and 8MW33 and for the 2000 to 2013 time
period in well SMW35

- No statistically significant increasing concentration trends found
° 1,2-DCA:

- A decreasing concentration trend for the 2000 to 2013 time period in wells
8EMWO06, SMWO03, BMW35, and SMW 19 at the 95 percent confidence level

- A decreasing concentration trend for the 2009 to 2013 time period in well
8MW13 at the 95 percent confidence level

- A decreasing concentration trend for the 2009 to 2013 time period in wells
EMWO06, BMWO03, SMW33, SMW35, and SMW 19 at the 90 percent
confidence level

- No statistically significant concentration trend found in well MWO05

- An increasing concentration trend for the 2000 to 2013 time period in well
8MW?33 at the 95 percent confidence level

o 1,2-DCP: A decreasing concentration trend for the 2000 to 2013 time period in
well BMW33 at the 95 percent confidence level and at the 90 percent confidence
level for the 2009 to 2013 time period

This analysis indicates that concentration trends for petroleum-related COCs are generally
increasing in source area wells SMW06 and MWO0S5, but are decreasing in upgradient well
8MW42 and decreasing or stable in source area wells SMW47 and MWO0S8. This analysis also
shows that concentration trends for chlorinated VOCs are generally decreasing in groundwater at
the site, except for well SMW33, in the period from 2000 to 2013 during which 1,2-DCA
concentrations have increased.
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Current Distribution of Chlorinated VOCs in Groundwater

The lateral distribution of chlorinated VOCs in groundwater has been typically based on the
reported results for 1,2-DCA, and this approach is used in this 5-year review as well. Review of
the data for chlorinated VOC:s, other than 1,2-DCA, indicates that this approach continues to
provide a representative estimate of the distribution of all chlorinated VOCs in groundwater at
OU 8. The 2009 and 2013/2014 distributions of 1,2-DCA in groundwater at concentrations
greater than the established RG of 5-ug/L are shown on Figure 6-15. For this discussion, the
5-ug/L RG represents the contaminant plume boundary. These results indicate that the
downgradient edge of the 1,2-DCA concentration plume retreated away from the NBK Bangor
boundary toward the source area during this 5-year review period.

Trend Analyses of 1,2-DCA Concentration Data Performed as Part of 5-Year Review

Concentration trends for 1,2-DCA using only data collected during this 5-year review period
were evaluated for each monitoring well where periodic sampling occurred and concentrations
were detected above the reporting limit. This subset of wells consists of the following:

o One upgradient well (SMW42)

° Four source area wells (SMW06, SMW47, MWO0S5, and MWO0S)

o One near-source downgradient well (SMW33)

J Two downgradient installation boundary wells (8MW03 and 8MW55)
o Two downgradient off-site wells (SMW13 and MW 19)

These trend analyses consisted of plotting the log-transformed laboratory data against time. The
concentration plots are included in Appendix D-3 of this report, and a description of the
methodology used to construct them is included in Appendix B-3 of this report. The average
concentration, minimum reported concentration, maximum reported concentration, concentration
decay rate trend, and 95 percent UCL and LCL were calculated for these data on a well by well
basis. Table 6-8 presents these calculated values for 1,2-DCA concentrations reported for the 10
wells that were monitored periodically for VOCs during this review period and had
concentrations above the reporting limit.

The average concentration over the last 5 years for 1,2-DCA was calculated at 0.32 pg/L in well
8MW42, located at the upgradient edge of the source area, which is less than the established RG
of 5 ng/L. A negative concentration decay rate was calculated for this location, indicating a
decreasing concentration trend. The concentration trend is decreasing with greater than

50 percent but less than 95 percent probability.

The average concentrations over the last 5 years calculated for 1,2-DCA ranged from 23.8 to
678 ng/L in four wells located within the source area (SMW06, SMW47, MWO05, and MWO0S)

and in one well located in the dissolved plume downgradient from the source area (SMW33).
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These concentrations are greater than the established RG of 5 pg/L. However, negative
concentration decay rates were calculated for each of these locations, indicating decreasing
concentration trends. The trends are decreasing with greater than 95 percent probability at four
(8BMWO06, SMW47, MWO05, and MW 33) of these five locations. The concentration trend is
decreasing with greater than 50 percent probability but less than 95 percent probability at well
MWO08.

The average concentration over the last 5 years for 1,2-DCA in well SMWO03 located at the NBK
Bangor installation boundary was calculated at 5.68 pg/L, just above the RG. However, a
negative concentration decay rate was calculated for this location, indicating a decreasing
concentration trend. This concentration trend is decreasing with greater than 50 percent but less
than 95 percent probability.

The average concentrations over the last 5-years calculated for 1,2-DCA ranged from 0.22 to
1.86 ug/L in three wells: 8MW35 located at the NBK Bangor installation boundary and SMW 13
and 8MW 19 located approximately 800 feet off site and downgradient of the installation
boundary. Negative concentration decay rates were calculated for each of these locations,
indicating decreasing concentration trends. The trends are decreasing with greater than

95 percent probability at all three of these wells (SMW35, 8MW13, and SMW19).

In summary, although 1,2-DCA concentrations at the site remain above the established RG in the
area shown on Figure 6-15, concentrations across the site appear to be decreasing with better
than a 95 percent probability in 7 of the 10 well locations, with detected concentrations and
greater than a 50 percent probability at the remaining 3 locations. An estimate of the time to
achieve the established RG of 5 pg/L for 1,2-DCA in groundwater was made for the well
8MWO06, where the highest average concentration (678 ug/L) was reported. Assuming that
concentration trends remain constant into the future, the 1,2-DCA concentration in groundwater
from well SMWO06 is estimated to achieve the RG in approximately 20 years.

Current Distribution of Petroleum-Related Chemicals in Groundwater

The current lateral distribution of petroleum-related chemicals in groundwater has typically been
based on the reported results for benzene, and this approach is used in this 5-year review as well.
Review of the data for petroleum-related chemicals other than benzene indicates that this
approach continues to provide a representative estimate of the distribution of all petroleum-
related chemicals in groundwater at OU 8. Figure 6-16 shows the estimated extent of benzene in
groundwater at concentrations greater than the established RG of 5 pg/L at the beginning and
end of this 5-year reporting period. For this discussion, the 5 ug/L RG represents the
contaminant plume boundary. These results indicate that the plume boundary has not changed
during this 5-year review period, suggesting a steady-state condition for petroleum-related
chemicals in groundwater at the site.
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Trend Analyses of Benzene Data Performed as Part of 5-Year Review

Concentration trends for benzene using only data collected during this 5-year review period were
evaluated for each monitoring well where periodic sampling occurred and concentrations were
detected above the reporting limit. This subset of wells consists of the following:

o One upgradient well (SMW42)

° Four source area wells (SMW06, SMW47, MWO0S5, and MWO0S)

J Two downgradient installation boundary wells (§8MW03 and 8MW35)
o One downgradient off-site well (SMW13)

These trend analyses were performed using the same methodology as was used for the 1,2-DCA
data. The concentration plots are included in Appendix D-4 of this report, and Table 6-9
presents the calculated trend values for benzene concentrations reported for the eight wells that
were monitored periodically for VOCs during this review period and had concentrations above
the reporting limit.

The average concentrations over the last 5 years calculated for benzene in each of four wells
located within the source area (SMW06, SMW47, MWO05, and MWO0S) ranged from 5,738 to
15,200 pg/L. These concentrations are greater than the established RG of 5 pg/L. Negative
concentration decay rates were calculated for two of these locations (§SMW47 and MWO08), with
greater than 95 percent probability that the trends are decreasing. The concentration trends at the
two remaining locations (MWO05 and 8MWO06) produced slightly positive concentration decay
rates of 0.030 and 0.037, suggesting stable to slightly increasing concentrations (see Table 6-9).

The average concentrations over the last 5 years calculated for benzene in four of the wells
(8MW42, SMWO03, 8BMW35, and SMW 13) were all below the established RG of 5 ug/L. A
negative concentration decay rate was calculated for well 8MW42, with greater than 95 percent
probability that the trend is decreasing. Because 9 of the 10 detected values for well SMW42
were reported as estimated concentrations below the laboratory reporting limit of 0.5 pg/L, there
is more uncertainty regarding the decreasing concentration trend in this well. This well is located
approximately at the upgradient edge of the source area. Results of trend analysis are not reported
for benzene in wells SMWO03 and 8MW35 located at the NBK Bangor installation boundary and
well SMW13 located approximately 800 feet off site and downgradient of the installation
boundary, because data from these locations consist of 27 reported nondetections at the 0.5 pg/L
laboratory reporting limit and 6 estimated values at concentrations below this reported detection
limit. No benzene concentrations at these three locations were above the laboratory reporting
limit of 0.5 pg/L. The plots of these data are included as Figures D-16, D-17, and D-18 in
Appendix D-4.
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In summary, benzene concentrations at the site remain above the established RG in the area
shown on Figure 6-16. The benzene data show decreasing concentrations trends in the northern
portion of the source area (wells SMW42, MWO0S8, and 8MW47) during this 5-year review
period. Detected benzene concentrations in the southern portion of the source area (wells MWO05
and 8MWO06) appear to be stable or slightly increasing. Benzene concentrations at the
downgradient locations are below reported detection limits. No estimate of the time to achieve
the RG for benzene in site groundwater can be made at this time, because of the slightly
increasing concentrations at some of the site wells.

LNAPL Recovery

LNAPL was observed in 30 monitoring wells at OU 8 during this 5-year review period. The
extent of observed LNAPL based on these observations is shown on Figure 6-16. Where product
is observed at a thickness greater than 0.10 foot in a well, product recovery is initiated and
repeated weekly until the product thickness drops below 0.10 foot. Gauging for the potential
presence of LNAPL was focused on wells in the general vicinity of the PWIA service station.
Gauging frequency varied based on the past observations at each well and was adjusted during
the year based on new findings (U.S. Navy 2014m).

Table 6-10 shows the 14 locations where LNAPL recovery occurred at OU 8 during this 5-year
review period and presents a summary of the quantity recovered. Detailed product recovery
information is included in Table D-2 of Appendix D-1, which is reproduced from Table E-1 of
the Round 30 MNA report (U.S. Navy 2014m).

Because free product continues to be detected at the site, regular free-product measurements for
wells screened across the water table in the PWIA should continue. In addition, LNAPL
mobility tests should be performed to evaluate whether additional effort is warranted to reduce
free product underlying the PWIA.

OU 8 Post-ROD Investigations

The third 5-year review (U.S. Navy 2010a) recommended the following actions:

o Implement the currently planned pilot testing to evaluate potential additional
contingent remedial actions at OU 8 to address the slower-than-anticipated
remediation progress of the selected remedy, increasing benzene concentrations,
and return of free product.

o Perform an investigation of the vapor intrusion pathway within the PWIA of
OU 8 following completion of the current pilot testing program.
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o Obtain documentation of COC concentrations remaining in soil following

removal actions, assess whether residual COC concentrations in soil are
protective of groundwater, and update the OU 8 CSM accordingly.

Based on these recommendations, several investigations and studies were conducted at the OU 8
site during this 5-year review period. These investigations are summarized below.

Laboratory Study Results —Microcosm Study 2011

A microcosm study was conducted in 2011 by the University of Toronto for the Navy using soil
and groundwater samples collected from OU 8. The objective of the study was to evaluate the
potential for biodegradation of benzene, in the presence of 1,2-DCA, under aerobic and
anaerobic conditions for the purpose of implementing MNA or other passive bioremediation
alternatives to address the groundwater benzene and DCA plumes at OU 8 (Battelle 2011).

This study concluded the following:

J Significant degradation of benzene was not observed under aerobic conditions
with site groundwater and aquifer material.

o In the presence of a culture medium containing trace elements and vitamins, rapid
aerobic degradation of benzene was observed.

o Anaerobic biodegradation of benzene was observed in microcosms amended with
the Edwards’ laboratory anaerobic benzene degrading culture.

o This degradation was enhanced under sulfate-reducing conditions and inhibited in
the presence of another electron donor.

° 1,2-DCA was degraded in the presence of an electron donor, lactate, and a
dechlorinating culture containing Dehalococcoides, KB-1%.

o Anaerobic benzene degradation may be coupled to 1,2-DCA reduction.
Pilot Study Results—Phase | Field Study 2011
In 2011, the Navy conducted a Phase I field pilot study to accomplish the following:

o Evaluate the ability to augment the MNA remedy through injection of an electron
donor that stimulates anaerobic degradation of chlorinated VOCs.
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o Demonstrate that increasing the degradation rates of chlorinated VOCs in a

treatment zone barrier within the shallow aquifer will augment the natural
attenuation processes, thereby attaining concentrations below RGs at the base
boundary within OU 8.

The Phase I field pilot study included the following:

° Installation of a line of five injection wells (81W-1, 8IW-2, 8IW-3, 8IW-4, and
8IW-5) to create a treatment zone barrier oriented cross gradient to groundwater
flow in the southern portion of the PWIA (Figure 6-17)

° Installation of nine monitoring wells (8PS-A1, 8PS-A3, 8PS-B1, 8PS-B2,
8PS-C1, 8PS-C2, 8PS-C3, 8PS-C4, and 8PS-D1) downgradient from injection
wells 8IW-1 and 8IW-2 to evaluate the effectiveness of the treatment zone barrier
(Figure 6-17)

o Creation of a treatment zone barrier extending for 35 feet below the water table
(approximate depth of 35 to 70 feet bgs)

o Injection of emulsified vegetable oil (EVO) into the wells, followed 9 days later
by microbes known to degrade DCA

o Collection of groundwater samples before and after injections from several new
and existing OU 8 wells positioned immediately downgradient and screened at
different depths to evaluate the treatment zone barrier (U.S. Navy 2011k)

The Navy collected three rounds of groundwater monitoring data every 3 months for 9 months to
evaluate results of the Phase I field pilot study. These data were reported in the DCA plume
pilot study report (U.S. Navy 2011k). The post-injection groundwater monitoring occurred in
August 2010, November 2010, and January and February 2011. Results of these monitoring
activities are summarized in Table 6-11. The complete data tables are included in Appendix D-5
of this 5-year review report.

The study concluded that an effective biobarrier was slow to develop, and the monitoring results
were inconclusive on the biobarrier’s effectiveness. To improve the evaluation of the biobarrier
effectiveness and improve the approach for a second phase to the pilot study, a number of
recommendations were made, including the following:

o Conduct additional total petroleum hydrocarbon (TPH) and VOC analyses during
future soil sampling.
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o Install additional injection and monitoring wells.
o Modity the injection procedures to improve distribution throughout the biobarrier.
o Extend the groundwater monitoring program beyond the 9-month period
implemented in the study and adjust the analyte list to better evaluate the DCA
degradation.

Pilot Study Results—Phase 11 Field Study 2012

In 2012, the Navy conducted a Phase II field pilot study to accomplish the following:

o Gather additional data to assess the outcome of Phase I EVO injections and
bioaugmentation.
o Improve characterization of the OU 8 source area and refine the augmentation

approach for the MNA remedy.

o Demonstrate that increasing the degradation rates of chlorinated VOCs in a
treatment zone barrier within the shallow aquifer will augment the natural
attenuation processes, thereby attaining concentrations below RGs at the base
boundary within OU 8.

The Phase II field pilot study included the following:

o Conduct an electrical resistivity imaging survey, as shown on Figure 6-18, to
improve understanding of the distributions of gasoline and chlorinated VOCs in
the soil and groundwater and provide information for determining the placement
of soil borings and monitoring wells.

o Install two additional injection wells (8TW-6 and 8IW-7) that extend the line of
existing injections to the west-southwest (Figure 6-19).

o Install three additional monitoring wells (§PS-E1, 8PS-F1, and 8PS-G1) that
provide downgradient monitoring points for the expanded treatment area
(Figure 6-19).

° Install 10 additional monitoring wells (§CB-MWO01, 8CB-MW02, 8CB-MWO08,
8CB-MW17, 8CB-MW18, 8CB-MW23, 8CB-MW24, 8CB-MW25, 8CB-MW26,
and 8CB-MW28) at locations surrounding and within the source area to provide
additional groundwater monitoring locations to better evaluate the effectiveness
of the treatment zone barrier (Figure 6-19).
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o Clean the five existing injection wells to remove biofouling that was observed in

the wells following the Phase I injections.

o Conduct aquifer testing at four injection wells (8IW-1, 8IW-3, 8IW-6, and 8§TW-7)
using tracer tests.

o Inject EVO and WBC-2"" microbes into wells 8TW-6 and 8TW-7 and KB-1
microbes only into well 8IW-1 using site groundwater extracted from nearby
injection well 8IW-3 to push the microbes into the surrounding formation.

J Conduct baseline groundwater monitoring before injections from several new and
existing OU 8 wells positioned immediately downgradient and screened at
different depths to evaluate the treatment zone barrier (U.S. Navy 2013h).

. Three additional rounds of groundwater monitoring were completed at equally
spaced intervals over a 9-month period to support the assessment of injection
effectiveness (results are discussed in the “Phase II Field Study 2013 section
below).

The data evaluation conducted for this study focused on updating the CSM. The study
concluded the following regarding the CSM:

o No other source of gasoline release has been identified other than the documented
1986 release.
o Currently LNAPL is observed in the same areas as it was observed in the 1990s.

. The LNAPL is a gasoline product.

o The return of measurable product thicknesses in wells since 2009 may be related
to lower groundwater surface elevations currently than during the 1990s.

. Bioactivity shown by the electrical resistivity imaging survey in the area of the
PWIA service station area indicates that gasoline in the vadose zone has been
largely degraded.

. LNAPL remains widespread in the vadose zone within the Vashon Till in the

southern PWIA area beginning at depths of 17.5 to 22.5 feet and extending below
the water table.
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o The Vashon Till apparently created an important barrier to petroleum contaminant

flow and also trapped significant LNAPL as the water table rose, thereby forcing
it to linger for long periods and allowing it to wick into the fine-grained Vashon
Till.

o The trapped LNAPL has been in contact with groundwater in the southern PWIA
area, and the product currently in the till provides a long-term source for releases
to groundwater.

o Whereas residual gasoline in the vadose zone shows degradation of benzene and
toluene, submerged or trapped LNAPL has retained relatively high concentrations
of benzene and toluene, as demonstrated by dissolved concentrations in adjacent
groundwater.

J Dissolved fractions of gasoline are degraded rapidly as groundwater flows from
the source area such that RGs are met within a short distance (at Sculpin Circle).

° No DCA detection occurred in the area of the PWIA service station.

o Utility trenches as potential conduits of migration were evaluated, but no
associated contamination was identified.

o DCA concentrations decrease with depth, and no evidence for LNAPL in the
aquifer exists.

o DCA concentrations are consistently highest in the southern PWIA in the area of
the pilot study wells together with wells MW05 and 8MWO06.

o Concentrations of DCA decrease steadily downgradient from the source area and
are near the RG of 5 ug/L at the base boundary.

o Contaminants are shown to follow the long-established path of transitioning from
the shallow depth interval in the source area to the intermediate depth interval of
the aquifer downgradient of the source area, then migrating southeast through the
area of wells SMW35 and 8MWO03 at the base boundary, and continuing to well
8MW13 at Mountain View Road (U.S. Navy 2013h).

The study concluded the following regarding the injection of EVO and microbes:

o The Phase II field activities showed that clogging extended beyond the well and
sandpack such that bacterial growth encouraged by the injections in fact had
clogged pore space in the aquifer matrix.
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Experience at other sites shows that this clogging is temporary rather than
permanent, and the effective porosity of the aquifer matrix will be restored over
time as the bacterial mass is diminished.

Monitoring during the injections suggests that the distribution was good, and the
injection method targeted the zone of highest contamination in the shallow aquifer
(U.S. Navy 2013h).

Pilot Study Results—Phase 11 Field Study 2013

The Navy collected three rounds of groundwater monitoring data every 3 months for 9 months to
evaluate results of the Phase II field pilot study conducted in 2012. These data were reported in
the DCA pilot study evaluation (U.S. Navy 2013n). The post-injection groundwater monitoring
occurred in September and December 2012 and March 2013. Results of these monitoring
activities are summarized in Table 6-11, and Figure 6-20 presents these data in a graphical
format. The complete data tables are included in Appendix D-5 of this 5-year review report.

The data evaluation conducted for this study focused on establishment of a biobarrier,
effectiveness of the biobarrier, and evaluation of the materials injected to accomplish
augmentation of degradation. The study concluded the following:

Site geochemical parameters (dissolved oxygen, oxidation reduction potential,
pH, nitrate sulfate, and methane) indicated that anaerobic conditions were
achieved and maintained in the biobarrier.

The biobarrier was effective in Phase II at reducing DCA by 12 to 96 percent in
monitoring wells (§PS-A1, 8PS-A3, 8PS-B1, 8PS-B2, 8PS-C1, 8PS-C2, 8PS-C3,
8PS-C4, and 8PS-D1) installed downgradient of Phase I injection wells (highest
in the shallowest wells).

The biobarrier was also effective in Phase II at reducing DCA by 44 to 84 percent
in monitoring wells (§8PS-E1, 8PS-F1, and 8PS-G1) installed downgradient of the
Phase II injection wells.

Ethene and ethane production was observed, providing evidence of degradation
proceeding to its end products.

The similar reductions of DCA in the Phases I and II portions of the biobarrier
revealed that the first-time injection of WBC-2 microbes in the Phase II area
engaged more rapidly in augmenting degradation compared to the Phase I area
injected with KB-1 microbes.
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o The greater quantity of microbes injected for Phase II may also have supported

more rapid engagement for both KB-1 and WBC-2 microbes (U.S. Navy 2013n).
The recommended path forward includes the following:

o Injections likely should be repeated every 2 to 3 years, although EVO need not be
injected while geochemical parameters and dissolved organic carbon indicate that
anaerobic conditions have been maintained.

o A confirmational round of monitoring should be conducted at approximately 18
months after injections to assess the longer term performance of DCA
biodegradation in the biobarrier (see “Bioaugmentation Longevity Study 2014
section below).

o The longevity of the biobarrier and need for reinjection of EVO and microbes
should be assessed to evaluate the cost of maintaining the biobarrier to reduce
source area chlorinated VOC concentrations to ensure that RGs for COCs are
achieved at the base boundary (U.S. Navy 2013n).

Vapor Intrusion Studies 2012 and 2013

The Navy conducted vapor intrusion studies to evaluate whether vapor migration from the
subsurface to indoor air is a potentially complete exposure pathway warranting further
investigation (U.S. Navy 2012h). Based on EVS Pro data depictions (discussed below) and
existing contaminant concentration data, it was concluded that the PWIA was the only potential
area of concern for the vapor intrusion pathway. Buildings 1021 and 1202 were selected for
vapor intrusion analyses based on the concentrations in groundwater beneath the buildings and
presence of small offices within the buildings.

Indoor air and subslab soil gas sample pairs were collected from five locations in each building
within small office/storage spaces (U.S. Navy 2014n). Two rounds of samples were collected:
January and July 2013. These samples were analyzed for benzene, toluene, ethylbenzene,
1,1-DCE, 1,2-DCA, 1,2-dibromomethane, 1,2-dichloropropane, 1,2,3-TCA,
1,2,4-trimethylbenzene, 1,3,5-trimethylbenzene, isopropylbenzene, naphthalene, xylenes, and
vinyl chloride. Results of these analyses and associated field measurements are included in
Appendix D-6 of this 5-year review report. The vapor intrusion study concluded the following:

o Although selected contaminants were detected in indoor air, the subslab sample
data indicate that these detections result from indoor sources and do not result
from vapor intrusion from the subsurface.
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o High oxygen levels measured in subslab soil gas beneath the buildings supports

the conclusion that the vapor intrusion pathway is not significant for these
buildings under current conditions, because these high levels are indicative of an
environment conducive to biodegradation that results in significant attenuation of
the vapor concentrations within the vadose zone.

o The high oxygen levels explain why subslab soil gas concentrations are below
levels of concern, even though groundwater beneath the site is significantly
impacted by petroleum-related VOCs and the presence of residual free product.

o 1,2-DCA was not detected in subslab soil gas, demonstrating that 1,2-DCA vapors
are not migrating from groundwater and the pathway is incomplete (U.S. Navy
2014n).

o Although indoor air and subslab soil gas data indicate that the vapor intrusion

pathway is insignificant for workers in the PWIA (under current conditions), the
presence of residual free product could be providing a continued source of
contaminants to groundwater. In addition, potentially increasing concentrations
of benzene in groundwater have also been noted. If groundwater concentrations
continue to increase, subslab soil gas concentrations could also increase. Because
of these uncertainties, an additional round of vapor intrusion monitoring was
recommended. However, subslab soil gas concentrations are unlikely to increase
to levels that would result in health concerns.

Pilot Study Results—Bioaugmentation Longevity Study 2014

The Navy conducted additional groundwater monitoring in the March and April 2014 time frame
to evaluate the effectiveness of the biobarrier 21 months after injection as recommended by the
pilot study evaluation report (U.S. Navy 2013n), as discussed in the Phase II field study 2013
section above. This groundwater monitoring was conducted such that it corresponded with
Round 30 of the periodic MNA activities conducted for OU 8 (U.S. Navy 2014g).

Results of monitoring activities conducted during baseline monitoring, 9-month post-injection
monitoring, and 21-month post-injection monitoring are summarized in Table 6-11, and
Figure 6-20 presents these data in a graphical format. The complete data tables are included in
Appendix D-5 of this 5-year review report.

The conclusions presented by the bioaugmentation longevity study focus on data relevant to the
effectiveness of the biobarrier and evaluation of the materials injected to accomplish
augmentation of biodegradation. Those conclusions are summarized as follows:

o EVO and microbe injections were very successful in establishing the biobarrier.
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The observed longevity of the injected EVO confirmed that scaling back the oil
content from 2 to 1 percent in wells 8IW-6 and 8I1W-7 and forgoing additional
EVO in well 8IW-1 for Phase II injections was appropriate.

Elevated methane concentrations observed in samples collected throughout the
biobarrier during the Phase II 21-month monitoring period indicate that vigorous
methanogenesis occurred in the study area.

Insufficient EVO remains approximately 3 years after injection in the Phase I
wells, and EVO concentrations are significantly diminished approximately 2 years
after injection in the Phase II wells.

As the volatile fatty acids near depletion, ongoing degradation in the biobarrier
may be slowing as a result.

The biobarrier was highly effective in Phase II at reducing DCA by 67 to 97
percent in monitoring wells (8PS-A1, 8PS-A3, 8PS-B1, 8PS-B2, 8PS-Cl1,
8PS-C2, 8PS-C3, 8PS-C4, and 8PS-D1) installed downgradient of Phase |
injection wells (highest in the shallowest wells).

The biobarrier was also highly effective in Phase II at reducing DCA by 84 to 93
percent in monitoring wells (8PS-E1, 8PS-F1, and 8PS-G1) installed
downgradient of the Phase II injection wells.

Ethene and ethane production was observed, providing evidence of degradation
proceeding to its end products (U.S. Navy 2014g).

A separate benzene pilot study to decrease LNAPL and dissolved benzene in the PWIA source
area has been contracted by the Navy in an effort to reduce benzene concentrations in
groundwater. Because redox manipulation by the LNAPL pilot study may raise the aerobic level
in the subsurface and interact with the DCA pilot study area, the next step for maintenance of the
DCA biobarrier likely should be deferred until the benzene pilot study has been completed.
Therefore, the recommended path forward includes the following:

Periodic monitoring of DCA and indicator parameters in pilot study wells, in
addition to the ongoing MNA program, to assist in the assessment of the possible
impacts from the benzene pilot study and inform when additional injections of
EVO and microbes are appropriate

Reestablishment of the DCA biobarrier once the benzene pilot study has been
completed (U.S. Navy 2014g)
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Modeling Results 2014
In 2014 the Navy conducted a study to accomplish the following:

o Further analyze existing soil and groundwater data using the three-dimensional
EVS Pro model to estimate the extent of 1,2-DCA and benzene at the site.

o Analyze historical data to determine if the LNAPL plume may be related to a
recent source.

o Perform plume stability analyses using historical data to assess LNAPL stability.

o Assess hydrologic conditions at individual wells to evaluate if measured LNAPL
thickness is exaggerated.

o Provide conclusions and recommendations to improve understanding of site
conditions and optimize the remedy.

The following conclusions were drawn from these analyses:

o The nature of the LNAPL source appears to be multiple historical releases from
several of the USTs removed from the PWIA service station in the 1990s.

o The analytical data and tank testing results support the theory that no ongoing
release from the existing gasoline and diesel tanks is occurring, and LNAPL
appears to be at or near residual saturation.

o Results of the EVS Pro modeling concluded that from the mid-1990s to 2013, the
1,2-DCA and benzene plume footprints have receded, and the centers of mass for
both contaminant plumes were localized to the site (see Figures 6-21 and 6-22).

o The increasing concentrations of benzene observed in some wells may be
attributable to changes in the water levels at the site or impacts from recent pilot
testing.

o Results of the hydrologic assessment suggest the presence of exaggerated LNAPL

thickness in the wells at the site and that LNAPL saturations at the site are likely
residual (U.S. Navy 2014h).
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The recommended path forward includes the following:

J Conduct additional evaluation of the dissolved phase to optimize LTM, identify
the need for and location of new monitoring wells, and sample groundwater from
more wells in the PWIA area.

o Conduct additional analyses to better define the nature and extent of the LNAPL
still present on the site to support remedy optimization.

o Evaluate active source remediation technologies for cost and effectiveness to
optimize the remedy, including bioventing, source zone biosparging with soil
vapor extraction, in situ groundwater recirculation, and in situ chemical oxidation
(U.S. Navy 2014h).

6.4.5 Annual Institutional Control Inspections

Annual inspections are conducted at the sites where LUCs are in place in accordance with the
previous and current ICMPs. The Navy prepared an ICMP for all of NBK Bangor in 2001 (U.S.
Navy 2001). The ICMP was revised in 2007 and again in 2010. Inspections have been
conducted during each of the 5 years that comprise this review period. The inspections
performed in 2009 were conducted as established in the ICMP dated April 17, 2007 (U.S. Navy
2007). Subsequent inspections were conducted as established in the ICMP dated September 16,
2010 (U.S. Navy 2010c). IC inspections conducted during this review period, occurred on the
following dates:

October 19 to 26, 2009
September 27 to October 4, 2010
September 20 to 29, 2011
September 23 to October 5, 2012
September 17 to 30, 2013.

Annual inspections conducted for Sites A, F, 16/24, D, B, E/11, and 10 and OU 8 were reported
in annual ICs inspection letter reports (U.S. Navy 2010d, 2011¢, 2012b, 2013c, and 2014a).
Activities conducted during these inspections and the results are summarized in Table 6-12.

During this 5-year review, ICs at NBK Bangor were found to be maintaining conditions
protective of human health and the environment based on the visual inspections conducted. No
site had inspection results that require contingency inspections, nor did any of the site ICs require
immediate maintenance (U.S. Navy 2010d, 2011¢c, 2012b, 2013c, and 2014a). However, it
should be noted that some deficiencies identified in the annual inspection reports were not
immediately repaired. A greater effort should be made to ensure that deficiencies that impact
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protectiveness be repaired within the same year (before the next annual inspection) if funding is
available in the same year, or programmed for the next year if funding is not available in the
same year.

6.5 RESULTS OF SITE INSPECTION

The site inspection checklists are included as Appendix E. This section contains a summary of
the site inspection findings. The site visit, which occurred on September 18, 2014, was
conducted by the following personnel:

Douglas Guenther, NAVFAC NW Remedial Project Manager
Steve Skeehan, NAVFAC NW Navy Technical Representative
Debbie Rodenhizer, URS Project Manager

Eric Lillywhite, URS Senior Environmental Scientist

Tom Goodlin, Sealaska Hydrogeologist

The site visit consisted of inspecting all portions of the site covered by ICs or requiring ongoing
remedy operation and maintenance.

At OU 1 (Site A), a visual inspection was performed of the treatment plant and the areas where
ICs are required. The O&M manual or maintenance logs could not be found in the treatment
plant building at the time of the site inspection. Following the site inspection, the O&M
contractor clarified that the O&M manual is kept in the field truck so that it is present while
workers are on site, and a second copy is kept at the field office. The maintenance logs are kept
at the field office instead of at the treatment plant, because it is impractical to keep the logs at
Site A where they are not easily accessed because of base security.

The treatment plant was found to be in generally good condition and operational. However,
corrosion was observed on floor braces supporting effluent piping in the southeast part of the
treatment plant building, and one extraction well vault needs replacement. Furthermore, none of
the extraction well vaults is traffic rated and located within the access road to the site. The

Site A treatment system is over 15 years old and has experienced significant wear and tear over
its operational life. Because of this, equipment failure is possible that could potentially lead to
partial or full failure of the system as a whole. If continued long-term operation of this system is
planned, the Navy, together with their LTM contractor, should perform a comprehensive
evaluation of the pump and treat system maintenance needs and proactively repair or replace
equipment to minimize future unscheduled shutdowns.

During the inspection of the burn area, a depression was noted in the southeast corner of the burn
area, and a pipe was visible in this depression. This area should be investigated to determine if

the leach basin liner may have been compromised, and, at a minimum, the hole should be
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backfilled with clean sand. In addition, tire ruts in the sand were observed along the perimeter of
the burn area, most likely from well drilling activities at the site. These minor ruts do not appear
to have impacted the leach basin liner. The O&M contractor noted that there most likely is
bentonite in new well A-MW60, because the well does not produce water. This area is
adequately covered by other wells, and redrilling of this well is considered unnecessary.

At OU 2 (Site F), a visual inspection was performed of the treatment plant and areas where ICs
are required. The treatment plant was found to be generally in good condition and operational,
with the O&M manual and records available on site. During the inspection, the roll-up door was
partially open for ventilation, most likely because of the minor water leaks from various vessels
and pumps observed during the visit. Theoretically, someone could access the building under the
door, although the treatment plant is on NBK Bangor and access is controlled.

An electrical failure, caused from poor power quality, occurred in January 2013 during large
wind storms that burned out many of the extraction well pumps and caused other damage. The
Navy responded and repaired/upgraded the system in a timely fashion, and the long-term
protectiveness of the remedy was not affected. The Navy also performed extensive repairs and
upgrades from December 2013 to March 2014 while further bioremediation pilot testing was
performed at the site. The Navy, together with their LTM contractor, should continue to evaluate
pump and treat system maintenance needs and proactively repair and replace equipment. In
addition, the minor water leaks observed during the site inspection should be repaired.

During the inspection of the Site F infiltration barrier, vegetation was observed growing in the
seams in the asphalt and in the drainage swale. The vegetation in the drainage swale includes
small trees. If allowed to continue to grow, this vegetation may impact the functionality of the
infiltration barrier. This vegetation should be removed, and the asphalt cap repaired, as needed.

At OU 3 (Sites 16/24 and 25), OU 7 (Sites B, E/11, and 10), and OU 8, visual inspections were
performed of the areas where ICs are required. Although no IC is required at Site 25, one
monitoring well and protective casing was observed to be compromised, and decommissioning
of this well is recommended. At Site B, erosion along the southern shoreline area, fading
information signs, and the presence of invasive species in the cap area were observed. The Navy
currently monitors beach erosion, and periodically replenishes the beach with fish mix. The
presence of invasive species is not expected to compromise the integrity of the cap. However,
the signs should be replaced. At Site E/11, fencing is compromised in one location adjacent to
one of the gates, and the presence of invasive species was noted. At Site 10, the asphalt cap
showed some signs of cracking, and a sinkhole is present adjacent to Building 2011. Based on
these observations, the fencing and asphalt cap at Site 10 should be repaired.

J:\Projects\N\Navy AE\AE-2009\DO 78 - xx49 Bangor 4th 5 Year Review\09 Reports & Deliverables\R-3 Deliverables\dth 5-Year
Review\Final\Final Bangor 4th 5-Year Review - Text.docx



FINAL FOURTH FIVE-YEAR REVIEW Section 6.0

Naval Base Kitsap Bangor Revision No.: 0
Naval Facilities Engineering Command Northwest Date: 9/3/15
Page 6-57

6.6 RESULTS OF INTERVIEWS

Interviews were conducted with persons familiar with the CERCLA actions at NBK Bangor.
Interviewees were selected from the Navy, Ecology, EPA, Kitsap County Health District, and
community. Interview instructions and questions were sent to potential interviewees via e-mail
or regular mail, and responses to questions were returned by e-mail. Not all those invited to
comment chose to do so. Interview responses are documented in Appendix F. Highlights of the
interview responses are summarized in the following sections.

6.6.1 Navy Personnel

Four Navy personnel responded to the interview request. As in the last 5-year review, Navy
personnel expressed the opinion that the Site A pump and treat system was meeting the ROD
requirements and remained protective, but was not a cost-effective remedy component.
Furthermore, because of the low subsurface conductivity of the site, the prospect is low to
increase system recovery. The Navy’s opinion is that MNA may possibly be an effective
replacement for the pump and treat remedy component. Therefore, recent groundwater
monitoring events have included water quality parameters in support of the MNA alternative.
Because of the very slow movement of groundwater at the site, containment might be achieved at
Site A without the treatment system operating. An assessment should be performed on whether
the plume would effectively remain contained, in accordance with the requirements of the ROD,
if the treatment system were turned off. Alternatives to pump and treat should be reviewed for
technical practicality and to determine if the site should be declared technically impracticable to
remediate.

The Navy’s opinion is that the Site F pump and treat system has been an effective component of
the Site F remedy by containing and removing contamination. Although optimization of the
current pump and treat system may prove beneficial, bioaugmentation for RDX reduction would
best improve the remediation rate (if studies confirm effectiveness). The Navy also believed that
OU 8 was meeting the ROD requirements by achieving containment, decreasing the extent of the
DCA and benzene plume, and meeting off-base drinking water standards. Furthermore,
remediation of benzene and DCA and removal of free product is being optimized through
ongoing pilot studies.

The Navy reported that ICs have been effective to date, with no violations. Navy personnel
reported no complaints from the public. Navy personnel expressed the opinion that the
monitoring data collected and site inspections conducted over this 5-year review period have
been adequate for meeting the ROD requirements.
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6.6.2 Agency Personnel

Personnel from EPA, Ecology, and the Kitsap County Health Department responded to the
interview request.

The EPA respondent stated that the remedies at OUs 1 and 2 were currently protective in the
short term because there is no current groundwater exposure. However, the EPA respondent
questioned the long-term protectiveness, because the length of time to achieve RAOs is unknown
or not well estimated. The EPA respondent felt an estimation of the time frame for current
remedies to achieve groundwater RAOs should be performed to assess whether or not changes to
the remedies are necessary to achieve RAOs in a reasonable time frame.

The EPA does not believe the remedy for OU 8 has met or will meet the groundwater RAOs in
either the short or long term. The OU 8 monitoring data show that the remedy is inconsistent
with the objectives of the EPA’s MNA guidance. Therefore, EPA recommended a change in the
remedy for OU 8. EPA further recommended that treatability studies and an FFS should be
performed to evaluate more effective LNAPL and dissolved-phase benzene groundwater
remediation technologies. The EPA respondent felt monitoring was sufficient. However, the
remedy for OU 8§ was ineffective and additional analysis of monitoring data was needed to assess
achievement of RAOs. The EPA respondent also commented that the scientific finding of
borderline risks for some VOCs in the vapor intrusion study for OU 8 may call into question the
protectiveness of the remedy. If there are future increases in LNAPL or dissolved-phase benzene
concentrations in the source area, vapor intrusion risks could increase. The EPA was unaware of
any violations or complaints from the public.

Ecology’s respondent also stated that the remedies at OU 1 and OU 2 were protective in the short
term, but also believed that the remedy at OU 8 appeared to be protective in the short term.
However, the respondent did not believe the pilot studies at OU 8 were resulting in progress
toward remediating the site. The respondent agreed that the environmental monitoring at NBK
Bangor has shown that the ROD goals have been met, but monitoring has also shown that the
present passive actions at OU 8 are failing to remediate the site in a reasonable time frame. The
respondent further stated that although containment goals have been met, the goal to reduce the
level of contamination to less than federal and state standards has not been met, nor will it be met
in a reasonable time frame. The respondent believed that an FFS should be performed, followed
by more aggressive active remediation in the source area.

As in the last 5-year review, the Kitsap County Health District expressed concern that their
agency did not have information regarding the remedies at NBK Bangor and therefore could not
adequately comment. The respondents overall impression (pertaining to corrective actions at the
Floral Point landfill) was that the remedies were in place and monitoring was ongoing.
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6.6.3 Community

One community member respondent (former RAB member) reported feeling uninformed since
dissolution of the RAB. The respondent expressed an explicit desire for an update on the current
status of the Bangor sites, especially for Floral Point, as there was concern in the past about
implementation and method of remedies for Floral Point. The second community member
respondent also felt uninformed, with no further comments. Based on these interview responses
and those received form the Kitsap County Health District, additional agency and community
outreach activities should be performed.
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Figure 6-5
Site A Pump and Treat System Mass Removal Since 1997




33762145_44.ai

9

1997 RDX Plume

2009 RDX Plume

2013 RDX Plume

NBK Bangor
FOURTH
5-YEAR REVIEW

Figure 6-6
EVS Pro Modeling Results for RDX Plume at Site A
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Table 6-1
Summary of Normality and Linear Regression Analysis Results for OU 1
Data Are Normally Linear Perform
Distributed Regression Mann-
Well Analyte (Parametric)® Trend® Kendall® Notes

Perched Zone Wells

A-MW22 RDX No NA Yes EPA guidance does not recommend performing a linear regression on less than
eight data points.

