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Hg/g
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O&M
OB

oD
oucC
RAO
RI
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SARA
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USARAK
USEPA
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Alaska Department of Environmental Conservation
applicable or relevant and appropriate requirement

Biological Technical Assistance Group

Comprehensive Environmental Response, Compensation, and Liability Act

of 1980 (Superfund)
centimeter
U.S. Army Corps of Engineers

U.S. Army Cold Regions Research and Engineering Laboratory

Eagle River Flats

Federal Facility Agreement
feasibility study

geographical information system
gallons per minute

hectare

high explosive

meter

micrograms per gram

National Contingency Plan
National Priorities List
operations and maintenance
open burning

open detonation

Operable Unit C

remedial action objective
remedial investigation

Record of Decision

Superfund Amendments and Reauthorization Act
toxicity, mobility, and volume
U.S. Army, Alaska

U.S. Environmental Protection Agency
unexploded ordnance

white phosphorus

Vil
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Glossary of Terms

Baseline sampling

Breaching

Conceptual site model

Ditch

Ecological effects
characterization

Exposure

Exposure characterization

Exposure assessment

Gully recession

Hot pond

Hot spot

ANC/10040693.D0C

Sampling performed before implementation of an alternative

Using explosive charges to create a ditch that will connect a
pond to a nearby gully or creek, permitting the water to
drain from the pond

Description of a series of working hypotheses of how the
stressor might affect ecological components. The conceptual
site model also describes the ecosystem potentially at risk,
the relationship between measurement and assessment
endpoints, and exposure scenarios.

A waterway created by blasting with explosives

A portion of the analysis phase of an ecological risk
assessment that evaluates the ability of a stressor to cause
adverse effects under a particular set of circumstances

Co-occurrence or contact between a stressor and an
ecological component

A portion of the analysis phase of ecological risk assessment
that evaluates the interaction of the stressor with one or more
ecological components. Exposure can be expressed as
co-occurrence or contact depending on the stressor and
ecological component involved.

A quantification of the magnitude and type of actual and/or
potential exposures of ecological receptors to site
contaminants

The movement of a gully away from the river, toward the
pond, as erosion and current scour remove material from the
gully. As the gully recedes, it can eventually break through
to an adjacent pond, allowing the water to drain from the
pond.

A pond that is a hot zone

A small portion of a hot pond
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Glossary of Terms

Hot zone

Hydraulic permeability
Ice plucking

Intermittent pond

Measurement endpoint

Natural attenuation

Natural restoration

Net sedimentation

Oxidation

Permanent pond
Pond elevation

Receptor

A zone of Eagle River Flats that is believed to have a
relatively high environmental risk, as determined from a
combination of duck mortality, white phosphorus
concentrations or quantity, duck usage, and crater density

The degree by which water is able to percolate through the
soil between ponds

The movement of sediment, soil, and other material that is
lifted and carried on the bottom of the ice during the winter

Usually a mud flat area that floods during spring tides and
then dries by evaporation during occasional summer periods
without flooding tides, low precipitation, and hot dry
weather

A measurable ecological characteristic that is related to the
valued characteristic chosen as the assessment endpoint. A
measurement endpoint often is expressed as the statistical or
arithmetic summary of the observation that comprises the
measurement.

This term was used in previous documents and technical
reports to refer specifically to the sublimation/oxidation
process.

A method of reducing the risk of white phosphorus exposure
to dabbling ducks and swans through natural processes,
most often from sublimation/oxidation, sedimentation, or
gully recession.

The sedimentation that remains after sediment has been
deposited and resuspended. This differs from gross
sedimentation, which measures only deposition.

For ERF, the transformation (complete or incomplete
combustion) of white phosphorus gas to phosphates and
phosphate salts.

Brackish to freshwater ponds that do not usually dry out
between flooding tides.

The elevation of the bottom of the pond, typically expressed
in feet above mean sea level.

An individual organism, population, or community that can
be exposed to a contaminant

ANC/10040693.00C
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Glossary of Terms

Recharge The flow of water into a pond or pond group from
groundwater, surface creeks, or springs

Reference mortality For ERF, the duck mortality rate if the ducks are not affected
by white phosphorus

Remediation For ERF, any of several methods to block or remove the
exposure of receptors to white phosphorus

Restoration The act of restoring damaged habitat

Risk characterization In ecological assessment, a process of applying professional

judgment to determine whether adverse effects are occurring
or will occur as a result of contamination associated with a

site

Sediment elevation The solid surface level in the ponds, which is determined by
a survey of pond elevations

Sublimation/oxidation For ERF, the conversion of solid white phosphorus to a gas
that will dissipate

Threshold elevation The point along the perimeter of a pond that would flood
first

Toxicity testing Toxicity tests evaluate the effects of contaminated media on

the survival, growth, reproduction, and/or metabolism of
test organisms

Verification sampling White phosphorus (WP) sampling performed at the end of a
field season after treatment is conducted to verify the success
of treatment

ANC/10040693.00C Xt
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Executive Summary

Previous sampling results
and detailed observation of
various populations within
ERF have identified WP as
the primary contaminant
and waterfowl as the

primary receptors.