A-MW47 RDX Yes’ Downward Yes Concentration data required transformation to fit the normal distribution model.

TNT Yes Downward Yes

A-MW48 RDX Yes’ Downward Yes Concentration data required transformation to fit the normal distribution model.

Shallow Aquifer Wells

A-MW32 RDX No Upward Yes Even though the data set was considered not normally distributed by the
Shapiro-Wilks test, this may be due to one outlier data point. When linear
regression was performed for the data set with the outlier removed, it resulted in
a valid P-statistic.

A-MW49 RDX Yes Downward Yes

A-MW54 RDX Yes Downward Yes

Extraction Wells

A-EW4 RDX Yes Upward Yes

A-EW5 RDX Yes Upward Yes Data do not follow a normal distribution, and therefore linear regression fit is
not statistically significant. Trend may be increasing.”

A-EW6 RDX No NA Yes Data set contained greater than 20% nondetections.

A-EW7 RDX Yes Downward Yes

A-EW8 RDX Yes* Downward Yes Concentration data required transformation to fit the normal distribution model,
and the linear trend is not significant.

A-MW37 RDX Yes Downward Yes

A-MW46 RDX Yes Downward Yes

?As determined by Shapiro-Wilks normality test using Chemstat” statistical analysis software
"Trends that appear to be most valid are shown in bold text. These are trends that pass the Shapiro-Wilks tests, do not require transformation of the data set, and
have P-values indicating the fit line is statistically significant and scatter plots uniform.
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Table 6-1 (Continued)
Summary of Normality and Linear Regression Analysis Results for OU 1

“Mann-Kendall trend analysis performed on (a) wells with nonparametric data sets, (b) a data set that does not fit criteria for linear regression, or (c) a linear trend
that is not statistically significant. See Table 4-2 for results.

dLog—transformed data

‘Information provided in Table F-1 of 2014 LTM report (U.S. Navy 2014b)

Notes:

NA - not applicable

RDX - hexahydro-1,3,5-trinitro-1,3,5-triazine
TNT - 2,4,6-trinitroltoluene
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Table 6-2
Summary of Mann-Kendall Trend Analysis Results for OU 1
Current Previous Trend Changes From
Well RDX TNT 2,6-DNT | 2,4-DNT | Frequency Period Evaluated Analysis Previous Analysis

Perched Zone Wells

A-MW22° NT >20% ND | >20% ND | >20% ND Annual May-1994 to Apr-2014 2012 No change

A-MW4T* NT >20% ND | >20% ND Annual Feb-2001 to Mar-2014 2012 No change

A-MW48* >20% ND | >20% ND | >20% ND Annual Dec-1997 to Mar-2014 2012 No change

Shallow Aquifer Wells

A-MW32° >20% ND | >20% ND | >20% ND Annual Feb-2007 to Apr-2014 2012 RDX NT in 2012 changed to 1-1 in
2014

A-MW49°* >20%ND | >20%ND |>20%ND | Annual | Oct-2010 to Apr-2014 2012 | RDX trend changed from D-2 in
2012 to NT in 2014

A-MW54° DRV >20% ND | >20% ND | >20% ND Annual Feb-2006 to Apr-2014 2012 No change

Extraction Wells

A-EW4 >20% ND | >20% ND | >20% ND Annual Aug-2004 to Apr-2014 2012 RDX trend changed from D-1 in
2012 to 1-2 in 2014

A-EW5 >20% ND | >20% ND | >20% ND Annual Aug-2004 to Apr-2014 2012 RDX trend changed from D-2 in
2012 to NT in 2014

A-EW6 >20% ND | >20% ND | >20% ND Annual Aug-2009 to Apr-2014 2012 RDX trend changed from NT in
2012 to D-1 in 2014

A-EW7 >20% ND | >20% ND | >20% ND Annual Aug 2004 to Apr-2014 2012 No change

A-EW8 >20% ND | >20% ND | >20% ND Annual Aug-2004 to Apr-2014 2012 RDX trend changed from D-2 in
2012 to D-1 in 2014

A-MW37 >20% ND | >20% ND | >20% ND Annual Feb-2007 to Mar-2014 2012 No change

A-MW46 >20% ND | >20% ND | >20% ND Annual Feb-2007 to Mar-2014 2012 No change
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Table 6-2 (Continued)
Summary of Mann-Kendall Trend Analysis Results for OU 1

*Compliance monitoring well

Notes:
>20% ND - Greater than 20% of analytical results were nondetections. Therefore, trend analysis was not conducted.
NT - No trend
- Trend at 80% confidence level is decreasing
D-2 - Trend at 80% and 90% confidence level is decreasing
- Trend at 80% confidence level is increasing
1-2 - Trend at 80% and 90% confidence level is increasing

DNT - dinitrotoluene
RDX - hexahydro-1,3,5-trinitro-1,3,5-triazine
TNT - 2,4,6-trinitrotoluene

J:\Projects\N\Navy AE\AE-2009\DO 78 - xx49 Bangor 4th 5 Year Review\09 Reports & Deliverables\R-3 Deliverables\4th 5-Year Review\Final\Final Bangor 4th 5-Year Review - Text.docx



FINAL FOURTH FIVE-YEAR REVIEW

Naval Base Kitsap Bangor

Naval Facilities Engineering Command Northwest

Section 6.0
Revision No.: 0
Date: 9/3/15

Page 6-101
Table 6-3
RDX Concentration Trend Analysis Summary for OU 1 Selected Wells from Spring 2009 to Spring 2014
Concentration Minimum Average Maximum Concentration 95% 95% Confidence That
Number | Number | Greater Than | Concentration | Concentration | Concentration Decay Rate UCL LCL Concentration Trend
Well Results | Detected RG (ng/L) (ng/L) (ng/L) of Log Data Trend Trend Is Decreasing
Perched Zone Wells
A-MW47° 4 4 4 6.2 20.8 43 0.401 1.539 -0.736  |[NA
A-MW48* 4 4 4 69 83.75 99 -0.074 -0.020 -0.129  [>95%
Shallow Aquifer Wells
A-MW32? 6 6 6 5.3 6.9 9.1 0.079 0.163 -0.006 |NA
A-MW49° 13 13 13 1.0 65.7 240 -0.450 0.232 -1.133 [ >50% but <95%
A-MW54° 5 5 0 0.31 0.5 0.73 0.013 0.284 -0.258 |NA
A-MW56° 13 5 0 0.06 0.11 0.15 0.016 0.135 -0.103  |NA
A-MW57° 12 3 0 0.04 0.1 0.15 -0.127 0.033 -0.287 | >50% but <95%
Extraction Wells
A-EW4 6 6 6 80 101 130 0.017 0.118 -0.083 |[NA
A-EW5 6 6 6 1.0 23 34 -0.354 0.383 -1.092 [ >50% but <95%
A-EW7 6 6 6 110 210 300 -0.119 0.069 -0.308 | >50% but <95%
A-EWS 6 6 6 66 116 220 -0.019 0.234 -0.271 | >50% but <95%
A-MW37 6 6 6 62 86.8 130 -0.091 0.060 -0.242 | >50% but <95%

*Compliance monitoring well

Notes:

Bolded text indicates monitoring well locations where the average concentration is above the RG of 0.8 pg/L.

LCL - lower confidence limit
pg/L - microgram per liter

NA - not applicable (Concentrations are increasing.)
RDX - hexahydro-1,3,5-trinitro-1,3,5-triazine

RG - remediation goal
UCL - upper confidence limit
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Table 6-4
Summary of Mann-Kendall Trend Analyses for OU 2
Current 2014 Mann-
Last Sampling Events Sampling Period Kendall
Well RDX TNT ‘ DNT Frequency Evaluated Performed 2014 Changes from 2013 Analysis
Extraction Wells
NT Annual 1/07-3/14 Yes No change
<4 Annual 1/07-3/14 Yes No change
D-1 Annual 7/06-3/14 Yes DNT change from D-2 to D-1
ND Annual 7/06-3/14 Yes No change
ND Annual 7/06-3/14 Yes No change
ND Annual 7/06-3/14 Yes No change
NT Annual 1/07-3/14 Yes RDX change from D-2 to D-1; TNT change
from D-2 to NT; DNT change from D-1 to NT
ND Annual 7/06-3/14 Yes No change
ND Annual 7/06-3/14 Yes RDX change from D-2 to D-1
ND Annual 1/07-3/14 Yes No change
Primary Wells
F-MW31 Annual 7/06-1/14 Yes RDX change from D-2 to D-1
Annual 1/06-4/13 No Not sampled in 2014
Annual 7/06-1/14 Yes No change
Annual 7/06-1/14 Yes No change
F-MW40° 5 Year 6/96-1/14 No Not detected; no change from 2009
F-MW41 ND ND Semiannual 4/09-1/14 Yes No change
F-MW42° ND ND Semiannual 4/09-1/14 Yes RDX change from D-1 to D-2
F-MW43* ND ND 5 Year 6/96-1/14 No Not detected; no change from 2009
F-MW44 ND ND Annual 7/06-1/14 Yes No change
F-MW46° ND ND 5 Year 6/96-1/14 No Not detected; no change from 2009
NT ND Annual 7/06-1/14 Yes No change
ND ND Annual 1/06-4/13 No Not sampled in 2014
F-MW56° <4 ND ND Biennial 7/03-4/13 No
F-MW57° ND ND ND Biennial 7/03-4/13 No
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Table 6-4 (Continued)
Summary of Mann-Kendall Trend Analyses for OU 2

Current 2014 Mann-
Last Sampling Events Sampling Period Kendall
Well RDX TNT DNT Frequency Evaluated Performed 2014 Changes from 2013 Analysis
F-MW58° ND ND ND Biennial 7/03-4/13 No
F-MW59 ND ND Biennial 7/03-4/13 No
F-MW60° ND ND ND Biennial 7/03-4/13 No
Secondary Wells
ND ND Biennial 1/97-4/13 No
Biennial 1/97-4/13 No
Biennial 1/97-4/13 No
Biennial 1/97-4/13 No
F-MW45° 5 Year 6/96-1/14 Yes
ND ND Biennial 1/97-4/13 No
ND ND 5 Year 8/96-1/14 No Not detected; no change from 2009
ND ND 5 Year 8/96-1/14 Yes No change from 2009
ND ND Biennial 1/97-4/13 No
F-MWS55 D-1 ND ND Biennial 1/98-4/13 No
Northern Plume Edge Wells
F-MW61 ND ND ND Annual 10/06-2/14 No
F-MW62 <4 ND ND Annual 10/06-2/14 No
F-MW63 D-1 ND ND Quarterly 4/11-1/14 Yes RDX change from D-2 to D-1
F-MW64 NT ND ND Quarterly 4/11-1/14 Yes No change
F-MW65° ND ND Annual 1/7-2/14 Yes No change
F-MW66° ND ND Annual 8/09-2/14 No
ND ND Quarterly 4/11-2/14 Yes No change
ND ND Quarterly 4/11-2/14 Yes No change
F-MW69° ND ND Annual 10/09-2/14 Yes RDX change from D-1 to D-2
F-MW70° <4 ND ND Quarterly 10/11-2/14 No
F-MW71° ND ND ND Quarterly 10/11-2/14 No

*Compliance monitoring wells
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Table 6-4 (Continued)
Summary of Mann-Kendall Trend Analyses for OU 2

Notes:
<4 - Less than 4 detections in the last 10 sampling events. Does not meet Mann-Kendall input criteria. No Mann-Kendall analysis performed.
ND - No detections in the last 10 sampling events. No Mann-Kendall analysis performed.
NT |- No trend
D-1 - Trend at 80% confidence level is decreasing.
DRV - Trend at 80% and 90% confidence levels are decreasing.
- Trend at 80% confidence level is increasing.
- Trend at 80% and 90% confidence levels are increasing.
DNT - dinitrotoluene
RDX - hexahydro-1,3,5-trinitro-1,3,5-triazine
TNT - 2,4,6,-trinitrotoluene
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Table 6-5
RDX Concentration Trend Analyses Summary for OU 2 Selected Wells from Spring 2009 to Spring 2014
Concentration Minimum Average Maximum | Concentration| 95% 95% Confidence That Mann-Kendall
Well Depth | Number | Number | Greater Than |Concentration | Concentration | Concentration| Decay Rate UCL LCL | Concentration Trend Trends
Well? Interval® Results | Detected RG (ug/L) (ug/L) (ug/L) of Log Data | Trend | Trend Is Decreasing Analyses®
Source Area
F-MW31 |Shallow 6 6 6 26 47.3 77 0.087 0.320 | -0.146 |Not applicable Decreasing at
80% confidence
level
F-MW33 Intermediate 5 5 5 76 121 160 -0.163 -0.065 | -0.261 |>95% Decreasing at
80% and 90%
confidence level
F-MW54S | Shallow 6 6 6 2.6 5.17 10 -0.126 0.109 | -0.360 |>50% but <95% Decreasing at
80% and 90%
confidence level
Central Plume Area
F-MW39 |Intermediate 6 6 6 87 463 1,400 -0.495 -0.286 | -0.704 |>95% Decreasing at
80% and 90%
confidence level
F-MW55M | Intermediate 5 5 5 22 50.8 110 -0.282 0.129 | -0.692 [>50% but <95% Decreasing at
80% and 90%
confidence level
North Containment Area
F-MW44 | Intermediate 6 6 6 240 978 1,600 0328 | 0506 | 0.149 |[NA Increasing
Northern Plume Edge Area
F-MW64 |Intermediate 20 20 7 0.47 0.91 3.1 -0.020 0.087 | -0.128 |>50% but <95% No trend
F-MW68 Intermediate 20 20 20 25 3.03 3.8 -0.068 -0.054 | -0.082 |>95% Decreasing at
80% and 90%

confidence level

*All wells are performance wells, with the exception of F-MW64, which is a compliance well.
PAll wells screened within the shallow aquifer. Therefore, the depth interval referenced is within the shallow aquifer.
‘Mann-Kendall was based on all historical data (not the last 5 years).

Notes:

Bolded text indicates monitoring well locations where the average concentration is above the established cleanup level of 0.8 pg/L.
RDX - hexahydro-1,3,5-trinitro-1,3,5-triazine
RG - remediation goal

LCL - lower confidence limit

png/L - microgram per liter

UCL - upper confidence limit
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Table 6-6
Summary of Normality and Linear Regression Analysis Results for OU 8
Data Are Normally Linear Perform
Distributed Regression Mann-
Well Analyte (Parametric)® Trend® Kendall® Notes
Source Area Wells
8EMWO06 Benzene Yes® Upward Yes Statistically significant upward trend. Possible seasonable variability.
Ethyl- Yes® Upward Yes Statistically significant upward trend.
benzene
Toluene Yes* Upward Yes Statistically significant upward trend. Possible seasonable variability.
DCA Yes Downward Yes Statistically significant downward trend. Possible seasonable variability.
DCP NA NA No Data set contains 52% nondetected data from 2000 to 2013. The data set from
2011 to 2013 contains 20% nondetected data, with the detections all estimated
values below the laboratory quantitation limit.
SMW47 Benzene Yes Upward Yes Statistical significance is questionable. Possible seasonable variability.
Ethyl- Yes Downward Yes Statistically significant downward trend. Seasonality not indicated.
benzene
Toluene Yes Downward Yes Statistically significant downward trend. Seasonality not indicated.
MWO05 Benzene Yes Upward Yes Statistically significant upward trend.
Ethyl- Yes Upward Yes Statistically significant upward trend.
benzene
Toluene Yes! Upward Yes Possible upward trend. However, linear regression is not statistically
significant.
DCA Yes Upward Yes Possible upward trend. However, linear regression is not statistically
significant.
DCP NA NA No Data set contains 47% nondetected data from 2000 to 2013. The data set from
2009 to 2013 contains 14% nondetected data, with the detections all estimated
values below the laboratory quantitation limit.
MWO08 Benzene Yes Downward Yes Possible downward trend. However, linear regression is not statistically
significant.

J:\Projects\N\Navy AE\AE-2009\DO 78 - xx49 Bangor 4th 5 Year Review\09 Reports & Deliverables\R-3 Deliverables\4th 5-Year Review\Final\Final Bangor 4th 5-Year Review - Text.docx



FINAL FOURTH FIVE-YEAR REVIEW
Naval Base Kitsap Bangor
Naval Facilities Engineering Command Northwest

Section 6.0
Revision No.: 0
Date: 9/3/15
Page 6-107

Table 6-6 (Continued)
Summary of Normality and Linear Regression Analysis Results for OU 8

Data Are Normally Linear Perform
Distributed Regression Mann-
Well Analyte (Parametric)® Trend® Kendall® Notes
Ethyl- Yes Downward Yes Possible downward trend. However, linear regression is not statistically
benzene significant.
Toluene Yes Downward Yes Statistically significant downward trend.
On-Site Downgradient Wells
EMWO03 TCA Yes’ Downward Yes Statistically significant downward trend.
DCE Yes’ Downward Yes Statistically significant downward trend.
DCA Yes’ Downward Yes Statistically significant downward trend.
DCP NA NA No Data set contains 27% nondetected data from 2000 to 2013. The data set from
2011 to 2013 contains 20% nondetected data, with the detections all estimated
values below the laboratory quantitation limit.
8MW33 TCA Yes Downward Yes Statistically significant downward trend.
DCE No Downward Yes Possible downward trend.
DCA Yes Upward Yes Statistically significant upward trend.
DCP Yes® Downward Yes Statistically significant downward trend.
8MW35 TCA Yes Downward Yes Statistically significant downward trend.
DCE Yes* Downward Yes Data from 2000 to 2013 show a downward trend, but not statistically
significant. Statistically significant downward trend during recent years 2006 to
2013.
DCA Yes* Downward Yes Data from 2004 to 2013 show a statistically significant downward trend. Data
from 2000 to 2013 show a downward trend, but not statistically significant.
Off-Site Downgradient Wells
SMW13 DCA Yes Downward Yes Statistically significant downward trend for 2009 to 2013 data.
SMW19 DCA Yes’ Downward Yes Statistically significant downward trend.

?As determined by Shapiro-Wilks normality test using Chemstat” statistical analysis software
"Trends that appear to be most valid are shown in bold text. These are trends that pass the Shapiro-Wilks tests, do not require transformation of the data set, and
have P-values indicating the fit line is statistically significant and scatter plots uniform.
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Table 6-6 (Continued)
Summary of Normality and Linear Regression Analysis Results for OU 8

“Mann-Kendall trend analysis performed on (a) wells with nonparametric data sets, (b) a data set that does not fit criteria for linear regression, or (c) a linear trend
that is not statistically significant. See Table 6-7 for results.
dLog—transformed data

Notes:

DCA - 1,2-dichloroethane
DCE - 1,1-dichloroethene
DCP - 1,2-dichloropropane
NA - not applicable

TCA - 1,1,2-trichloroethane
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Table 6-7
Summary of Mann-Kendall Trend Analysis Results for OU 8
Ethyl- Current Period Previous Trend Changes From
Well Benzene | benzene | Toluene TCA DCE DCA DCP Frequency | Evaluated | Analysis Previous Analysis
Upgradient Wells
EMW42 - >20% >20% >20% >20% >20% >20% Semiannual | 2009 to 2012 No trend changed to
ND ND ND ND ND ND 2013 downward trend for benzene
Source Area Wells
>20% >20% >20% Semiannual | 2000 to 2012 No change
ND ND ND 2013
>20% >20% >20% Semiannual | 2009 to 2012 No trend changed to
ND ND ND 2013 downward trend for DCA
>20% >20% >20% >20% Semiannual | 2000 to 2012 Upward trend changed to no
ND ND ND ND 2013 trend for benzene
>20% >20% >20% >20% Semiannual | 2009 to 2012 No trend changed to
ND ND ND ND 2013 downward trends for
ethylbenzene and toluene.
Benzene not evaluated in
2012.
>20% >20% NT >20% Annual 2000 to 2012 No change
ND ND ND 2013
>20% >20% NT >20% Annual 2007 to 2012 No change
ND ND ND 2013
MWO0S8 >20% >20% >20% >20% Semiannual | 2010 to 2012 No trend changed to
ND ND ND ND 2013 downward trend for toluene
On-Site Downgradient Wells
EMWO03 >20% >20% >20% D-2 D-2 >20% Semiannual | 2000 to 2012 No change
ND ND ND ND 2013
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Table 6-7 (Continued)
Summary of Mann-Kendall Trend Analysis Results for OU 8

Ethyl- Current Period Previous Trend Changes From
Well Benzene | benzene | Toluene Frequency | Evaluated | Analysis Previous Analysis
>20% >20% >20% Semiannual | 2009 to 2012 Downward trend for TCA
ND ND ND 2013 changed to not evaluated.
Downward trend for DCE
changed to not trend.
8MW33 >20% >20% >20% Semiannual | 2000 to 2012 Downward trend changed to
ND ND ND 2013 upward trend for DCA
>20% >20% >20% Semiannual | 2009 to 2012 Downward trend changed to
ND ND ND 2013 no trend for DCA
EMW35 >20% >20% >20% Semiannual | 2000 to 2012 No trend changed to
ND ND ND 2013 downward trend for DCA
>20% >20% >20% Semiannual | 2009 to 2012 No change
ND ND ND 2013
Off-Site Downgradient Wells
EMW13 >20% >20% >20% >20% >20% >20% Semiannual | 2009 to 2012 No trend changed to
ND ND ND ND ND ND 2013 downward trend for DCA
EMW19 >20% >20% >20% >20% >20% >20% Semiannual | 2000 to 2012 No change
ND ND ND ND ND ND 2013
>20% >20% >20% >20% >20% >20% Semiannual | 2009 to 2012 No change
ND ND ND ND ND ND 2013
Notes:
>20% ND - Greater than 20% of analytical results were nondetections. Therefore, trend analysis was not conducted.
NT - No trend TCA - 1,1,2-trichloroethane
- Trend at 90% confidence level is decreasing. DCE - 1,1-dichloroethene
- Trend at 95% confidence level is decreasing. DCA - 1,2-dichloroethane
- Trend at 90% confidence level is increasing. DCP - 1,2-dichloropropane

- Trend at 95% confidence level is increasing.
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Table 6-8
1,2-DCA Concentration Trend Analyses Summary for OU 8 from Spring 2009 to Spring 2014
Confidence That
Concentration Minimum Average Maximum Concentration 95% 95% Concentration
Number Number Greater Than | Concentration | Concentration | Concentration Decay Rate ucL LCL Trend
Well Results Detected RG (ug/L) (ug/L) (ug/L) of Log Data Trend Trend Is Decreasing
Upgradient Well
SMW42 | 11 | 9 | 0 0.12 0.32 | 0.5 -0.074 0.108 -0.257  |>50% but <95%
Source Area Wells
8MW06 11 10 11 280 678 1,100 -0.202 -0.100 -0.304  |>95%
8MW47 10 6 9 2.5 63.0 350 -0.477 -0.016 -0.938  |>95%
MWO05 5 5 5 180 444 820 -0.338 -0.040 -0.636  |>95%
MWO08 8 5 6 4.6 23.8 82 -0.333 0.260 -0.926  |>50% but <95%
Near Source Downgradient Well
sMw33 | 11 | 11 ] 11 21 39.6 | 67 -0.187 -0.128 -0.246  [>95%
Downgradient Installation Boundary Well
8MWO03 11 10 5 0.50 5.68 11 -0.123 0.180 -0.425  |>50% but <95%
8MW35 11 11 1 0.62 1.86 5.2 -0.255 -0.039 -0.472 >95%
Downgradient Off-Site Wells
SMW13 11 11 0 0.71 1.56 2.3 -0.184 -0.103 -0.265  |>95%
SMW19 11 10 0 0.11 0.22 0.3 -0.155 -0.094 -0.216  |>95%
Notes:

Bolded text indicates monitoring well locations where the average concentration is above the established cleanup level of 5 pg/L.
DCA - dichlorethane
LCL - lower confidence limit
pg/L - microgram per liter

RG - remediation goal
UCL - upper confidence limit
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Table 6-9
Benzene Concentration Trend Analyses Summary for OU 8 from Spring 2009 to Spring 2014
Concentration Minimum Average Maximum | Concentration Confidence That
Number | Number | Greater Than | Concentration | Concentration | Concentration| Decay Rate | 95% UCL | 95% LCL | Concentration Trend
Well Results | Detected RG (ng/L) (ng/L) (ng/L) of Log Data Trend Trend Is Decreasing
Upgradient Well
SMW42 | 11 10 0 0.12 0.32 0.51 -0.219 -0.115 -0.324 >95%
Source Area Wells
8MWO06 11 11 11 11,000 14,091 19,000 0.030 0.097 -0.038 NA
8MW47 10 10 10 2,500 6,430 12,000 -0.231 -0.057 -0.406 >95%
MWO05 5 5 5 10,000 15,200 20,000 0.037 0.251 -0.177 NA
MWO08 8 8 8 1,700 5,738 12,000 -0.355 -0.082 -0.628 >95%
Downgradient Installation Boundary Wells
SMWO03 11 4 0 0.22 0.41 0.50 NR NR NR NR
8MW35 11 1 0 0.04 0.46 0.50 NR NR NR NR
Downgradient Off-Site Well
SMW13 | 11 1 0 0.05 0.46 0.50 NR NR NR NR
Notes:

Bolded text indicates monitoring well locations where the average concentration is above the established cleanup level of 5 pg/L.
LCL - lower confidence limit
ng/L - microgram per liter

NA - not applicable (Concentrations are increasing.)
NR - not reported (The concentration decay rate, 95% UCL trend, 95% LCL trend, and confidence that concentration trend is decreasing were not reported, because analytical
results for these wells consisted of mostly nondetected values, and all detected values were less than the reporting limit of 0.5 pg/L.)

RG - remediation goal

UCL - upper confidence limit
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Table 6-10
Summary of October 2009 to 2014 Free-Product Recovery Activities for OU 8
Product Recovery
Well ID 2009 2010 2011 2012 2013 2014
SMW47 X X
SMW49 X X
MWO04 X
VS-2 X
VS-3 X X X X
VS-4 X
VS-7 X X
VS-10 X X
VS-12 X X X
8IW-7 X X X
8CB-MW17 X X X
8CB-MW18 X X X
8CB-MW26 X X X
RW-1 X
Quantity Recovered (gallon) | 0.0008 3.75 2.30 5.81 3.43 0.87
Total Quantity Recovered for the Period (gallons) 16.16

Source: U.S. Navy 2014d
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Table 6-11
Reductions in DCA for Phases | and 11 Pilot Studies and Following Longevity Sampling
Phase | Phase 11 Longevity Sampling
Baseline | 9 Months Baseline 9 Months 21 Months
(May (Feb-Apr (Apr-Jun (Mar-Apr (Mar-Apr Overall
2010) 2011) Percent | Percent 2012) 2013) Percent Percent 2014) Percent Percent Phases | & 11
Well (ug/L) (ug/L) Change | Reduction (ug/L) (ug/L) Change | Reduction (ug/L) Change | Reduction Reduction

Upgradient Wells
MW05*° 410 610 149% NA 270 210 78% 22% 180 67% 33% 56%
8MW48°¢ 33 300 923% NA ND (40) ND (26) NC NC NA NC NC 100%?
Phase | Wells
8PS-Al 1,500 1,100 73% 27% 790 31 4% 96% ND (25) NC NC 100%?
8PS-A3 30 100 333% NA 32 32 100% 0% 10 31% 69% 67%
8PS-B1 1,600 1,200 75% 25% 870 140 16% 84% ND (25) NC NC 100%
8PS-B2 400 530 133% NA 110 97 88% 12% 24 22% 78% 94%
8PS-C1 1,500 1,300 87% 13% 1,300 520 40% 60% 140 11% 89% 91%
8PS-C2 670 690 103% NA 1,100 570 52% 48% 29 3% 97% 96%
8PS-C3 17 170 1000% NA 190 140 74% 26% 21 11% 89% -24%
8PS-C4 0.23 7.3 3174% NA 48.0 16.0 33% 67% NA 33%° 67% NA
8PS-DI 1,300 1,000 77% 23% 790 880 111% NA 110 14% 86% 92%
Phase 11 Wells
8PS-El NA NA NA NA 580 130 22% 78% 91 16% 84% NA
8PS-F1 NA NA NA NA 810 130 16% 84% 79 10% 90% NA
8PS-G1 NA NA NA NA 710 400 56% 44% 48 7% 93% NA
Downgradient Wells
EMWO06 1,100 620 56% 44% 510 740 145% NA 300 59% 41% 73%
8EMW49 120 62 52% 48% ND (35) ND (13) NC NC 14 NC NC 88%
8MW33 49 36 73% 27% 32 21 66% 34% 24 75% 25% 51%
EMWO03 7.6 4 53% 47% 6.5 3.2 49% 51% 4.4 68% 32% 42%
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Table 6-11 (Continued)
Reductions in DCA for Phases | and Phase Il Pilot Studies and Following Longevity Sampling

*Reports an average to represent Phase I baseline value; not detected in May 2010 due to elevated detection level and 820 ug/L in November 2010.
°October 2012 used for Phase II 9 months, as MWO05 sampled annually in the fall.

“Reports an average to represent Phase I baseline value; not detected in May 2010 due to elevated detection level and 65 pg/L in November 2010.
4A value of 100% overstates the reduction due to concentrations reported below the detection level.

“The 21-month data are not available. Phase II 9-month concentration used for calculation.

Notes:

“Change” represents the ending value relative to the beginning, while "reduction" represents the value lost by the ending value relative to the beginning.
Wells installed during Phase I are labeled in green font, and wells installed during Phase II are labeled in blue font.

DCA - dichloroethane

ng/L - microgram per liter

NA - not applicable (shown when data not available and reductions not calculated for increases)

NC - not calculable

ND - Not detected at or above the laboratory quantitation limit. The quantitation limit is displayed in parenthesis.
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Table 6-12
Institutional Controls Inspection and Maintenance Summary
Site Inspection Activities 2009-2010 2010-2011 ‘ 2011-2012 2012-2013 2013-2014
ou 1 Photograph the site to document any Observations
Slte A 1ncrle(1mental chl?ng'es, Whlc(lil’ overtime | Ny deficiencies observed One manhole cover was found to be Same as previous year plus: Same as previous year plus: Same as previous year plus:
urn area could impact the site remedy. o
) missing from the stormwater system. Injection well AIW-3 is protected from | A second manhole cover was found to | It appears that one of the manhole
Inspect the leach basin for any . traffic by a loose metal plate that could | be missing from the stormwater covers from the stormwater system
ev1d§nce of impact to the liner or soil slide off the well. system. was replaced.
erosion.
Two apparent monitoring wells were One sign located on Pintado Road was | A traffic cone was placed along the
Inspect the stormwater conveyance to discovered near the stormwater outfall. | knocked over and the post broken at shoulder of the road near extraction
confirm that water is able to freely the base. well AIW-3 to alert drivers.
flow through the system and is exiting dati
the system at the outfall. Recommendations
. None made Install a replacement manhole cover. Same as previous year plus: Same as previous year plus: Same as previous year
Inspect the groundwater restricted use
area to confirm that no unauthorized Add the inspection of the sign located Install a traffic-rated, flush-mount well | Install two replacement manhole
groundwater use is occurring. at the north end of Pintado Road to the | cover to protect well AIW-3. covers.
Interview the treatment plant operators IC inspection program. Investigate thc?sc? mor}itoripg points to Replace the post for the site restriction
to obtain any information regarding determine their identification. sign.
any impacts to the groundwater
treatment system.
Inspect that the on-site fencing is
secured and exhibits no major damage.
Oou 1 Photograph the site to document any Observations
Site A incremental changes, which, over time

debris area 2

could impact the site remedy.

Inspect the site for evidence of site
usage other than for recreational
purposes.

Look for evidence of blackberries or
other types of vegetation that restrict
access to the ravine.

Inspect existing signs for damage or
defacement and photograph observed
damage.

No deficiencies observed

Drums that were identified on the steep
slope above debris area 2 were
determined to be consistent with other
solid waste associated with OU 1.

Same as previous year

Same as previous year

Same as previous year

Recommendations

None made

Extend the boundary of debris area 2 to
the top of the steep slope to include
these drums within the mapped land
use control area.

Same as previous year

Same as previous year

Same as previous year
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Table 6-12 (Continued)
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Site Inspection Activities 2009-2010 2010-2011 2011-2012 2012-2013 2013-2014
ou 2 Inspect the asphaltic pavement work Observations
Site F surface for cracks to confirm the Minor cracks were reported in the Same as previous year plus: Same as previous year Same as previous year plus: Same as previous year plus:
integrity of the underlying infiltration surface asphalt east of the canopy . .
barrier. structure. Addmonal minor cracks were reported Scotch broom'and alder trees were The Scotch brgom and alder trees
) ) in the surface asphalt working area and reported growing through the asphalt reported growing through the asphalt
Inspect drainage ditches and culverts in area west of the canopy structure. in the paved drainage ditches and are in the paved drainage ditches are now
for debris or sediments that may . . up to 2 inches in diameter in size. reported to be up to 4 inches in
impede stormwater flow. Vegetation overgrowth was reported in diameter
) the paved stormwater ditches that may Alder trees up to 4 inches in diameter '
Inspect the site to ensure that impede or redirect flow. were reported to be present along the The alder trees that are lifting the
groundwater use restrictions are in entire western edge of the paved area, | pavement along the western edge of
place. Two large areas of downed trees were with roofs uplifting th halt th d cted 10 b
. . plifting the asphalt. e paved area are now reported to be
) reported that impede the visual to 6 inches in diameter
Interview the groundwater treatment inspection of the margins of the All the culvert openings at the site Up 70 & Inches ametet.
plant operators to qbtaln any asphalt. were reported to be 50% blocked by Stormwater was observed ponded up to
information regarding any impacts to either vegetation or rocks. 4 inches deep in a large area around the
the groundwater treatment system. storm drain near the former canopy
The canopy was reported to be no area
longer present. '
A storm drain was observed to have no
sediment sock and was partially
blocked with detritus and soil.
It was reported that the former canopy
area was not swept after removal, and
sand material remaining at this location
may eventually block the storm drain.
Recommendations
Fill the cracks to extend the longevity Same as previous year plus: Same as previous year Same as previous year plus: Same as previous year plus:
of the asphalt and limit weed growth. Clear vegetation from these ditches to Add the additional storm drain and Clear vegetation from ditches within
Update the ICMP to correctly reflect prevent diversion of stormwater out of pavement area at the former canopy to | the cap area, but leave vegetative
the limits of the Site F infiltration the structures that could cause damage the IC inspection. growth in the perimeter ditches in
barrier and locations of items requiring | by erosion. place to slow stormwater flow and
inspection. . . Sweep the former canopy area to prevent erosion.
Add additional structures to the site prevent the stormwater catch basin
map in the ICMP to better assist field from becoming blocked with sand.
personnel when locating the barrier
boundaries during site inspections.
ou3 Photograph the site to verify the site Observations
Site 16/24 use. No deficiencies observed No deficiencies observed No deficiencies observed No deficiencies observed

Inspect that the on-site fencing is
secured and exhibits no major damage.

No deficiencies observed

Recommendations

None made

None made

None made

None made

None made
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Site Inspection Activities 2009-2010 2010-2011 2011-2012 2012-2013 2013-2014
oue6 Inspect the site to ensure that no Observations
Site D development occurs within the wetland | Tpe [ack of distinctive features on the | Same as previous year Same as previous year Same as previous year Same as previous year
boundary. site map prevented the field team from
locating the site limits.
Recommendations
Add an aerial view site map showing Same as previous year Same as previous year Same as previous year Same as previous year
additional site features to the site
figure in the ICMP to assist field
personnel during site visits.
ou7 Inspect the soil cover to identify areas Observations
Site B where erosion problems exist or are Minor shoreline erosion was noted

likely to develop.

Inspect the site for any unauthorized
dumping or other unusual activities.

Inspect the stormwater drainage
system to confirm that water is able to
freely flow through the system.

Inspect the shoreline noting variations
from previous inspection conditions.

Inspect existing signs for damage or
defacement and photograph observed
damage.

using the calculations specified by the
ICMP.

The shoreline did not meet design
specifications in one small area of the
midbeach at Transect B.

Beach replenishment activities were
conducted to address minor
shoreline erosion identified in 2009
and 2010. These activities added
four vertical polyvinyl chloride
markers that will aid in the quick
assessment of beach erosion.

Some exposed soil was noted as a
result of vegetation removal
accomplished during beach
replenishment activities. A deficiency
may occur if significant erosion takes
place.

It was reported that two signs will
require maintenance or replacement
soon.

Same as previous year plus:

Transects appear similar to surveys
from 2011 after the beach
replenishment activities.

The berms near hubs are maintaining
at similar elevations to those
established by the beach replenishment
in 2011, and a mound of large shells
has been established in the middle
portion of the beach slope.

Same as previous year plus:

To provide early identification of
significant storm damage, informal
inspections of the Floral Point beach
area were performed during the winter
with no significant erosion or flooding
reported.

It was reported that figures of the
ICMP include the site extent, but do
not identify the extent of the vegetated
cap area within the site.

Recommendations

None made

None made

Consider placing erosion protection
(such as jute matting) on bare soil to
protect against erosion of exposed soil,
or placing a 1-foot-thick soil cap on
bare soil for the winter season to hold
the soil until native plants can
reestablish.

Repaint or replace two signs that
require maintenance.

Same as previous year

Same as previous year plus:

Continue informal winter inspections
of the Floral Point beach area.

Update the ICMP to identify the extent
of the vegetated cap area to better
assist the field team during inspection
to the cap area.
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Institutional Controls Inspection and Maintenance Summary
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Site Inspection Activities 2009-2010 2010-2011 2011-2012 2012-2013 2013-2014
ou 7 Photograph the site to document any Observations
Site E/11 incremental changes that over time The gate in the site fencing was Same as previous year Same as previous year Same as previous year Same as previous year
could impact the site remedy. unlocked. The fence is not a specified
Inspect that the on-site fencing is land use control but is considered an
secured and exhibits no major damage. | additional site control by the Navy.
Recommendations
None made Install a lock and chain on the gate. Same as previous year Same as previous year Same as previous year
ou7 Inspect the site for any evidence of Observations
Site 10 Erm;ndwater(;lse beyond thattreqlilred No deficiencies observed Minor pavement deficiencies were Same as previous year plus: Same as previous year plus: Same as previous year plus:
t ter treat . : ; . . C . . . .
y the groundwatet treatiien .sys em observed in Fhe Oldef portion of the New pavement was observed in an Excavation activities were observed in an | The asphalt repair resulting from the
Inspect the asphalt cap for evidence of paved area, including small potholes area that had exhibited sparse area noted as having subsided and been excavation observed in 2012 was
cracking, pot holes, uplifting, and and some alligator cracking. vegetation as well as an area of subsequently repaired in 2011. This inspected during the site visit. The
subsidence. subsiding pavement. excavation was reported to be repair appeared in good condition
Photograph the site to document any approximately 100 by 25 feet and up to and no new or recurring areas of
incremental changes that over time 4 feet in depth. The Navy contractor subsidence were noted.
could impact the site remedy. confirmed with the NAVFAC NW RPM
that the work had been performed with
NAVFAC NW knowledge and
coordination.
Recommendations
None made Inspect the older portions of asphaltic Inspect the older portions of asphaltic Same as previous year Same as previous year
pavement to identify when repair or pavement to identify when repair or
resurfacing is warranted to prevent cap | resurfacing is warranted to prevent cap
failure. failure.
Plant new vegetation in an unpaved
area to prevent erosion.
ou 8 Inspect the site for any evidence of Observations

groundwater use beyond that required
for environmental cleanup and aquifer
restoration under the installation
restoration program.

Survey the site for nonpermitted wells.

Confirm that no water supply wells
have been installed by contacting the
Bremerton/Kitsap County Health
District.

Inspect the site for excavations and
review any approved excavation
permits.

No deficiencies observed

No deficiencies observed

It was reported that a broken steam line
damaged wells 28MWO01 and SMW?28.
The repair to the steam line followed
the excavation permit process. No
contingency inspection was required.

Same as previous year plus:

Excavation activities were observed near
the fueling station associated with the
steam line repair. This work has followed
the excavation permit process, and the
Navy advised contractors that exposure to
petroleum- contaminated soil is possible
below a depth of 15 feet.

Monitoring wells 28MW01 and 8MW28
were decommissioned in accordance
with Washington State Department of
Ecology regulations and guidance
(WAC 173-160).

Same as previous year plus:

The asphalt repair associated
with the steam line repair was
inspected and appeared to be in
good condition.
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Table 6-12 (Continued)
Institutional Controls Inspection and Maintenance Summary

Section 6.0
Revision No.: 0
Date: 9/3/15
Page 6-125

Site

Inspection Activities

2009-2010

2010-2011

2011-2012

2012-2013

2013-2014

Photograph the site to document any
incremental changes that over time
could impact the site remedy.

Recommendations

None made

None made

Decommission wells 28MWO01 and
8MW28, because nearby wells have
been substituted as replacement
monitoring locations.

Modify the excavation permit to
include a section or an attachment that
indicates that NAVFAC NW reviewed
the chemicals of concern with the
contractor or submitted the historical
information, including the chemicals of
concern tables for the site from

Section 2 of the ICMP.

Same as previous year

Same as previous year

Notes:

IC - institutional control

ICMP - Institutional Controls Management Plan
NAVFAC NW - Naval Facilities Engineering Command Northwest
OU - operable unit

RPM - Remedial Project Manager
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7.0 TECHNICAL ASSESSMENT

This section presents the details of the functionality of the remedies, the continued validity of
ROD assumptions, any new information that has arisen that could affect the protectiveness of the
remedy, and a technical assessment summary for the remedies for OU 1 (Site A), OU 2 (Site F),
OU 3 (Sites 16/24 and 25), OU 6 (Site D), OU 7 (Sites B, E/11, and 10), and OU 8.

This section answers three questions:
o Question A: Is the remedy functioning as intended by the decision documents?

o Question B: Are the exposure assumptions, toxicity data, cleanup levels, and
RAOs used at the time of the remedy still valid?

o Question C: Has any other information come to light that could call into question
the protectiveness of the remedy?

Based on the answers to the questions discussed in this section, a technical assessment of the
remedies is summarized in Table 7-1. This table provides a quick reference to these question
and the answers by OU and site. A discussion of the answers to these questions and the technical
assessment summary are presented in order under each OU and site in the sections below.

In answering Question B, any change to an applicable or relevant and appropriate requirement
(ARAR) used to establish RGs in the ROD and to risk assessment assumptions (exposure and
toxicity) are reviewed to evaluate the protectiveness of the remedy. In the preamble to the NCP,
EPA stated that ARARs are generally “frozen” at the time of ROD signature, unless new or
modified requirements call into question the protectiveness of the selected remedy. Five-year
review guidance (USEPA 2001) indicates that the question of interest in developing the 5-year
review is not whether a standard identified as an ARAR in the ROD has changed in the
intervening period, but whether this change to a regulation calls into question the protectiveness
of the remedy. If the change in the standard would be more stringent, the next stage is to
evaluate and compare the old standard and the new standard and their associated risk. This
comparison is done to assess whether the currently calculated risk associated with the standard
identified in the ROD is still within EPA’s acceptable excess cancer risk range of 10 to 10°. If
the old standard is not considered protective, a new cleanup standard may need to be adopted
after the 5-year review through CERCLA’s processes for modifying a remedy.

RGs were established for soil, groundwater, and surface water in the RODs for NBK Bangor.
During the first, second, and third 5-year reviews for NBK Bangor, ARARs were reviewed to
assess whether any substantive changes were made to ARARs that would call into question the
protectiveness of the remedy and the RGs established in the ROD. For this 5-year review, all the
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ARARs identified in the ROD were again reviewed for changes that could affect the assessment
of whether the remedy is protective. Based on this review, it was concluded that five of the
regulations listed as ARARs have changed, as follows:

o Washington State MTCA regulations

o National primary drinking water regulations (maximum contaminant levels
[MCLs]))

o EPA’s regional screening levels (formerly preliminary remediation goals [PRGs])

o Federal marine ambient water quality criteria (AWQC)

o Washington State marine AWQC

In addition to establishing risk-based cleanup levels, MTCA also allows for use of background or
the laboratory practical quantitation limit (PQL) as a cleanup level when the MTCA cleanup
level is lower than these values. The 5-year review includes an assessment of current PQLs used
for LTM and a comparison of the current ARARs with the RGs based on the PQLs or
background.

7.1 OQOUL(SITEA)
7.1.1 Functionality of Remedy for OU 1 (Site A)

Is the remedy functioning as intended by the decision documents? No. Although the remedy for
Site A soil is functioning as intended by the ROD and three ESDs, the remedy for Site A
groundwater is not functioning as intended, as described below. However, the groundwater
remedy is protective of human health and the environment because there is no exposure to
groundwater with concentrations of COCs exceeding RGs.

The RAOs established in the OU 1 ROD are the following:

o Reduce the concentrations of contaminants in soil to be protective of human
health for an unrestricted site use.

o Reduce concentrations of contaminants in the shallow aquifer groundwater to
levels below MTCA groundwater cleanup, and the point of compliance will be
throughout the shallow aquifer.

The remedy for Site A soil is functioning as intended by the ROD and the three ESDs (as was
also found in the first, second, and third 5-year reviews [U.S. Navy 2000a, 2005a, and 2010a]).
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The IC inspection process for soil, as well as groundwater, is generally functioning as intended
by the OU 8 ROD (wherein IC inspections were required for all OUs). The remedy for Site A
soil was implemented from October 1992 through September 1997 and included excavating and
stockpiling soil, constructing a soil-washing basin in the resulting excavation, treating the
excavated soils using soil washing and composting, treating leachate from the soil washing and
composting operations, and abandoning the soil-washing basin, liner, and soil contents in place
by placing a 1-foot soil cover over the treated material and revegetating to prevent erosion.
Inspections are performed annually to ensure that required LUCs are maintained.

The groundwater extraction and treatment portion of the remedy for Site A is not functioning as
intended by the ROD, even though all of the remedy components listed in Table 4-1 have been
implemented, and monitoring and groundwater treatment system optimization have been
performed as envisioned (Section 11.1 of the ROD). However, significant progress was made
during this 5-year review period towards optimizing the remedy.

Groundwater remediation began in May 1997 and is ongoing. Implementation of the
groundwater remedy includes pumping and treating extracted groundwater and discharging the
treated groundwater to the stormwater diversion system. The groundwater treatment system has
been operating for more than 15 years and has therefore not met the time frame established in the
ROD, which specified that RGs would be met within 10 years. Although it has not met the
cleanup time frame, the remedy remains protective of human health and the environment because
there is no exposure to groundwater with concentrations of COCs exceeding RGs.

Based on the monitoring results, the extent of groundwater exceeding cleanup levels has
remained relatively constant since groundwater treatment was initiated. However, the area of
highest concentration (see Figure 6-4, denoted by concentrations of RDX greater than 100 pug/L)
has decreased significantly since the time of the ROD. Concentration trends analyzed in the
latest OU 1 annual LTM report (U.S. Navy 2014b), using all groundwater monitoring data
collected since treatment system operation began, indicate stable or decreasing concentration
trends in the majority of the performance and compliance monitoring wells. Increasing trends
were only noted in extraction well A-EW4, and potentially increasing trends were noted in
extraction well A-EWS5 and compliance monitoring well A-MW32 located adjacent to Pintado
Road on the north side of the burn area. The trend analysis conducted for this 5-year review,
performed using only data from the last 5 years, indicated increasing concentration trends in the
perched zone wells A-MW47 and A-MW32. However, only four monitoring events have
occurred in well A-MW47 in the last 5 years. The trend analysis performed using only data from
the last 5 years also indicated stable or slightly increasing trends in extraction well A-EW4 and
leading plume edge wells A-MW54 and A-MW56.

Based on the recommendation in the last 5-year review, the Navy completed extensive
groundwater modeling, updated the CSM, and evaluated remedy optimization alternatives (U.S.
Navy 2014i). The numerical flow modeling results suggest that there is very little difference in
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plume behavior between the pumping and no pumping scenarios (Figure 6-8), and the site pump
and treat system does not appear to be significantly more effective than natural attenuation for
RDX reduction in affected site groundwater. Based on analysis of five remedy optimization
alternatives, MNA was recommended. The basis for the recommendation includes: the RDX
plume is not posing a near-term threat to surface water bodies; drinking water wells are not
located in the area, an IC is in place to prevent the installation of wells for drinking water, and
current conditions do not pose a risk to human health or the environment; and the value of
operating the expensive pump and treat system is not apparent and has been the subject of
discussion among the Navy, Ecology, and EPA for the past 15 years. In fact, the cost per pound
of RDX has increased to $500,000 during this 5-year review period, and these costs are expected
to continue to climb as the aging treatment system requires more repairs and upgrades and the
pounds of RDX per year extracted decrease.

During the stakeholder kickoff meeting, EPA stated that they had concerns related to hydraulic
conductivity (K) and the Kd values used in the modeling (U.S. Navy 2014p). In a follow up
letter, EPA elaborated further on these concerns and suggested that the Navy either perform
extensive slug testing in shallow aquifer wells across the site, or redo the groundwater modeling
using K values from historical studies (USEPA 2014b). Based on this, it is recommended that a
field verification of aquifer properties be performed, which the Navy will perform as part of the
MNA treatability study discussed below. In addition, an FFS for OU 1 will be performed in
accordance with EPA’s MNA guidance and the technical impracticability guidance. The
existing pump and treat system, MNA, and possibly other treatment technologies will be
evaluated in the FFS. The other treatment technologies to be included in the FFS would be
selected using a collaborative process with the stakeholders.

As part of the FFS, the following activities would also be performed:

o A treatability study of MNA in accordance with EPA’s MNA guidance

o An evaluation of remediation time frames using a mass balance assessment or
other technique

o A reevaluation of the human health risk pathways and the RAOs

The Navy is recommending that a treatability test of MNA be performed instead of performing
additional modeling, which may not be acceptable to EPA. So far, three separate models with
varying amounts of site-specific data have all generally obtained the same results. However,
none of these models was accepted by EPA. Therefore, the Navy, in conjunction with EPA and
Ecology, would develop a treatability study work plan, which would include temporarily
deactivating the pump and treat system and implementing an MNA treatability test using EPA
protocols. Deactivating the pump and treat system and monitoring changes in the plume is a
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more direct method of determining the value of continued operation of the system. This method
would definitively demonstrate whether the pump and treat system provides any benefits in
terms of plume containment without the inherent uncertainties in performing more modeling and
analysis. Because the plume is not near any receptors, temporarily deactivating the system does
not pose a risk. Following completion of the MNA treatability study, the pump and treat system
would be restarted while the FFS is completed and a new remedy selected for the site in an ESD
or ROD Amendment.

Using the results of more than 15 years of site monitoring well data and pump and treat
operational data, as well as the results of the field verification of aquifer properties, the human
health risk pathways and RAOs will be reevaluated in the FFS. The operational information for
the existing pump and treat system suggests that the shallow aquifer could not be used as a
drinking water source because of the low pumping rates and, therefore, does not represent a
complete human health pathway at the site. Therefore, remediation levels may be adjusted to
ones based on protection of ecological receptors in downgradient water bodies.

7.1.2 Continued Validity of ROD Assumptions

Are the exposure assumptions, toxicity data, cleanup levels, and RAOs used at the time of
remedy selection still valid? Yes, the ARARs, exposure assumptions, toxicity data, and RAOs
are still valid and protective of human health and the environment. Changes to the ARARs used
to establish cleanup levels in the ROD are evaluated below and summarized in Tables 7-2
through 7-4. The changes to the toxicity risk assumptions are discussed below. There was no
change to the exposure risk assessment assumptions. However, as previously stated in Section
6.4.1, the operational information for the existing pump and treat system at Site A suggests that
the shallow aquifer could not be used as a drinking water source and, therefore, does not
represent a complete human health pathway at the site. Therefore, the human health risk
pathways and the RAOs will be reevaluated in the FFS and remediation levels may be adjusted
to ones based on protection of ecological receptors in downgradient water bodies.

Review of ARARS

COC:s for soil, surface water, and groundwater at Site A included 2,4,6-TNT, total DNT, and
RDX. Total phthalates and total PCBs were also included as COCs for soil, surface water, and
groundwater, although they were not risk drivers at the site. Furthermore, no phthalate or PCB
analysis has been included in the LTM program, and these chemicals were not specifically
discussed in the ROD. Therefore, an ARARs analysis was not performed for phthalates or
PCB:s.

Soil. The ROD selected 2,4,6-TNT, 2,4/2,6-DNT, RDX, and lead as COCs in soil at Site A.
Soils have been remediated/removed from the burn area such that remaining COCs in soil are at
or below the MTCA Method B values for unrestricted land use. However, lead remains above
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the MTCA Method A value of 250 mg/kg at debris area 2. The remedy has provided for
restricted access (deterrent plantings throughout the area), signage warning against exposure, and
ICs. Table 7-2 compares the RGs identified in Sections 8 and 12 of the OU 1 ROD (U.S. Navy,
USEPA, and Ecology 1991a) with current cleanup levels. The current MTCA Method B soil
value has increased from 1.5 to 2.2 mg/kg for 2,4/2,6-DNT, and because the value is higher, the
remedy remains protective. No other change to cleanup levels was noted.

Groundwater and Surface Water. The ROD selected 2,4,6-TNT, 2,4/2,6-DNT, RDX, and lead
as COCs in groundwater at Site A. The ordnance compounds (2,4,6-TNT, 2,4/2,6-DNT, and
RDX) were identified in burn area wells, and lead was included because it was identified in soil
above the MTCA Method A value. Lead was not selected as a COC in water at Site A, based on
detections above MTCA Method A, because similar concentrations were observed at locations
beyond the influence of Site A potentially representing background. The lead detections in water
were not found to correlate with detections in soil media (U.S. Navy, USEPA, and Ecology
1991a). Table 7-3 compares the groundwater RGs presented in the OU 1 ROD with the current
MTCA Method B cleanup values (with the exception of lead, which has a Method A value). The
MTCA Method B groundwater value for 2,4/2,6-DNT has increased from 0.1 to 0.19 pg/L.
Because the value is higher, the remedy remains protective. No other change to cleanup levels
was noted.

Table 7-4 compares surface water RGs with current cleanup values (where available). The
MTCA Method B groundwater value for 2,4/2,6-DNT increased from 0.6 to 5.5 pg/L. The lead
surface water RG was established as 1 pg/L in the ROD. However, the basis is not known. The
current federal marine AWQC is higher at 8.1 pg/L. Therefore, there was no value change that
would impact the protectiveness of the remedy.

Review of Risk Assessment Assumptions — Toxicity

2,4/2,6-DNT is the only Site A COC with a change in current toxicity criteria, and RDX is likely
to change in the future. Because of the changes to the toxicity criteria, 2,4/2,6-DNT are now
considered less toxic (i.e., today’s current soil, groundwater, and surface water cleanup levels are
higher) than at the time of the ROD. MTCA B calculations previously used EPA’s Integrated
Risk Information System (IRIS) slope factor (SF) of 0.68 (mg/kg-day)™, and currently MTCA B
calculations use EPA’s Provisional Peer-Reviewed Toxicity Value (PPRTV) SF of 0.45 (mg/kg-
day)”. The summary of specific toxicity changes for 2,4/2,6-DNT are presented in Table 7-15,
and future changes for RDX are discussed below.

RDX’s toxicity is currently under review by EPA. The EPA’s Residential Screening Level
(RSL) and Ecology’s MTCA B value currently use the PPRTV SF of 0.11 (mg/kg-day)™ based
on liver, hepatocellular carcinoma, and adenomas tumors in mice (USDoD 1984). While the
MTCA Method B value selected as the RG in the ROD has not changed (0.8 mg/kg), the EPA
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may increase the toxicity of this chemical, thus lowering MTCA B cleanup levels and EPA
RSLs.

Currently, the RDX toxicological review is in the preliminary stages, which included a
comprehensive literature search and compilation of health effects tables (USEPA 2013b), and the
EPA is seeking public review and comment. Toxicity changes and impacts to the protectiveness
of the remedy will likely be completed as part of the future fifth 5-year review once the
toxicological review is finalized.

7.1.3 New Information

Has any other information come to light that could call into question the protectiveness of the
remedy? No, there is no new information regarding the remedy at OU 1 that could call into
question the protectiveness of the remedy.

7.1.4 Technical Assessment Summary

Although the remedy for the soil at OU 1 is functioning as designed, the remedy for groundwater
is not functioning as designed because the time frame for remediation has not been met.
Although the remedy has not met the cleanup time frame, the remedy remains protective of
human health and the environment, as there is no exposure to groundwater with concentrations
of COCs exceeding RGs.

The Navy recommends that an FFS be prepared for OU 1 in accordance with EPA’s MNA
guidance and the technical impracticability guidance. The existing pump and treat system,
MNA, and possibly other treatment technologies would be evaluated in the FFS. The other
treatment technologies to be included in the FFS would be selected using a collaborative process
with the stakeholders. The FFS will also include an evaluation of remediation time frames using
a mass balance assessment or other technique, a treatability study of MNA, field verification of
aquifer properties, and a reevaluation of the human health risk pathways. An MNA treatability
study work plan will be developed in conjunction with the EPA and Ecology that would include
temporarily deactivating the pump and treat system and implementing an MNA treatability test
using EPA protocols (USEPA 1999).

The ARARSs, toxicity data, and RAOs are still valid and protective of human health and the
environment, and there is no new information regarding the remedy at Site A that could call into
question the protectiveness of the remedy. Although exposure assumptions are still protective of
human health and the environment, they may not be valid. The Site A pump and treat system
operational data suggest that the shallow aquifer could not be used as a drinking water source.
Therefore, as previously discussed in Sections 7.1.1 and 7.1.2, the human health risk pathways
and the RAOs will be reevaluated in the FFS, and remediation levels may be adjusted to ones
based on protection of ecological receptors in downgradient water bodies.
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7.2 OU2(SITEF)
7.2.1 Functionality of Remedy for OU 2 (Site F)

Is the remedy functioning as intended by the decision documents? No. Although the remedy for
Site F soil is functioning as intended by the ROD and ESD, the remedy for Site F groundwater is
not functioning as intended, as described below. However, the groundwater remedy is protective
of human health and the environment because there is no exposure to groundwater with
concentrations of COCs exceeding RGs.

The RAOs established in the OU 2 ROD are the following:
o Eliminate the risk associated with potential direct contact with contaminated soils.

o Cleanup groundwater contamination in the shallow aquifer to achieve the most
cost-effective reduction in overall site risk.

The remedy for Site F soil is functioning as intended by the ROD and ESD (as was also found in
the first, second, and third 5-year reviews [U.S. Navy 2000a, 2005a, and 2010a]). The IC
inspection process for soil, as well as groundwater, is generally functioning as intended by the
OU 8 ROD (wherein IC inspections were required for all OUs). The remedy for Site F soil was
implemented from summer 1996 through August 1997 and included excavating contaminated
soil, composting the soil in an on-base treatment facility, backfilling the excavation area with a
variety of oversized material from excavated soil screening and available broken asphalt, and
capping the excavation area with an infiltration barrier and concrete pad. Inspections are
performed annually to ensure that required LUCs are maintained.

The remedy for Site F groundwater is not functioning as intended by the ROD. However,
significant progress was made during this 5-year review period towards optimizing the remedy.
Groundwater remediation began in December 1994 and is ongoing. Implementation of the
groundwater remedy includes pumping and reinjecting treated groundwater into the shallow
aquifer. The groundwater treatment system has been operating for approximately 20 years,
which is substantially longer than the 5- to 10-year time frame established in the ROD.
Although it has not met the cleanup time frame, the remedy remains protective of human health
and the environment because there is no exposure to groundwater with concentrations of COCs
exceeding RGs.

Based on the monitoring results, the extent of groundwater exceeding cleanup levels has
remained relatively constant since groundwater treatment was initiated. However, the area of
highest concentration (see Figure 6-13, denoted by concentrations of RDX greater than 100 and
1,000 png/L) has decreased significantly since the last 5-year review. Concentration trends
analyzed in the latest OU 2 annual LTM report (U.S. Navy 2014c), using groundwater
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monitoring data from the last 10 monitoring events, indicate stable or decreasing concentration
trends in the majority of the performance and compliance monitoring wells. Increasing trends
were only noted in performance monitoring wells F-MW44 and F-MW48 for RDX and F-MW35
for 2,4,6-TNT. The increasing RDX trends in F-MW44 and F-MW48 are most likely the result
of the plume core being drawn toward extraction well F-EWS5. The trend analysis conducted for
this 5-year review, performed using only data from the last 5 years, indicated increasing
concentration trends in performance monitoring wells F-MW44 and F-MW31. Although an
increasing trend has been identified in F-MW31 during the last 5 years of monitoring,
concentrations in this well are still substantially lower than when monitoring began in 1994.
Based on the trend analysis, concentrations appear to be generally stable or declining.

The current potentiometric surface data show that extraction from well F-EWS5 and
reintroduction in the line of infiltration wells has established a strong reversal of gradient, which
is supportive of good containment (U.S. Navy 2014c). However, the limited hydraulic head
observation points available between the individual infiltration wells limit the ability to
determine with certainty that containment is complete. Because of the limited hydraulic head
observation points, the 2014 annual LTM and O&M report for Site F (U.S. Navy 2014c)
recommended that new piezometers be installed adjacent to and between infiltration wells to
improve characterization of the potentiometric surface and assess the quality of containment.
The report also recommended that piezometers be installed adjacent to active extraction wells
that currently lack an adjacent observation point to improve the potentiometric surface for
passive wells, which are more representative of aquifer conditions. The need for additional
groundwater monitoring points to better characterize the potentiometric surface should be
reevaluated following completion of the modeling activities to be performed in 2015 in support
of RDX plume containment objectives and the ongoing USACE bioaugmentation pilot study.

2013 presented some challenges for containment as a result of equipment problems experienced
by the pump and treat system. Well F-EWS5, the most important extraction well for containment,
has operated over the last 7 years at an average annual extraction rate of approximately 200
gallons per minute. Because of the system’s operational problems, the annualized extraction rate
dropped to 43.5 gallons per minute in 2013. Well F-EWS5 has resumed operations at 100 percent
capacity, and monitoring conducted quarterly in 2013 through winter 2014 did not show any
change of significance for plume containment (U.S. Navy 2014c¢). Extensive system repairs and
upgrades were undertaken in 2013 and early 2014 in response to the operational problems
experienced in 2013. In order to prevent future system shutdowns and the potential loss of
plume containment, the Navy, together with the LTM contractor, should continue to evaluate the
pump and treat system maintenance needs and proactively repair and replace equipment.

The third 5-year review (U.S. Navy 2010a) identified the need to complete the ongoing
assessment and optimization of the Site F treatment system to address containment issues,
downgradient plume extent, and the portion of the plume downgradient of the current capture
zone. Based on this recommendation, the following activities were completed:
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° Installed wells F-MW70 and F-MW71 in 2011 that bounded the extent of the

plume
o Reported on groundwater containment in all monitoring reports
o Developed and calibrated a numerical groundwater flow model and contaminant

transport model (USACE 2014)

Follow-up work to these studies is in progress at the time of this 5-year review to support Site F
remedy optimization.

7.2.2 Continued Validity of ROD Assumptions

Are the exposure assumptions, toxicity data, cleanup levels, and RAOs used at the time of
remedy selection still valid? Yes, the ARARs, exposure assumptions, toxicity data, and RAOs
are still valid and protective of human health and the environment. Changes to the ARARs used
to establish cleanup levels in the ROD are evaluated below and summarized in Tables 7-6 and
7-7. The changes to the toxicity risk assumptions are discussed below. There was no change to
the exposure risk assessment assumptions.

Review of ARARS

Soil. The risk assessment, based on residential land use, identified 2,4,6-TNT, 2,4-DNT, and
RDX as COCs in soil. Based on risks in groundwater, an additional six compounds were
included on the soil COC list in the OU 2 ROD (manganese, nitrate, nitrite, 2,6-DNT, 1,3,5-
TNB, and 1,3-DNB). Soil exceeding the ROD RGs for the nine COCs was removed down to
15 feet bgs. The ROD RGs are presented in Table 7-6 together with the values that would be
selected today for residential land use. Current cleanup levels are either the same or higher.
Therefore, the remedy remains protective.

Groundwater and Surface Water. The baseline risk assessment identified nine COCs based on
residents drinking the shallow groundwater, including RDX, manganese, nitrate, nitrite,
2,4,6-TNT, 2,4-DNT, 2,6-DNT, 1,3,5-TNB, and 1,3-DNB. The ROD developed RGs for all nine
COCs. However, the document also indicated that 2,4,6-TNT, 2,4-DNT, RDX, and nitrate were
the chemicals of greatest concern, based on toxicity (2,4,6-TNT and 2,4-DNT?) and extent of
area above RGs (RDX and nitrate). Table 7-7 lists the ROD RGs for the COCs and the current
cleanup levels. Either there is no change, or the current cleanup level would be higher than the
level established in the ROD (i.e., 2,4/2-6-DNT, 1,3,5-TNB, and nitrite). Therefore, the remedy
remains protective.

*The RG for 2,4-DNT was derived using a cancer SF based on the toxicity of 2,4-DNT and 2,6-DNT as a mixture.
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Although manganese was a ROD COC, it was not analyzed for in groundwater during the LTM
activities, because it is naturally occurring in site soils (U.S. Navy 1993a). Concentrations in
groundwater in the RI/FS for dissolved manganese ranged from 2.4 to 312 pg/L, which was
compared to a maximum manganese background level of 2.4 ng/L. Manganese concentrations
above the ROD RG were detected in only one monitoring well, F-MW31, which is located
downgradient of the wastewater lagoon. The detected concentrations in this well were
anomalously high, relative to manganese concentrations detected in other monitoring wells.
According to the RI, these high concentrations were thought to be attributed to reduced
groundwater oxygen concentrations at this location (likely from biodegradation), promoting
mineralization of manganese present in natural soils (U.S. Navy 1993a). All other monitoring
wells during the RI/FS contained manganese concentrations below the secondary MCL of

50 pg/L.

The ROD RG for manganese is based on the secondary MCL value of 50 pg/L. This secondary
MCL value was established based on aesthetic concerns (e.g., laundry staining). Although there
is no primary MCL, there is a current MTCA Method B value of 2,240 ug/L, which equates to a
risk of 1 x 10°. The current MTCA Method B value of 2,240 ng/L is greater than the highest
manganese concentration of 312 ug/L in the RI/FS. Therefore, although manganese is not
monitored for, historical concentrations are not considered a human health concern. Therefore,
monitoring for this chemical is not warranted.

Also included in Table 7-7 are the groundwater RGs protective of surface water in the event that
the groundwater plume should ever migrate to surface water. Currently, the groundwater plume
has not impacted surface water above RGs based on winter 2014 sampling (U.S. Navy 2014c),
and it is not anticipated in the future. Therefore, potential changes to surface water RGs, if
established today, were not evaluated as part of this 5-year review. When the removal of
groundwater restrictions is proposed, groundwater concentrations for the COCs should be
compared to current drinking water and, in the event that groundwater is near a surface water
discharge point, to current surface water standards.

Review of Risk Assessment Assumptions - Toxicity

2,4/2,6-DNT, 1,3,5-TNB, and manganese in soil and 2,4/2,6-DNT in groundwater are the Site F
COCs with changes in toxicity criteria. Because of the changes to the toxicity criteria, these
chemicals are now considered less toxic (i.e., today’s current cleanup levels are higher) than at
the time of the ROD. Nitrate’s MTCA Method B soil and groundwater values have increased.
However, the toxicity criterion has not changed since the ROD, and the reason for cleanup level
changes cannot be determined. Because all cleanup levels are now higher, the remedy is still
protective. The details of the toxicological changes for each chemical are discussed below and
summarized in Table 7-15. RDX toxicity criteria are currently under review by EPA, and future
changes were previously discussed in Section 7.1.2.
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2,4/12,6-DNT. MTCA Method B calculations previously used EPA’s IRIS SF of 0.68 (mg/kg-
day)™, and currently MTCA Method B calculations use EPA’s PPRTV SF of 0.45 (mg/kg-day)™.

1,3,5-TNB. MTCA Method B currently uses EPA’s IRIS reference dose (RfD) of 0.03 mg/kg-
day, and the RG was based on an RfD of 0.00005 mg/kg-day.

Nitrate. The noncancer oral RfD for nitrate of 1.6 mg/kg-day does not appear to have changed
since the ROD was signed in 1991. Nitrate was included as a soil COC because it was a COC in
groundwater. Thus, the ROD MTCA Method B value chosen as the RG may have been based on
the protection of groundwater, rather than direct human contact with soil. In any case, the
maximum nitrate concentration detected in soil samples collected from OU 2 was 17 mg/kg,
which is several orders of magnitude below both the old and new MTCA Method B cleanup
levels. Groundwater concentrations of nitrate are not likely a concern, based on the low soil
concentrations at OU 2.

Manganese. The RG was based on a background value for soil and the secondary MCL for
groundwater. The current MTCA Method B values for soil and groundwater are much higher
than the RGs. MTCA Method B currently uses EPA’s IRIS RfD of 0.14 mg/kg-day.

7.2.3 New Information

Has any other information come to light that could call into question the protectiveness of the
remedy? No, there is no new information regarding the remedy at OU 2 that could call into
question the protectiveness of the remedy.

7.2.4 Technical Assessment Summary

Although the remedy for the soil at OU 2 is functioning as designed, the remedy for groundwater
is not functioning as designed because the time frame for remediation has not been met.
Although the remedy has not met the cleanup time frame, the remedy remains protective of
human health and the environment, as there is no exposure to groundwater with concentrations
of COCs exceeding RGs. The Navy is continuing to evaluate remedy optimization options to
address the remediation time frame. This includes performing additional groundwater modeling
simulations, conducting a treatability study to evaluate anaerobic biodegradation of RDX, and
evaluating the need for additional and expanded pilot studies involving aerobic and/or anaerobic
biodegradation. The ARARs, exposure assumptions, toxicity data, and RAOs are still valid and
protective of human health and the environment, and there is no new information regarding the
remedy at Site F that could call into question the protectiveness of the remedy.
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7.3  OU3(SITES 16/24 AND 25)
7.3.1 Functionality of Remedy for OU 3 (Sites 16/24 and 25)
Is the remedy functioning as intended by the decision documents? Yes.

No RAO was established in the OU 3 ROD (U.S. Navy, USEPA, and Ecology 1994b). The
remedy for Site 16/24 soil, which consisted of a residential land use restriction, was implemented
in 1993 prior to the completion of the ROD and formalized in 2001 upon completion of the
ICMP for all of NBK Bangor (U.S. Navy 2001). The remedy for Site 25 groundwater, which
consisted of groundwater monitoring, was performed from March 1994 through September 1997.
At that time, the Navy and Ecology agreed that the groundwater monitoring for Site 25 met the
requirements of the OU 3 ROD and that no additional monitoring was required (U.S. Navy
2000a).

The selected remedy for OU 3 continues to function as intended by the ROD. Inspections of the
LUC:s at Site 16/24 have been conducted regularly, and the current land use remains in
accordance with the restrictions defined in the OU 8 ROD (which established the basewide
LUCs).

7.3.2 Continued Validity of ROD Assumptions

Are the exposure assumptions, toxicity data, cleanup levels, and RAOs used at the time of
remedy selection still valid? Yes, the ARARs, exposure assumptions, toxicity data, and RAOs
are still valid and protective of human health and the environment. Changes to the ARARs used
to establish cleanup levels in the ROD are evaluated below and summarized in Tables 7-8 and
7-9. The changes to the toxicity risk assumptions are discussed below. There was no change to
the exposure risk assessment assumptions.

Review of ARARS

Soil. The OU 3 ROD (U.S. Navy, USEPA, and Ecology 1994b) selected a no action alternative
that required establishment of ICs for Site 16/24, because antimony and beryllium concentrations
in soil exceeded MTCA Method B levels, and arsenic in soil exceeded the MTCA Method A
value for unrestricted land use.” Assuming a future residential (unrestricted) land use, the risk
assessment did not find unacceptable risks from exposures to soil. A comparison of the ROD
RG values with current standards is provided in Table 7-8. The beryllium cleanup level has
increased, and the antimony and arsenic cleanup levels have remained the same. Based on this
ARARSs review, the LUCs for soil at this site may be unnecessary for the reasons listed below:

?Although the ROD identifies the arsenic ARAR as originating from Method B, it is a Method A value.
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o The cleanup level for beryllium is currently 160 mg/kg, much higher than the

ROD RG of 0.2 mg/kg, and the maximum beryllium concentration detected in soil
at this site was only 1 mg/kg.

o While the cleanup level for antimony of 32 mg/kg has not changed since the
ROD, the maximum antimony concentration detected in soil was only 35.8
mg/kg, less than two times the cleanup level. A statistical analysis of the data
indicates that less than 10 percent of sample concentrations exceed the ROD RG,
and the 95 percent UCL of the mean is below the cleanup level.* The exceedance
for antimony was in a surface soil sampling location around the incinerator.

There was only one exceedance out of 23 samples in this area, and the exceedance
was the only detected antimony concentration.

o Like antimony, arsenic’s ROD RG of 20 mg/kg has not changed. However, EPA
published a toxicological update in 2010 (which is still under review as of this
fourth 5-year review) that will likely result in an increase in the toxicity criteria
for arsenic (i.e., the chemical will be considered a more potent carcinogen [see
discussion below]). A review of the soil data indicates only one sample exceeded
the ROD RG, with a concentration of 82.7 mg/kg. In the RI for the site, this value
was coded “NJ” (a tentatively identified estimated value) on some tables and as
“J” (estimated value) on others (U.S. Navy 1992a). Therefore, there is some
uncertainty as to whether the maximum concentration is actually present on the
site. Like antimony, the maximum arsenic concentration was found in surface
soil samples collected around the incinerator. All other soil samples in this area
(total of 23 samples) were below the ROD RG of 20 mg/kg. The next highest
arsenic concentration was 13.9 mg/kg (potentially a concentration representative
of local background). A 95 percent UCL calculated for the surface soil data set
results in a concentration of 22.7 mg/kg, driven by the single RG exceedance and
only marginally above the ROD RG.

While site soils are approximately at RG concentrations around the incinerator as a whole, the
necessity of keeping ICs at this site should be reviewed during the fifth 5-year review because of
the proposed changes in arsenic toxicity (see discussion below).

Groundwater. Groundwater monitoring was implemented at Site 25 for cadmium and
manganese based on exceedances of MTCA Method B groundwater cleanup levels. Although

*According to Washington Administrative Code (WAC) 173-340(7)(e)(i), a site can be considered “clean” if no
single sample concentration is greater than two times the soil cleanup level and (ii) less than 10 percent of the
sample concentrations exceed the soil cleanup level. Additionally, under MTCA, an exceedance of a cleanup level
at one location may not require action if the rest of the data are lower and include a provision (WAC 173-340-
740[7][d]) allowing the statistical evaluation of the data. MTCA specifically allows the use of the 95 percent UCL,

where the probability of underestimating the true mean is less than 5 percent.
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groundwater monitoring has been discontinued because all cleanup levels were met, an ARARs
comparison was still conducted. Table 7-9 compares the ROD RGs with current Method B and
state MCL values. Because the standards have either remained the same or been raised, the
remedy remains protective.

Review of Risk Assessment Assumptions - Toxicity

Beryllium is the only OU 3 COC in soil with a current change in toxicity criteria. However,
there is a future possibility that arsenic toxicity criteria may change resulting in a lower cleanup
level in soil at Site 16/24. The toxicity changes for both chemicals are discussed below, and the
beryllium changes are summarized in Table 7-15.

Beryllium. Because of the changes to the toxicity criteria, beryllium is now considered less
toxic (i.e., today’s current soil cleanup level is higher) than at the time of the ROD. Therefore,
the remedy is still protective. Currently MTCA B calculations use EPA’s IRIS RfD of 0.002
mg/kg-day.

Arsenic. Arsenic is a COC at Site 16/24. While the MTCA Method A value selected as an RG
in the ROD has not changed (20 mg/kg), the EPA published a draft toxicological review of
inorganic arsenic in 2010 (USEPA 2010), which is still under review. The National Research
Council offered recommendations on scientific issues in EPA's IRIS assessment in a 2014
interim report (NRC 2014). EPA indicates that this draft does not represent EPA policy until the
document is finalized. After the comment period has closed, EPA will begin preparing the final
toxicological review and placing new toxicity criteria in EPA’s IRIS database. The draft is
proposing a significant increase in arsenic’s oral cancer SF. The draft review categorizes
inorganic arsenic as "carcinogenic to humans," using EPA's new classification system (finalized
in 2005). Although the chemical was also considered an “A” carcinogen previously,
demonstrated to cause cancer in humans, the classification under the new system indicates that
there is now additional information on the biological mechanisms inducing cancer.

The proposed new SF is based on the same Taiwanese study used to develop the original SF
(1.75 [mg/kg-day]™), but is based on tumors in different sites, specifically lung and bladder,
rather than skin. The draft toxicological review also continues to use a linear low-dose
extrapolation, concluding that information is insufficient to change the linear low-dose default
assumption. However, whether there is a threshold for the carcinogenic effects of arsenic is a
topic of much scientific debate. The findings of the review recommended an oral SF of 25.7
(mg/kg-day)'l, based on the combined internal (lung plus bladder) cancer incidence for women
(the more sensitive population). This is a conservative upper-bound estimate, as cancer potency
factors were found to range from 6.7 to 25.7 (mg/kg-day)”', depending on type and gender
(USEPA 2010). The new SF represents a potential increase in cancer potency by a factor of 17
(and a concomitant lowering of risk-based cleanup levels by a factor of 17). If this SF is
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finalized and placed into EPA’s IRIS database, the current MTCA Methods B and C values for
arsenic in soil and water would drop significantly, calling the remedy into question at OU 3.

At Site 16/24, no cleanup action was undertaken for soil. However, ICs are in place to prevent
residential land use. The original baseline risk assessment estimated that risks based on
residential exposures were within EPA’s acceptable risk range, but if the proposed SF was
finalized and used in revised risk calculations, unacceptable risks might be identified (if arsenic
in soil is actually present at concentrations above background). Once the SF has been finalized,
risks should be reevaluated to verify that the remedy is still protective. However, the site is
currently vacant and fenced, dig permits are required, and an IC prevents use of the site as
residential land.

7.3.3 New Information

Has any other information come to light that could call into question the protectiveness of the
remedy? No, there is no new information regarding the remedy at OU 3 that could call into
question the protectiveness of the remedy.

7.3.4 Technical Assessment Summary

The remedy at OU 3 is functioning as intended by the decision documents. The ARARs,
exposure assumptions, toxicity data, and RAOs are still valid and protective of human health and
the environment, and there is no new information regarding the remedy that could call into
question the protectiveness of the remedy.

74 OUG (SITED)

7.4.1 Functionality of Remedy for OU 6 (Site D)

Is the remedy functioning as intended by the decision documents? Yes.

The RAOs established in the OU 6 ROD are the following:

o Prevent unacceptable current and potential future risks to human health and the
environment posed by ingestion and dermal contact with TNT and DNT in Site D
soil.

o Prevent migration of metals from Site D surface waters at concentrations that may

adversely affect ecological receptors in downstream surface waters.

o Prevent potential future human health risks that may be caused by ingestion or
inhalation of contaminants in shallow aquifer groundwater.
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The remedy for Site D was implemented from December 1995 through June 2000 and included
excavating soil from the burn trench, screening and composting the excavated soils at an on-base
treatment facility, backfilling the treated soils into the excavation area, grading and revegetation,
and surface water and groundwater sampling.

As found during the previous 5-year reviews, the remedy components for soil removal and
treatment, surface water monitoring, and groundwater monitoring at OU 6 functioned as intended
by the ROD. No ongoing monitoring was required following the first 5-year review, and there is
no apparent change in the functionality of the remedy since that time. Monitoring for perchlorate
as a new potential contaminant in groundwater did not reveal any contamination. No IC was
required for OU 6.

7.4.2 Continued Validity of ROD Assumptions

Are the exposure assumptions, toxicity data, cleanup levels, and RAOs used at the time of
remedy selection still valid? Yes, the ARARs, exposure assumptions, toxicity data, and RAOs
are still valid and protective of human health and the environment. Changes to the ARARs used
to establish cleanup levels in the ROD are evaluated below and summarized in Tables 7-10. The
changes to the toxicity risk assumptions are discussed below. There was no change to the
exposure risk assessment assumptions.

Review of ARARS

Soil. Human (residential land use) and ecological risks were identified for Site D soils and nine
chemicals were selected as COCs. Table 7-10 compares OU 6 ROD (U.S. Navy, USEPA, and
Ecology 1994c¢) soil ARARs (MTCA Methods B and C values) with current MTCA standards
for the COCs. The cleanup levels have increased for 2,4-DNT (impacting outside and inside
wetland values), nitrobenzene, and 1,3,5-TNB. Therefore, the remedy remains protective for
these COCs. The MTCA Method B soil cleanup levels for 2,6-DNT, nitrotoluene (all isomers),
1,2-DNB, and 1,4-DNB have decreased, calling into question the protectiveness of the remedy.
These chemicals and the changes in toxicity are discussed below.

Groundwater. The baseline risk assessment did not identify any risks from chemicals in surface
water or groundwater and no water RG was established in the OU 6 ROD. Short-term
groundwater monitoring took place at OU 6 in May 1996 and June 1997. The monitoring wells
were decommissioned in June 2000, because no chemical exceeded any ARAR. Surface water
monitoring was also conducted post-ROD, and no chemical exceeded AWQC concentrations.
Therefore, an ARAR review of the cleanup levels used to evaluate the post-ROD water data was
not conducted as part of this 5-year review.
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Review of Risk Assessment Assumptions — Toxicity

Because of the changes to the toxicity criteria, 2,4-DNT, 1,3,5-TNB, and nitrobenzene are now
considered less toxic (i.e., today’s current cleanup levels are higher) than at the time of the ROD,
and 2,6-DNT, nitrotoluenes, 1,2-DNB, and 1,4-DNB are more toxic than at the time of the ROD.
For those chemicals with higher cleanup levels, the remedy remains protective. The
protectiveness of the remedy is discussed below only for those chemicals with currently lower
cleanup levels. The details of the toxicological changes for each chemical are summarized
below and in Table 7-15.

2,4-DNT. MTCA Method B previously evaluated this chemical as a mixture, using EPA’s IRIS
SF of 0.68 (mg/kg-day)”'. MTCA Methods B (outside the wetland) and C (inside the wetland)
currently use California Environmental Protection Agency’s SF of 0.31 (mg/kg-day)™.