This report presents the results of the Feasibility Study (FS) for
Operable Unit C (OUQ) on Fort Richardson, Alaska. Operable Unit C
represents the Eagle River Flats (ERF) and the former open
detonation/open burning (OB/OD) Pad area at Fort Richardson. The
U.5. Army Corps of Engineers (COE), Alaska District, on behalf of the
U.S. Army, Alaska (USARAK), contracted with CH2M HILL to
prepare the FS under Delivery Order 1, Modification 5, of Contract
Number DAC85-95-D-0015.

Site Description and Contamination

Eagle River Flats

Eagle River Flats is an 876-hectare estuarine salt marsh at the mouth of
Eagle River. Approximately 25 targets placed in ERF have been used
for artillery training since 1949, creating thousands of craters in the
wetlands and associated mud flats and leaving an estimated 100,000
unexploded mortar and artillery shells buried in the shallow
subsurface. Although ERF is an active impact area, it remains a
productive wetland that serves as an important staging ground for
migrating waterfowl during the spring and fall migrations. ERF also
supports local populations of fish, birds, mammals, and
macroinvertebrates. A series of ponds distributed throughout ERF
provide excellent habitat for dabbling waterfowl.

Since the initial reports of elevated waterfowl mortality in the early
1980s, a multidisciplinary investigation has been conducted to identify
the cause of the mortality (shown in 1990 to be white phosphorus
[WP]) (Racine et al., 1992), the extent of the WP contamination, and the
potential effects of WP and other munitions on the biota in ERF. WP
was released into ERF by ordnance used to create smoke for marking.
WP that does not fully oxidize can remain as particles in the sediment.
Ingestion of WP particles by feeding waterfowl has created high levels
of mortality. Birds have been observed to die within minutes to hours
of ingesting WP in a number of ponds in ERF.

The results of the investigations to characterize the nature and extent
contamination and the baseline risk assessment for the site were
presented in the OUC remedial investigation (RI) report (CH2M HILL,
1997).

ANC10040688.00C DRAFTFINAL ES-1
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EXECUTIVE SUMMARY

The RI report was based
largely on data collected
before the CERCLA process
was implemented at QUC.

Predation and human
exposure to WP by
consumption are not high-

level concerns at present.

The findings documented in the Rl report are based primarily on data
collected before implementing the Comprehensive Environmental {
Response, Compensation, and Liability Act (CERCLA) process at

OUC. Compilation and review of all the data have led to the following
conclusions:

WP is the primary cause of waterfowl mortality.

2. WP was deposited in the sediment primarily during range firing
activities.

3. Craters in ERF potentially indicate the level of range firing activity.
4. WP particles are not homogeneous throughout ERF.

5. The detection frequencies and concentrations for WP in sediment
are highest in Area C, Bread Truck, and Racine Island.

6. WP particles can break down (sublimate/oxidize) when exposed
to air, but are long lasting in water-saturated sediment.

7. Waterfowl are exposed to WP from the sediment of ponds and
sedge marshes while they are feeding.

8. Dabbling ducks and swans are the primary receptors of WP.

9. Predation and human exposure to WP by consumption are not
high-level concerns at present.

10. Permanent ponds, with associated sedge marsh, having confirmed
presence of WP and/or moderate to high crater density and
observed moderate to high dabbling duck and/or swan use are the
most significant exposure areas (called hot ponds).

11. The movement of WP through Eagle River to Knik Arm appears to
be minimal.

Open Burning/Open Detonation Pad

Open Burning /Open Detonation (OB/OD) Pad is about 3.2 hectares
(about 8 acres) in size and consists of a gravel pad placed as fill at the
edge of ERF. Open buming and open detonations of explosive
materials historically have occurred on this pad.

The following are major findings of the RI (CH2M HILL, 1997) for
OB/OD Pad:

1. The groundwater is at a depth of 6 to 11 meters (m) below the
surface, the gradient is shallow, and groundwater moves toward
the southwest, toward ERF.

ES-2 DRAFT FINAL ANC/10040688.00C
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The site investigation detected only a limited number of organic
chemicals and metals in the soil and groundwater.

3. OB/OD Pad will meet clean closure requirements.

4. The ecological and human health risk assessments found very low
risks associated with exposures to these chemicals at the measured
concentrations.