1,3,5-TNB. MTCA Method B currently uses EPA’s IRIS RfD of 0.03 mg/kg-day, and the RG
was based on an RfD of 0.00005 mg/kg-day.

Nitrobenzene. MTCA Method B currently uses EPA’s IRIS RfD of 0.002 mg/kg-day.

2,6-DNT. The oral SF of 1.5 (mg/kg day)”, an EPA PPRTYV, is used to calculate the current
MTCA Method B value. The ROD RG was based on the EPA IRIS value of 0.68 (mg/kg day)™.
This change in toxicity is reflected in the current regulatory soil cleanup level of 0.67 mg/kg, a
decrease from the ROD RG of 1.5 mg/kg. Using this new SF, the cancer risk of the cleanup
level of 1.5 mg/kg is 2 x 10, below the ROD cancer risk goal of 1 x 10°. Because the ROD
cancer risk goal is still being met, the remedy designed to achieve the cleanup level is protective,
and no RG change is recommended.

Nitrotoluene (all isomers). There is no SF for the mixture of ortho-, meta-, and para- isomers.
The most toxic isomer, ortho-nitrotoluene, has an oral SF of 0.22 (mg/kg day)', an EPA PPRTV,
that is used to calculate the current MTCA Method B value. The ROD RG was based on
inclusion of all isomers, whereas, the current cleanup level is reflective of the most toxic isomer.
The current regulatory soil cleanup level of 5 mg/kg is a decrease from the ROD RG of 800
mg/kg. Using the current SF for o-nitrotoluene, the cancer risk of the cleanup level of 800
mg/kg is 2 x 10, above the ROD cancer risk goal of 1 x 10°. However, nitrotoluene was not
detected in soil at Site D during the RI (U.S. Navy, USEPA, and Ecology 1994c). Therefore, the
remedy is still protective.

1,2-DNB (ortho-) and 1,4-DNB (para-). The oral RfD of 0.0001 mg/kg day, an EPA PPRTV,
is used to calculate the current MTCA Method B values for both chemicals. The current oral
RfDs are the same for all the dinitrobenzene isomers (ortho-, meta-, and para-). During the
ROD, the oral RfDs were different for ortho- and para-. The current cleanup level is reflective of
the most toxic isomer (1,3-dinitrobenzene [meta-]). The current regulatory soil cleanup level of
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8 mg/kg is a decrease from the ROD RG of 32 mg/kg for both ortho- and para- isomers. Using
this current RfD, the hazard of the cleanup level of 32 mg/kg is 4, above the ROD hazard risk
goal of 1. However, 1,2-DNB (ortho-) and 1,4-DNB (para-) were not detected in soil at Site D
during the RI (U.S. Navy, USEPA, and Ecology 1994c). Therefore, the remedy is still
protective.

7.4.3 New Information

Has any other information come to light that could call into question the protectiveness of the
remedy? No, there is no new information regarding the remedy at OU 6 that could call into
question the protectiveness of the remedy.

7.4.4 Technical Assessment Summary

The remedy at OU 6 is functioning as intended by the decision documents. The ARARs,
exposure assumptions, toxicity data, and RAOs are still valid and protective of human health and
the environment, and there is no new information regarding the remedy that could call into
question the protectiveness of the remedy.

75 OUT7(SITES B, E/11, AND 10)

7.5.1 Functionality of Remedy for OU 7 (Sites B, E/11, and 10)
Functionality of Remedy for Site B (Floral Point)

Is the remedy functioning as intended by the decision documents? Yes.

The RAOs established for Site B in the OU 7 ROD are the following:

o Prevent dermal contact and ingestion of shallow and subsurface soil containing
polycyclic aromatic hydrocarbon (PAH) and PCB concentrations above the state
cleanup level of 1 ppm for soil to 15 feet bgs and arsenic concentrations above
20 ppm.

o Confirm through monitoring of Hood Canal sediments and clam tissue that
groundwater discharge from Floral Point into Hood Canal is not negatively
affecting the sediments or clam tissues.

The remedy for Site B (Floral Point) was implemented from June through November 1997 and
included covering areas of contaminated soil, installing a shoreline protections system and a
stormwater drainage system to control erosion, monitoring sediment and clam tissue, and
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installing signs notifying visitors that the site is to be used for recreational purposes only and
approval is required for digging or mowing.

The remedy for Site B (Floral Point) is functioning as intended by the OU 7 ROD. The
vegetated soil cover, shoreline protection system, stormwater management structures, and signs
are being maintained. LUCs are in place, enforced, and inspected annually. IC inspections
identified an issue with erosion along the shoreline, and beach replenishment activities were
conducted to address shoreline erosion identified in 2009 and 2010. IC inspections and the site
inspection conducted as part of this 5-year review identified fading signs. These fading signs
should be repainted or replaced.

This monitoring component of the Site B remedy has functioned as intended by the ROD and is
complete. Therefore, the monitoring requirement has been terminated.

Functionality of Remedy for Site E/11
Is the remedy functioning as intended by the decision documents? Yes.

The RAOs established for Site E/11 in the OU 7 ROD are the following:

o Prevent direct contact with and ingestion of stockpiled soil and underlying soil
down to 15 feet bgs that contains dichlorodiphenyltrichloroethane (DDT) in
concentrations above the state cleanup level of 2.94 ppm.

o Prevent ingestion of groundwater containing Otto fuel concentrations above
0.0002 ppm. Propylene glycol dinitrate (PGDN) is one of several chemical
compounds in Otto fuel and is used as the indicator chemical.

The remedy for soil at Site E/11 was implemented from July 1997 through May 1998 and
included disposal of stockpiled soil and metal debris, grading site, and backfilling with clean
topsoil. The groundwater use restriction component of the remedy was formally satisfied in
2000, with adoption of the basewide ICMP required by the OU § ROD.

As found during the previous 5-year reviews, the remedy component for soil removal and
disposal at Site E/11 functioned as intended by the ROD. The groundwater use restriction
remains in place as part of the basewide ICMP, and this restriction is functioning as intended.

Recovery of groundwater beneath Site E/11 containing Otto fuel continued during this review
period as part of the Site F pump and treat system. Monitoring for Otto fuel in Site E/11 wells is
conducted concurrently with Site F monitoring. Although groundwater extraction by the Site F
system is ongoing, there is no apparent decreasing trend in Otto fuel concentration beneath

Site E/11. Based on the stable trend of Otto fuel concentrations in Site E/11 wells, it appears that

the remedy is functioning to contain, but not substantially remove, Otto fuel from beneath the
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site. Containment of groundwater containing Otto fuel, in combination with the groundwater use
restriction, functions to meet the RAO of preventing ingestion of groundwater containing Otto
fuel at concentrations above the RG.

Functionality of Remedy for Site 10
Is the remedy functioning as intended by the decision documents? Yes.

The RAO established for Site E/11 in the OU 7 ROD is the following: Prevent ingestion of
groundwater containing TPH concentrations above the state cleanup level of 1 ppm throughout
the aquifer.

The remedy for Site 10 was implemented after the signing of the ROD in 1996 and included
ongoing long term maintenance of the asphalt pavement cover, groundwater monitoring,
groundwater use restrictions, and expansion of the area of asphalt cover to include soils
contaminated with arsenic, cadmium, lead, and PCBs (U.S. Navy 2008a). The remedy for

Site 10 is functioning as intended by the ROD. The confirmation groundwater sampling was
completed during the second 5-year review period and resulted in a finding that further sampling
is not necessary. Groundwater use restrictions are included in the ICMP as part of the
restrictions on OU 8 and are being monitored and enforced. Maintenance of the asphalt
pavement is also included in the ICMP.

Annual IC inspections identified small potholes, alligator cracking, sparse vegetation, subsiding
pavement, and excavation activities in areas of the asphalt cap during this 5-year review period.
New pavement was placed and repairs made based on these inspections. The site inspection
conducted as part of this 5-year review identified signs of cracking in the asphalt cap and a
sinkhole adjacent to Building 2011. The asphalt cap at Site 10 should be repaired.

7.5.2 Continued Validity of ROD Assumptions

Are the exposure assumptions, toxicity data, cleanup levels, and RAOs used at the time of
remedy selection still valid? Yes, the ARARs, exposure assumptions, toxicity data, and RAOs
are still valid and protective of human health and the environment. Changes to the ARARs used
to establish cleanup levels in the ROD are evaluated below and summarized in Tables 7-11 and
7-12. There was no change to the risk assessment assumptions (toxicity and exposure).

Review of ARARS

Soil. The baseline risk assessment, assuming residential land use, identified COCs for Sites B,
E/11, and 10 as listed in Tables 7-11 and 7-12 for soil and groundwater, respectively. Table 7-11
compares soil RGs from the OU 7 ROD (U.S. Navy, USEPA, and Ecology 1996) with current
ARARs. Specifically, the ROD identified MTCA Method A soil values for unrestricted land use

for Sites B (Floral Point) and Method B soil values protective of direct contact for unrestricted
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land use for Site E/11. At Site 10, arsenic, cadmium, lead, and Aroclor 1254 were identified
post-ROD (U.S. Navy 2009a) and are also included in Table 7-11. The only soil ARAR that
would be lower today is for cPAHs, a soil COC at Site B. The rest of the ARARs remain
unchanged. However, EPA published a toxicological update for arsenic in 2010 (which is still
under review as of this fourth 5-year review) that will likely result in an increase in the toxicity
criteria for arsenic (see Section 7.3.2 for further discussion). Because the remedies at OU 7
Sites B and 10 consist of maintaining clean cover or a cap, the remedy will remain protective
even if the proposed SF for arsenic is changed, resulting in a lower MTCA Method B cleanup
level.

The MTCA Method A unrestricted cleanup level for cPAHs is now 0.1 mg/kg, compared to 1
mg/kg at the time of the ROD. In addition, under the November 2007 revision of MTCA (WAC
173-340-708[8][e]), determining compliance with cleanup levels for mixtures of cPAH
compounds is now done by calculating a benzo(a)pyrene “equivalent” value for each sample.
This toxic equivalent concentration is derived by adjusting the concentrations of the seven
cPAHs based on their toxicity compared to benzo(a)pyrene. The sum of the adjusted
concentrations is then calculated and compared to the 0.1-mg/kg cleanup level. No soil was
removed from Site B. The remedy involved placing clean fill over impacted soils and
revegetating. Because the cover is being maintained, the remedy for Site B is still protective. If
the cover were to be removed, cPAH soil concentrations would require evaluation using current
standards and methodology. The estimated health risk of the ROD RG (1 mg/kg)is 1 x 107,
which is equal to the health goal. Therefore, the remedy remains protective.

Groundwater. Two chemicals were selected as COCs in groundwater at OU 7 based on the
results of the risk assessment and assuming groundwater was used for drinking: TPH at Site 10
and Otto fuel at Site E/11. The MTCA Method A value for TPH of 1,000 pg/L was identified in
the OU 7 ROD as the RG for Site 10 (see Table 7-12). Currently, MTCA does not have a
generic TPH value, but provides values for various carbon-chain-length ranges of petroleum
fuels (e.g., gasoline, diesel). All the MTCA Method A TPH levels are currently lower than
1,000 pg/L. The risk assessment in the RI (U.S. Navy 1994a) assumed that the single TPH
sample used to assess health risks was marine diesel. Therefore, the MTCA Method A value of
500 pg/L would currently be applicable. The lowering of this value calls into question the
protectiveness of the remedy based on a calculated hazard of 2 for the ROD RG value, which
exceeds the ROD hazard goal of 1. However, because diesel and residual-range petroleum
compounds were not detected during the last groundwater sampling at Site 10 (in 2000 and
2001), the remedy is still protective at Site 10.

The RG for Otto fuel in groundwater at Site E/11 was the PQL of 0.2 pg/L, because the risk-
based value protective of the drinking water pathway of 0.038 pug/L could not be achieved using
analytical techniques at the time. The risk-based RG in the ROD was derived for PGDN, the
major component of Otto fuel. Currently, EPA does not have a reference dose for PGDN in their
IRIS database. However, EPA’s regional screening tables list a reference concentration of 2.7 x
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10 mg/m’, developed by the Agency for Toxic Substances and Disease Registry, as a
provisional measure of PGDN toxicity. Thus, the current toxicity assessment indicates that
PGDN is less toxic than was understood at the time of the ROD. EPA calculates a tap water
regional screening level for PGDN of 0.6 pg/L (http://www.epa.gov/reg3hwmd/risk/human/rb-
concentration_table/ index.htm). If a MTCA Method B level were to be calculated using the
same current toxicity criteria assumptions as the EPA regional screening tables, the MTCA
Method B level would be the same as the EPA value when rounded to one significant figure (i.e.,
also 0.6 pg/L). Otto fuel detections during this 5-year review period are below the current risk-
based level, because the maximum detected concentration was 0.27 ug/L. Based on an increase
in the cleanup level ARAR, the remedy remains protective for PGDN.

7.5.3 New Information

Has any other information come to light that could call into question the protectiveness of the
remedy? No, there is no new information regarding the remedy at OU 7 that could call into
question the protectiveness of the remedy.

7.5.4 Technical Assessment Summary

The remedy at OU 7 is functioning as intended by the decision documents. The ARARs,
exposure assumptions, toxicity data, and RAOs are still valid and protective of human health and
the environment, and there is no new information regarding the remedy that could call into
question the protectiveness of the remedy.

76 OU8
7.6.1 Functionality of Remedy for OU 8

Is the remedy functioning as intended by the decision documents? Yes, the remedy for OU 8 is
functioning as intended by the ROD.

The RAOs established for OU 8 in the ROD are the following:

o Minimize the migration of VOCs from LNAPL beneath the PWIA into groundwater
at concentrations that would cause adverse noncancer health effects or unacceptable
cancer risks.

o Minimize human exposure to COCs in sitewide groundwater that would result in
adverse noncancer health effects or unacceptable cancer risks.

The remedy for OU 8 was initiated in October 2000 and is ongoing. It included MNA of COCs
(performance monitoring), groundwater compliance monitoring, LNAPL recovery, and
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groundwater use restrictions both on and off base. In addition, the ROD specified that redox
manipulation could be deployed in groundwater as a phased contingent action, if needed. MNA,
compliance groundwater monitoring, and LNAPL recovery are ongoing, and inspections are
performed annually to ensure that required LUCs are maintained. The remedy for OU 8 is
functioning as intended by the OU 8 ROD, because the groundwater plume does not currently
extend beyond the base boundary (see Figures 6-15 and 6-16). The ROD only specified a time
frame for meeting the remediation goals in the off-base portion of the plume, and this time frame
has been met. The ROD does not include a time frame for the source area in the PWIA to meet
RAO:s.

The extent of the 1,2-DCA plume has decreased substantially relative to pre-ROD conditions
(Figure 6-15). The most recent groundwater monitoring results indicate that concentrations of
1,2-DCA have achieved the RG of 5 ng/L at the NBK Bangor installation boundary.
Concentration trends analyzed in the Round 29 LTM report (U.S. Navy 2014f), using all
groundwater monitoring data collected since 2000, indicate stable or decreasing concentration
trends in every monitoring well except SMW33, where 1,2-DCA concentrations have increased.
However, the trend analysis conducted for this 5-year review, performed using only data from
the last 5 years, indicated decreasing concentration trends in all monitoring wells with detected
concentrations of 1,2-DCA. Based on the monitoring results and the trend analysis, the plume
size is decreasing and the concentrations appear to be declining.

The extent of the benzene plume and LNAPL has been relatively stable during this 5-year review
period (Figure 6-16). Concentration trends analyzed in the Round 29 LTM report (U.S. Navy
2014f), using all groundwater monitoring data collected since 2000, indicate increasing
concentration trends in on-site area monitoring wells SMW06 and MWO05. Concentrations of
benzene in these two wells, which are located within the southern portion of the PWIA, also
show increasing concentration trends for this 5-year review period. The increasing concentration
trends observed for benzene and the return of free product to on-site wells in 2009, suggest that a
residual source of petroleum compounds is still present at the site and contributing contaminants
into the groundwater. However, this residual source has not resulted in an increase in the lateral
extent of the dissolved benzene plume, and the remedy is protective of human health and the
environment.

Although all of the remedy components have been implemented as envisioned by the ROD,
progress toward meeting the RAOs is slower than estimated by the ROD. Furthermore, the EPA
and Ecology have repeatedly expressed their concern that the remediation time frame is not
reasonable and more aggressive technologies should be considered, given the high
concentrations of benzene and the presence of LNAPL in the source area. For this reason and as
recommended in the last 5-year review, additional studies, including pilot tests, were
implemented during this 5-year review period to gain a better understanding of site conditions
and evaluate technologies that may shorten the time necessary to achieve the RGs for benzene
and 1,2-DCA in groundwater.
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The studies completed by the Navy included a laboratory study to evaluate the potential for
biodegradation of benzene, in the presence of 1,2-DCA, under aerobic and anaerobic conditions,
extensive pilot testing of anaerobic degradation of chlorinated VOCs, investigation of the vapor
intrusion pathway within the PWIA of OU 8§, and additional investigations into the nature and
extent of COCs, including LNAPL, at the PWIA, including groundwater modeling and updating
the OU 8 CSM. The conclusion of the additional investigations into the nature and extent of
COCs are discussed in the new information section below. The results of the remaining studies
are summarized here.

Results of the laboratory study and the pilot testing conducted during this 5-year review period
have shown that although EVO and microbe injections were very successful in establishing the
biobarrier, insufficient EVO remains in the subsurface approximately 3 years after injection,
indicating that reinjection every 3 years is necessary to maintain the biobarrier. In addition, the
biobarrier was highly effective in reducing 1,2-DCA concentrations in groundwater by about 67
to 97 percent in downgradient monitoring wells. Because a separate benzene pilot study to
decrease LNAPL and dissolved benzene in the PWIA source area has been contracted by the
Navy and the pilot study may raise the aerobic level in the subsurface, reestablishment of the 1,2-
DCA biobarrier should be deferred until the benzene pilot study has been completed. However,
periodic monitoring of 1,2-DCA and indicator parameters in pilot study wells, in addition to the
ongoing MNA program, is recommended to assist in the assessment of the possible impacts from
the benzene pilot study and inform when additional injections of EVO and microbes are
appropriate.

The vapor intrusion study concluded that the subslab soil gas and indoor air concentrations at the
PWIA, regardless of source, do not represent a health concern. However, because of
uncertainties related to the subsurface conditions (i.e., continued presence of free product and
increasing benzene concentrations in groundwater) and in response to comments from Ecology
and EPA, an additional round of vapor intrusion monitoring was recommended in the vapor
intrusion study to ensure that subslab soil gas concentrations are not increasing to levels that
represent a vapor intrusion concern (U.S. Navy 2014n). Although the specific sampling protocol
has not been established, the recommendations in Appendix H of the vapor intrusion study
should be considered in the future sampling plan. Future vapor intrusion monitoring will include
collecting samples from existing monitoring locations and analyzing those samples for the same
COCs as in the 2014 vapor intrusion study.

7.6.2 Continued Validity of ROD Assumptions

Are the exposure assumptions, toxicity data, cleanup levels, and RAOs used at the time of
remedy selection still valid? Yes, the ARARs, exposure assumptions, toxicity data, and RAOs
are still valid and protective of human health and the environment. Changes to the ARARs used
to establish cleanup levels in the ROD are evaluated below and summarized in Table 7-13. The
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changes to the toxicity risk assumptions are discussed below. There was no change to the
exposure risk assessment assumptions.

Review of ARARS

No soil RG was established at OU 8. Nine chemicals were selected as COCs in groundwater,
based on the results of the risk assessment, and the ROD developed RGs for five of these
chemicals, assuming future use as drinking water’. Table 7-13 compares groundwater RGs from
the OU 8 ROD (U.S. Navy, USEPA, and Ecology 2000a) with current ARAR values. MCLs
were chosen as cleanup levels for benzene, 1,2-DCA, and toluene, rather than MTCA Method B
values. Ecology’s Toxics Cleanup Program allows the use of MCLs if the MCL is less than or
equal to the 10~ risk level, or has a hazard quotient of 1 (Ecology 1993). Currently the MCL is
protective for benzene and 1,2-DCA, but not for toluene (calculated as a hazard quotient of 2).

MTCA Method B values were chosen for the two remaining COCs (1,1-DCE and 1,2-EDB).
However, the ROD indicated that the MTCA Method B values for these two compounds were
below PQL concentrations. Therefore, the ROD stated that PQLs would be used as RGs, but did
not provide numeric PQL values. The PQL values that have been used in the LTM reports are
0.8 pg/L for 1,2-EDB and 0.5 pg/L for 1,1-DCE. Changes in toxicity for all COCs are discussed
in detail below.

Review of Risk Assessment Assumptions — Toxicity

Because of the changes to the toxicity criteria, 1,1-DCE and 1,2-EDB are now considered less
toxic (i.e., today’s current cleanup levels are higher) than at the time of the ROD. Therefore, the
remedy remains protective for these two chemicals with higher MTCA Method B cleanup levels.
For the three chemicals with the RG basis as the MCL, the protectiveness of the remedy is
discussed below. The details of the toxicological changes for each chemical are summarized
below and in Table 7-5.

1,1-DCE. 1,1-DCE is no longer considered a carcinogen by the EPA. Therefore, the ROD RG
of 0.0729 pg/L, based on a carcinogenic endpoint, is not applicable given the current
understanding of 1,1-DCE toxicity. The oral RfD of 0.05 mg/kg-day from EPA’s IRIS is used to
calculate the current MTCA Method B value. The current groundwater cleanup level increased
from 0.0729 to 400 pg/L. The use of a PQL of 0.5 pug/L as the RG for this chemical (the risk-
based level was not analytically achievable) is no longer necessary to protect health. The
maximum detected concentration during this 5-year review period was 4.5 ng/L. Because the
current MTCA B value exceeds the MCL, it is recommended the ROD RG be reviewed for
applicability of the current federal/state MCL of 7 ug/L (which is two orders of magnitude

5The four chemicals for which no RG was established were chemicals where the health risks were due to uses of the

groundwater for other than drinking (e.g., watering crops or livestock).
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higher than the ROD RG) and the ROD amended, only if changes to the RG could result in
discontinuation of monitoring at the site (for example, if no other chemicals at the site exceed
their RGs).

1,2-EDB. The cancer oral SF for 1,2-EDB changed in IRIS from the 85 (mg/kg-day)” used to
calculate the RG in the ROD to 2 (mg/kg-day)”', a substantial reduction in toxicity. Thus, the
current MTCA Method B cleanup level would change the RG from 0.000515 to 0.02 pg/L. This
new cleanup level is still below the PQL of 0.8 ug/L.

Benzene. The oral SF for benzene, as reported in EPA’s IRIS, changed to 0.055 (mg/kg-day)™
in 2000. This change in toxicity is reflected in the current MTCA Method B groundwater
cleanup level of 0.8 pg/L, which is lower than the ROD RG of 5 pg/L based on the federal MCL.
Using this current SF, the cancer risk of the MCL of 5 pg/L is 6 x 10, below the ROD cancer
risk goal of 1 x 10°. Because the ROD cancer risk goal is still being met, the remedy is
protective.

1,2-DCA. The oral SF is 0.091 (mg/kg-day)™, as reported in EPA’s IRIS. This change in
toxicity is reflected in the current MTCA Method B groundwater cleanup level of 0.48 pg/L,
which is lower than the ROD RG of 5 pg/L based on the federal MCL. Using this current SF,
the cancer risk of the MCL of 5 pg/L is 1 x 10, equal to the ROD cancer risk goal of 1 x 107,
Because the ROD cancer risk goal is still being met, the remedy is protective.

Toluene. The oral RfD is 0.08 mg/kg-day, as reported in EPA’s IRIS database. This change in
toxicity is reflected in the MTCA Method B groundwater cleanup level of 640 pg/L, which is
lower than the ROD RG of 1,000 png/L based on the federal MCL. Using this current RfD, the
hazard of the MCL of 1,000 pg/L is 2, above the ROD hazard goal of 1. The maximum
concentration of toluene at the site during this 5-year review period was 16,000 pg/L. However,
ICs are in place that prohibit groundwater use. Therefore, the remedy is still protective.

Review of Risk Assessment Assumptions — Exposure

The third 5-year review recommended the vapor intrusion pathway be evaluated at OU 8 because
of volatiles present in groundwater within 100 feet of occupied buildings, groundwater
concentrations exceeding MTCA screening levels for vapor intrusion, free product in the vicinity
of Building 1021, vadose zone soils being relatively permeable, and historical investigations of
subsurface soil gas indicating the presence of VOCs. As discussed in Section 6.4.4, the OU 8
vapor intrusion quantification report was completed in 2013 (U.S. Navy 2014n) and concluded
there were no vapor intrusion hazards in PWIA buildings based on indoor air and subslab soil
gas sampling at that time. Because of the high concentrations of contaminants in groundwater at
the site, vapor intrusion risks may need to be evaluated again in the future if significant increases
in volatile concentrations in groundwater are indicated or remedy optimization include options
that increase vapor intrusion into buildings.
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7.6.3 New Information

Has any other information come to light that could call into question the protectiveness of the
remedy? No, there is no new information regarding the remedy at OU 8 that could call into
question the protectiveness of the remedy.

New information obtained during the Phase II pilot testing better defined the contact between
Vashon Till and the underlying advance outwash unit. This contact was demonstrated to dip
below the groundwater surface to the west and south of the petroleum source area. The presence
of the Vashon Till extending below the water table would limit the spread of LNAPL wherever
the till was submerged, in effect acting as a natural barrier to LNAPL migration. The floating
product would spread to its maximum extent during low water table conditions and be trapped
beneath the Vashon Till during the subsequent water level rise. The trapped LNAPL remains in
contact with the till and adsorbs to the fine-grained fraction of the till where it remains as a long-
term source for re-releases into groundwater.

Groundwater modeling was completed for OU 8 in 2014 and provided new insights into the
CSM. The study (U.S. Navy 2014h) concluded the following:

. The source of LNAPL appears to be multiple historical releases from the PWIA
service station in the 1990s.

o No ongoing release from the existing gasoline and diesel tanks is occurring, and
LNAPL appears to be at or near residual saturation.

o From the mid-1990s to 2013, the 1,2-DCA and benzene plume footprints have
receded, and the centers of mass for both contaminant plumes were localized to
the site (see Figures 6-21 and 6-22).

o The increasing concentrations of benzene observed in some wells may be
attributable to changes in the water levels at the site or impacts from recent pilot
testing.

o The LNAPL thicknesses are likely exaggerated.

Based on the results of the modeling, the following are recommended: additional studies to
further define the nature and extent of dissolved-phase COCs and LNAPL to support remedy
optimization and an evaluation of active source remediation technologies such as bioventing,
source zone biosparging with soil vapor extraction, in situ groundwater recirculation, and in situ
chemical oxidation (U.S. Navy 2014h). The Navy is conducting a separate pilot study to address
dissolved benzene concentrations and LNAPL in groundwater in the PWIA source area, and the
results of this study will be used in the evaluation of active source remediation technologies.
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During the evaluation of the results of the benzene pilot study, the Navy will consider whether
low-temperature thermal treatment, where soil temperatures would be raised to between 30 and
50 °C, could enhance MNA.

7.6.4 Technical Assessment Summary

The remedy at OU 8 is functioning as intended by the decision documents, albeit slower than
estimated by the ROD. The ARARSs, exposure assumptions, toxicity data, and RAOs are still
valid and protective of human health and the environment, and there is no new information
regarding the remedy that could call into question the protectiveness of the remedy.

7.7 POGY ROAD

Although no ROD was executed for Pogy Road, an analysis of the validity of the ARARs, the
exposure assumptions, and the toxicity data was performed to assess whether the removal action
is still protective of human health and the environment. An assessment of the functionality of
the remedy was not performed, because no ROD was executed and there is no RAO for this site.
Furthermore, there was no new information for this site. Changes to the ARARs used to
establish cleanup levels in the ROD are evaluated below and summarized in Table 7-14. The
changes to the toxicity risk assumptions are discussed below. There were no changes to the
exposure risk assessment assumptions. The ARARs, exposure assumptions, and toxicity data are
still valid and protective of human health and the environment.

Review of ARARS

Sixteen chemicals were selected as COCs in soil and cleanup levels are presented in the
determination cleanup plan (DCLP) (U.S. Navy 2004a). Soil cleanup levels were based on direct
contact with soil, which is the only plausible exposure pathway for the Pogy Road site because
site conditions are protective of groundwater and surface water. Table 7-14 compares the soil
ARARs (MTCA Methods B and C values) from the DCLP (U.S. Navy 2004a) and EPA PRGs of
the independent remedial action closure report (IRACR) (U.S. Navy 2005b) to current ARARs
(MTCA Methods B and C values) and EPA RSLs previously known as PRGs. The following
chemicals have lower current MTCA B values: 1,3-DNB, tetryl, 2,6-DNT, 2-nitrotoluene,
3-nitrotoluene, and 4-nitrotoluene. The current EPA RSLs for nitroglycerin, 2,6-DNT, and
3-nitrotoluene are lower than the previously established EPA PRGs. None of the 16 chemicals
have lower current MTCA C values.

Review of Risk Assessment Assumptions - Toxicity

Because of the changes to the toxicity criteria, octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
(HMX), RDX, 2,4,6-TNT, 4-amino 2,6-DNT, and 2-amino 4,6-DNT are now considered less

toxic (i.e., today’s current cleanup levels are higher) and 1,3-DNB, tetryl, nitroglycerin,
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2,6-DNT, and nitrotoluenes (2-, 3-, and 4-) are now considered more toxic (i.e., today’s current
cleanup levels are lower) than at the time of the DCLP/IRACR. For those six chemicals with
higher cleanup levels, the remedy remains protective. The protectiveness of the remedy is
discussed below only for those chemicals with currently lower cleanup levels. The details of the
toxicological changes for each chemical are summarized below and in Table 7-15.

The maximum concentrations detected during confirmation sampling from 2003 and 2004 for
those COCs with lower cleanup levels are summarized in Table 7-15 (U.S. Navy 2004a).

The maximum site concentration for each COC, except for nitroglycerin, does not exceed the
current MTCA Method B or EPA RSL. Therefore, the remedy remains protective for 1,3-DNB,
tetryl, 2,6-dinitrotoluene, and nitrotoluenes (2-, 3-, and 4-) because site concentrations are below
cleanup levels. The protectiveness of the remedy for nitroglycerin is discussed further below.

HMX. EPA RSL currently uses IRIS RfD of 0.05 mg/kg-day. This change has increased the
current RSL.

RDX. EPA RSL currently uses IRIS SF of 0.11 (mg/kg-day)”. The RDX toxicity is under EPA
review and they may increase the toxicity of this chemical; therefore lowering MTCA B cleanup
levels and EPA RSLs. As previously stated, toxicity changes and impacts to the protectiveness
of the remedy will likely be completed as part of the future fifth 5-year review. Currently, the
RDX toxicological review is in the preliminary draft stage and the EPA is seeking review and
comment. Once the toxicological review is finalized, a new cleanup level can be calculated and
compared to existing soil results.

TNT. MTCA C currently uses IRIS RfD of 0.0005 mg/kg-day and EPA RSL currently uses
IRIS SF of 0.03 (mg/kg-day)™. This change has increased the current RSL.

4-Amino-2,6-DNT and 2-Amino-4,6-DNT. EPA RSL currently uses RfD of 0.002 mg/kg-day
for both of these chemicals. This change has increased the current RSLs. The IRIS oral RfD of
0.002 mg/kg-day for 2,4-DNT is used as a surrogate for 2-amino-4,6-DNT and 4-amino-2,6-
DNT.

1,3-DNB (meta-). The oral RfD of 0.0001 mg/kg-day, a IRIS value from EPA, is used to
calculate the current MTCA B value. The current regulatory soil cleanup level of 8 mg/kg is
lower than the cleanup level of 40 mg/kg in the DCLP. Using this current RfD, the hazard of the
cleanup level of 40 mg/kg is 5, above the hazard risk goal of 1. However, site concentrations are
below the current MTCA Method B value, and therefore, the remedy remains protective.

Tetryl. The oral RfD of 0.002 mg/kg-day, a PPRTV from EPA, is used to calculate the current
MTCA Methods B and C values. The current regulatory soil cleanup level of 160 mg/kg is
lower than the cleanup level of 800 mg/kg in the DCLP. Using this current RfD, the hazard of
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the ROD RG of 800 mg/kg is 5, above the hazard risk goal of 1. However, site concentrations
are below the current MTCA Method B value, and therefore, the remedy remains protective.

Nitroglycerin. The oral SF of 0.017 (mg/kg-day)™, a PPRTV from EPA, is used to calculate the
current EPA RSL value. There is no MTCA Method B or C value. This change in toxicity is
reflected in the current RSL of 6.2 mg/kg, which is lower than the cleanup level of 35 mg/kg in
the IRACR. Using this new SF, the cancer risk of the RSL of 35 mg/kg is 6 x 10°, below the
cancer risk goal of 1 x 10”. Because the cancer risk goal is still being met, the remedy remains
protective.

2,6-DNT. The oral SF of 1.5 (mg/kg day)™”, an EPA PPRTV, is used to calculate the current
MTCA Method B and EPA RSL values. The cleanup levels were based on the EPA IRIS value
of 0.68 (mg/kg day)”'. This change in toxicity is reflected in the current MTCA Method B soil
cleanup level of 0.67 mg/kg, which is lower than the cleanup level of 80 mg/kg in the DCLP and
is reflected in the current EPA residential soil RSL of 0.36 mg/kg, which is lower than the
cleanup level of 0.72 mg/kg in the IRACR. Using this new SF, the cancer risk of the 80 mg/kg
cleanup level is 1 x 10™, which exceeds the cancer risk goal of 1 x 10°. However, the maximum
detected concentration at the site was 0.085 mg/kg, which is well below the current MTCA B
value. Using the new SF, the cancer risk of the PRG of 0.72 mg/kg is 2 x 10°°, which is below
the cancer risk goal of 1 x 10°. Therefore, the remedy is still protective for this chemical.

2-Nitrotoluene, 3-Nitrotoluene, and 4-Nitrotoluene. It appears that during the DCLP, all three
isomers (meta-, ortho- and para-) were evaluated as a mixture having the same MTCA Method B
RG value of 800 mg/kg. Currently, the toxicity criteria differs for each isomer, as follows:
2-nitrotoluene has a PPRTV SF of 0.22 (mg/kg-day)™', 3-nitrotoluene has a PPRTV RfD of
0.0001 mg/kg-day, and 4-nitrotoluene has a PPRTV SF of 0.016 (mg/kg-day)”. These toxicity
criteria are used to calculate the current lower MTCA Method B values of 5 mg/kg for
2-nitrotoluene, 8 mg/kg for 3-nitrotoluene, and 63 mg/kg for 4-nitrotoluene. Using the current
toxicity factors and cleanup level of 800 mg/kg, the risk of 2-nitrotoluene is 2 x 10™* and
4-nitrotoluene is 1 x 10'5, and the hazard of 3-nitrotoluene is 100. 2-Nitrotoluene and
3-nitrotoluene exceed the risk goal of 1 x 10 and hazard goal of 1. 4-Nitrotoluene does not
exceed the risk goal. Therefore, the remedy is still protective for 4-nitrotoluene. For
2-nitrotoluene and 3-nitrotoluene, site concentrations are below cleanup levels, and therefore, the
remedy remains protective.

7.8  ISSUES

Table 7-16 lists the issues identified as a result of this 5-year review. Issues that do not affect
protectiveness, but have been identified during this 5-year review process, are included in a
footnote to the table.
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Technical Assessment Summary
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Question A: Is the
remedy functioning as

Question B: Are the
exposure assumptions,
toxicity data, cleanup
levels, and RAOs used at

Question C: Has any
other information come
to light that could call
into question the

Operable intended by the the time of the remedy protectiveness of the
Unit Sites decision documents? still valid? remedy?
1 A No* Yes No
2 F No* Yes No
3 24/25 and 26 Yes Yes No
7 B Yes Yes No
E/11 Yes Yes No
10 Yes Yes No
8 27,28, and 29 Yes Yes No

*The soil remedies for Sites A and F are functioning as intended by the ROD and Explanations of Significant
Differences. However, the groundwater remedies are not functioning as intended, because they have not met the
cleanup time frames established in the RODs. The groundwater remedies are protective of human health and the
environment because there is no exposure to groundwater with concentrations of chemicals of concern exceeding
remediation goals.

Notes:

RAO - remedial action objective

ROD - Record of Decision
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Table 7-2

Soil ARARs for Operable Unit 1
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Revision No.: 0
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ROD Remediation

Current MTCA

Change in
Cleanup Level

Goal Basis of Method B? If Established
Chemical (mg/kg) Remediation Goal (mg/kg) Today?
2,4,6-TNT 33 MTCA B 33 No
2,4- and 2,6-DNT 1.5 MTCA B 2.2 Yes, higher
RDX 9.1 MTCA B 9.1 No
Lead 250 MTCA A 250 (MTCA A) No

*MTCA B value unless otherwise specified

Notes:

ARARs - applicable or relevant and appropriate requirements

DNT - dinitrotoluene

mg/kg - milligram per kilogram
MTCA - Model Toxics Control Act

RDX - hexahydro-1,3,5-trinitro-1,3,5-triazine

ROD - Record of Decision

TNT - trinitrotoluene
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Table 7-3
Groundwater ARARSs for Operable Unit 1
Drinking Water Protection
ROD
Drinking Change in
Water Current Current Current Cleanup
Remediation Basis of MTCA Federal State Level
Goal Remediation | Method B? MCL MCL If Established
Chemical (ug/L) Goal (Hg/L) (Hg/L) (Hg/L) Today?
2,4,6-TNT 2.9 MTCAB 2.9 None None No
2,4- and 2,6-DNT 0.1 MTCA B 0.19 None None Yes, higher
RDX 0.8 MTCA B 0.8 None None No
Lead 15 MTCA A |15 (MTCA A) 15 15 No

"MTCA B value unless otherwise specified

Notes:

ARARs - applicable or relevant and appropriate requirements

DNT - dinitrotoluene

MCL - maximum contaminant level
pg/L - microgram per liter

MTCA - Model Toxics Control Act
RDX - hexahydro-1,3,5-trinitro-1,3,5-triazine
ROD - Record of Decision

TNT - trinitrotoluene
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Table 7-4
Surface Water ARARs for Operable Unit 1
Drinking Water Protection
Current Current
ROD SW Current Federal State Change in
Remediation Basis of MTCA SW AWQC AWQC Cleanup Level
Goal Remediation Method B Marine Marine If Established
Chemical (ug/L) Goal (ug/L) (ug/L) (ug/L) Today?
2,4,6-TNT 31 MTCA B SW None None None No
2,4- and 2,6- 0.6 MTCA B SW 5.5° 3.4 (HH) None Yes, higher
DNT
RDX 30 MTCA B SW None None None No
Lead 1 Not listed None 8.1 (CC) 8.1 Yes, higher
Phthalates 3 MTCA B SW 3.6° 2.2 (HH) None No

“Based on 2,4-DNT, cancer endpoint; no cancer endpoint listed for the 2,4/2,6-DNT mixture
"Based on bis(2-ethylhexyl)phthalate

Notes:

ARARs - applicable or relevant and appropriate requirements
AWQC - ambient water quality criteria

CC - chronic marine aquatic life criteria
DNT - dinitrotoluene

HH - human health criteria

pg/L - microgram per liter

MTCA - Model Toxics Control Act

RDX - hexahydro-1,3,5-trinitro-1,3,5-triazine
ROD - Record of Decision

SW- surface water

TNT - trinitrotoluene
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Table 7-5

Summary of Current ARAR Changes and Impacts on Protectiveness for NBK Bangor OUs

Estimated Is Remedy
Health Risk of Still
Chemical Identified Change the RG Protective? Reason for Change
2,4/2,6-DNT e MTCA B soil increased from 1.5 to 2.2 mg/kg at NA Yes Toxicity criteriaz MTCA B previously used IRIS EPA SF
OUs 1 and 2. of 6.8 x 107! (mg/kg—day)‘l; currently use PPRTV SF of
-1
e MTCA B GW increased from 0.1 to 0.19 pg/L at 0.45 (mg/kg-day) .
Oou 1.
e MTCA B GW increased from 0.13 to 0.19 pg/L
at OU 2.
e MTCA B SW increased from 0.6 to 5.5 pg/L at
OouU 1.
2,4-DNT e MTCA B soil increased from 1.5 to 3.2 mg/kg at NA Yes Toxicity criteria: MTCA B previously evaluated as a
OU 6 (outside wetland). mixture using IRIS EPA SF of 6.8 x 10" (mg/kg-day)™;
e MTCA C soil increased from 58.8 to 423 mg/kg MTCA B an_(} C currently use Cal EPA SF of 0.31
at OU 6 (inside wetland). (mg/kg-day)".
2,6-DNT e MTCA B soil decreased from 1.5 to 0.67 mg/kg 2x10° Yes® Toxicity criteria:. MTCA B previously evaluated as a
at OU 6. mixture using IRIS EPA SF of 6.8 x 10" (mg/kg-day)™;
e MTCA B soil decreased from 80 to 0.67 mg/kg 1x10* MTCA B and EPA RSL currently use PPRTV SF of 1.5
at Pogy Road. (mg/kg-day)".
e EPA soil PRG decreased from 0.72 to 0.36 2x10°
mg/kg at Pogy Road.
Lead Federal/state AWQC SW increased from 1 to NA Yes The basis for the RG of 1 ug/L is not listed; therefore, the
8.1 ng/L at OU 1. reason for the change cannot be determined.
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Table 7-5 (Continued)
Summary of Current ARAR Changes and Impacts on Protectiveness for NBK Bangor OUs
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Estimated Is Remedy
Health Risk of Still
Chemical Identified Change the RG Protective? Reason for Change
1,3,5-TNB e MTCA B soil increased from 4 to 2,400 mg/kg at NA Yes Toxicity criteria: MTCA B currently uses IRIS RfD of
OUs 2 and 6. 0.03 mg/kg-day (RG was previously based on RfD of
e MTCA B GW increased from 0.8 to 480 pg/L at 0.00005 mg/kg-day).
ou 2.
Nitrate MTCA B soil increased from 29,000 to 128,000 NA Yes Change cannot be determined. The IRIS RfD of 1.6
mg/kg at OU 2. mg/kg-day has not changed since the 1991 ROD.
Manganese RG was background value of 290 mg/kg; MTCA B NA Yes Toxicity criteria: MTCA B currently uses IRIS RfD of
soil is currently 11,200 mg/kg at OU 2. 0.14 mg/kg-day.
Nitrite Federal MCL GW increased from 100 to 1,000 NA Yes Federal MCL increased table value.
pg/L at OU 2.
Beryllium MTCA B soil increased from 0.23 to 160 mg/kg at NA Yes Toxicity criteria: MTCA B currently uses IRIS RfD of
ou 3. 0.002 mg/kg-day.
Nitrotoluenes MTCA B soil decreased from 800 to 5 mg/kg at 2x10™ Yes® Toxicity criteria: MTCA B may have previously
(all isomers) Ou 6. evaluated as an isomer mixture; currently use PPRTV SF
of 0.22 (mg/kg-day) ™ based on ortho-nitrotoluene.
1,2-DNB (ortho-) | MTCA B soil decreased from 32 to 8 mg/kg at 4 Yes® Toxicity criteria: MTCA B currently uses PPRTV RfD of]
Ou6 0.0001 mg/kg-day.
1,3-DNB (meta-) | ¢ MTCA B soil decreased from 40 to 8 mg/kg at 5 Yes® Toxicity criteria: MTCA B currently uses IRIS RfD of
Pogy Road; 0.0001 mg/kg-day.
e EPA soil PRG increased from 6.1 to 6.2 mg/kg at NA
Pogy Road
1,4-DNB (para-) | MTCA B soil decreased from 32 to 8 mg/kg at 4 Yes® Toxicity criteria: MTCA B currently uses PPRTV RfD of]

Ou 6.