Because OB/OD Pad meets clean closure guidance from Title 40 of the
Code of Federal Regulations, Part 264, and no significant environmental
or human health risks were determined, remediation of OB/OD Pad is
not included in the FS.

FS Process

The OUC FS is intended to provide the USARAK, U.S. Environmental
Protection Agency, and Alaska Department of Environmental
Conservation (the Agencies) and the public with an assessment of the
remedial alternatives, including their relative strengths and
weaknesses. The overall goal is to provide sufficient information to the
decisionmakers so that they can select a proposed alternative to be
applied to OUC. The decisions will be used to develop a proposed
plan and a Record of Decision (ROD) to achieve remediation at QUC.
There were five steps used to prepare this FS:

I. Develop remedial action objectives (RAOs). The overall remedial
objective is the protection of the environment and human health.

2. Develop pond groups. Twenty-two ponds at ERF were identified
for remediation. They were divided into six pond groups on the
basis of physical site characteristics and expectation of similar
response to remediation. This pond grouping forms the
geographical basis for making decisions.

3. Develop remedial alternatives. Five remedial alternatives were
developed.

4. Evaluate each remedial alternative against nine criteria as
required by the National Contingency Plan (NCP).

5. Compare alternatives for each pond group. This step involved
evaluating how each alternative would perform under the NCP
criteria at each pond group. Because of differing physical
characteristics, each pond group is expected to perform differently
under each alternative. Thus, a different alternative may be
ultimately selected for each pond group.

ANC10040688.00C DRAFT FINAL ES-3
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EXECUTIVE SUMMARY

Remedial action objectives
for ERF focus on duck
mortality, hot zones, and the

WP exposure pathway.

Remedial Action Objectives

As introduced in the OUC Rl report (CH2M HILL, 1997), the overall
remedial objectives at ERF are the protection of the environment and
human health. There are three specific RAOs:

1. Reduce dabbling duck mortality. This RAO addresses the single
most important issue associated with WP contamination. Because
dabbling ducks have been the most affected, their mortality will be
assessed specifically in support of the achievement of this goal.
Mallards have been chosen as the indicator species. The specific
objective in 5 years is to reduce the mallard mortality rate by 50
percent compared to the value in 1996. The objective in 20 years is
to reduce that mortality rate to no more than 1 percent above the
reference value.

2. Reduce hot zones. This RAO supplements the RAQ for duck
mortality. The number of hectares characterized as “hot” will be
used to measure achievement of this objective. In general, a hot
zone will be determined by a combination of duck mortality, WP
concentrations or quantity, duck usage, and crater density. The
specific objective is to reduce hot zones by 50 percent in 5 years
and by 99 percent in 20 years compared to the number of hectares
in January 1996.

3. Reduce WP exposure pathways. This RAO will be used as the
basis for measuring the success of remedial actions. It is
technology specific and designed to provide near-term feedback
on the success of a specific remedial action performed at a specific
area. The specific objective is no bioavailable WP for ducks and
swans.

Develop Pond Grouping

The 22 hot ponds identified in the Rl have been divided into six
groups. This was done to aid in the evaluation of alternatives for the
F5 and to allow for the selection of different remedies at different .
pond groups based on the different characteristics of each group.
These pond groups are as follows:

» Northemn A (7 ponds)

» Pond 290 (1 pond)

* Pond 183 (1 pond)

* Pond 146 (1 pond)

* Northern C and C/D Ponds (8 ponds)
» Ponds 109, 285, 293, and 297 (4 ponds)

The first five groups were made based on nearby types of vegetation,
topography, knowledge of the extent of contamination, and

ES-4 DRAFT FINAL ANG/10040688.00C
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hydrologic interconnections. The ponds in each group have similar
physical characteristics and are expected to respond similarly to
remedial actions. These five pond groups are separately evaluated in
this FS.

Eighteen of the 22 hot ponds ~ 1he sixth group of ponds either have had treatment or will have
treatment in 1997. Hence, these ponds will not be evaluated in this FS.

have been divided into They are included in the overall monitoring program for ERF.

5 pond groups for F§

analysis. The other group of DEVEiUp[“Eﬂt of Remedial Alternatives
4 hot ponds has already

There were three steps in the development of remedial alternatives for
received treatment or will this FS:

receive treatment in 1997 1. Identify potential remedial technologies
2. Screen technologies

and is not included in L .
3. Assemble technologies into alternatives

this FS. Technologies were identified that may be effective in reducing the
impacts of the WP exposure at ERF. This may occur by reducing the
concentration of WP in the sediment or by reducing the exposure of
the receptors to WP. Fifteen potential technologies were identified
based on previous treatability studies at ERF. These technologies
represented the range of technologies that were considered to be
potentially feasible after many previous years of study and testing at
ERF.