0.0001 mg/kg-day.
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Estimated Is Remedy
Health Risk of Still
Chemical Identified Change the RG Protective? Reason for Change
Nitrobenzene MTCA B soil increased from 40 to 160 mg/kg at NA Yes Toxicity criteria: MTCA B currently uses IRIS RfD of
ou 6. 0.002 mg/kg-day.
Total cPAHs MTCA A soil decreased from 1 to 0.1 mg/kg at 1x10° Yes MTCA A table value changed based on evaluating all
ou 7. cPAHs relative to the toxicity of benzo(a)pyrene. Current
IRIS SF for benzo(a)pyrene is 7.3 (mg/kg-day)™.
TPH MTCA A GW decreased from 1,000 to 500 pg/L 2 Yes There is no longer a MTCA A value for TPH. Current
atOU 7. values are based on gasoline, diesel, and oil ranges, and
the lowest MTCA A value is 500 pg/L for diesel, heavy
oil, and mineral oil.
Otto fuel ROD RG is based on PQL of 0.2 pg/L; current NA Yes MTCA B value is not available for PGDN. A MTCA B
(based on PGDN) | MTCA B GW value is calculated at 0.6 ug/L at value was calculated using an ATSDR RfC of 2.7 x 10
ou 7. mg/m’.
Benzene ROD RG is based on federal MCL of 5 pg/L at 6x10° Yes No change to federal MCL. Toxicity criteria: MTCA B
OU §; current MTCA B GW value is lower at currently uses EPA IRIS SF of 0.055 (mg/kg-day)'l.
0.8 pg/L.
1,2-DCA ROD RG is based on federal MCL of 5 ug/L at 1x107° Yes No change to federal MCL. Toxicity criteria: MTCA B
OU 8; current MTCA B GW value is lower at currently uses EPA IRIS SF of 0.091 (mg/kg-day)™.
0.48 ng/L.
Toluene ROD RG is based on federal MCL of 1,000 pg/L 2 Yes® No change to federal MCL. Toxicity criteria: MTCA B
at OU 8; current MTCA B GW value is lower at currently uses EPA IRIS RfD of 0.08 mg/kg-day.
640 pg/L.
1,1-DCE MTCA B GW increased from 0.0729 to 400 ng/L at NA Yes Toxicity criteria: No longer considered a carcinogen;

ou s.

MTCA B currently uses EPA IRIS RfD of 0.05 mg/kg-
day.
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Estimated Is Remedy
Health Risk of Still
Chemical Identified Change the RG Protective? Reason for Change
1,2-EDB MTCA B GW increased from 0.000515 to 0.02 NA Yes MTCA B currently uses EPA IRIS SF of 2 (mg/kg-day) '.
pg/L at OU 8. No change recommended based on lowest attainable
current PQL of 0.8 pg/L.
HMX EPA soil PRG increased from 3,100 to 3,800 NA Yes Toxicity criteria: EPA RSL currently uses IRIS RfD of
mg/kg. 0.05 mg/kg-day.
RDX EPA soil PRG increased from 4.4 to 6 mg/kg. NA Yes Toxicity criteria: EPA RSL currently uses IRIS SF of
0.11 (mg/kg-day)™.
Tetryl e MTCA B soil decreased from 800 to 160 mg/kg 5 Yes® Toxicity criteria: MTCA B and C currently use PPRTV
at Pogy Road. RfD of 0.002 mg/kg-day.
e MTCA C soil increased from 1,750 to 7,000 NA
mg/kg at Pogy Road.
Nitroglycerin EPA soil PRG decreased from 35 to 6.2 mg/kg at 6x10° Yes Toxicity criteria: EPA RSL currently uses PPRTV SF of
Pogy Road. 0.017 (mg/kg-day)™.
2,4,6- e MTCA C soil increased from 700 to 1,800 mg/kg NA Yes Toxicity criteria: MTCA C currently uses IRIS RfD of
Trinitrotoluene at Pogy Road. 0.0005 mg/kg-day, and EPA RSL currently uses IRIS SF
-1
(TNT) e EPA soil PRG increased from 16 to 21 mg/kg at 0f 0.03 (mg/kg-day)™.
Pogy Road.
4-Amino-2,6- EPA soil PRG increased from 12 to 150 mg/kg at NA Yes Toxicity criteria: EPA RSL currently uses 2,4-DNT’s
DNT Pogy Road. RfD of 0.002 mg/kg-day as a surrogate for this chemical.
2-Amino-4,6- EPA soil PRG increased from 12 to 150 mg/kg at NA Yes Toxicity criteria: EPA RSL currently uses 2,4-DNT’s
DNT Pogy Road. RfD of 0.002 mg/kg-day as a surrogate for this chemical.
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Table 7-5 (Continued)
Summary of Current ARAR Changes and Impacts on Protectiveness for NBK Bangor OUs

Estimated Is Remedy
Health Risk of Still
Chemical Identified Change the RG Protective? Reason for Change
2-Nitrotoluene e MTCA B soil decreased from 800 to 5 mg/kg 2x10* Yes® Toxicity criteria: MTCA B may have previously
(ortho-) at Pogy Road. evaluated as an isomer mixture; currently use PPRTV SF
-1
e EPA soil PRG increased from 0.88 to 3.2 mg/kg NA 0f 0.22 (mg/kg-day)” .
at Pogy Road.
4-Nitrotoluene e MTCA B soil decreased from 800 to 63 mg/kg 1x10° Yes Toxicity criteria: MTCA B may have previously
(para-) at Pogy Road. evaluated as an isomer mixture; currently use PPRTV SF
-1
e EPA soil PRG increased from 12 to 33 mg/kg at NA 0f 0.016 (mg/kg-day).
Pogy Road.
3-Nitrotoluene | ¢ MTCA B soil decreased from 800 to 8 mg/kg 100 Yes® Toxicity criteria: MTCA B may have previously
(meta-) at Pogy Road. evaluated as an isomer mixture; currently use PPRTV
e EPA soil PRG decreased from 730 to 6.2 at 118 R{D of 0.0001 mg/kg-day.
Pogy Road.

“Although the estimated health risk of the RG exceeds the health goals of 1 or 1 x 107, the remedy remains protective because site concentrations are below current cleanup levels.
“Institutional controls are in place that prohibit groundwater use; therefore, the remedy is still protective.

Notes:

Bold indicates an increase in toxicity and a decrease of the cleanup level.
ATSDR - Agency for Toxic Substances and Disease Registry
AWQC - ambient water quality criterion

Cal EPA - California Environmental Protection Agency
cPAHs - carcinogenic polycyclic aromatic hydrocarbons
DCA - dichloroethane

DCE - dichloroethene

DDT - dichlorodiphenyltrichloroethane

DNB - dinitrobenzene

DNT - dinitrotoluene

DNX - Hexahydro-1,3-dinitroso-5-nitro-1,3,5-triazine
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Summary of Current ARAR Changes and Impacts on Protectiveness for NBK Bangor OUs

EDB - dibromoethane

EPA - U.S. Environmental Protection Agency
GW - groundwater

HMX - octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
IRIS - Integrated Risk Information System
MCL - maximum contaminant level

ng/L - microgram per liter

mg/kg - milligram per kilogram

mg/kg-day - milligram per kilogram per day
MTCA - Model Toxics Control Act

NA - not applicable

PGDN - propylene glycol dinitrate

PPRTYV - Provisional Peer-Reviewed Toxicity Values from EPA
PQL - practical quantitation limit

PRG - preliminary remediation goal

RDX - hexahydro-1,3,5-trinitro-1,3,5-triazine
RfC - reference concentration

RfD - reference dose

ROD - Record of Decision

RSL - regional screening level

SF - slope factor

SW - surface water

TNB - trinitrobenzene

TPH - total petroleum hydrocarbons

Table 7-5 (Continued)

Section 7.0
Revision No.: 0
Date: 9/3/15
Page 7-41
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Table 7-6
Soil ARARs for Operable Unit 2
Current Change in
ROD MTCA Cleanup Level
Remediation Goal Basis of Method B If Established
Chemical (mg/kg) Remediation Goal (mg/kg) Today?
2,4,6,-TNT 33 MTCA B 33 No
RDX 9.1 MTCA B 9.1 No
2,4- and 2,6-DNT 1.5 MTCA B 2.2 Yes, higher
1,3,5-TNB 4.0 MTCA B 2,400 Yes, higher
1,3-DNB 8.0 MTCA B 8.0 No
Nitrate-N 29,000 MTCA B 128,000 Yes, higher
Nitrite-N 8,000 MTCA B 8,000 No
Manganese 940 Background 11,200 Yes, higher
Notes:

ARARs - applicable or relevant and appropriate requirements
DNB - dinitrobenzene

DNT - dinitrotoluene

mg/kg - milligram per kilogram

MTCA - Model Toxics Control Act

RDX - hexahydro-1,3,5-trinitro-1,3,5-triazine

ROD - Record of Decision

TNB - trinitrobenzene

TNT - trinitrotoluene
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Table 7-7
Groundwater ARARs for Operable Unit 2

Page 7-43

Drinking Water Protection Surface Water Protection
ROD Change in
Drinking Water Current Current Cleanup ROD
Remediation Basis of MTCA Federal Level If Surface Water Basis of Current MTCA
Goal Remediation Method B MCL Established Cleanup Level Cleanup Method B
Chemical (ug/L) Goal (ug/L) (ug/L) Today? (ug/L) Level (ug/L)
2,4,6,-TNT 2.9 MTCA B 2.9 None No 40 Ryon 1987 Not researched —
RDX 0.8 MTCA B 0.8 None No 260 See note a groundwater plume not
2,4 and 2,6-DNT 0.13 MTCA B 0.19 None Yes, higher 300 See note b reaching surface water
1,3,5-TNB 0.8 MTCA B 480 None Yes, higher 80 See note ¢
1,3-DNB 1.6 MTCA B 1.6 None No None
Nitrate-N 10,000 Federal MCL 25,600 10,000 No 10,000 MCL
Nitrite-N 100 Federal MCL 1,600 1,000 Yes, higher None -
50 (State MCL)®

Manganese 50 State MCL® 2,240 (MTCA B) 50¢ No None See note d

*Extrapolated using acute chronic ratio (Stephen et al. 1985 reference not included in remedial investigation/feasibility study reference list [U.S. Navy 1993a])
PExtrapolated using acute chronic ratio (Etnier 1987)

°No observable effect concentration (Layton et al. 1987)
“The source of the manganese remediation goal is a secondary MCL.

Notes:

ARARS - applicable or relevant and appropriate requirements

DNB - dinitrobenzene
DNT - dinitrotoluene

MCL - maximum contaminant level
ng/L - microgram per liter

MTCA - Model Toxic

s Control Act

RDX - hexahydro-1,3,5-trinitro-1,3,5-triazine
ROD - Record of Decision

TNB - trinitrobenzene
TNT - trinitrotoluene
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Table 7-8
Soil ARARs for Operable Unit 3
Change in
ROD Remediation Current MTCA Cleanup Level
Goal Basis of Method B If Established
Chemical (mg/kg) Remediation Goal (mg/kg) Today?
Antimony 32 MTCA B 32 No
Arsenic 20 MTCA A 20 No
Beryllium 0.23 MTCA B 160 Yes, higher
Notes:
ARARs - applicable or relevant and appropriate requirements
mg/kg - milligram per kilogram
MTCA - Model Toxics Control Act
ROD - Record of Decision
Table 7-9
Groundwater ARARs for Operable Unit 3
Drinking Water Protection
ROD
Drinking Water Current Current Change in
Remediation Basis of MTCA State Cleanup Level
Goal Remediation Method B MCL If Established
Chemical (Hg/L) Goal (Hg/L) (ug/L) Today?
Cadmium 8 MTCA B 5 No
Manganese 50 State MCL* 2,240 50 No

*The source of the manganese remediation goal is not specified in the OU 3 RO. However, it is presumed to have been the State
secondary MCL based on other OUs at Bangor.

Notes:

ARARs - applicable or relevant and appropriate requirements
pg/L - microgram per liter
MTCA - Model Toxics Control Act
ROD - Record of Decision
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Table 7-10
Soil ARARs for Operable Unit 6
ROD Change in
Remediation Current MTCA Cleanup Level
Goal Basis of Method B If Established
Chemical (mg/kg) Remediation Goal (mg/kg) Today?

2,4,6-TNT 333 MTCA B 33 No
2,4-DNT (outside wetland) 1.5 MTCA B 3.2 Yes, higher
2,4-DNT (inside wetland) 58.8 MTCA C* 423° Yes, higher
2,6-DNT 1.5 MTCA B 0.67 Yes, lower
Nitrotoluene (all isomers) 800 MTCA B 5° Yes, lower
1,2-DNB (ortho-) 32 MTCA B 8 Yes, lower
1,3-DNB (meta-) 8 MTCA B 8 No
1,4-DNB (para-) 32 MTCA B 8 Yes, lower
1,3,5-TNB 4 MTCA B 2,400 Yes, higher
Nitrobenzene 40 MTCA B 160 Yes, higher

"MTCA Method C cleanup level is used according to the Operable Unit 6 ROD to prevent significant damage to

wetlands ecosystem.

"The lowest of the three isomers was selected as current MTCA Method B value.

Notes:

ARARs - applicable or relevant and appropriate requirements

DNB - dinitrobenzene
DNT - dinitrotoluene

mg/kg - milligram per kilogram

MTCA - Model Toxics Control Act

ROD - Record of Decision
TNB - trinitrobenzene
TNT - trinitrotoluene

J:\Projects\N\Navy AE\AE-2009\DO 78 - xx49 Bangor 4th 5 Year Review\09 Reports & Deliverables\R-3 Deliverables\dth 5-Year

Review\Final\Final Bangor 4th 5-Year Review - Text.docx



FINAL FOURTH FIVE-YEAR REVIEW Section 7.0

Naval Base Kitsap Bangor Revision No.: 0
Naval Facilities Engineering Command Northwest Date: 9/3/15
Page 7-46
Table 7-11
Soil ARARs for Operable Unit 7
ROD Current Current Change in
Remediation Basis of MTCA MTCA Cleanup Level
Goal Remediation Method A Method B If Established
Chemical (mg/kg) Goal (mg/kg) (mg/kg) Today?
Arsenic (Sites B and 20 MTCA A 20 0.67 No
10%
Total cPAHs (Site B) 1 MTCA A See Note b See Note ¢ Yes, lower
Total PCBs (Sites B 1 MTCA A 10 (industrial) 0.5 No
and 10%) 1 (unrestricted)
DDT (Site E/11) 2.94 MTCA B 4 (industrial) 2.9 No
3 (unrestricted)
Cadmium (Site 10%) None NA 2 80 No
Lead (Site 10% None NA 250 None No

*Four chemicals at Site 10 were identified post-ROD during a parking lot expansion. Remediation goals were not
established. However, the chemicals are listed here for completeness.

"Method A for benzo(a)pyrene is 2 mg/kg industrial and 0.1 mg/kg unrestricted. There is no specified value

for other cPAHs.

‘Individual compounds were evaluated based on their toxicity to benzo(a)pyrene. The current Method B value is
0.137 mg/kg.

Notes:

ARARs - applicable or relevant and appropriate requirements
cPAHs - carcinogenic polycyclic aromatic hydrocarbons
DDT - dichlorodiphenyltrichloroethane

mg/kg - milligram per kilogram

MTCA - Model Toxics Control Act

NA - not applicable

PCBs - polychlorinated biphenyls

ROD - Record of Decision

Source: ROD Table 19 (U.S. Navy, USEPA, and Ecology 1996)
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Table 7-12
Groundwater ARARs for Operable Unit 7
ROD Current Current Change in
Remediation Basis of MTCA MTCA Cleanup Level
Goal Remediation Method A Method B If Established
Chemical (g/L) Goal (g/L) (Hg/L) Today?

TPH (Site 10) 1,000 MTCA A 500 None Yes, lower®
Otto fuel (Site 0.2 Practical None 0.6 Yes, higher”
E/11) quantitation limit

*No longer a MTCA Method A for TPH. Method A for diesel-range organics, heavy oils, and mineral oil is
500 pg/L. For gasoline-range organics, if no detectable benzene, Method A is 1,000 pg/L.

°A risk-based MTCA Method B level for the major component of Otto fuel (propylene glycol dinitrate) is not
currently available in Washington State Department of Ecology’s CLARC database. However, if a MTCA
Method B level were calculated using U.S. Environmental Protection Agency toxicity assumptions, it would be

0.6 pg/L. See discussion in Section 7.2.2.

Notes:

ARARSs - applicable or relevant and appropriate requirements

pg/L - microgram per liter
MTCA - Model Toxics Control Act
ROD - Record of Decision
TPH - total petroleum hydrocarbon
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Table 7-13
Groundwater ARARs for Operable Unit 8
Drinking Water Protection
ROD
Drinking Water Current Change in
Remediation Basis of MTCA Current Cleanup Level
Goal Remediation Method B MCL If Established
Chemical (ug/L) Goal (ug/L) (ug/L) Today?
Benzene 5 MCL 0.8 5 No
1,2-DCA 5 MCL 0.438 5 No
1,1-DCE 0.0729* MTCA B 400 7 Yes, higher
1,2-EDB 0.000515% MTCA B 0.02 0.05 Yes, higher
Toluene 1,000 MCL 640 1,000 No

*The ROD indicated that these MTCA B levels were below the PQL. Therefore, the PQL would be used as
a remediation goal, but specific PQL concentrations were not listed in the ROD. The current achievable PQLs are

0.5 pg/L for 1,1-DCE and 0.8 pg/L for 1,2-EDB.

Notes:

ARARSs - applicable or relevant and appropriate requirements
DCA - dichloroethane

DCE - dichloroethene

EDB - dibromoethane

MCL - maximum contaminant level

pg/L - microgram per liter

MTCA - Model Toxics Control Act

PQL - practical quantitation limit

ROD - Record of Decision

Source: ROD Tables 8-1 and D-1 (U.S. Navy, USEPA, and Ecology 2000a)
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Table 7-14
Soil ARARs for Pogy Road
MTCA MTCA Change in
Method B Method C EPA PRG Current MTCA | Current MTCA Current Cleanup Level
from DCLP from DCLP from IRACR Method B Method C EPA RSL If Established
Chemical (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) Today?
HMX 4,000 175,000 3,100 4,000 175,000 3,800 Yes, higher
RDX 9.09 1,190 4.4 9.1 1,200 6 Yes, higher
Picric acid (2,4,6- 33-5,400° 1,800-230,000° NE NE NE NE NA
trinitrophenol)
1,3-Dinitrobenzene 40 NE 6.1 8 350 6.2 Yes, lower
(MTCA B);
higher (RSL)
Tetryl (2,4,6- 800 1,750 NE 160 7,000 120 Yes, lower
Trinitrophenylmethylnitramine) (MTCA B);
higher (MTCA C)
Nitroglycerin 714 9,380 35 NE NE 6.2 Yes, lower (RSL)
2,4,6-Trinitrotoluene (TNT) 33.3 700 16 33 1,800 21 Yes, higher
4-Amino 2,6-Dinitrotoluene 16 700 12 NE NE 150 Yes, higher
2-Amino 4,6-Dinitrotoluene 16 NE 12 NE NE 150 Yes, higher
2,6-Dinitrotoluene 80 NE 0.72 0.67 87.5 0.36° Yes, lower (both)
2-Nitrotoluene (ortho-) 800 NE 0.88 5 597 3.2 Yes, lower
(MTCA B);
higher (RSL)
4-Nitrotoluene (para-) 800 NE 12 63 8,200 33 Yes, lower
(MTCA B);
higher (RSL)
3-Nitrotoluene (meta-) 800 NE 730 8 350 6.2 Yes, lower (both)
TNX NDV NDV NE NE NE NE NA
DNX 0.00182-0.0196" 0.239-2.57% NE NE NE NE NA
MNX 0.333-9.9% 43.8-1,190° NE NE NE NE NA
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Table 7-14 (Continued)
Soil ARARs for Pogy Road

*These calculated soil cleanup levels are subject to greater uncertainty than the other soil cleanup levels developed for the remaining explosives-related
compounds. See Section 4 of the DCLP for more details (U.S. Navy 2004).
°Current RSL based on the carcinogenicity of a 2,4/2,6-dinitrotoluene mixture.

Notes:

DCLP - determination of cleanup level plan (U.S. Navy 2004)
DNX - hexahydro-1,3-dinitroso-5-nitro-1,3,5-triazine

EPA - U.S. Environmental Protection Agency

HMX - octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
IRACR - independent remedial action closure report (U.S. Navy 2005b)
mg/kg - milligram per kilogram

MNX - hexahydro-1-nitroso-3,5-dinitro-1,3,5-triazine

NDV - no defensible value

NE - not established

PRG - preliminary remediation goal

RSL - Residential Screening Level

RDX - hexahydro-1,3,5-trinitro-1,3,5-triazine

TNX - hexahydro-1,3,5-trinitroso-1,3,5-triazine
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Table 7-15
Comparison of Maximum Pogy Road Concentrations to Current ARARS
Current MTCA Method B Soil/
November 2003/June 2004 Current EPA Residential Soil
Maximum Detections Residential Screening Level
Chemical (mg/kg) (mg/kg)
1,3-Dinitrobenzene 0.0161J] 8/6.2
Tetryl 0.0211J 160/120
Nitroglycerin 367 NE/6.2
2,6-Dinitrotoluene 0.085] 0.67/0.36
2-Nitrotoluenes 0.0471] 5/3.2
3-Nitrotoluenes 0.060 J 63/33
4-Nitrotoluenes 0.110J 8/6.2

Notes:

ARARs - applicable or relevant and appropriate requirements
EPA - U.S. Environmental Protection Agency

J - established value

mg/kg - milligram per kilogram

MTCA - Model Toxics Control Act

NE - not established
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Table 7-16
Issues
Affects
Item Protectiveness®
No. Issue® Current | Future
General
1 State and federal human health surface water quality criteria are in the process of No Yes
public comment and revision.
2 EPA human health exposure factors have been revised, but Ecology has not No Yes
included these revisions in current MTCA Method B values.
3 Some deficiencies identified in the annual inspection reports were not immediately No Yes
repaired.
Oou1l
4 The Site A groundwater treatment system is not functioning as intended by the No Yes
ROD, because it has not met the cleanup time frame established in the
ROD.
5 The Site A pump and treat system is over 15 years old and has experienced No Yes
significant wear and tear, which could result in equipment failure and unplanned
shutdowns.
6 A depression was noted in the southeast corner of the burn area with a pipe visible No Yes
in the depression, which may indicate a possible impact to the leach basin liner.
Oou 2
7 The Site F groundwater treatment system is not functioning as intended by the No Yes
ROD, because it has not met the cleanup time frame established in the
ROD.
8 Lengthy unscheduled pump and treat system shutdowns could impact plume No Yes
containment.
9 Concentrations of 1,3,5-trinitrobenzene and 1,3-dinitrobenzene, COCs for Site F No Yes
groundwater, are not currently being tabulated or reported in the body of the LTM
report, and concentrations during this 5-year review period exceeded RGs.
10 Limited hydraulic head observation points in the vicinity of extraction well F-EW5 No Yes
and the infiltration wells adjacent to Trigger Avenue limit the ability to assess
plume containment.
11 During the inspection of the Site F infiltration barrier, vegetation was observed No Yes
growing in the seams in the asphalt and in the drainage swale and, if allowed to
continue to grow, could impact the functionality of the infiltration barrier.
ou 8
12 The OU 8 remedy is taking longer to meet the remedial action objectives than No Yes
estimated in the ROD, benzene concentrations are increasing in selected wells, and
light nonaqueous-phase liquid continues to be detected at the site.
13 Because the presence of residual free product could be providing a continued No Yes
source of contaminants to groundwater and because of potentially increasing
concentrations of benzene in groundwater, subslab soil gas concentrations could
also increase.
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Table 7-16 (Continued)

Issues
Affects
Item Protectiveness”
No. Issue® Current | Future
14 The toxicity of toluene has increased based on the current EPA reference dose, and No Yes

the current MTCA Method B cleanup level of 640 pg/L is lower than the ROD RG
of 1,000 pg/L, which is based on the federal MCL. Using the current EPA
reference dose, the hazard quotient of the MCL of 1,000 pg/L is 2, above the ROD
hazard goal of 1, and the maximum concentration of toluene at the site during this
5-year review period was 16,000 pg/L.

*The issues listed below have been identified to require follow-up action prior to the next 5-year review, but do not
impact protectiveness:

e General:
- Annual LUC inspections have identified minor issues that have not been addressed.
- Annual LUC inspections have suggested revisions to the Institutional Controls Management Plan that have not
been incorporated into the document.
- Three respondents to the interview questions felt uninformed regarding ongoing remedy implementation at
NBK Bangor.
e OUI:

- Minor inconsistencies were observed in the 2011, 2012, and 2013 Site A sampling and analysis planning
tables. The general monitoring tables included sampling of a few wells that did not appear on the event-
specific monitoring tables.

- Not all years of data were included in the 2014 cumulative data tables in the appendix of the 2014 LTM report.

e OU2:

- Although the Mann-Kendall analysis currently being used to evaluate Site F data trends provides a useful
analysis of trends, additional statistical methods that provide a more robust analysis of long-term trends are
available for consideration.

- The format of the historical summary tables (Appendix E of LTM report) complicates the review of the data.

- Manganese is included as a COC for this site, and the RG is based on the secondary MCL, which is not health
based. Historical manganese concentrations are less than the risk-based MTCA Method B cleanup level.

e OUT:

- Fading signs and erosion were noted at Site B during the site inspection.
- The fencing at Site E/11 is compromised at one location adjacent to one of the gates.
- The hydraulic head elevations for Site E/11 are consistently a couple feet lower than the Site F wells located in
the vicinity, suggesting that there is an issue with the surveyed well elevations.
- At Site 10, cracking in the asphalt and a sinkhole were noted during the site inspection.
e OUS:

- The concentrations of volatile organic compounds are less than RGs at off-base locations.

- 1,1-Dichloroethene is no longer considered a carcinogen by the EPA. Therefore, the ROD RG of 0.07 pg/L,
based on a carcinogenic endpoint, is not applicable given the current understanding of its toxicity.

- The concentration trend plots presented in the LTM reports show nondetected concentrations at 0.1 ug/L
regardless of their reported detection limits, which is not noted on the trend plots.

- Historical analytical results are only presented for selected wells in the natural attenuation monitoring reports.
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Table 7-16 (Continued)
Issues

°If the issue impacts current protectiveness, the remedy is designated “not protective,” and if the issue impacts future
protectiveness, the remedy is designated “short-term protective” in Section 9 in accordance with EPA guidance
(USEPA 2001 and 2012a). In some cases, not enough information is available, and then the “protectiveness
deferred” designation is used.

Notes:

COC - chemical of concern

EPA - U.S. Environmental Protection Agency
LTM - long-term monitoring

LUC - land use control

MCL - maximum contaminant level
pg/L - microgram per liter

MTCA - Model Toxics Control Act
OU - operable unit

RG - remediation goal

ROD - Record of Decision
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8.0 RECOMMENDATIONS AND FOLLOW-UP ACTIONS

This section presents the recommendations and follow-up actions identified as a result of the
S-year review process. The recommended actions necessary to ensure the long-term
protectiveness of the remedies are identified in Table 8-1. Recommendations that do not affect
protectiveness, but have been identified during this 5-year review process, are included in a
footnote to the table.
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Recommendations and Follow-Up Actions
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Revision No.: 0
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Page §8-2

Item
No.

Recommendation/
Follow-Up Action®

Party
Responsible

Oversight
Agency

Milestone
Date

Follow-Up Action:
Affects
Protectiveness®

Current | Future

General

1

Evaluate State and Federal human
health surface water quality criteria
revisions in the next 5-year review.

NAVFAC NW

Ecology,
EPA

10/31/20

No Yes

Evaluate exposure factor changes in
next S-year review.

NAVFAC NW

Ecology,
EPA

10/31/20

No Yes

Ensure deficiencies that impact
protectiveness are repaired within the
same year if funding is available, or
programmed for the next year if
funding is not available in the same
year.

NAVFAC NW

Ecology,
EPA

10/31/16

No Yes

Oou1l

Prepare an FFS for OU 1 in
accordance with EPA’s MNA
guidance and the technical
impracticability guidance. The
existing pump and treat system,
MNA, and possibly other treatment
technologies would be evaluated in
the FFS. The other treatment
technologies to be included in the
FFS would be selected using a
collaborative process with the
stakeholders. The FFS will also
include an evaluation of remediation
timeframes using a mass balance
assessment or other technique, a
treatability study of MNA, field
verification of aquifer properties, and
a reevaluation of the human health
risk pathways. An MNA treatability
study work plan will be developed in
conjunction with the EPA and
Ecology which would include
temporarily deactivating the pump
and treat system and implementing
an MNA treatability test using EPA
protocols.

NAVFAC NW

Ecology,
EPA

7/31/19

No Yes

If continued long-term operation of
the pump and treat system is planned,
perform a comprehensive evaluation

NAVFAC NW

Ecology,
EPA

10/31/20

No Yes
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Item
No.

Recommendation/
Follow-Up Action®

Party
Responsible

Oversight
Agency

Milestone
Date

Follow-Up Action:
Affects
Protectiveness®

Current Future

of the pump and treat system
maintenance needs and proactively
repair or replace equipment. Address
corrosion observed on floor braces
supporting effluent piping, and
replace extraction well vaults with
traffic-rated vaults.

Investigate the depression in the
southeast corner of the burn area to
assess impacts to the leach basin
liner. At a minimum, backfill the
hole with clean sand.

NAVFAC NW

Ecology,
EPA

12/31/17

No Yes

Oou 2

Perform aerobic and anaerobic
biodegradation treatability tests and
further modeling to support Site F
remedy optimization.

NAVFAC NW

Ecology,
EPA

10/31/16

No Yes

Continue to evaluate the pump and
treat system maintenance needs,
proactively repair and replace
equipment to minimize future system
shutdowns and the potential loss of
plume containment, and repair the
minor water leaks observed during
the site inspection.

NAVFAC NW

Ecology,
EPA

10/31/20

No Yes

Tabulate and report data in the body
of the LTM report for 1,3,5-
trinitrobenzene and 1,3-
dinitrobenzene, COCs for Site F
groundwater, because concentrations
of these chemicals exceeded the RGs
during this 5-year review period.

NAVFAC NW

Ecology,
EPA

10/31/16

No Yes

10

Following completion of the
modeling activities planned for 2015,
reevaluate the need for additional
groundwater monitoring points to
better characterize the potentiometric
surface proximate to active
infiltration and extraction wells in
support of RDX plume containment
objectives and the ongoing USACE
bioaugmentation pilot study.

NAVFAC NW

Ecology,
EPA

10/31/16

No Yes
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Table 8-1 (Continued)
Recommendations and Follow-Up Actions

Follow-Up Action:
Affects
Item Recommendation/ Party Oversight | Milestone Protectiveness®

No. Follow-Up Action® Responsible Agency Date Current | Future

11 | Remove vegetation observed NAVFAC NW [ Ecology, 10/31/16 No Yes
growing in the asphalt seams and EPA
drainage swale of the site infiltration
barrier, and repair the cracks in the
asphalt cap, as needed.

ous

12 | Perform additional studies to further | NAVFAC NW | Ecology, 12/31/17 No Yes
define the nature and extent of EPA
dissolved-phase COCs and LNAPL
(including LNAPL mobility tests) to
support remedy optimization,
perform the benzene pilot test to
evaluate air sparge/soil vapor
extraction technology, evaluate
whether low-temperature thermal
treatment could enhance MNA,
evaluate active source remediation
technologies, reestablish the 1,2-
DCA biobarrier after the benzene
pilot study has been completed, and
monitor 1,2-DCA and indicator
parameters in pilot study wells, in
addition to the ongoing MNA
program.

13 | Perform an additional round of vapor | NAVFAC NW | Ecology, 10/31/20 No Yes
intrusion monitoring following EPA
completion of the benzene pilot
study.

14 | Review the toluene RG prior to NAVFAC NW | EPA, 10/31/20 No Yes
discontinuation of monitoring at the Ecology
site to assess protectiveness.

*The following recommendations that do not impact protectiveness require follow-up action prior to the next 5-year
review (see Sections 4, 6, and 7 for details):

e General:
- Address minor issues identified in the annual land use control inspection reports that have not been addressed.
- Update the ICMP with the suggested revisions in the annual land use control inspection reports.
- Perform agency and community outreach activities.

e OUI:

- Planning tables in the sampling and analysis plans should be checked for consistency, and any deviation or
planned delay in sampling should be documented in the applicable table and conclusion section of the LTM
reports.
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Table 8-1 (Continued)
Recommendations and Follow-Up Actions

- Include all years of data in the cumulative data tables of the annual monitoring reports.
e OU2:

- Consider the use of additional statistical tools to provide a more robust analysis of long-term trends for future
evaluations in the annual OU 2 LTM reports, such as the linear regression analysis currently being used for
OU 1 and OU 8.

- Present the historical summary tables (Appendix E of LTM report) in a manner similar to the summary tables
for Site A, include nitrate concentrations on these tables, and report DNT data in these tables separately for
2,4-DNT and 2,6-DNT for consistency with the data tables in the body of the document.

- Prepare a memorandum to the file indicating that historical manganese concentrations are less than the risk-
based MTCA Method B cleanup level and that no monitoring is required. Prepare a ROD amendment prior to
discontinuing monitoring changing the RG to the risk-based MTCA Method B cleanup level.

e OUT:

- At Site B, replace or repaint fading signs, continue to monitor erosion, and place additional fish mix, as
needed.
- At Site E/11, fix the fencing at one location adjacent to one of the gates.
- Resurvey the Site E/11 monitoring wells.
- At Site 10, repair cracking and a sinkhole in the asphalt.
e OUS:

- Reduce monitoring frequency to annually at off-base locations.

- Review the ROD RG for 1,1-dichloroethene for potential applicability of the current federal/state maximum
contaminant level of 7 pg/L (which is two orders of magnitude higher than the ROD RG), and amend the ROD
if changes to the RG could result in discontinuation of monitoring at the site (for example, if no other chemical
at the site exceeds its RG).

- The concentration trend plots presented in the LTM reports should include a note explaining that the
undetected values are all shown at an arbitrary value of 0.1 pg/L, regardless of the actual reporting limit, and
that the actual reporting limit may be higher than the RG. In addition, all assumptions should be noted on the
figure.

- Include historical analytical data for all wells monitored at OU 8 in Appendix D of the MNA monitoring
reports.

°Under the "current" column, a “yes” entry indicates impacts to current protectiveness may occur if the
recommended action is not implemented, and the remedy is designated “not protective” in Section 9 in accordance
with EPA guidance (USEPA 2001 and 2012a). Under the "future" column, a “yes” entry indicates impacts to
future protectiveness may occur if the recommended action is not implemented, and the remedy is designated
“short-term protective” in Section 9. For NBK Bangor, only issues and recommendations potentially affecting
future protectiveness have been identified.

Notes:

COCs - chemicals of concern MNA - monitored natural attenuation

DCA - dichloroethane MTCA - Model Toxics Control Act

DNT - dinitrotoluene NAVFAC NW - Naval Facilities Engineering Command Northwest
Ecology - Washington State Department of Ecology OU - operable unit

EPA - U.S. Environmental Protection Agency RDX - hexahydro-1,3,5-trinitro-1,3,5-triazine

ICMP - Institutional Controls Management Plan RG - remediation goal

LNAPL - light nonqueous-phase liquid ROD - Record of Decision

LTM - long-term monitoring USACE - U.S. Army Corps of Engineers

pg - microgram per liter
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9.0 CERTIFICATION OF PROTECTIVENESS

Protectiveness determinations for NBK Bangor were made in accordance with EPA guidance
(USEPA 2001 and 2012a). Five protectiveness categories are defined in EPA guidance:
protective, short-term protective, will be protective, protectiveness deferred, and not protective.
Further information on these designations can be found by reviewing EPA guidance documents
(USEPA 2001 and 2012a). For CERCLA sites that require a 5-year review, a separate
protectiveness statement is required for each OU where the remedial action is currently
underway or remedial construction is complete. If remedial construction is complete, a sitewide
protectiveness determination is also required and will generally be the same as the least
protective OU at the site. Because remedial construction is complete at NBK Bangor, a
certification of protectiveness is provided for the entire site in the paragraph below and for each
OU in the following sections.

The remedies at NBK Bangor currently protect human health and the environment because
LUCs and/or engineering controls prevent exposure to contaminated media, groundwater plumes
are stable and/or contained by pump and treat systems, and groundwater monitoring is performed
to assess the extent of groundwater plumes. However, in order for the remedies to be protective
in the long term, the actions listed in Table 8-1 and summarized below for OUs 1, 2, and 8 need
to be taken to ensure protectiveness.

91 Oul1l

The remedy at OU 1 currently protects human health and the environment because LUCs prevent
exposure to groundwater with concentrations of COCs exceeding RGs, the groundwater plume is
stable, and groundwater monitoring is performed to assess the extent of the plume. However, in
order for the remedy to be protective in the long term, the following actions need to be taken to
ensure protectiveness:

o Prepare an FFS for OU 1 in accordance with EPA’s MNA guidance and the
technical impracticability guidance, including an evaluation of remediation time
frames using a mass balance assessment or other technique, a treatability study of
MNA, field verification of aquifer properties, and a reevaluation of the human
health risk pathways.

o Perform a comprehensive evaluation of the pump and treat system maintenance
needs and proactively repair and replace equipment if continued long-term
operation of the pump and treat system is planned.
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o Investigate the depression in the southeast corner of the burn area to assess
impacts to the leach basin liner and, at a minimum, backfill the hole with clean
sand.

9.2 OU2

The remedy at OU 2 currently protects human health and the environment because LUCs prevent
exposure to groundwater with concentrations of COCs exceeding RGs, the pump and treat
system contains the plume, and groundwater monitoring is performed to assess the extent of the
plume. However, in order for the remedy to be protective in the long term, the following actions
need to be taken to ensure protectiveness:

o Continue remedy optimization by performing aerobic and anaerobic
biodegradation treatability tests and further modeling.

o Continue to evaluate the pump and treat system maintenance needs and
proactively repair and replace equipment to minimize future system shutdowns
and the potential loss of plume containment.

o Tabulate and report data in the body of the LTM report for 1,3,5-TNB and 1,3-
DNB, because concentrations of these chemicals exceeded the RGs during this 5-
year review period.

o Following completion of the modeling activities planned for 2015, reevaluate the
need for additional groundwater monitoring points to better characterize the
potentiometric surface proximate to active infiltration wells and extraction wells
in support of RDX plume containment objectives and the ongoing USACE
bioaugmentation pilot study.

o Remove vegetation observed growing in the asphalt seams and drainage swale of
the Site F infiltration barrier, and repair cracks in the asphalt cap, as needed.

93 OU3s

The remedy at OU 3 is protective of human health and the environment. The remedy for Site
16/24 soil consisted of a residential land use restriction. The remedy for Site 25 groundwater
consisted of groundwater monitoring, which met the requirements of the OU 3 ROD in 1997 and
was discontinued at that time. Inspections of the LUCs at Site 16/24 have been conducted
regularly, and the current land use remains in accordance with the restrictions defined in the OU
8 ROD (which established the basewide LUCs). Therefore, the selected remedy for OU 3 is
functioning as intended by the ROD. No RAO was established in the OU 3 ROD (U.S. Navy,
USEPA, and Ecology 1994b).

J:\Projects\N\Navy AE\AE-2009\DO 78 - xx49 Bangor 4th 5 Year Review\09 Reports & Deliverables\R-3 Deliverables\4th 5-Year
Review\Final\Final Bangor 4th 5-Year Review - Text.docx



FINAL FOURTH FIVE-YEAR REVIEW Section 9.0

Naval Base Kitsap Bangor Revision No.: 0
Naval Facilities Engineering Command Northwest Date: 9/3/15

Page 9-3
94 OUGb

The remedy at OU 6 is protective of human health and the environment. The remedy for Site D
included excavating soil from the burn trench, screening and composting the excavated soils at
an on-base treatment facility, backfilling the treated soils into the excavation area, grading and
revegetation, and surface water and groundwater sampling. The remedy components for soil
removal and treatment, surface water monitoring, and groundwater monitoring at OU 6
functioned as intended by the ROD, and no IC was required for OU 6. These actions effectively
meet the RAOs established in the OU 6 ROD listed in Table 4-2.

95 OU7

The remedy at OU 7 is protective of human health and the environment. The remedy for Site B
(Floral Point) included covering areas of contaminated soil, installing shoreline protection and
stormwater drainage systems to control erosion, monitoring sediment and clam tissue, and
installing signs notifying visitors that the site is to be used for recreational purposes only and
approval is required for digging or mowing. The remedy for soil at Site E/11 included disposal
of stockpiled soil and metal debris, grading site, and backfilling with clean topsoil. The remedy
for Site 10 included ongoing long-term maintenance of the asphalt pavement cover, groundwater
monitoring, groundwater use restrictions, and expansion of the area of asphalt cover to include
soils contaminated with arsenic, cadmium, lead, and PCBs. These remedy components
functioned as intended by the ROD. LUCs prevent exposure to groundwater with concentrations
of COCs exceeding RGs at Sites E/11 and 10, LUCs and engineering controls prevent exposure
to contaminated soil at Sites B and 10, and groundwater monitoring is performed to assess the
extent of contaminated groundwater at Site E/11 (as part of OU 2 Site F groundwater
monitoring). The LUCs and groundwater monitoring components of the remedy are functioning
as intended by the ROD. These actions effectively meet the RAOs established in the OU 7 ROD
listed in Table 4-2.

96 OUS8

The remedy at OU 8 currently protects human health and the environment because LUCs prevent
exposure to groundwater with concentrations of COCs exceeding RGs, the extent of the
groundwater plume is decreasing, and groundwater monitoring is performed to assess the extent
of the plume. However, in order for the remedy to be protective in the long term, the following
actions need to be taken to ensure protectiveness:

. Continue remedy optimization activities specified in recommendations Table 8-1.

o Perform an additional round of vapor intrusion monitoring following completion of
the benzene pilot study.

o Review the toluene RG prior to discontinuation of monitoring at the site to assess
protectiveness.
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10.0 NEXT REVIEW

The next 5-year review is tentatively scheduled for 2020.
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. 2013a. Toolkit for Preparing Five-Year Reviews. Naval Facilities Engineering Command
Northwest. April 2013.

. 2013b. Work Plan, Site EO300 Small Arms Ranges PreRemedial Action Design, Naval
Base Kitsap, Bangor, Silverdale, Washington. Prepared by Resolution Consultants for
Naval Facilities Engineering Command Northwest under Contract No. N62470-11-D-8013.
April 2013.

. 2013c. 2012 Institutional Controls Inspection Letter Report, 2011 NBK at Bangor
Compliance IC Inspections (Land Use Controls) and LTM OU 8, Sites A&F, Silverdale,
Washington. Prepared by SES for Naval Facilities Engineering Command Northwest under
Contract No. N44255-09-D-4005, Task Order 0053. Silverdale, Washington. February 13,
2013.

. 2013d. Operations and Maintenance Manual, Site A Groundwater Treatment System,
Naval Base Kitsap at Bangor, Silverdale, Washington. Prepared by Sealaska for Naval
Facilities Engineering Command Northwest under Contract No. N44255-09-D-4005. April
2013.

. 2013e. Tier Il Sampling and Analysis Plan, Long-Term Monitoring for Site A, Naval Base
Kitsap Bangor, Silverdale, Washington. Prepared by Sealaska for Naval Facilities
Engineering Command Northwest under Contract No. N44255-09-D-4005. July 2013.

. 2013f. Tier Il Sampling and Analysis Plan (SAP), LTM for Site F, Naval Base Kitsap,
Bangor, Silverdale, Washington. Prepared by Sealaska for Naval Facilities Engineering
Command Northwest under Contract No. N44255-09-D-4005, Task Order 0073. July 2013.

. 2013g. Tier Il Sampling and Analysis Plan, Monitored Natural Attenuation for Operable
Unit 8, Naval Base Kitsap Bangor, Silverdale, Washington. Prepared by Sealaska for Naval
Facilities Engineering Command Northwest under Contract No. N44255-09-D-4005, Task
Order 0073. July 2013.

. 2013h. Implementation Report and Conceptual Site Model Update, OU 8 DCA Plume
Pilot Study Phase 1l, Naval Base Kitsap, Bangor, Silverdale, Washington. Prepared by
Sealaska Environmental Services for Naval Facilities Engineering Northwest under Contract
No. 4255-09-D-4005, Task Order 0046. Silverdale, Washington. April 2013.

. 2013i. 2012 Annual LTM and O&M, Data Report for Site A, Long-Term
Monitoring/Operations, Naval Base Kitsap, Bangor, Silverdale, Washington. Prepared by
Sealaska Environmental Services, LLC. for Naval Facilities Engineering Command
Northwest under Contract No. N44255-09-D-4005, Task Order 0053. Silverdale,
Washington. February 2013.
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. 2013j. October 2012 (Fourth Quarter) LTM and O&M Data Report for Site F, Long-Term
Monitoring/Operations, Naval Base Kitsap Bangor. Prepared by Sealaska Environmental
Services for Naval Facilities Engineering Northwest under Contract No. N44255-09-D-
4005, Task Order 0053. Silverdale, Washington. April 2013.

. 2013k. January 2013 (First Quarter) LTM and O&M Data Report for Site F, Long-Term
Monitoring/Operations, Naval Base Kitsap Bangor. Prepared by Sealaska Environmental
Services for Naval Facilities Engineering Northwest under Contract No. N44255-09-D-
4005, Task Order 0053. Silverdale, Washington. June 2013.

. 2013I. April 2013 (Second Quarter) LTM and O&M Data Report for Site F, Long-Term
Monitoring/Operations, Naval Base Kitsap Bangor. Prepared by Sealaska Environmental
Services for Naval Facilities Engineering Northwest under Contract No. N44255-09-D-
4005, Task Order 0053. Silverdale, Washington. September 2013.

. 2013m. Summer 2013 LTM and O&M Letter Report for Site F, Task Order 73, '13
Bangor Compliance LTM for OU 8 and Sites A & F, Silverdale, Washington. Prepared by
Sealaska Environmental Services for Naval Facilities Engineering Northwest under Contract
No. N44255-09-D-4005. Silverdale, Washington. December 18, 2013.

. 2013n. DCA Bioaugmentation Pilot Study Evaluation and Conclusions, OU 8 DCA
Plume Pilot Study Phase Il, Naval Base Kitsap Bangor, Silverdale, Washington. Prepared
by Sealaska Environmental Services for Naval Facilities Engineering Northwest under
Contract No. 4255-09-D-4005, Task Order 0046. Silverdale, Washington. August 2013.

. 20130. Round 27 (Fall 2012) Monitoring Report, Monitored Natural Attenuation/
Operable Unit 8, Naval Base Kitsap, Bangor, Silverdale, Washington. Prepared by Sealaska
Environmental Services, LLC for Naval Facilities Engineering Command Northwest under
Contract No. N44255-09-D-4005, Task Order 0053. June 2013.

. 2013p. Round 28 (Spring 2013) Monitoring Report, Monitored Natural Attenuation/
Operable Unit 8, Naval Base Kitsap Bangor, Silverdale, Washington. Prepared by Sealaska
Environmental Services, LLC for Naval Facilities Engineering Command Northwest under
Contract No. N44255-09-D-4005, Task Order 0053. September 2013.

. 2013g. October 2012 Site A LTM and O&M Letter Report, Task Order 53, '12 NBK
Bangor Compliance IC Inspections (LUC) and LTM OU 8, Sites A & F, Silverdale,
Washington. Prepared by Sealaska Environmental Services, LLC for Naval Facilities
Engineering Command Northwest under Contract No. N44255-09-D-4005. March 19,
2013.
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. 2013r. January 2013 Site A LTM and O&M Letter Report, Task Order 53, '12 NBK
Bangor Compliance IC Inspections (LUC) and LTM QU 8, Sites A & F, Silverdale,
Washington. Prepared by Sealaska Environmental Services, LLC for Naval Facilities
Engineering Command Northwest under Contract No. N44255-09-D-4005. June 7, 2013.

. 2013s. Spring 2013 Site A LTM and O&M Letter Report, Task Order 53, '12 NBK
Bangor Compliance IC Inspections (LUC) and LTM QU 8, Sites A & F, Silverdale,
Washington. Prepared by Sealaska Environmental Services, LLC for Naval Facilities
Engineering Command Northwest under Contract No. N44255-09-D-4005. August 23,
2013.

. 2013t. Summer 2013 Site A LTM and O&M Letter Report, Task Order 73, '13 NBK
Bangor LTM OU 8, Sites A & F, Silverdale, Washington. Prepared by Sealaska
Environmental Services, LLC for Naval Facilities Engineering Command Northwest under
Contract No. N44255-09-D-4005. December 18, 2013.

. 2013u. Well Maintenance Report, Long-Term Monitoring at Sites A and F, Naval Base
Kitsap, Bangor, Silverdale, Washington. Prepared by Sealaska Environmental Services,
LLC for Naval Facilities Engineering Command Northwest under Contract No. N44255-09-
D-4005. February 2013.

. 2012a. Proposed Plan, Soil Removal at Site EO 300 - Small Arms Range, Naval Base
Kitsap, Bangor, Washington. December 2012.

. 2012b. 2011 Institutional Controls Inspection Letter Report, 2011 NBK at Bangor
Compliance IC Inspections (Land Use Controls) and LTM OU 8, Sites A&F, Silverdale,
Washington. Prepared by SES for Naval Facilities Engineering Command Northwest under
Contract No. N44255-09-D-4005, Task Order 0038. Silverdale, Washington. February 13,
2012.

. 2012c. Operation and Maintenance Manual, Site A Groundwater Treatment System,
Naval Base Kitsap at Bangor, Silverdale, Washington. Prepared by Sealaska for Naval
Facilities Engineering Command Northwest under Contract No. N44255-09-D-4005.
August 2012.

. 2012d. Tier Il Sampling and Analysis Plan, Long-Term Monitoring for Site A, Naval Base
Kitsap at Bangor, Silverdale, Washington. Prepared by Sealaska for Naval Facilities
Engineering Command Northwest under Contract No. N44255-09-D-4005. July 2012.

. 2012e. Well Maintenance Work Plan, Long-Term Monitoring at Sites A and F, Naval
Base Kitsap at Bangor, Silverdale, Washington. Prepared by Sealaska for Naval Facilities
Engineering Command Northwest under Contract No. N44255-09-D-4005. October 2012.
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. 2012f. Operations and Maintenance Manual, Long-Term Monitoring/Operations at

Site F, Naval Base Kitsap at Bangor. Prepared by Sealaska for Naval Facilities Engineering
Command Northwest under Contract No. N44255-09-D-4005, Task Order 0034. August
2012.

. 2012g. Tier Il Sampling and Analysis Plan (SAP), LTM for Site F, Naval Base Kitsap at
Bangor, Silverdale, Washington. Prepared by Sealaska for Naval Facilities Engineering
Command Northwest under Contract No. N44255-09-D-4005, Task Order 0053. July 2012.

. 2012h. Vapor Intrusion Evaluation: Conceptual Site Model Report, Naval Base Kitsap at
Bangor, Silverdale, Washington. Prepared by URS Group, Inc. for Naval Facilities
Engineering Command Northwest under Contract No. N44255-09-D-4001, Delivery Order
0036. March 2012.

. 2012i. 2011 Annual LTM and O&M Data Report for Site A, Long-Term
Monitoring/Operations, Naval Base Kitsap Bangor, Silverdale, Washington. Prepared by
Sealaska Environmental Services, LLC for Naval Facilities Engineering Command
Northwest under Contract No. N44255-04-D-4005, Task Order 0038. February 2012.

. 2012j. October 2011 (Fourth Quarter) LTM and O&M Data Report for Site F, Long-Term
Monitoring/Operations, Naval Base Kitsap Bangor. Prepared by Sealaska Environmental
Services for Naval Facilities Engineering Northwest under Contract No. N44255-09-D-
4005, Task Order 0038. Silverdale, Washington. March 2012.

. 2012k. January 2012 (First Quarter) LTM and O&M Data Report for Site F, Long-Term
Monitoring/Operations, Naval Base Kitsap Bangor. Prepared by Sealaska Environmental
Services for Naval Facilities Engineering Northwest under Contract No. N44255-09-D-
4005, Task Order 0038. Silverdale, Washington. June 2012.

. 2012I. April 2012 (Second Quarter) LTM and O&M Data Report for Site F, Long-Term
Monitoring/Operations, Naval Base Kitsap Bangor. Prepared by Sealaska Environmental
Services for Naval Facilities Engineering Northwest under Contract No. 4255-09-D-4005,
Task Order 0038. Silverdale, Washington. September 2012.

. 2012m. August 2012 (Third Quarter) LTM and O&M Data Report for Site F, Long-Term
Monitoring/Operations, Naval Base Kitsap Bangor. Prepared by Sealaska Environmental
Services for Naval Facilities Engineering Northwest under Contract No. 4255-09-D-4005,
Task Order 0053. Silverdale, Washington. December 2012.

. 2012n. Fall 2011 Groundwater Data Report, DCA Plume Pilot Study/Operable Unit 8,
Naval Kitsap at Bangor, Silverdale, Washington. Prepared by Sealaska Environmental
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Services for Naval Facilities Engineering Northwest under Contract No. 4255-09-D-4005,
Task Order 0038. Silverdale, Washington. April 2012.

. 20120. Round 25 (Fall 2011) Monitoring Report, Monitored Natural Attenuation/
Operable Unit 8, Naval Base Kitsap at Bangor, Silverdale, Washington. Prepared by
Sealaska Environmental Services, LLC for Naval Facilities Engineering Command
Northwest under Contract No. N44255-09-D-4005, Task Order 0038. April 2012,

. 2012p. Round 26 (Spring 2012) Monitoring Report, Monitored Natural Attenuation/
Operable Unit 8, Naval Base Kitsap at Bangor, Silverdale, Washington. Prepared by
Sealaska Environmental Services, LLC for Naval Facilities Engineering Command
Northwest under Contract No. N44255-09-D-4005, Task Order 0038. September 2012,

. 2012qg. October 2011 Site A LTM and O&M Letter Report, Task Order 38, ‘11
Compliance NBK at Bangor Compliance IC Inspections (LUC) and LTM OU 8, Sites A &
F, Silverdale, Washington. Prepared by Sealaska Environmental Services, LLC for Naval
Facilities Engineering Command Northwest under Contract No. N44255-09-D-4005.
March 8, 2012.

——— 2012r. January 2012 Site A LTM and O&M Letter Report, Task Order 38, ‘11
Compliance NBK at Bangor Compliance IC Inspections (LUC) and LTM OU 8, Sites A &
F, Silverdale, Washington. Prepared by Sealaska Environmental Services, LLC for Naval
Facilities Engineering Command Northwest under Contract No. N44255-09-D-4005.
June 20, 2012.

———. 2012s. April 2012 Site A LTM and O&M Letter Report, Task Order 38, ‘11 Compliance
NBK at Bangor Compliance IC Inspections (LUC) and LTM OU 8§, Sites A & F, Silverdale,
Washington. Prepared by Sealaska Environmental Services, LLC for Naval Facilities
Engineering Command Northwest under Contract No. N44255-09-D-4005. August 28,
2012.

——— 2012t. Well Maintenance Report, Long-Term Monitoring at Site F, Naval Base Kitsap at
Bangor, Silverdale, Washington. Prepared by Sealaska Environmental Services, LLC for
Naval Facilities Engineering Command Northwest under Contract No. N44255-09-D-4005.
February 2012.

—— 2011a. Policy for Conducting Five-Year Reviews. June 7, 2011.

———. 2011b. Remedial Investigation/Feasibility Study Report for EO300, Small Arms Range,
Naval Base Kitsap Bangor, Silverdale, Washington. Prepared by Tetra Tech NUS, Inc. for
Naval Facilities Engineering Command Northwest under Contract No. N62467-04-0055.
October 2011.
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. 2011c. 2010 Institutional Controls Inspection Letter Report, 10 Compliance NBK Bangor
Compliance IC Inspections (LUC) and LTM QU 8, Sites A&F, Silverdale, Washington.
Prepared by SES for Naval Facilities Engineering Command Northwest under Contract No.
N44255-09-D-4005, Task Order 0023. Silverdale, Washington. March 24, 2011.

. 2011d. Operation and Maintenance Manual, Long Term Monitoring/Operations at Site A,
Naval Submarine Base Bangor, Silverdale, Washington. Prepared by Sealaska for Naval
Facilities Engineering Command Northwest under Contract No. N44255-09-D-4005.
Silverdale, Washington. August 2011.

. 2011e. Sampling and Analysis Plan, Long-Term Monitoring for Site A, Naval Base Kitsap
at Bangor, Silverdale, Washington. Prepared by Sealaska Environmental Services, LLC. for
Naval Facilities Engineering Command Northwest under Contract No. N44255-09-D-4005.
Silverdale, Washington. July 2011.

. 2011f. 2010 Annual LTM and O&M Data Report for Site A, Task Order 23, Long-Term
Monitoring/Operations, Naval Base Kitsap Bangor, Silverdale, Washington. Prepared by
Sealaska Environmental Services, LLC. for Naval Facilities Engineering Command
Northwest under Contract No. N44255-09-D-4005. Silverdale, Washington. April 2011.

. 2011g. Well Installation Work Plan, Long-Term Monitoring at Site F, Naval Base Kitsap
Bangor, Silverdale, Washington. Prepared by Sealaska Environmental Services, LLC. for
Naval Facilities Engineering Command Northwest under Contract No. N44255-09-D-4005.
January 2011.

———. 2011h. Well Maintenance Work Plan, Long-Term Monitoring for Site F, Naval Base
Kitsap at Bangor, Silverdale, Washington. Prepared by Sealaska Environmental Services,
LLC. for Naval Facilities Engineering Command Northwest under Contract No. N44255-
09-D-4005. August 2011.

———. 2011i. Rev. 1, Sampling and Analysis Plan, Long-Term Monitoring for Site F Including
Site E/11 and Monitored Natural Attenuation/Operable Unit 8, Naval Base Kitsap Bangor.
Prepared by Sealaska Environmental Services, LLC for Naval Facilities Engineering
Command Northwest under Contract No. N44255-09-D-4005, Task Order 0023. Silverdale,
Washington. January 2011.

——— 2011j. Sampling and Analysis Plan, Monitored Natural Attenuation for Operable Unit 8,
Naval Base Kitsap Bangor, Silverdale, Washington. Prepared by Sealaska Environmental
Services, LLC for Naval Facilities Engineering Command Northwest under Contract No.
N44255-04-D-4005, Task Order 0038. Silverdale, Washington. July 2010.
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. 2011k. Pilot Study Report, DCA Plume Pilot Study/Operable Unit 8, Naval Base Kitsap
at Bangor, Silverdale, Washington. Prepared by SES for Naval Facilities Engineering
Command Northwest under Contract No. N44255-09-D-4005, Task Order 0010. Silverdale,
Washington. June 2011.

. 20111. Well Installation Report for Site F, Naval Base Kitsap at Bangor, Silverdale,
Washington. Prepared by Sealaska Environmental Services, LLC. for Naval Facilities
Engineering Command Northwest under Contract No. N44255-09-D-4005. August 2011.

. 2011m. October 2010 (Fourth Quarter) LTM and O&M Data Report for Site F, Long-
Term Monitoring/Operations, Naval Base Kitsap Bangor. Prepared by Sealaska
Environmental Services for Naval Facilities Engineering Northwest under Contract No.
N44255-09-D-4005, Task Order 0023. Silverdale, Washington. March 2011.

—— 2011n. January 2011 (First Quarter) LTM and O&M Data Report for Site F, Long-Term
Monitoring/Operations, Naval Base Kitsap Bangor. Prepared by Sealaska Environmental
Services for Naval Facilities Engineering Northwest under Contract No. N44255-09-D-
4005, Task Order 0023. Silverdale, Washington. June 2011.

——— 20110. April 2011 (Second Quarter) LTM and O&M Data Report for Site F, Long-Term
Monitoring/Operations, Naval Base Kitsap Bangor. Prepared by Sealaska Environmental
Services for Naval Facilities Engineering Northwest under Contract No. N44255-09-D-
4005, Task Order 0023. Silverdale, Washington. September 2011.

——— 2011p. July 2011 (Third Quarter) LTM and O&M Data Report for Site F, Long-Term
Monitoring/Operations, Naval Base Kitsap Bangor. Prepared by Sealaska Environmental
Services for Naval Facilities Engineering Northwest under Contract No. N44255-09-D-
4005, Task Order 0038. Silverdale, Washington. December 2011.

——— 2011q. Sampling and Analysis Plan, Long-Term Monitoring for Site F Including Site E/11
Naval Base Kitsap Bangor. Prepared by Sealaska Environmental Services, LLC for Naval
Facilities Engineering Command Northwest under Contract No. N44255-04-D-4005, Task
Order 0038. Silverdale, Washington. July 2011.

——— 2011r. Summer 2011 Injection and Groundwater Data Report, DCA Plume Pilot
Study/Operable Unit 8, Naval Base Kitsap at Bangor, Silverdale, Washington. Prepared by
Sealaska Environmental Services for Naval Facilities Engineering Northwest under Contract
No. 4255-09-D-4005, Task Order 0038. Silverdale, Washington. December 2011.

. 2011s. Round 23 (October 2010) Monitoring Report, Monitored Natural Attenuation/
Operable Unit 8, Naval Base Kitsap Bangor, Silverdale, Washington. Prepared by Sealaska
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Environmental Services, LLC for Naval Facilities Engineering Command Northwest under
Contract No. N44255-09-D-4005, Task Order 0023. April 2011.

. 2011t. Round 24 (April 2011) Monitoring Report, Monitored Natural Attenuation/
Operable Unit 8, Naval Base Kitsap at Bangor, Silverdale, Washington. Prepared by
Sealaska Environmental Services, LLC for Naval Facilities Engineering Command
Northwest under Contract No. N44255-09-D-4005, Task Order 0023. September 2011.

. 2011u. October 2010 Site A LTM and O&M Letter Report, Task Order 23, ‘10
Compliance NBK Bangor Compliance IC Inspections (LUC) and LTM QU 8, Sites A & F,
Silverdale, Washington. Prepared by Sealaska Environmental Services, LLC for Naval
Facilities Engineering Command Northwest under Contract No. N44255-09-D-4005.
March 24, 2011.

. 2011v. January 2011 Site A LTM and O&M Letter Report, Task Order 23, ‘10
Compliance NBK at Bangor Compliance IC Inspections (LUC) and LTM OU 8, Sites A &
F, Silverdale, Washington. Prepared by Sealaska Environmental Services, LLC for Naval
Facilities Engineering Command Northwest under Contract No. N44255-09-D-4005.

June 3, 2011.

. 2011w. April 2011 Site A LTM and O&M Letter Report, Task Order 23, “10 Compliance
NBK at Bangor Compliance IC Inspections (LUC) and LTM OU 8, Sites A & F, Silverdale,
Washington. Prepared by Sealaska Environmental Services, LLC for Naval Facilities
Engineering Command Northwest under Contract No. N44255-09-D-4005. September 19,
2011.

. 2010a. Third Five-Year Review, Naval Base Kitsap Bangor, Silverdale, Washington.
October 8, 2010. Executed by the Navy on October 12, 2010.

. 2010b. Time-Critical Removal Action Completion Report Pistol Range Areas, Site
EO300, Naval Base Kitsap — Bangor, Silverdale, Washington. Prepared by AGVIQ-CH2M
HILL Constructors, Inc. for Naval Facilities Engineering Command, Northwest under
Contract No. N62470-08-D-1006. May 2010.

. 2010c. Institutional Controls Management Plan, Naval Base Kitsap at Bangor. Prepared
by SES for Naval Facilities Engineering Command Northwest under Contract No. N44255-
09-D-4005, Task Order 0007. Silverdale, Washington. September 2010.

. 2010d. 2009 Institutional Controls Inspection Letter Report, Compliance Long-Term
Monitoring as Sites A, F, and OU 8 at Naval Base Kitsap at Bangor, Silverdale,
Washington. Prepared by SES for Naval Facilities Engineering Command Northwest under
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Contract No. N44255-09-D-4005, Task Order 0007. Silverdale, Washington. March 1,
2010.

. 2010e. Operations and Maintenance Manual, Long-Term Monitoring/Operations at

Site A, Naval Base Kitsap at Bangor, Silverdale, Washington. Prepared by Sealaska
Environmental Services, LLC. for Naval Facilities Engineering Command Northwest under
Contract No. N44255-09-D-4005. Silverdale, Washington. July 2010.

. 2010f. Sampling and Analysis Plan, Long-Term Monitoring for Site A, Naval Base Kitsap
at Bangor, Silverdale, Washington. Prepared by Sealaska Environmental Services, LLC. for
Naval Facilities Engineering Command Northwest under Contract No. N44255-09-D-4005.

Silverdale, Washington. August 2010.

. 2010g. Operations and Maintenance Manual, Long-Term Monitoring/Operations at Site
F, Naval Base Kitsap at Bangor. Prepared by Sealaska Environmental Services, LLC. for
Naval Facilities Engineering Command Northwest under Contract No. N44255-09-D-4005,
Task Order 0001. July 2010.

. 2010h. Sampling and Analysis Plan, Long-Term Monitoring for Site F Including Site E/11
Naval Base Kitsap Bangor. Prepared by Sealaska Environmental Services, LLC for Naval
Facilities Engineering Command Northwest under Contract No. N44255-04-D-4005, Task
Order 0023. Silverdale, Washington. July 2010.

. 2010i. Sampling and Analysis Plan, Monitored Natural Attenuation for Operable Unit 8,
Naval Base Kitsap Bangor, Silverdale, Washington. Prepared by Sealaska Environmental
Services, LLC for Naval Facilities Engineering Command Northwest under Contract No.
N44255-04-D-4005, Task Order 0023. Silverdale, Washington. August 2010.

. 2010j. 2009 Annual LTM and O&M, Data Report for Site A, Long-Term
Monitoring/Operations, Naval Base Kitsap Bangor, Silverdale, Washington. Prepared by
Sealaska Environmental Services, LLC for Naval Facilities Engineering Command
Northwest under Contract No. N44255-04-D-4005, Task Order 0007. Silverdale,
Washington. June 2010.

. 2010k. April 2009 (Second Quarter) Groundwater Sampling Data Report, Long-Term
Monitoring/Operations at Site F, Naval Base Kitsap, Bangor. Prepared by Sealaska
Environmental Services for Naval Facilities Engineering Northwest under Contract No.
N44255-09-D-4005, Task Order 0007. Silverdale, Washington. April 2010.

. 2010l. August 2009 (Third Quarter) Groundwater Sampling Data Report, Long-Term
Monitoring/Operations at Site F, Naval Base Kitsap, Bangor. Prepared by Sealaska
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Environmental Services for Naval Facilities Engineering Northwest under Contract No.
N44255-09-D-4005, Task Order 0007. Silverdale, Washington. May 2010.

. 2010m. October 2009 (Fourth Quarter) Groundwater Sampling Data Report, Long-Term
Monitoring/Operations at Site F, Naval Base Kitsap, Bangor. Prepared by Sealaska
Environmental Services for Naval Facilities Engineering Northwest under Contract No.
N44255-09-D-4005, Task Order 0007. Silverdale, Washington. May 2010.

. 2010n. January 2010 (First Quarter) LTM and O&M Data Report for Site F, Long-Term
Monitoring/Operations, Naval Base Kitsap Bangor. Prepared by Sealaska Environmental
Services for Naval Facilities Engineering Northwest under Contract No. N44255-09-D-
4005, Task Order 0007. Silverdale, Washington. June 2010.

. 20100. April 2010 (Second Quarter) LTM and O&M Data Report for Site F, Long-Term
Monitoring/Operations, Naval Base Kitsap Bangor. Prepared by Sealaska Environmental
Services for Naval Facilities Engineering Northwest under Contract No. N44255-09-D-
4005, Task Order 0007. Silverdale, Washington. September 2010.

. 2010p. July 2010 (Third Quarter) LTM and O&M Data Report for Site F, Long-Term
Monitoring/Operations, Naval Base Kitsap Bangor. Prepared by Sealaska Environmental
Services for Naval Facilities Engineering Northwest under Contract No. N44255-09-D-
4005, Task Order 0023. Silverdale, Washington. December 2010.

. 2010g. Round 21 Monitoring Report, Monitored Natural Attenuation/Operable Unit 8,
Naval Base Kitsap Bangor, Silverdale, Washington. Prepared by Sealaska Environmental
Services, LLC for Naval Facilities Engineering Command Northwest under Contract No.
N44255-09-D-4005, Task Order 0007. June 2010.

. 2010r. Round 22 (April 2010) Monitoring Report, Monitored Natural Attenuation/
Operable Unit 8, Naval Base Kitsap Bangor, Silverdale, Washington. Prepared by Sealaska
Environmental Services, LLC for Naval Facilities Engineering Command Northwest under
Contract No. N44255-09-D-4005, Task Order 0007. September 2010.

. 2010s. Well Installation and Maintenance Report for Site A, Naval Base Kitsap Bangor,
Silverdale, Washington. Prepared by Sealaska Environmental Services, LLC for Naval
Facilities Engineering Command Northwest under Contract No. N44255-09-D-4005, Task
Order 0007. June 2010.

. 2009a. Closure Report, Capping Parking Area at Site 10, Naval Base Kitsap Bangor,
Silverdale, Washington. Prepared by SES-Tech for Naval Facilities Engineering Command
Northwest under Contract No. N68711-04-D-1104, Task Order 0036. March 2009.
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. 2009b. Revision 1, Sampling and Analysis Plan, Long-Term Monitoring for Site A, Naval
Base Kitsap Bangor, Silverdale, Washington. Prepared by Sealaska Environmental
Services, LLC. for Naval Facilities Engineering Command Northwest under Contract No.
N44255-09-D-4005. Silverdale, Washington. November 20009.

. 2009c. Operation and Maintenance Manual, Long-Term Monitoring/Operations at Site A,
Naval Base Kitsap at Bangor. Prepared by SES-Tech for Naval Facilities Engineering
Command Northwest under Contract No. N44255-05-D-5101, Task Order 0045. Silverdale,
Washington. June 2009.

. 2009d. Operation and Maintenance Manual, Long-Term Monitoring/Operations at
Site F, Naval Base Kitsap at Bangor. Prepared by SES-Tech for Naval Facilities
Engineering Command Northwest under Contract No. N44255-05-D-5101, Task Order
0045. Silverdale, Washington. June 2009.

. 2009e. Rev. 1, Sampling and Analysis Plan, Long-Term Monitoring for Site F Including
Site E/11 and Monitored Natural Attenuation/Operable Unit 8, Naval Base Kitsap Bangor.
Prepared by SES-Tech for Naval Facilities Engineering Command Northwest under
Contract No. N44255-09-D-4005, Task Order 0007. Silverdale, Washington. November
2009.

. 2009f. Community Relations Plan, Naval Base Kitsap Bangor. Prepared by URS Group,
Inc., for Naval Facilities Engineering Command Northwest under Contract No. N44266-05-
D-5100, Delivery Order 0035. Silverdale, Washington. January 2009.

. 2008a. Capping Contaminated Soil at OU 7, Site 10, Naval Base Kitsap Bangor.
Memorandum to File by Said Seddiki, PE, RPM. July 17, 2008.

. 2008b. August 2007 (Dry Season) Groundwater Sampling Data Report Site A, Naval
Base Kitsap Bangor, Silverdale Washington. Prepared by SES-Tech for Naval Facilities
Engineering Command Northwest under Contract No. N44255-05-D-5101. Silverdale,
Washington. January 2008.

. 2007. Institutional Controls Management Plan, Naval Base Kitsap at Bangor. Prepared
by SES-Tech for Naval Facilities Engineering Command Northwest under Contract No.
N44255-05-D-5101, Task Order 0022. Silverdale, Washington. April 2007.

. 2005a. Second Five-Year Review of Record of Decision, Naval Base Kitsap at Bangor,
Silverdale, Washington. Prepared by URS Group Inc., for Naval Facilities Engineering
Command Northwest under Contract No. N44255-02-D-2008, Delivery Order 0040.
Poulsbo, Washington. September 2005.
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. 2005b. Independent Remedial Action Closure Report, Pogy Road Emergency Treatment
Area Soil Sampling and Disposal, Naval Base Kitsap at Bangor, Silverdale, Washington.
Prepared by Tetra Tech EC, Inc., for NAVFAC NW under Contract No. N44255-01-D-
2000, TO 0044. November 2005.

. 2004. Determination of Cleanup Level Plan for Pogy Road Soil Removal at Naval Base
Kitsap at Bangor, Silverdale, Washington. Prepared by Tetra Tech EC, Inc., for NAVFAC
NW under Contract No. N44255-01-D-2000, TO 0044. September 2004.

. 2002. Environmental Services Monitoring, Long-Term Monitoring, Final Monitoring
Report, Site 10, Operable Unit 7, Naval Submarine Bangor, Washington. Prepared by The
Environmental Company, Inc., for EFA NW under Contract No. N44255-98-D-4416,
Contract Task Order 018. June 2002.

. 2001. Institutional Controls Management Plan, Naval Submarine Base, Bangor,
Silverdale, Washington. Prepared by Engineering Field Activity, Northwest, Southwest
Division, Naval Facilities Engineering Command Northwest, Poulsbo, Washington.
August 2001.

. 2000a. Base-Wide Five-Year Review of Records of Decision, Naval Submarine Base,
Bangor, Silverdale, Washington. Prepared by Hart Crowser for Department of the Navy,
Engineering Field Activity, Northwest under Contract No. N44255-98-D-4408, Delivery
Order 025. September 2000.

. 2000b. Feasibility Study Report, Operable Unit 8, Naval Submarine Base Bangor, Kitsap
County, Washington. Prepared by EA Engineering, Science, and Technology. April 2000.

. 1999a. Remediation Investigation Report, Naval Submarine Base Bangor, Kitsap County,
Washington. Prepared by EA Engineering, Science and Technology. December 1999.

. 1994a. Remedial Investigation Report for Operable Unit 7, SUBASE, Bangor, Bremerton,
Washington. Prepared by URS Consultants, Inc., for EFA NW under CLEAN Contract
N62474-89-D-9295, CTO 0058. October 1994.

. 1994b. Feasibility Study for Operable Unit 7, SUBASE, Bangor, Bremerton, Washington.
Prepared by URS Consultants, Inc., for EFA NW under CLEAN Contract N62474-89-D-
9295, CTO 0058.

. 1993a. Remedial Investigation/Feasibility Study Report, Site F, Naval Submarine Base
Bangor, Bangor, Washington. Prepared by Hart Crowser for Engineering Field Activity,
Northwest, Naval Facilities Engineering Command. Silverdale, Washington. November
1993.
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. 1993b. Operable Unit 4, Remedial Investigation/Feasibility Study Report. Prepared by
URS Consultants, Inc. for EFA NW. May 1993.

. 1993c. Final Remedial Investigation/Feasibility Study, Operable Unit 6, Naval Submarine
Base, Bangor, Washington. Prepared by URS Consultants, Inc. for EFA NW. December
1993.

. 1992a. Remedial Investigation/Feasibility Report, Operable Unit 3, Sites 16/24 and 25,
Naval Submarine Base, Bangor, Washington. Prepared by the URS Team for Engineering
Field Activity, Northwest, under Contract No. 62474-89-D-9295, Task Order 35. Poulsbo,
Washington. October 1992,

. 1992h. Remedial Investigation/Feasibility Report, Operable Unit 5, SUBASE Bangor,
Washington. Prepared by URS Consultants, Inc. for Naval Facilities Engineering
Command. Silverdale, Washington. December 1992.

. 1991. Remedial Investigation/Feasibility Study Report, Site A, Naval Submarine Base,
Bangor, Washington. Prepared by Hart Crowser. August 1991.

. 1989. Current Situation Report, SitesC, D, E, F, 5, 6, 11, 12, 24, and 25, SUBASE
Bangor, Bangor, Washington. Prepared by Hart Crowser. April 19809.

. 1988. Current Situation Report, Site A, Naval Submarine Base, Bangor, Washington.
Prepared by Hart Crowser. April 1988.

U.S. Navy, U.S. Environmental Protection Agency (USEPA), and Washington State Department of
Ecology (Ecology). 2000a. Final Record of Decision, Naval Submarine Base Bangor,
Operable Unit 8, Kitsap County, Washington. September 27, 2000.

. 2000b. Explanation of Significant Differences (ESD) No. 3 for Soil and Groundwater
Remediation Changes, Site A, SUBASE Bangor, Bangor, Washington. August 2, 2000.

. 1998. Explanation of Significant Differences (ESD) No. 2 for Soil and Groundwater
Remediation Changes, Site A, SUBASE Bangor, Bangor, Washington. March 1998.

. 1996. Record of Decision, Operable Unit 7, Naval Submarine Base, Bangor, Silverdale,
Washington. Prepared by URS Consultants, Inc., for Engineering Field Activity, Northwest,
Southwest Division, Naval Facilities Engineering Command Northwest. Poulsbo,
Washington. April 16, 1996.

. 1994a. Declaration of the Record of Decision, Naval Submarine Base, Bangor, Operable
Unit 4, Silverdale, Washington. July 19, 1994,
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. 1994b. Declaration of the Record of Decision, Naval Submarine Base, Bangor, Operable
Unit 3, Bangor, Washington. April 15, 1994.

. 1994c. Declaration of the Record of Decision, Naval Submarine Base, Bangor, Operable
Unit 6, Silverdale, Washington. September 27, 1994.

. 1994d. Declaration of the Record of Decision, Decision Summary, and Responsiveness
Summary for Final Remedial Action, Naval Submarine Base, Bangor, Site F (Operable
Unit 2), Silverdale, Washington. September 28, 1994.

. 1994e. Explanation of Significant Differences (ESD) for Soil and Groundwater
Remediation Changes, Site A, SUBASE Bangor, Bangor, Washington. May 1994.

. 1994f. Site F Explanation of Significant Differences, Department of the Navy, Naval
Submarine Base Bangor, Bangor, WA. April 1994.

. 1993. Declaration of the Record of Decision, Naval Submarine Base, Bangor, Operable
Unit 5, Bangor, Washington. September 30, 1993.

. 1991a. Declaration of the Record of Decision, Naval Submarine Base, Bangor, Site A
(Operable Unit 1), Bangor, Washington. December 10, 1991.

. 1991b. Declaration of the Record of Decision, Decision Summary, Responsiveness
Summary, and Administrative Record Index for Interim Remedial Action, Naval Submarine
Base, Bangor, Site F (Operable Unit 2), Bangor, Washington. August 1991 (signed
September 1991).

Washington Department of Ecology (Ecology). 2005. Letter from Nnamdi Madakor of Ecology to
Said Seddiki of NAVFAC NW, re: Site 26/Floral Point Sediment and Clam Tissue
Sampling Results. November 21, 2005.

. 1999a. Letter from Marian Abbett of Ecology to Delfin Arreola of EFA NW, re: Floral
Point/Site B Remedial Action Report. April 14, 1999.

. 1993. Implementation Memo No. 1: Guidance on the Use of MCLs as Cleanup Levels.
Memorandum from Carol Krage, Toxics Cleanup Program, Washington State Department
of Ecology, to Interested Staff, March 15, 1993. Available at <http://www.ecy.wa.gov/
programs/tcp/policies/mcl.htmi>.

J:\Resources\Secure\WP-Data\601\1506.004\Final Bangor 4th 5-Year Review - Text.docx



APPENDIX A

Frequently Referenced Documents
(Attached as a Disk Appendix)



APPENDIX B

OU 1, Site A Data



APPENDIX B-1



FINAL FOURTH FIVE-YEAR REVIEW
Naval Base Kitsap Bangor
Naval Facilities Engineering Command Northwest

Appendix B
Revision No.: 0
Date: 9/3/15

Page B-1
Table B-1
OU 1 Site A, Summary of Groundwater Compliance and
Performance Data Through April 2014
RDX TNT 2,6-DNT | 2,4-DNT [ MNX DNX TNX
Well No. Date (Ho/L) (La/L) (Ho/L) (Hg/L) (La/L) (Mo/L) (Mo/L)
Groundwater Cleanup 0.8 2.9 0.13 0.13 NS NS NS
Perched Zone Monitoring Wells
A-MW22 | May-94 130 0.65 U 0.05 U 0.05 U NA NA NA
Feb-95 140 0.65 U 0.05 U 0.05 U NA NA NA
Feb-96 150 0.65 U 0.05 U 0.05 U NA NA NA
Feb-97 140 12U 29U 1.7U NA NA NA
Jan-12 31Q 010U [ 0.099 U | 0.099 U 2.2 0.93 35
Apr-13 49D 0.15U 0.13U 0.13U 3317 1.7 52J
Apr-14 36D 0.15 U 013U 013U 26 14 M 2.3
A-MW34 | Feb-95 | 0.36 0.05 U 0.05 U 0.05 U NA NA NA
Feb-96 | 019U 0.65 U 0.05 U 0.05 U NA NA NA
Feb-97 | 058 U 0.65 U 15U 0.86 U NA NA NA
Feb-98 1.1U 11U 11U 1.1U NA NA NA
May-98 | 0.94 U 0.94 U 0.94 U 0.94 U NA NA NA
Feb-99 | 092U 092 U 0.92 U 0.92 U NA NA NA
Nov-09 | 0.26 U 0.15 U 0.15 U 0.15 U 19U 19U 19U
Jan-12 0.10 U 0.10 U 0.10 U 0.10 U 20U [ 050U 0.50 U
Apr-13 | 015U 0.15 U 0.13 U 0.13 U 051U | 051U 051UQ
Apr-14 | 015U 0.15U 013U 013U 051U | 051U 051U
A-MW36 | Apr-12 30 Q 0.92 0.31 0.13 U 20U | 050U 0.50 U
Apr-13 32 0.56 J 013U 013U 098J | 051U 0.10 J
A-MW38 | Aug-97 48 0.4 U 0.92 U 0.53 U NA NA NA
Aug-11 18 15 0.2 0.099 U 20U 20U 20U
Jan-12 49 Q 3417 0.2J 0.099 U 20U | 050U 0.091 J
Apr-13 13 4 0123 013U 029J | 051U 051UQ
A-MW47 | Aug-95 160 18 0.97 J 1.2J NA NA NA
Feb-96 120 15 1.6 1.6 NA NA NA
Aug-96 74 12 22U 0.6 U NA NA NA
Feb-97 100 14 23U 13U NA NA NA
Aug-97 34 15 0.86 J 05J NA NA NA
Feb-99 37 13 1.1U 1.1U NA NA NA
Feb-00 22 27 0.83 U 0.83 U NA NA NA
Feb-01 8.9 10 051U 051U NA NA NA
May-02 32 19 1U 1U NA NA NA
Feb-03 22 10 0.44 U 0.44 U NA NA NA
Feb-04 58 6.9 0.88 0.49 U NA NA NA
Feb-05 9.2 6.1 0.48 U 0.48 U NA NA NA
Feb-06 36 73 0.6 0.49 U NA NA NA
Feb-07 74 D 55 1 0.17 J NA NA NA
Aug-11 14 J 2217 0.37J 0.087 J 0.59 J 20U 20U
Jan-12 6.2 2.3 0.17 0.075 J 2U 05U 05U
Apr-13 43 D 0.76 M,J| 0551 013 U 153 05U 0.29J
Mar-14 20 1.4 0.38 0.088 J 0.7 1.20 J 051 U
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Table B-1 (Continued)
OU 1 Site A, Summary of Groundwater Compliance and
Performance Data Through April 2014
RDX TNT 2,6-DNT | 2,4-DNT [ MNX DNX TNX
Well No. Date (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
Groundwater Cleanup 0.8 2.9 0.13 0.13 NS NS NS
A-MwW48 | Feb-95 [ 1000 0.65 U 0.05 U 0.05 U NA NA NA
Feb-96 540 0.65 U 0.05 U 0.05 U NA NA NA
Feb-97 630 0.74 U 1.7U 0.98 U NA NA NA
Dec-97 290 J 0.94 UJ 2.2 UJ 1.2 UJ NA NA NA
Feb-99 200 0.38 U 0.38 U 0.38 U NA NA NA
Feb-00 170 0.35 U 0.35 U 0.35 U NA NA NA
Feb-04 120 0.49 U 0.49 U 0.49 U NA NA NA
Feb-05 120 057 U 057 U 057 U NA NA NA
Feb-06 110 0.49 U 0.49 U 0.49 U NA NA NA
Feb-07 120 D 0.53 U 0.53 U 0.53 U NA NA NA
Nov-09 99 D 0.15 U 0.15 U 0.15 U 19U [ 0347 0.37J
Jan-12 84 0.10 U 0.10 U 0.10 U 47 0.50 U 1.4
Apr-13 83D 0.15 U 0.13 U 0.13 U 3817 0.50 U 2.7
Mar-14 69 D 015U 013U 013U 37 05U 0.56
A-MW58 | Mar-14 0.15 U 0.15 U 0.13 U 0.13 U 051U | 051U 0510
A-MW59 | Mar-14 0.15 U 0.15 U 0.13 U 0.13 U 05U 05 U 05U
A-MW6L | Mar-14 43 M 0.15 U 0.13 U 0.094 J 032 J 0.49 J 0.45J
Shallow Aquifer Monitoring Wells
A-MW21 | May-94 [ 019U 0.65 U 0.05 U 0.05 U NA NA NA
Nov-94 | 019U 0.65 U 0.05 U 0.05 U NA NA NA
Aug-95 | 0.19 U 0.65 U 0.05 U 0.05 U NA NA NA
Feb-96 | 019U 0.65 U 0.05 U 0.05 U NA NA NA
Feb-97 12U 1.3U 31U 1.8U NA NA NA
Dec-97 | 0.62 UJ 0.7U 16U 09U NA NA NA
A-MW28 | May-94 | 0.19 U 0.65 U 0.05 U 0.05 U NA NA NA
Aug-94 | 0.19 U 0.65 U 0.05 U 0.05 U NA NA NA
Nov-94 | 019U 0.65 U 0.05 U 0.05 U NA NA NA
Feb-95 | 019U 0.65 U 0.05 U 0.05 U NA NA NA
Aug-95 | 0.19 U 0.65 U 0.05 U 0.05 U NA NA NA
Feb-96 | 019U 0.65 U 0.05 U 0.05 U NA NA NA
Feb-97 | 077U 0.86 U 2 U 12U NA NA NA
Dec-97 | 046 UJ [ 052U 1.2 U 0.7 U NA NA NA
Feb-99 15U 15U 15U 15U NA NA NA
Feb-00 11U 1.1U 1.1U 1.1U NA NA NA
Feb-01 | 0.46 U 0.46 U 0.46 U 0.46 U NA NA NA
May-02 1.1U 1.1U 1.1U 1.1U NA NA NA
Feb-03 | 044U 0.44 U 0.44 U 0.44 U NA NA NA
Feb-04 | 049U 0.49 U 0.49 U 0.49 U NA NA NA
Feb-05 | 048U 0.48 U 0.48 U 0.48 U NA NA NA
Feb-06 | 049U 0.49 U 0.49 U 0.49 U NA NA NA
Feb-07 | 052U 052 U 0.52 U 0.52 U NA NA NA
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Table B-1 (Continued)
OU 1 Site A, Summary of Groundwater Compliance and
Performance Data Through April 2014
RDX TNT 2,6-DNT | 24-DNT | MNX DNX TNX
Well No. Date (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
Groundwater Cleanup 0.8 2.9 0.13 0.13 NS NS NS
A-MW30 | May-94 | 019U 0.65 U 0.05 U 0.05 U NA NA NA
Aug-94 | 019U 0.65 U 0.05 U 0.05 U NA NA NA
Nov-94 [ 019U 0.65 U 0.05 U 0.05 U NA NA NA
Aug-95 | 0.19 U 0.65 U 0.05 U 0.05 U NA NA NA
Feb-96 | 019U 0.65 U 0.05 U 0.05 U NA NA NA
Feb-97 | 0.82U 0.92 U 21U 12U NA NA NA
Dec-97 | 058 UJ | 0.65U 15U 09U NA NA NA
Feb-99 | 051U 051U 051U 051U NA NA NA
Feb-00 | 0.99 U 0.99 U 0.99 U 0.99 U NA NA NA
Feb-01 | 0.46 U 0.46 U 0.46 U 0.46 U NA NA NA
May-02 | 0.81U 0.81 U 0.81 U 0.81 U NA NA NA
Feb-03 14U 14U 14U 14U NA NA NA
Feb-06 | 051U 051 U 0.51 U 051 U NA NA NA
Feb-05 | 0.48 U 0.48 U 0.48 U 0.48 U NA NA NA
Feb-06 | 0.48 U 0.48 U 0.48 U 0.48 U NA NA NA
Feb-07 | 051U 051U 051U 051U NA NA NA
A-MW32 | May-94 | 0.92 0.65 U 0.05 U 0.05 U NA NA NA
Aug-94 1.1 0.65 U 0.05 U 0.05 U NA NA NA
Nov-94 | 0.58 0.65 U 0.05 U 0.05 U NA NA NA
Feb-95 | 0.84 0.65 U 0.05 U 0.05 U NA NA NA
Aug-95 1.2 0.65 U 0.05 U 0.05 U NA NA NA
Feb-96 1 0.65 U 0.05 U 0.05 U NA NA NA
Aug-96 | 067 U 0.76 U 1.8 U 1U NA NA NA
Feb-97 1.2 0.94 U 22U 12U NA NA NA
Aug-97 0.7 031U 0.71 U 0.41 U NA NA NA
Dec-97 5.6J 29U 6.7 U 38U NA NA NA
Aug-98 3.2 0.68 U 16U 091U NA NA NA
Feb-99 1.6 0.69 U 0.69 U 0.69 U NA NA NA
Aug-99 3.9 057 U 057 U 057 U NA NA NA
Feb-00 5.9 1.1U 1.1U 1.1U NA NA NA
Aug-00 38 11U 1.1U 1.1U NA NA NA
Feb-01 5.6 0.35 U 0.35 U 0.35 U NA NA NA
Jul-01 23 0.44 U 0.44 U 0.44 U NA NA NA
May-02 5.4 0.64 U 0.64 U 0.64 U NA NA NA
Aug-02 5.8 0.6 U 0.6 U 0.6 U NA NA NA
Feb-03 2.3 15U 15U 15U NA NA NA
Sep-03 43 0.18 U 0.18 U 0.18 U NA NA NA
Feb-04 9.3 0.49 U 0.49 U 0.49 U NA NA NA
Aug-04 75 05U 05U 05U NA NA NA
Feb-05 6.9 05U 05U 05U NA NA NA
Aug-05 4.1 0.49 U 0.49 U 0.49 U NA NA NA
Feb-06 10 0.49 U 0.49 U 0.49 U NA NA NA
Aug-06 4.4 05U 05U 05U NA NA NA
Feb-07 6.3 05U 05U 05U NA NA NA
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Table B-1 (Continued)
OU 1 Site A, Summary of Groundwater Compliance and
Performance Data Through April 2014

RDX TNT 2,6-DNT | 24-DNT | MNX DNX TNX
Well No. Date (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
Groundwater Cleanup 0.8 2.9 0.13 0.13 NS NS NS
A-MW32 | Aug-07 6 0.49 U 0.49 U 0.49 U NA NA NA
(continued) | Feb-08 6.7 0.49 U 0.49 U 0.49 U NA NA NA
Aug-08 5.1 0.49 U 0.49 U 0.49 U NA NA NA
Aug-09 5.3 0.15 U 0.15 U 0.15 U 20U 20U 20U
Aug-10 6.3 0.096 U 0.096 U 0.096 U 19U 19U 1.9 U
Aug-11 6.9 0.10 U 0.10 U 0.10 U 20U 20U 20U
Aug-12 7.9 0.15 U 0.13 U 0.13 U 05U 05U 0.5 U
Jul-13 5.9 0.15 U 0.13 U 0.13 U 0.1J 05U 05U
Apr-14 9.1 0.15 U 0.13 U 0.13 U 0237 05U 05U
A-MW33 | May-94 | 019 U 0.65 U 0.05 U 0.05 U NA NA NA
Aug-94 | 019U 0.65 U 0.05 U 0.05 U NA NA NA
Nov-94 [ 0.19U 0.65 U 0.05 U 0.05 U NA NA NA
Feb-95 0.19 U 0.65 U 0.05 U 0.05 U NA NA NA
Aug-95 | 0.23 0.65 U 0.05U 0.05U NA NA NA
Feb-96 0.26 0.65 U 0.05 U 0.05 U NA NA NA
Aug-96 | 072U 081U 19U 11U NA NA NA
Feb-97 3.6 0.79 U 1.8 U 11U NA NA NA
Aug-97 3.6 0.63 U 15U 0.84 U NA NA NA
Dec-97 3517 043U 1U 0.58 U NA NA NA
Aug-98 1.6 0.45 U 1.1U 0.6 U NA NA NA
Feb-99 0.96 0.48 U 0.48 U 0.48 U NA NA NA
Aug-99 1.4 04U 04U 04U NA NA NA
Feb-00 15U 1.5U 15U 15U NA NA NA
Aug-00 1.3 0.61 U 0.61 U 0.61 U NA NA NA
Feb-01 15 12 U 12U 12 U NA NA NA
Jul-01 0.36 U 0.36 U 0.36 U 0.36 U NA NA NA
May-02 | 094 U 0.94 U 0.94 U 0.94 U NA NA NA
Aug-02 | 017U 017 U 017 U 017 U NA NA NA
Feb-03 0.96 U 0.96 U 0.96 U 0.96 U NA NA NA
Sep-03 0.66 U 0.66 U 0.66 U 0.66 U NA NA NA
Feb-04 051U 051U 051U 051U NA NA NA
Aug-04 | 053U 0.53 U 0.53 U 0.53 U NA NA NA
Feb-05 0.48 U 0.48 U 0.48 U 0.48 U NA NA NA
Aug-05 05U 05U 05U 05U NA NA NA
Feb-06 0.49 U 0.49 U 0.49 U 0.49 U NA NA NA
Aug-06 | 049U 0.49 U 0.49 U 0.49 U NA NA NA
Feb-07 05U 05U 05U 05U NA NA NA
Aug-07 | 049U 0.49 U 0.49 U 0.49 U NA NA NA
Aug-09 | 025U 0.15 U 0.15 U 0.15 U 2U 2U 2U
Apr-14 0.32 0.15 U 0.13 U 0.13 U 051U ]| 051U 0.51 U
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Table B-1 (Continued)
OU 1 Site A, Summary of Groundwater Compliance and
Performance Data Through April 2014

RDX TNT 2,6-DNT | 24-DNT | MNX DNX TNX

Well No. Date (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
Groundwater Cleanup 0.8 2.9 0.13 0.13 NS NS NS
A-MW35 | May-94 | 019U 0.65 U 0.05 U 0.05 U NA NA NA
Aug-94 | 019U 0.65 U 0.05 U 0.05 U NA NA NA
Nov-94 [ 019U 0.65 U 0.05 U 0.05 U NA NA NA
Aug-95 | 0.19 U 0.65 U 0.05 U 0.05 U NA NA NA
Feb-96 | 019U 0.65 U 0.05 U 0.05 U NA NA NA
Aug-96 | 0.74 U 0.83 U 19U 1.1U NA NA NA
Feb-97 | 085U 0.95 U 22U 13U NA NA NA
Aug-97 | 062U 0.7 U 16U 0.9 U NA NA NA
Dec-97 | 0.35 UJ 0.4 UJ 0.9 UJ 0.5 UJ NA NA NA
Aug-98 1U 12U 27U 16U NA NA NA
Feb-99 | 091U 091U 091U 091U NA NA NA
Aug-99 | 092U 0.92 U 0.92 U 0.92 U NA NA NA
Feb-00 14U 14U 14U 14U NA NA NA
Aug-00 1.5U 1.5U 1.5U 1.5U NA NA NA
Feb-01 1.1U 1.1U 11U 1.1U NA NA NA
Jul-01 0.42 U 0.42 U 0.42 U 0.42 U NA NA NA
May-02 16U 1.6 U 1.6 U 16U NA NA NA
Aug-02 | 031U 031U 031U 031U NA NA NA
Feb-03 1U 1U 1U 1U NA NA NA
Sep-03 14U 14U 14U 14U NA NA NA
Feb-04 | 0.49 U 0.49 U 0.49 U 0.49 U NA NA NA
Aug-04 05U 05U 05U 05U NA NA NA
Feb-05 | 049U 0.49 U 0.49 U 0.49 U NA NA NA
Aug-05 05U 05U 05U 05U NA NA NA
Feb-06 | 049U 0.49 U 0.49 U 0.49 U NA NA NA
Aug-06 | 051U 051 U 051 U 051 U NA NA NA
Feb-07 | 053U 0.53 U 0.53 U 0.53 U NA NA NA
Aug-07 | 048U 0.48 U 0.48 U 0.48 U NA NA NA

Aug-09 | 024U 0.15 U 0.15 U 0.15 U 2U 2U 2U

Apr-14 | 015U 015U 0.13U 0.13U 050U | 050U 050U
A-MW44 | May-94 | 019U 0.65 U 0.05 U 0.05 U NA NA NA
Aug-94 | 019U 0.65 U 0.05 U 0.05 U NA NA NA
Nov-94 | 019U 0.65 U 0.05 U 0.05 U NA NA NA
Aug-95 | 0.19 U 0.65 U 0.05 U 0.05 U NA NA NA
Feb-96 | 0.19U 0.65 U 0.05 U 0.05 U NA NA NA
Aug-96 | 0273 023UJ [ 055UJ [ 0.31UJ NA NA NA
Feb-97 | 0.74 U 0.83 U 1.9 U 11U NA NA NA
Aug-97 | 058U 0.65 U 15U 0.86 U NA NA NA
Dec-97 | 0.83UJ | 094U 22 U 12U NA NA NA
Aug-98 11U 12U 29U 17U NA NA NA
Feb-99 | 081U 0.81 U 0.81 U 0.81 U NA NA NA
Aug-99 | 057U 057 U 057 U 057 U NA NA NA
Feb-00 | 029U 0.29 U 0.29 U 0.29 U NA NA NA
Aug-00 | 0.79 U 0.79 U 0.79 U 0.79 U NA NA NA
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Table B-1 (Continued)
OU 1 Site A, Summary of Groundwater Compliance and
Performance Data Through April 2014

RDX TNT 2,6-DNT | 24-DNT | MNX DNX TNX
Well No. Date (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
Groundwater Cleanup 0.8 2.9 0.13 0.13 NS NS NS
A-MW44 Feb-01 0.66 U 0.66 U 0.66 U 0.66 U NA NA NA
(continued) | Jul-01 03U 03U 03U 03U NA NA NA
Aug-02 | 034U 034U 034U 034 U NA NA NA
Feb-03 1U 1U 1U 1U NA NA NA
Sep-03 053U 053 U 053 U 053 U NA NA NA
Feb-04 0.49 U 0.49 U 0.49 U 0.49 U NA NA NA
Aug-04 | 049U 0.49 U 0.49 U 0.49 U NA NA NA
Feb-05 0.48 U 0.48 U 0.48 U 0.48 U NA NA NA
Aug-05 | 051U 0.51 U 0.51 U 0.51 U NA NA NA
Feb-06 0.48 U 0.48 U 0.48 U 0.48 U NA NA NA
Aug-06 05U 05U 05U 05U NA NA NA
Feb-07 052 U 0.52 U 0.52 U 0.52 U NA NA NA
Aug-07 | 048U 0.48 U 0.48 U 0.48 U NA NA NA
Aug-09 | 025U 0.15 U 0.15 U 0.15 U 20U 20U 20U
Apr-14 0.15 U 0.15 U 0.13U 0.13U 051U [ 051U 051U
A-MW49 | May-02 380 0.7 U 0.7 U 0.7 U NA NA NA
Aug-02 550 04U 04U 04U NA NA NA
Feb-03 300 1U 1U 1U NA NA NA
Sep-03 350 0.69 U 0.69 U 0.69 U NA NA NA
Feb-04 440 0.49 U 0.49 U 0.49 U NA NA NA
Aug-04 360 0.49 U 049 U 049 U NA NA NA
Feb-05 180 05U 05U 05U NA NA NA
Aug-05 360 0.73 0.49 U 0.49 U NA NA NA
Feb-06 280 0.49 U 0.49 U 0.49 U NA NA NA
Aug-06 300 0.52 U 0.52 U 0.52 U NA NA NA
Feb-07 270 D 0.53 U 053 U 053 U NA NA NA
Aug-07 190 D 0.49 U 0.49 U 0.49 U NA NA NA
Feb-08 170 D 05U 05U 05U NA NA NA
Aug-08 67 D 0.49 U 0.49 U 0.49 U NA NA NA
Aug-09 39D 0.15 U 0.15 U 0.15 U 20U 20U 20U
Aug-10 240 0.097 U 0.097 U 0.097 U 1.33J | 0.068J 19U
Oct-10 210 01U 01U 01U 2U 2U 2U
Jan-11 110 01U 01U 01U 2U [ 006J 0.15J
Apr-11 150 01U 01U 01U 19U 19U 19U
Aug-11 35 0.10 U 0.10 U 0.10 U 20U 20U 20U
Oct-11 1 0.10 U 0.10 U 0.10 U 20U 20U 20U
Jan-12 3.7 0.10 U 0.10 U 0.10 U 20U | 051U 0.51 U
Apr-12 6 0.15 U 0.13 U 0.13 U 20U | 049U 0.49 U
Aug-12 8.6 0.15 U 0.13 U 0.13 U 05U 05U 0.5 U
Oct-12 19 0.15 U 0.13 U 0.13 U 0.1J 051 U 051 U
Jan-13 30 0.15 U 0.13 U 0.13 U 0.13J 0.51 U 0.51 U
Apr-13 34 0.15 U 0.13 U 0.13 U 0.17 J 0.51 U 051UQ
Jul-13 26 0.15 U 0.13 U 0.13 U 02J 05U 05U
Apr-14 22D 0.15 U 0.13 U 0.13 U 02J 05U 0.5 U

J:\Resources\Secure\WP-Data\601\1506.004\Final Bangor 4th 5-Year Review - Text.docx



FINAL FOURTH FIVE-YEAR REVIEW
Naval Base Kitsap Bangor
Naval Facilities Engineering Command Northwest

Appendix B
Revision No.: 0
Date: 9/3/15

Page B-7
Table B-1 (Continued)
OU 1 Site A, Summary of Groundwater Compliance and
Performance Data Through April 2014
RDX TNT 2,6-DNT | 24-DNT | MNX DNX TNX
Well No. Date (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
Groundwater Cleanup 0.8 2.9 0.13 0.13 NS NS NS
A-MW50 | May-02 1.2 U 1.2 U 1.2 U 1.2 U NA NA NA
Aug-02 | 062U 0.62 U 0.62 U 0.62 U NA NA NA
Feb-03 1.1U 11U 11U 1.1U NA NA NA
Sep-03 1.9 U 1.9 U 1.9 U 1.9 U NA NA NA
Feb-04 05U 05U 05U 05U NA NA NA
Aug-04 05U 05U 05U 05U NA NA NA
Feb-05 | 049U 0.49 U 0.49 U 0.49 U NA NA NA
Aug-05 05U 05U 05U 05U NA NA NA
Feb-06 | 051U 051 U 051 U 051U NA NA NA
Aug-06 | 0.49 U 0.49 U 0.49 U 0.49 U NA NA NA
Feb-07 | 051U 0.51 U 0.51 U 051 U NA NA NA
Aug-07 | 048U 0.48 U 0.48 U 0.48 U NA NA NA
Aug-09 | 024U 0.15 U 0.15 U 0.15 U 20U 20U 20U
Aug-12 | 015U 0.15 U 0.13 U 0.13 U 05U 0.5U 05U
Apr-14 | 015U 0.15U 0.13U 0.13U 051U | 051U 051U
A-MW51 | May-02 | 0.77U 0.77 U 0.77 U 0.77 U NA NA NA
Aug-02 0.4 U 0.4 U 0.4 U 0.4 U NA NA NA
Feb-03 | 0.26 U 0.26 U 0.26 U 0.26 U NA NA NA
Sep-03 0.4 U 0.4 U 0.4 U 0.4 U NA NA NA
Feb-04 | 049U 0.49 U 0.49 U 0.49 U NA NA NA
Aug-04 | 049U 0.49 U 0.49 U 0.49 U NA NA NA
Feb-05 | 049U 0.49 U 0.49 U 0.49 U NA NA NA
Aug-05 05U 05U 05U 05U NA NA NA
Feb-06 5UJ 5 UJ 5 UJ 5 UJ NA NA NA
Aug-06 | 056 U 0.56 U 0.56 U 0.56 U NA NA NA
Feb-07 05U 05U 05U 05U NA NA NA
Aug-07 05U 05U 05U 05U NA NA NA
Feb-08 0.49 U 0.49 U 0.49 U 0.49 U NA NA NA
Aug-08 | 049U 0.49 U 0.49 U 0.49 U NA NA NA
Aug-09 | 024U 0.15 U 0.15 U 0.15 U 1.9 U 1.9 U 1.9 U
Aug-10 [ 0096 U [ 0096 U [ 0.096 U [ 0.096 U 19U 1.9 U 1.9 U
Oct-10 0.10 U 0.10 U 0.10 U 0.10 U 20U 20U 20U
Jan-11 0.10 U 010U 010U 010U 20U 20U 20U
Apr-11 | 010U 0.10 U 0.10 U 0.10 U 20U 20U 20U
Aug-11 | 010U 0.10 U 0.10 U 0.10 U 20U 20U 20U
Oct-11 0.10 U 0.10 U 0.10 U 0.10 U 20U 20U 20U
Jan-12 0.10 U 0.10 U 0.10 U 0.10 U 20U | 050U 0.50 U
Apr-12 | 015U 015U 013U 013U 20U | 050U 0.50 U
Jul-12 0.15 U 0.15 U 013U 013U 051U | 051U 051 U
Oct-12 0.15 U 015U 013U 013U 050U [ 050U 0.50 U
Jan-13 0.15 U 0.15 U 013U 013U 049U [ 049U 0.49 U
Apr-13 | 015U 0.15 U 0.13 U 0.13 U 050U [ 050U 050 UQ
Apr-14 | 015U 015U 013U 013U 050U [ 050U 0.50 U
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Table B-1 (Continued)
OU 1 Site A, Summary of Groundwater Compliance and
Performance Data Through April 2014
RDX TNT 2,6-DNT | 24-DNT | MNX DNX TNX
Well No. Date (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
Groundwater Cleanup 0.8 2.9 0.13 0.13 NS NS NS
A-MW52 | May-02 | 110U 1.1 U 1.1 U 1.1 U NA NA NA
Aug-02 | 021U 0.21 U 0.21 U 0.21 U NA NA NA
Feb-03 | 0.99 U 0.99 U 0.99 U 0.99 U NA NA NA
Sep-03 1.5 U 14U 1.4 U 1.4 U NA NA NA
Feb-04 | 049U 0.49 U 0.49 U 0.49 U NA NA NA
Aug-04 | 048U 0.48 U 0.48 U 0.48 U NA NA NA
Feb-05 05U 05U 05U 05U NA NA NA
Aug-05 05U 05U 05U 05U NA NA NA
Feb-06 05U 05U 05U 05U NA NA NA
Aug-06 05U 05U 05U 05U NA NA NA
Feb-07 | 053U 0.53 U 0.53 U 0.53 U NA NA NA
Aug-07 | 049U 0.49 U 0.49 U 0.49 U NA NA NA
Feb-08 0.51 U 051 U 051 U 0.51 U NA NA NA
Aug-08 | 049 U 0.49 U 0.49 U 0.49 U NA NA NA
Aug-09 | 024U 0.15 U 0.15 U 0.15 U 19U 19U 19U
Aug-10 [ 0096 U | 0096 U | 0.096 U | 0.096 U 1.9 U 1.9 U 1.9 U
Aug-11 | 010U 0.10 U 0.10 U 0.10 U 20U 20U 20U
Jul-12 0.15 U 0.15 U 013U 013U 052U | 052U 0.52 U
Apr-14 | 015U 015U 013U 013U 051U | 051U 051U
A-MW53 | May-02 | 0.87 U 0.87 U 0.87 U 0.87 U NA NA NA
Aug-02 | 027U 0.27 U 027 U 027 U NA NA NA
Feb-03 | 071U 071U 071U 071U NA NA NA
Sep-03 | 083U 0.83 U 0.83 U 0.83 U NA NA NA
Feb-04 | 049U 0.49 U 0.49 U 0.49 U NA NA NA
Aug-04 | 049U 0.49 U 0.49 U 0.49 U NA NA NA
Feb-05 | 051U 051U 051U 051U NA NA NA
Aug-05 | 051U 051 U 051 U 051 U NA NA NA
Feb-06 | 054U 054 U 054 U 054 U NA NA NA
Aug-06 05U 05U 05U 05U NA NA NA
Feb-07 | 052U 052 U 052 U 052 U NA NA NA
Aug-07 | 048U 0.48 U 0.48 U 0.48 U NA NA NA
Feb-08 05U 05U 05U 0.5 U NA NA NA
Aug-08 | 048U 0.48 U 0.48 U 0.48 U NA NA NA
Aug-09 | 025U 0.15 U 0.15 U 0.15 U 19U 19U 19U
Aug-10 [ 010U 0.10 U 0.10 U 0.10 U 20U 2.0 U 2.0 U
Aug-12 | 015U 0.15 U 013U 013U 050U [ 050U 0.50 U
Apr-14 | 015U 015U 013U 013U 050U | 050U 050U
A-MW54 | May-02 2.5 1U 1U 1U NA NA NA
Aug-02 1.8 02U 02U 02U NA NA NA
Feb-03 1.9 12U 12U 12U NA NA NA
Sep-03 2 1U 1U 1U NA NA NA
Feb-04 1.7 05U 05U 05U NA NA NA
Aug-04 1.5 0.48 U 0.48 U 0.48 U NA NA NA
Feb-05 2 0.49 U 0.49 U 0.49 U NA NA NA
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Table B-1 (Continued)
OU 1 Site A, Summary of Groundwater Compliance and
Performance Data Through April 2014

RDX TNT 2,6-DNT | 24-DNT | MNX DNX TNX
Well No. Date (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
Groundwater Cleanup 0.8 2.9 0.13 0.13 NS NS NS
A-MW54 | Aug-05 2.3 0.48 U 0.48 U 0.48 U NA NA NA
(continued) | Feb-06 2.4 0.49 U 0.49 U 0.49 U NA NA NA
Aug-06 2.3 0.49 U 0.49 U 0.49 U NA NA NA
Feb-07 1.7 0.52 U 0.52 U 0.52 U NA NA NA
Aug-07 1.4 049 U 049 U 0.49 U NA NA NA
Feb-08 1.1 05U 05U 05U NA NA NA
Aug-08 1.1 0.48 U 0.48 U 0.48 U NA NA NA
Aug-09 | 0.65 0.15 U 0.15 U 0.15 U 2 U 2U 2U
Aug-10 0.44 0.10 U 0.10 U 0.10 U 19U 19U 19U
Aug-11 0.38 0.10 U 0.10 U 0.10 U 20U 20U 20U
Aug-12 0.31 0.15 U 0.13 U 0.13 U 050U [ 050U 0.50 U
Apr-14 0.73 J 0.15 U 013 U 013 U 051U [ 051U 051U
A-MW55 | May-02 | 0.88 U 0.88 U 0.88 U 0.88 U NA NA NA
Aug-02 03U 03U 03U 03U NA NA NA
Feb-03 0.88 U 0.88 U 0.88 U 0.88 U NA NA NA
Sep-03 0.95 U 0.95 U 0.95 U 0.95 U NA NA NA
Feb-04 0.49 U 0.49 U 0.49 U 0.49 U NA NA NA
Aug-04 05U 05U 05U 05U NA NA NA
Feb-05 0.49 U 0.49 U 0.49 U 0.49 U NA NA NA
Aug-05 05U 05U 05U 05U NA NA NA
Feb-06 05U 05U 05U 05U NA NA NA
Aug-06 05U 05U 05U 05U NA NA NA
Feb-07 0.52 U 0.52 U 0.52 U 0.52 U NA NA NA
Aug-07 05U 05U 05U 05U NA NA NA
Feb-08 0.49 U 0.49 U 0.49 U 0.49 U NA NA NA
Aug-08 | 049U 0.49 U 049 U 0.49 U NA NA NA
Aug-09 | 024U 0.15 U 0.15 U 0.15 U 20U 20U 20U
Aug-10 | 0.097 U 0.10 U 0.10 U 0.10 U 19U 19U 19U
Aug-11 0.10 U 0.10 U 0.10 U 0.10 U 20U 20U 20U
Aug-12 0.15 U 0.15 U 0.13 U 0.13 U 050U [ 050U 0.50 U
Apr-14 0.15 U 0.15 U 0.13 U 013U 051U [ 051U 051 U
A-MW56 | Nov-09 | 0.14J 0.15 U 0.15 U 0.15 U 19U 1.9 U 1.9 U
Aug-10 0.1 0.098 U 0.098 U 0.098 U 20U 20U 20U
Oct-10 01U 01U 01U 01U 19 U 19U 1.9 U
Jan-11 0.1U 01U 01U 01U 20U 20U 20U
Apr-11 01U 01U 01U 01U 20U 20U 20U
Aug-11 [ 0.077 J 0.10 U 0.10 U 0.10 U 20U 20U 20U
Oct-11 0.10 U 0.10 U 0.10 U 0.10 U 20U 20U 20U
Jan-12 0.10 U 0.10 U 0.10 U 0.10 U 20U | 050U 0.50 U
Apr-12 0.15 U 0.15 U 013 U 013 U 20U 050U 0.50 U
Aug-12 0.15 U 0.15 U 0.13 U 0.13 U 0.5 U 05U 05U
Oct-12 0.15 U 0.15 U 0.13 U 013 U 051U | 051U 0.51 U
Jan-13 0.15 U 0.15 U 0.13 U 0.13 U 051U [ 051U 0.51 U
Apr-13 0.13J 0.15 U 0.13 U 0.13 U 0.5 U 05U 0.5UQ
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Table B-1 (Continued)
OU 1 Site A, Summary of Groundwater Compliance and
Performance Data Through April 2014

RDX TNT 2,6-DNT 2,4-DNT MNX DNX TNX
Well No. Date (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
Groundwater Cleanup 0.8 2.9 0.13 0.13 NS NS NS
A-MW56 Jul-13 0.060 J 0.15 U 0.13 U 0.13 U 05U 05U 0.5 U
(continued) | Apr-14 0.15 U 0.15 U 013 U 013 U 0.5 U 05U 05U
A-MW57 Nov-09 | 0.079 J 0.15 U 0.15 U 0.15 U 19U 19U 19U
Aug-10 | 0.097 U 0.097 U 0.097 U 0.097 U 19U 19U 19U
Oct-10 0.097 U 0.097 U 0.097 U 0.097 U 19U 19U 19U
Jan-11 01U 0.10 U 0.10 U 0.10 U 20U 20U 20U
Apr-11 01U 0.10 U 0.10 U 0.10 U 20U 20U 20U
Aug-11 01U 0.10 U 0.10 U 01U 20U 20U 20U
Oct-11 01U 01U 01U 01U 2U 2U 2U
Jan-12 0.099 U 0.099 U 0.099 U 0.099 U 20U 05U 05U
Apr-12 0.15U 0.15 U 0.13 U 0.13 U 20U 05U 05U
Jul-12 0.15 U 0.15 U 0.13 U 0.13 U 05U 05U 05U
Oct-12 0.036 J 0.15 U 0.13 U 0.13 U 05U 05U 05U
Jan-13 0.04 J 0.15 U 0.13 U 0.13 U 05U 05U 05U
Apr-13 0.044 J 0.15 U 0.13 U 0.13 U 05U 05U 05UQ
Apr-14 0.048 J 0.15 U 0.13 U 0.13 U 05U 05U 05U
Extraction Wells (Shallow Aquifer)
A-EW4 Dec-97 83 22U 5U 29U NA NA NA
Feb-98 87 J 19 UJ 4.4 U] 25U NA NA NA
Apr-98 67 J 17U 39U 23U NA NA NA
Aug-98 30 18U 41U 24 U NA NA NA
May-99 48 11U 11U 11U NA NA NA
Aug-99 79 0.78 U 0.78 U 0.78 U NA NA NA
Feb-00 75 091U 091U 091U NA NA NA
Aug-00 71 12U 12U 12U NA NA NA
Feb-01 67 0.58 U 0.58 U 0.58 U NA NA NA
Aug-01 52 0.39 U 0.39 U 039 U NA NA NA
May-02 110 091U 091U 091U NA NA NA
Aug-02 110 0.6 U 06U 0.6 U NA NA NA
Feb-03 74 0.82 U 0.82 U 0.82 U NA NA NA
Sep-03 84 0.53 U 0.53 U 0.53 U NA NA NA
Feb-04 64 0.48 U 0.48 U 0.48 U NA NA NA
Aug-04 68 049 U 049 U 049 U NA NA NA
Feb-05 60 0.49 U 0.49 U 0.49 U NA NA NA
Aug-05 60 048 U 048 U 048 U NA NA NA
Feb-06 100 053U 0.53 U 0.53 U NA NA NA
Aug-06 120 C 052 U 052U 052U NA NA NA
Feb-07 140 DC 0.52 U 0.52 U 0.52 U NA NA NA
Aug-07 110 DC 05U 05U 05U NA NA NA
Feb-08 97 DC 051U 051U 051U NA NA NA
Aug-08 89DC | 049U 0.49 U 0.49 U NA NA NA
Aug-09 94 D 0.15 U 0.15 U 0.15 U 2.1 0.16 J 0.13J
Aug-10 90 01U 01U 01U 19U 0.16 J 19U
Sep-11 100 0.10 U 0.10 U 0.10 U 3.2 0.30 J 0.26 J
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Table B-1 (Continued)
OU 1 Site A, Summary of Groundwater Compliance and
Performance Data Through April 2014

RDX TNT 2,6-DNT | 24-DNT | MNX DNX TNX
Well No. Date (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
Groundwater Cleanup 0.8 2.9 0.13 0.13 NS NS NS
A-EW4 Aug-12 110 Q 0.15 U 0.13 U 0.13 U 05U [ 019J 0.16 J
(continued) | Jul-13 130 D 0.15 U 0.13 U 0.13 U 3.7 0.34J 0.15 JM
Mar-14 80 D 0.15 U 0.13 U 0.13 U 2.0 0.16 J 0.083 J M
A-EW5 Dec-97 6.1J 0.47 U 11U 0.62 U NA NA NA
Feb-98 6.2J 1.6 UJ 3.8 UJ 22 U] NA NA NA
Apr-98 527 0.56 U 13U 0.74 U NA NA NA
Aug-98 23 11U 25U 1.4 U NA NA NA
May-99 14 0.87 U 0.87 U 0.87 U NA NA NA
Aug-99 13 11U 11U 11U NA NA NA
Feb-00 16 12U 12U 12U NA NA NA
Aug-00 17 0.51 U 0.51 U 0.51 U NA NA NA
Feb-01 16 0.78 U 0.78 U 0.78 U NA NA NA
Aug-01 6.5 0.49 U 0.49 U 0.49 U NA NA NA
May-02 18 03U 03U 03U NA NA NA
Aug-02 12 0.13 U 0.13 U 0.13 U NA NA NA
Feb-03 2 07U 07U 07U NA NA NA
Sep-03 8.6 0.42 U 042 U 0.42 U NA NA NA
Feb-04 05U 05U 05U 05U NA NA NA
Aug-04 17 0.49 U 0.49 U 0.49 U NA NA NA
Feb-05 28 0.49 U 0.49 U 0.49 U NA NA NA
Aug-05 31 051U 051U 051U NA NA NA
Feb-06 57 0.49 U 0.49 U 0.49 U NA NA NA
Aug-06 41C 05U 05U 05U NA NA NA
Feb-07 130DC | 051U 051U 051U NA NA NA
Aug-07 90 DC | 0.49 U 0.49 U 0.49 U NA NA NA
Feb-08 34C 051 U 0.51 U 051U NA NA NA
Aug-08 49DC | 049U 0.49 U 0.49 U NA NA NA
Aug-09 29 D 015U 015U 015U 0.59J 20U 20U
Aug-10 34 Q 01U 01U R 0.77J | 0.066 J 19U
Sep-11 18 0.10 U 0.10 U 0.10 U 0.59 J 20U 20U
Aug-12 31Q 0.15 U 0.13 U 013 U 050U [ 050U 0.50 U
Jul-13 0.97 0.15 U 0.13 U 0.13 U 0.06 J 0.50 U 0.50 U
Mar-14 25D 0.15 U 013 U 013 U 0.59 051 U 0.51 U
A-EW6 Dec-97 0.98 UJ 1.1U 2.6 U 15U NA NA NA
Feb-98 1.2 UJ 1.4 UJ 32 U] 1.8 UJ NA NA NA
Apr-98 1.1 UJ 1.3U 29U 17U NA NA NA
Aug-98 05J 0.47 U 11U 0.62 U NA NA NA
May-99 | 0.99 U 0.99 U 0.99 U 0.99 U NA NA NA
Aug-99 | 056U 0.56 U 0.56 U 0.56 U NA NA NA
Feb-00 12U 1.2 U 12U 12U NA NA NA
Aug-00 | 0.99 0.46 U 0.46 U 0.46 U NA NA NA
Feb-01 0.53 044 U 044 U 044 U NA NA NA
Aug-01 | 0.95 057 U 057 U 0.57 U NA NA NA
May-02 | 042U 0.42 U 0.42 U 0.42 U NA NA NA

J:\Resources\Secure\WP-Data\601\1506.004\Final Bangor 4th 5-Year Review - Text.docx



FINAL FOURTH FIVE-YEAR REVIEW

Naval Base Kitsap Bangor
Naval Facilities Engineering Command Northwest

Appendix B
Revision No.: 0
Date: 9/3/15

Page B-12
Table B-1 (Continued)
OU 1 Site A, Summary of Groundwater Compliance and
Performance Data Through April 2014
RDX TNT 2,6-DNT | 24-DNT | MNX DNX TNX
Well No. Date (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
Groundwater Cleanup 0.8 2.9 0.13 0.13 NS NS NS
A-EW6 Aug-02 0.4 U 0.4 U 0.4 U 0.4 U NA NA NA
(continued) | Feb-03 1.3U 13U 1.3 U 1.3 U NA NA NA
Sep-03 11U 11U 1.1U 1.1U NA NA NA
Feb-04 | 0.49 U 0.49 U 0.49 U 0.49 U NA NA NA
Feb-05 | 0.48 U 0.48 U 0.48 U 0.48 U NA NA NA
Aug-05 | 048U 0.48 U 0.48 U 0.48 U NA NA NA
Feb-06 | 0.48 U 0.48 U 0.48 U 0.48 U NA NA NA
Aug-06 | 079 C 0.48 U 0.48 U 0.48 U NA NA NA
Feb-07 16 C 052 U 052 U 052 U NA NA NA
Aug-07 1.3C 05U 05U 05U NA NA NA
Feb-08 48 C 05U 05U 05U NA NA NA
Aug-08 48DC | 049U 0.49 U 0.49 U NA NA NA
Aug-09 1PG | 015U 0.15 U 0.15 U 20U 20U 20U
Aug-10 14 PG [ 0098 U | 0098 U | 0.098 U 20U 20U 20U
Sep-11 0.11 0.099 U | 0099 U [ 0.099 U 20U 20U 2.0 U
Aug-12 13PG | 015U 0.13 U 0.13 U 050U | 050U 0.50 U
Jul-13 0.71J 0.15 U 0.13 U 0.13 U 051U | 051U 051U
Apr-14 | 015U 015U 013U 013U 050U | 050U 050 U
A-EW7 Dec-97 450 J 1.5 U 3.4 U 1.9 U NA NA NA
Feb-98 470 J 1.1U) 2.6 UJ 1.5 UJ NA NA NA
Apr-98 660 J 13U 29U 17U NA NA NA
Aug-98 320 0.4 U 0.92 U 0.53 U NA NA NA
May-99 500 33U 33U 33U NA NA NA
Aug-99 380 12U 12U 12U NA NA NA
Feb-00 300 1.6 U 1.6 U 1.6 U NA NA NA
Aug-00 290 12U 12U 12U NA NA NA
Feb-01 260 0.47 U 0.47 U 0.47 U NA NA NA
Aug-01 120 0.55 U 0.55 U 0.55 U NA NA NA
May-02 710 0.92 U 0.92 U 0.92 U NA NA NA
Aug-02 630 0.47 U 0.47 U 0.47 U NA NA NA
Feb-03 310 0.49 U 0.49 U 0.49 U NA NA NA
Sep-03 480 051U 051 U 051U NA NA NA
Feb-04 360 0.49 U 0.49 U 0.49 U NA NA NA
Aug-04 240 05U 05U 05U NA NA NA
Feb-05 210 0.48 U 0.48 U 0.48 U NA NA NA
Aug-05 240 0.48 U 0.48 U 0.48 U NA NA NA
Feb-06 190 0.49 U 0.49 U 0.49 U NA NA NA
Aug-06 240 C 0.49 U 0.49 U 0.49 U NA NA NA
Feb-07 240DC | 051U 051 U 051U NA NA NA
Aug-07 140 DC | 049 U 0.49 U 0.49 U NA NA NA
Feb-08 260 DC | 051 U 051 U 0.51 U NA NA NA
Aug-08 200DC [ 05U 05U 05U NA NA NA
Aug-09 180 D 0.15 U 0.15 U 0.15 U 35 0.29 J 0217
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Table B-1 (Continued)
OU 1 Site A, Summary of Groundwater Compliance and
Performance Data Through April 2014
RDX TNT 2,6-DNT | 24-DNT | MNX DNX TNX
Well No. Date (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
Groundwater Cleanup 0.8 2.9 0.13 0.13 NS NS NS
A-EW7 Aug-10 300 0.098 U [ 0.098U [ 0.098U 5 0.47 2.0 U
(continued) | Sep-11 300 010U 0.10 U 0.10 U 6.90 0.56 J 0.40 J
Aug-12 170 0.15U 013U 013U 049U | 0323 0.28 J
Aug-13 200 D 0.16 U 0.13 U 0.13 U 4.40 052U 0.25 J
Apr-14 110 D 015U 013U 013U 2.40 051U 0.19J
A-EWS Dec-97 110 J 0.59 U 1.4 U 0.79 U NA NA NA
Feb-98 240 J 1.6 UJ 3.8 UJ 22 U] NA NA NA
Apr-98 110 J 12U 2.8 U 16U NA NA NA
Aug-98 270 0.86 U 2U 12U NA NA NA
Aug-99 160 1.7 U 17U 17U NA NA NA
Feb-00 120 1.1U 1.1U 1.1U NA NA NA
Aug-00 160 0.73 U 0.73 U 0.73 U NA NA NA
Feb-01 68 0.34 U 0.34 U 0.34 U NA NA NA
Aug-01 110 053 U 053 U 053 U NA NA NA
May-02 120 13U 13U 13U NA NA NA
Aug-02 150 053 U 053 U 053 U NA NA NA
Feb-03 75 1U 1U 1U NA NA NA
Sep-03 120 051 U 051 U 051U NA NA NA
Feb-04 320 0.49 U 0.49 U 0.49 U NA NA NA
Aug-04 170 0.49 U 0.49 U 0.49 U NA NA NA
Feb-05 110 0.48 U 0.48 U 0.48 U NA NA NA
Aug-05 160 0.48 U 0.48 U 0.48 U NA NA NA
Feb-06 120 0.48 U 0.48 U 0.48 U NA NA NA
Aug-06 250 C 0.48 U 0.48 U 0.48 U NA NA NA
Feb-07 240 DC | 052U 052 U 052 U NA NA NA
Aug-07 140DC | 05U 05U 05U NA NA NA
Feb-08 240 DC 05U 05U 05U NA NA NA
Aug-08 230 DC [ 0173 0.49 U 0.49 U NA NA NA
Aug-09 81 D 0.15 U 0.15 U 0.15 U 16J | 0123 0.073 J
Aug-10 120 0.097 0.097 0.097 2.7 0.22 J 1.9 U
Sep-11 220 0.10 U 0.10 U 0.10 U 5.3 0.44 J 0.33J
Aug-12 91 Q 0.15 U 013U 013U 050U | 01413 0.10 J
Jul-13 66 D 015U 013U 013U 1.40 05U 0.50 U
Mar-14 120 D 015U 013U 013U 2.70 0.73 J 0.10J
A-MW37 | Apr-94 140 0.65 U 0.05 U 0.05 U NA NA NA
Aug-94 190 0.65 U 0.05 U 0.05 U NA NA NA
Nov-94 180 0.65 U 0.05 U 0.05 U NA NA NA
Feb-95 190 0.65 U 0.05 U 0.05 U NA NA NA
Aug-95 220 0.65 U 0.05 U 0.05 U NA NA NA
Feb-96 210 0.65 U 0.05 U 0.05 U NA NA NA
Aug-96 99 J 0.34 UJ 08UJ | 0.46UJ NA NA NA
Feb-97 120 14U 33U 19U NA NA NA
Aug-97 120 1.1U 2.6 U 15U NA NA NA
Dec-97 160 J 22 U 5U 29U NA NA NA
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Table B-1 (Continued)
OU 1 Site A, Summary of Groundwater Compliance and
Performance Data Through April 2014

RDX TNT 2,6-DNT | 24-DNT | MNX DNX TNX
Well No. Date (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
Groundwater Cleanup 0.8 2.9 0.13 0.13 NS NS NS
A-MW37 Feb-98 130 J 1.7 UJ 3.9 UJ 2.3 UJ NA NA NA
(continued) | Apr-98 220 J 0.81 U 1.9 U 11U NA NA NA
Aug-98 200 17U 39U 22U NA NA NA
May-99 130 14U 14U 1.4 U NA NA NA
Aug-99 180 0.64 U 0.64 U 0.64 U NA NA NA
Feb-00 170 12U 12U 12U NA NA NA
Aug-00 130 092 U 092 U 092 U NA NA NA
Feb-01 120 0.51 U 051U 051 U NA NA NA
Jul-01 150 0.79 U 0.79 U 0.79 U NA NA NA
May-02 150 13U 13U 13U NA NA NA
Aug-02 180 0.25 U 0.25 U 0.25 U NA NA NA
Feb-03 120 2.2 13U 13U NA NA NA
Sep-03 160 19U 19U 19U NA NA NA
Feb-04 130 0.48 U 0.48 U 0.48 U NA NA NA
Aug-04 140 05U 05U 05U NA NA NA
Feb-05 140 0.81 0.49 U 0.49 U NA NA NA
Aug-05 160 0.48 U 0.48 U 0.48 U NA NA NA
Feb-06 120 0.49 U 0.49 U 0.49 U NA NA NA
Aug-06 140 C 0.48 U 0.48 U 0.48 U NA NA NA
Feb-07 160 DC | 053U 0.53 U 0.53 U NA NA NA
Aug-07 120 DC | 049U 0.49 U 0.49 U NA NA NA
Feb-08 120 DC 05U 05U 05U NA NA NA
Aug-08 130 DC | 049U 0.49 U 0.49 U NA NA NA
Aug-09 130 D 015U 015U 015U 0.17J 01J 0.094 J
Aug-10 84 01U 01U 01U 127 0.11J 20U
Sep-11 71 01U 01U 01U 1J 0.74 J 20U
Aug-12 64 0.15 U 0.13 U 0.13 U 0.99 0.50 U 0.12 JPG
Jul-13 110 D 0.12 J 0.13 U 0.13 U 2.1 042JM 0.31J
Mar-14 62 D 0.19 013 U 013 U 1.1 1.00 J 0.52 U
A-MW46 | Apr-94 120 0.65 U 0.05 U 0.05 U NA NA NA
Aug-94 170 0.65 U 0.05 U 0.05 U NA NA NA
Nov-94 160 0.65 U 0.05 U 0.05 U NA NA NA
Feb-95 170 0.65 U 0.05 U 0.05U NA NA NA
Aug-95 170 0.65 U 0.05 U 0.05 U NA NA NA
Feb-96 200 0.65 U 0.05 U 0.05 U NA NA NA
Aug-96 180 0.56 U 13U 0.74 U NA NA NA
Feb-97 180 13U 3U 17U NA NA NA
Apr-97 190 13U 31U 18U NA NA NA
May-97 180 13U 31U 1.8 U NA NA NA
May-97 140 0.74 U 17U 0.98 U NA NA NA
May-97 150 0.92 U 21U 12U NA NA NA
Jun-97 150 11U 26U 15U NA NA NA
Jul-97 140 0.74 U 17U 0.98 U NA NA NA
Jul-97 140 0.77 U 1.8 U 1U NA NA NA
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Table B-1 (Continued)
OU 1 Site A, Summary of Groundwater Compliance and
Performance Data Through April 2014

RDX TNT 2,6-DNT 2,4-DNT MNX DNX TNX
Well No. Date (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (pg/L) (pg/L)
Groundwater Cleanup 0.8 2.9 0.13 0.13 NS NS NS
A-MW46 Aug-97 120 0.94 U 22 U 1.2 U NA NA NA
(continued) | Aug-97 120 0.83 U 21U 1.2 U NA NA NA
Dec-97 140 J 25U 59U 34U NA NA NA
Feb-98 120 J 1.9 UJ 4.4 U] 25 U] NA NA NA
Apr-98 200 J 13U 31U 18U NA NA NA
Aug-98 170 052 U 12U 07U NA NA NA
Feb-00 130 1U 1U 1U NA NA NA
Aug-00 160 0.7U 07U 07U NA NA NA
Feb-01 150 0.75 U 0.75 U 0.75 U NA NA NA
Apr-01 160 25U 25U 25U NA NA NA
Jul-01 140 0.6 U 06U 06U NA NA NA
May-02 160 04U 04U 04U NA NA NA
May-02 180 081U 081U 081U NA NA NA
Aug-02 170 0.27 U 0.27 U 0.27 U NA NA NA
Feb-03 160 0.27 U 0.27 U 0.27 U NA NA NA
Sep-03 130 13U 13U 13U NA NA NA
Feb-04 160 0.49 U 0.49 U 0.49 U NA NA NA
Aug-04 110 0.49 U 0.49 U 0.49 U NA NA NA
Feb-05 130 0.49 U 0.49 U 0.49 U NA NA NA
Aug-05 150 0.48 U 0.48 U 0.48 U NA NA NA
Feb-06 110 0.49 U 0.49 U 0.49 U NA NA NA
Aug-06 120 C 0.49 U 0.4 0.49 U NA NA NA
Feb-07 120 DC 051U 051U 051U NA NA NA
Aug-07 95 DC 05U 05U 05U NA NA NA
Feb-08 96 DC 049 U 049 U 049 U NA NA NA
Aug-08 79 DC 0.48 U 0.48 U 0.48 U NA NA NA
Aug-09 80 D 015U 015U 015U 1.1J | 0.072J 0.097 J
Aug-10 100 0.10 U 0.097 U 0.097 U 147 0.12J 0113
Sep-11 75 0.10 U 0.10 U 0.10 U 137 0.12 J 0.073 J PG
Aug-12 73 015U 0.13 U 0.13 U 14 0.17 J 0.21 JPG
Jul-13 73 D 0.15 U 0.13 U 0.13 U 14 0.50 U 0.16 J
Mar-14 59 D 0.15 U 0.13 U 0.13 U 0.9 0.57 J 0.09 I M

Notes:

Shallow aquifer monitoring wells A-MW37 and A-MW46 are currently used as extraction wells.

Mg/L - micrograms per liter

C - Composite sample; August 2006 through August 2008 did not properly isolate the wells for sample collection,
resulting in skewed data. Without proper isolation, the extraction well data represented a partial blending from adjacent

wells using the same discharge line.
D - Sample was diluted and reanalyzed.
DNT - dinitrotoluene

DNX - hexahydro-1,3-dinitroso-5-nitro-1,3,5-triazine
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Table B-1 (Continued)
OU 1 Site A, Summary of Groundwater Compliance and
Performance Data Through April 2014

E - The reporting value is estimated because of the interference. The serial dilution was not within control limits. J -
estimated value

M - A manual integration was performed on the chromatographic peak. MNX - hexahydro-1-nitroso-3,5-dinitro-1,3,5-
triazine

NA - Not Analyzed

NS - no cleanup standard available

PG - The percent difference between the original and confirmation analyses was greater than 40 percent

R - The result was rejected

RDX - hexahydro-1,3,5-trinitro-1,3,5-triazine

TNT - 2,4,6-trinitrotoluene

TNX - hexahydro-1,3,5-trinitroso-1,3,5-triazine

Q - The quantitative limit is elevated due to high analyte values.

U - The compound is not detected at or above the quantitation limit.

UJ - The compound is not detected at or above the estimated quantitation limit.

Highlighted data are for current 5-year review period

Bolded values are detected values

Yellow highlighted values exceed RG in last 5-year period
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Table B-2
Summary of Field Parameters and Natural Attenuation Parameters by Well
Field Parameters Natural Attenuation Parameters ¥
Dissolved Dissolved
Well Oxygen - Oxygen - Ferrous | Hydrogen Nitrate- Dissolved
Type/Aquifer Sample Meter Test Kit ORP Iron Sulfide Methane Ethane Ethene Nitrite Alkalinity | Chloride | Sulfate DOC Manganese
Well ID | Depth Interval Sample ID Date pH (mg/L) ¥ (mg/L) ? (mV) (mg/L) (mg/L) (Hg/L) (Hg/L) (Hg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (ug/L)
SITE-A-09-306 8/5/2009 7.04 4.55 NA 243 0 0 NA NA NA NA NA NA NA NA NA
SITE-A-10-300 8/11/2010 7.11 10.24" NA 263 0.00 0.00 0321] 0.60 U 1.0 U 0.811J 91.2 2.59 6.06 0.54 5.0U
AMWAG FExtraction SITE-A-11-300 | 8/3/2011 6.10 12.55" NA 291 0.32” 0.10” 13U NA NA 0.881 104 2.49 4.5 1.06 7.6 UJ
SITE-A-12-300 8/7/2012 6.67 6.12 NA 145 0.00 0.01 1.3 U0 NA NA 0.69 J 107 2.06 4.40 0.60 5.0 UJ
SITE-A-13-300 7/24/2013 7.61 13.89° NA 176 0.00 0.02 NA NA NA NA NA NA NA NA NA
SITE-A-14-200 3/26/2014 7.48 6.27 NA 281 0.00 0.00 1.3 U NA NA 0.50 99 2.69 5.77 0.56 0.50 J
SITE-A-11-301 8/3/2011 5.23 7.4 NA 169 0.03” 0.00” 1.50 NA NA 0.781 40.4 2.49 4.85 1.11 5.0UJ
SITE-A-12-100 1/26/2012 7.27 6.57 NA 167 0 0 NA NA NA NA NA NA NA NA NA
A-MW47 Mon-Perched
SITE-A-13-204 4/10/2013 5.78 1.49 NA 386 0 0 NA NA NA NA NA NA NA NA NA
SITE-A-14-201 3/26/2014 5.86 5.05 NA 315 0 0.00 13U NA NA 0.81 64 2.57 5.06 0.79 1.60
SITE-A-09-406 11/30/2009 5.48 7.28 NA 236 0 0.01 NA NA NA NA NA NA NA NA NA
SITE-A-12-101 1/27/2012 6.95 7.01 NA 257 0 0.01 NA NA NA NA NA NA NA NA NA
A-MW34 Mon-Perched
SITE-A-13-201 4/9/2013 6.62 7.12 NA 404 0 0 NA NA NA NA NA NA NA NA NA
SITE-A-14-203 4/3/2014 5.52 8.37 NA 367 0 0 NA NA NA 4.6 29 UJ 0.66 0.69 049 J 0.81]
SITE-A-09-310 8/4/2009 7.28 2.69 NA 252 0 0 NA NA NA NA NA NA NA NA NA
A-MW35 Mon-Saturated
SITE-A-14-202 4/3/2014 7.50 11.39 NA 60 0.00 0.00 NA NA NA NA NA NA NA NA NA
o SITE-A-12-205 4/10/2012 6.39 5.66 NA 177 0 0 NA NA NA NA NA NA NA NA NA
A-MW36 Mon-Perched
SITE-A-13-202 4/10/2013 5.85 2.92 NA 408 0 0 NA NA NA NA NA NA NA NA NA
SITE-A-09-305 8/6/2009 7.45 2.41 NA 276 0.08 0.01 NA NA NA NA NA NA NA NA NA
SITE-A-10-301 8/11/2010 7.17 16.6" NA 269 0.00 0.00 0.42 ] 0.60 U 1.0 U 0.72 ] 112 2.80 5.23 1.90 500
. SITE-A-11-303 8/3/2011 6.01 7.73 NA 223 0.00 0.00 1.3 U0 NA NA 0.65 140 2.69 5.45 0.62 UJ 5.0 UJ
A-MW37 Extraction T
SITE-A-12-301 8/6/2012 6.19 9.32 NA 154 0.00 0.01 1.3 U NA NA 0.57 ] 124 2.32 5.37 0351] 8.0
SITE-A-13-301 7/24/2013 7.40 12.16° NA 184 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-14-205 3/26/2014 6.42 15.40 NA 386 0.00 0.01 1.3 U NA NA 0.57 151 2.59 5.45 0.56 0.30 J
SITE-A-11-319 8/3/2011 5.10 3.13 NA 317 0.61% 0.45" 1.3 U0 NA NA 1.02 40 2.32 3.10 0.73 5.0 UJ
A-MW38 Mon-Perched SITE-A-12-103 1/26/2012 6.85 4.04 NA 228 0.14" 0.13" NA NA NA NA NA NA NA NA NA
SITE-A-13-203 4/10/2013 5.63 1.86 NA 430 0.14 0.04 NA NA NA NA NA NA NA NA NA
SITE-A-09-300 8/5/2009 6.92 4.84 NA 276 0.03 0 NA NA NA NA NA NA NA NA NA
SITE-A-10-302 8/10/2010 7.39 8.1% NA 182 0.01 0.01 0.30J 0.60 U 1.0 U 0.7517] 161 2.63 5.38 0.66 331J
SITE-A-11-304 8/2/2011 5.93 8.01Y NA 325 0.00 0.01 1.3U0 NA NA 0.655 131 2.62 5.69 0.62 UJ 50U
. SITE-A-11-304b% [ 9/22/2011 6.51 7.62 NA 174 0.00 0.03 NA NA NA NA NA NA NA NA NA
A-EW4 Extraction
SITE-A-12-302 8/3/2012 6.06 5.97 NA 16.6 0.00 0.00 1.3 U NA NA 0.52] 147 2.06 5.75 0.97 421
SITE-A-13-302 7/24/2013 6.57 5.66 NA 242 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-14-207 3/19/2014 6.20 8.56 NA 355 0.00 0.01 13U NA NA 0.56 183 2.48 7.54 039 ] 23.1
(Dup)  SITE-A-14-208 3/19/2014 6.20 8.56 NA 355 0.00 0.01 1.3 U NA NA 0.58 189 2.43 7.40 043 ] 14.7
SITE-A-09-301 8/5/2009 6.69 5.62 NA 242 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-10-303 8/10/2010 7.27 4.8 NA 131 0.00 0.04 0.311] 0.60 U 1.0 U 0.078 J 174 2.61 13.20 0.65 40.4
SITE-A-11-305 8/2/2011 6.33 7.08 NA 320 0.00 0.01 0341 NA NA 0.671 121 2.68 5.57 1.09 50U
A-EW5 Extraction SITE-A-11-305b% | 9/22/2011 5.82 4.06 NA 158 0.00 0.01 NA NA NA NA NA NA NA NA NA
SITE-A-12-303 8/3/2012 6.34 7.27 NA 182 0.00 0.01 1.3 U NA NA 0.066 J 189 2.39 8.80 0.63 17.5
SITE-A-13-303 7/24/2013 6.90 4.64 NA 219 0.00 0.02 NA NA NA NA NA NA NA NA NA
SITE-A-14-209 3/19/2014 7.42 9.67 NA 255 0.00 0.00 1.3 U NA NA 0.085 199 2.62 9.23 0.33] 31.0
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Table B-2 (Continued)
Summary of Field Parameters and Natural Attenuation Parameters by Well
Field Parameters Natural Attenuation Parameters ¥
Dissolved Dissolved
Well Oxygen - Oxygen - Ferrous | Hydrogen Nitrate- Dissolved
Type/Aquifer Sample Meter Test Kit ORP Iron Sulfide Methane Ethane Ethene Nitrite Alkalinity | Chloride Sulfate DOC Manganese
Well ID Depth Interval Sample ID Date pH (mg/L) v (mg/L) 2 (mV) (mg/L) (mg/L) (ug/L) (ug/L) (ug/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (ug/L)
SITE-A-09-302 8/5/2009 7.21 3.79 NA 245 0.04 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-10-304 8/10/2010 7.71 3.4 NA 224 0.00 0.01 1.3 U 0.60 U 1.0 U 0.05 UJ 152 2.49 11.90 0.63 54.3
SITE-A-11-306 8/2/2011 6.38 9.01" NA 323 0.00 0.00 1.3 U NA NA 0.731 130 2.64 5.68 1.18 113
A-EW6 Extraction SITE-A-11-306b% | 9/22/2011 6.92 1.94 NA 96 0.00 0.01 NA NA NA NA NA NA NA NA NA
SITE-A-12-304 8/3/2012 6.78 0.50 0.895 175 0.00 0.00 1.3 U NA NA 0.050 UJ 149 2.05 9.78 032 ] 114
(Dup)  SITE-A-12-305 8/3/2012 6.78 0.50 0.895 175 0.00 0.00 1.3 U NA NA 0.0073 J 171 2.05 9.72 033 J 112
SITE-A-13-304 7/24/2013 6.98 4.24 NA 220 0.00 0.03 NA NA NA NA NA NA NA NA NA
SITE-A-14-210 4/17/2014 6.61 6.61 NA 201 0.17 0.00 1.3 U NA NA 0.071 UJ 132 1.84 11.6 0.73 1.40
SITE-A-09-303 8/4/2009 7.62 5.88 NA 290 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-10-305 8/11/2010 6.74 8.8Y NA 321 0.00 0.04 1.3 U 0.60 U 1.0 U 0.27 ] 156 2.29 7.47 0.97 5.0 UJ
SITE-A-11-307 8/2/2011 6.51 12.21Y NA 310 0.00 0.02 0.56 J NA NA 0.407 157 2.52 8.3 0.65 UJ 5.1 UJ
A-EW7 Extraction SITE-A-11-307b% | 9/22/2011 6.26 7.47 NA 172 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-12-306 8/1/2012 7.42 6.08 NA 175 0.00 0.01 1.3 U NA NA 0.069 J 148 1.60 7.95 0.27 ] 1.1J
SITE-A-13-305 8/27/2013 6.81 7.58 NA 302 0.00 0.01 NA NA NA NA NA NA NA NA NA
SITE-A-14-211 4/17/2014 6.66 7.40 NA 251 0.01 0.05 NA NA NA NA NA NA NA NA NA
SITE-A-09-304 8/4/2009 7.77 5.39 NA 261 0.00 0.01 NA NA NA NA NA NA NA NA NA
SITE-A-10-306 8/10/2010 7.61 3.7 NA 204 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-11-308 8/2/2011 6.44 7.21 NA 290 0.00 0.00 NA NA NA NA NA NA NA NA NA
A-EW8 Extraction SITE-A-11-308b% | 9/22/2011 6.33 6.96 NA 178 0.00 0.02 NA NA NA NA NA NA NA NA NA
SITE-A-12-307 8/1/2012 7.57 4.04 NA 172 0.00 0.02 NA NA NA NA NA NA NA NA NA
SITE-A-13-307 7/24/2013 7.19 4.22 NA 201 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-14-212 3/19/2014 7.89 5.00 NA 309 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-09-308 8/4/2009 7.68 4.77 NA 320 0.00 0.01 NA NA NA NA NA NA NA NA NA
A-MW33 Mon-Saturated
SITE-A-14-213 4/8/2014 7.40 7.82 NA 324 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-09-403 11/30/2009 5.97 7.61 NA 358 0.00 0.19 NA NA NA NA NA NA NA NA NA
A-MW48 Mon-Perched SITE-A-12-104 1/26/2012 6.65 7.31 NA 230 0 0.02 NA NA NA NA NA NA NA NA NA
SITE-A-13-205 4/9/2013 6.24 7.85 NA 388 0 0 NA NA NA NA NA NA NA NA NA
SITE-A-14-214 3/24/2014 5.67 8.29 NA 410 0.13 0.24 NA NA NA NA NA NA NA NA NA
SITE-A-09-317 8/3/2009 7.45 5.77 NA 299 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-10-307 8/9/2010 7.27 6.7 NA 242 0.00 0.00 NA NA NA NA NA NA NA NA NA
A-MW54 Mon-Saturated SITE-A-11-309 8/1/2011 7.11 6.63 NA 306 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-12-308 8/6/2012 7.20 3.74 NA 172 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-14-215 4/17/2014 7.55 4.83 NA 311 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-09-318 8/3/2009 8.04 3.62 NA 284 0.06 0.02 NA NA NA NA NA NA NA NA NA
SITE-A-10-308 8/9/2010 7.00 6.3 NA 213 0.02 0.02 NA NA NA NA NA NA NA NA NA
A-MWS55 Mon-Saturated SITE-A-11-310 8/1/2011 7.49 6.9 NA 298 0.00 0.07 NA NA NA NA NA NA NA NA NA
SITE-A-12-309 8/6/2012 7.45 3.27 NA 158 0.20 0.01 NA NA NA NA NA NA NA NA NA
SITE-A-14-216 4/17/2014 8.26 5.07 NA 273 0.00 0.00 NA NA NA NA NA NA NA NA NA
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Table B-2 (Continued)
Summary of Field Parameters and Natural Attenuation Parameters by Well

Field Parameters Natural Attenuation Parameters ¥
Dissolved Dissolved
Well Oxygen - Oxygen - Ferrous | Hydrogen Nitrate- Dissolved
Type/Aquifer Sample Meter Test Kit ORP Iron Sulfide Methane Ethane Ethene Nitrite Alkalinity | Chloride Sulfate DOC Manganese
Well ID | Depth Interval Sample ID Date pH (mg/L) Y (mg/L)? (mV) (mg/L) (mg/L) (Hg/L) (Hg/L) (Hg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (ug/L)
SITE-A-09-312 8/3/2009 7.63 4.46 NA 286 0.03 0.05 NA NA NA NA NA NA NA NA NA
SITE-A-10-309 8/9/2010 6.97 4.5 NA 126 0.00 0.00 1.3 U 0.60 U 1.0U 3.0 102 2.06 2.33 04017 500
(Dup) SITE-A-10-310 8/9/2010 6.97 4.5 NA 126 0.00 0.00 1.3 UJ 0.60 U 1.0U 2917 103 2.05 2.35 0471 500
SITE-A-10-400 10/27/2010 7.45 4.26 NA 329 0.00 0.00 NA NA NA NA NA NA NA NA NA
(Dup) SITE-A-10-401 10/27/2010 7.45 4.26 NA 329 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-11-104 1/19/2011 7.34 3.58 NA 218 0.00 0.01 NA NA NA NA NA NA NA NA NA
SITE-A-11-203 4/25/2011 7.39 3.52 NA 187 0.00 0.00 NA NA NA NA NA NA NA NA NA
(Dup) SITE-A-11-204 4/25/2011 7.39 3.52 NA 187 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-11-311 8/3/2011 7.00 7.42 NA 189 0.04 0.01 1.3 U0 NA NA 1.54 112 2.48 2.93 0.56 500
A-MW49 Mon-Saturated (Dup) SITE-A-11-312 8/3/2011 7.00 7.42 NA 189 0.04 0.01 1.3 U0 NA NA 1.54 122 2.45 2.94 04117 500
SITE-A-11-400 10/27/2011 7.13 7.07 NA 188 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-11-401 10/27/2011 7.13 7.07 NA 188 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-12-106 1/30/2012 7.10 6.57 NA 182 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-12-200 4/10/2012 7.02 7.22 NA 261 0.00 0.01 NA NA NA NA NA NA NA NA NA
SITE-A-12-310 8/1/2012 6.79 7.33 NA 168 0.00 0.02 1.3 U NA NA 093] 138 1.71 3.75 0.321] 500
SITE-A-12-400 10/29/2012 7.37 6.11 NA 153 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-13-100 1/29/2013 7.24 55 NA 141 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-13-308 7/24/2013 7.67 7.61 NA 180 0.00 0.01 NA NA NA NA NA NA NA NA NA
SITE-A-13-306 7/24/2013 7.67 7.61 NA 180 0.00 0.01 NA NA NA NA NA NA NA NA NA
SITE-A-14-217 4/8/2014 7.95 7.09 NA 301 0.00 0.00 1.3 U0 NA NA 0.85 141 2.05 4.38 0.46 ] 1.00 U
SITE-A-09-400 11/30/2009 8.07 1.72 NA 209 0.00 0.06 NA NA NA NA NA NA NA NA NA
SITE-A-10-311 8/10/2010 7.10 3.7 NA 272 0.00 0.00 1.3 U 0.60 U 1.0U 0.17 ] 118 1.44 14.40 0.507J 500
SITE-A-10-402 10/27/2010 7.50 191 NA 330 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-11-100 1/19/2011 6.92 3.92 NA 332 0.00 0.00 NA NA NA NA NA NA NA NA NA
(Dup) SITE-A-11-101 1/19/2011 6.92 3.92 NA 332 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-11-200 4/25/2011 7.19 3.09 NA 225 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-11-314 8/3/2011 7.41 4.54 NA 155 0.00 0.00 03217 NA NA 0.142 132 1.31 13.9 1.22 5.0 U]
SITE-A-11-403 10/27/2011 7.35 3.74 NA 132 0.00 0.00 NA NA NA NA NA NA NA NA NA
A-MW56 Mon-Saturated SITE-A-12-108 1/30/2012 6.95 3.33 NA 165 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-12-202 4/10/2012 7.40 4.68 NA 271 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-12-314 8/1/2012 7.65 0 1.1° 180 0.13 0.00 1.3 U NA NA 0.16 ] 132 1.41 15.0 0261 500
SITE-A-12-401 10/29/2012 7.41 1.6 NA 159 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-13-101 1/29/2013 7.15 2.37 NA 131 0.00 0.00 NA NA NA NA NA NA NA NA NA
(Dup) SITE-A-13-102 1/29/2013 7.15 2.37 NA 131 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-13-209 4/9/2013 7.78 2.85 NA 323 0.00 0.01 NA NA NA NA NA NA NA NA NA
SITE-A-13-310 7/24/2013 7.90 2.94 NA 191 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-14-221 4/8/2014 7.79 2.36 NA 309 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-12-107 1/27/2012 6.27 7.09 NA 252 0.00 0.00 NA NA NA NA NA NA NA NA NA
Uw 7/31/2012 6.50 5.72 NA 253 NA NA NA NA NA NA NA NA NA NA NA
A-MW22 Mon-Perched SITE-A-13-200 4/10/2013 5.98 5.79 NA 444 0.00 0.00 NA NA NA NA NA NA NA NA NA
(Dup) SITE-A-13-206 4/10/2013 5.98 5.79 NA 444 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-14-218 4/7/2014 543 8.13 NA 389 0.00 0.00 1.3 U NA NA 2.3 42 1.88 343 0.69 03017
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Table B-2 (Continued)
Summary of Field Parameters and Natural Attenuation Parameters by Well

Field Parameters Natural Attenuation Parameters ¥
Dissolved Dissolved
Well Oxygen - Oxygen - Ferrous | Hydrogen Nitrate- Dissolved
Type/Aquifer Sample Meter Test Kit ORP Iron Sulfide Methane Ethane Ethene Nitrite Alkalinity | Chloride | Sulfate DOC Manganese
Well ID | Depth Interval Sample ID Date pH (mg/L) Y (mg/L)? (mV) (mg/L) (mg/L) (Hg/L) (Hg/L) (Hg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (ug/L)
SITE-A-09-307 8/4/2009 8.24 0.81 0.59 250 0.07 0.01 NA NA NA NA NA NA NA NA NA
SITE-A-10-315 8/10/2010 8.00 0.98 1.010 239 0.00 0.00 13U 0.60 U 1.0U 0.066 J 98.3 3.78 14.90 0.71 9.2
SITE-A-11-313 8/3/2011 7.62 1.3 NA 98 0.00 0.00 13U NA NA 0.038 J 101 3.52 14.20 0.62 UJ 8.0 UJ
A-MW32 Mon-Saturated SITE-A-12-311 8/3/2012 7.69 0 1.17 173 0.00 0.01 1.3 U NA NA 0.069 J 100 3.09 13.6 0.70 6.9
SITE-A-13-309 7/24/2013 8.24 0.00 0.58 172 0.01 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-14-219 4/3/2014 8.47 0.46 1100 128 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-14-220 4/3/2014 8.47 0.46 1100 128 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-09-316 8/3/2009 8.13 3.68 NA 257 0.01 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-10-324 8/12/2010 7.76 0.78 986 -61 0.00 0.00 NA NA NA NA NA NA NA NA NA
A-MW53 Mon-Saturated
SITE-A-12-312 8/6/2012 7.96 0 0.944 -64 0.14 0.03 NA NA NA NA NA NA NA NA NA
SITE-A-14-227 4/7/2014 8.49 0.24 1.1 18 0.02 0.00 NA NA NA 0.05 UJ 98 2.94 10.7 0.57 6.0
SITE-A-09-313 8/3/2009 8.01 1.71 NA 266 0.00 0.00 NA NA NA NA NA NA NA NA NA
A-MWS50 Mon-Saturated SITE-A-12-313 8/1/2012 7.74 0 0.836 180 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-14-226 4/17/2014 7.17 2.47 NA 92 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-09-314 8/3/2009 7.78 1.38 NA 257 0.08 0.08 NA NA NA NA NA NA NA NA NA
SITE-A-10-312 8/9/2010 7.67 3.6 NA 240 0.04 0.05 NA NA NA NA NA NA NA NA NA
SITE-A-10-403 10/27/2010 7.63 7.48 NA 370 0.03 0.02 NA NA NA NA NA NA NA NA NA
SITE-A-11-102 1/19/2011 7.67 3.22 NA 216 0.00 0.02 NA NA NA NA NA NA NA NA NA
SITE-A-11-201 4/25/2011 7.40 2.88 NA 204 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-11-315 8/1/2011 7.41 4.87 NA 332 0.01 0.03 NA NA NA NA NA NA NA NA NA
Site-A-11-402 10/27/2011 7.17 4.61 NA 233 0.00 0.01 NA NA NA NA NA NA NA NA NA
A-MW51 Mon-Saturated SITE-A-12-109 1/26/2012 7.11 4.14 NA 182 0.00 0.01 NA NA NA NA NA NA NA NA NA
SITE-A-12-203 4/10/2012 7.67 2.49 NA 231 0.00 0.01 NA NA NA NA NA NA NA NA NA
SITE-A-12-315 7/31/2012 7.80 0 117 188 0.04 0.02 NA NA NA NA NA NA NA NA NA
SITE-A-12-402 10/29/2012 7.16 0.2 NA 200 0.00 0.00 NA NA NA NA NA NA NA NA NA
(Dup)  SITE-A-12-403 10/29/2012 7.16 0.2 NA 200 0.00 0 NA NA NA NA NA NA NA NA NA
SITE-A-13-103 1/29/2013 7.06 1.12 NA 130 0.00 0 NA NA NA NA NA NA NA NA NA
SITE-A-13-208 4/9/2013 7.69 0 NA 327 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-14-222 4/17/2014 8.14 3.11 NA 276 0.55 0.26 NA NA NA NA NA NA NA NA NA
SITE-A-09-401 11/30/2009 7.97 8.79 NA 217 0 0.01 NA NA NA NA NA NA NA NA NA
(Dup)  SITE-A-09-402 11/30/2009 7.97 8.79 NA 217 0 0.01 NA NA NA NA NA NA NA NA NA
SITE-A-10-313 8/9/2010 7.65 7.5 NA 245 0.84" 0.49" 1.3 U0 0.60 U 1.0U 0.30J 84 1.52 9.22 0.55 5.0 UJ
SITE-A-10-404 10/27/2010 7.12 7.63 NA 357 0.03 0.04 NA NA NA NA NA NA NA NA NA
SITE-A-11-103 1/19/2011 7.31 5.67 NA 227 0.00 0.01 NA NA NA NA NA NA NA NA NA
SITE-A-11-202 4/25/2011 7.15 5.87 NA 177 0.00 0.01 NA NA NA NA NA NA NA NA NA
SITE-A-11-316 8/1/2011 7.01 8.94% NA 363 0.00 0.00 1.3 U0 NA NA 1.87 85.3 1.46 4.93 0.69 50U
A-MW57 Mon-Saturated SITE-A-11-404 10/27/2011 7.09 8.31 NA 285 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-12-110 1/26/2012 6.87 7.51 NA 199 0.00 0.01 NA NA NA NA NA NA NA NA NA
SITE-A-12-204 | 4/11/2012 | 7.57 7.79 NA 260 0.22'% 0.15 ' NA NA NA NA NA NA NA NA NA
SITE-A-12-317 7/31/2012 7.33 9.12* NA 198 0.28 0.03 031 NA NA 0.011 BJ 103 1.23 7.33 0.13J 23]
SITE-A-12-404 10/29/2012 6.34 6.95 NA 185 0.07 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-13-104 1/29/2013 6.85 6.17 NA 130 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-13-210 4/9/2013 6.79 7.63 NA 374 0.00 0.00 NA NA NA NA NA NA NA NA NA
SITE-A-14-223 4/17/2014 8.19 7.79 NA 278 0.00 0.00 NA NA NA NA NA NA NA NA NA
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Table B-2 (Continued)
Summary of Field Parameters and Natural Attenuation Parameters by Well

Field Parameters Natural Attenuation Parameters ¥
Dissolved Dissolved
Well Oxygen - Oxygen - Ferrous | Hydrogen Nitrate- Dissolved
Type/Aquifer Sample Meter Test Kit ORP Iron Sulfide Methane Ethane Ethene Nitrite Alkalinity | Chloride Sulfate DOC Manganese
Well 1D Depth Interval Sample ID Date pH (mg/L) ¥ (mg/L) ? (mV) (mg/L) (mg/L) (ug/L) (ng/L) (ng/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (ng/L)
SITE-A-09-315 8/3/2009 7.22 0.62 1.1 262 0.06 