On the basis of information available from the treatability studies and
vendors, the technologies were screened on the criteria of
effectiveness, implementability, and cost. This screening resulted in
10 technologies being screened out and the following 6 retained:

» AquaBlok™

¢ Detailed monitoring of natural processes
» Noaction

» Pond draining by breaching

» Pond draining by pumping

e Hazing

r

The technologies that passed through screening were assembled into
five alternatives, which were assembled to meet several objectives.
First, the no action alternative was included as required by the NCP.
Second, technologies were combined into action alternatives in such a
way that the alternatives would be complete; that is, each alternative
would address the range of exposure pathways identified for WP.

The five assembled alternatives are as follows:

* Alternative 1, No Action. No remedial action or monitoring is
performed.

ANC10040688.00¢ DRAFT FINAL ES-5



OUC 0029980

EXECUTIVE SUMMARY

s Altemative 2, Detailed Monitoring. No remedial action is .
performed, but detailed monitoring is conducted to observe ‘\
whether natural processes that assist RAO success are occurring at ‘
the flats. Hazing is performed as a temporary interim measure.

¢ Alternative 3, Pumping and AquaBlok™. Pumps are used to
drain the pond groups so that the drying sediment can allow the
existing WP to sublimate/oxidize and therefore decrease
concentrations. After 5 years of pond draining, AquaBlok™ is then
spread over any remaining contaminated areas. Detailed
monitoring is included in this alternative. Hazing is also
conducted as a temporary interim measure.

¢ Alternative 4, Breaching, Pumping, and AquaBlok™. Ditches are
first created to drain the ponds via existing gullies or Eagle River.
Pumps are also installed to drain areas of pond groups that do not
drain via the man-made ditch. The pond draining allows the
sediment to dry so that the existing WP can sublimate/oxidize.
After a few years of pond draining, AquaBlok™ is then spread
over any remaining contaminated areas. Detailed monitoring is
included in this alternative. Hazing is also performed as a
temporary interim measure.

» Alternative 5, AquaBlok™. AquaBlok™ is applied over the
surface area of the pond groups. Detailed monitoring is included
in this alternative. Hazing is also performed as a temporary
interim measure.

A review will be conducted after 5 years of remedy implementation
and monitoring to determine whether RAOs are being met.

Environmental Impacts

ERF supports a diverse community of waterfowl and shorebirds.
Observations have shown that the ducks prefer specific types of
habitat: sedge marsh, permanent ponds, and intermittent ponds. This
preference for habitat type has been considered in this FS.

Remedial Alternatives 3 and 4 involve draining the selected pond or
pond group. These treatments are expected to modify ERF habitat to
varying degrees. Pond draining by pumping (Alternative 3) is
expected to lead to only temporary changes in the habitat, whereas
pond drainage by breaching (Alternative 4) is expected to resultin a
more permanent change in habitat. High residual risk is expected to
remain as a result of AquaBlok™ application under Alternative 5.

A breached pond will fill and drain with lower high tides than a pond

drained by pumping. Changes in plant species composition would be

most dramatic under Alternative 4 and will modify the habitat quality

for selected bird species. In addition, it is unlikely that breached ponds -

ES-6 DRAFT FINAL ANC/10040688.00C



OUC 0029981

can be restored. The erosion patterns that would be created over time
reduce the feasibility of reversing the process and restoring the ponds
(as permanent or intermittent ponds) once remediation of the ponds is
completed.

Monitoring Strategy

Because of the nature of the RAOs, the contamination at ERF, and the
remedial alternatives, detailed monitoring will be necessary to
determine if and when the RAQOs will be met. The first RAQ, reducing
dabbling duck mortality, is not specific to an area of ERF or to the
application of a specific remedial alternative. It must be achieved on
the basis of information about ERF as a whole because the ducks have
been observed to fly all over the flats, and WP has been detected in
many areas. The following monitoring will be performed annually to
improve understanding of the baseline condition and to determine
progress toward achieving RAO number 1 for Alternatives 2

through 5:

* Telemetry. As discussed in the Rl report, birds are captured, small
radio transmitters are attached to them, and then they are released .
in the area in which they were captured. In this study,
approximately 100 to 150 mallards will be tracked during the
2-month fall migration period.

* Aerial bird population surveys. Annual population surveys will
provide knowledge of trends in the use of ERF, which can help in
understanding specific or unusual results from the telemetry
studies.

» Aerial photography. Aerial photography provides confirmation
information about bird populations at specific ponds when it is
coordinated with the aerial bird surveys.

The hot zone RAO is The evaluation for RAO number 2, reduction of hot zones, is
maintained by updating a yearly inventory of treated hot ponds that
have successfully reduced WP exposure pathways in implementing
maintaining an inventory of  Alternatives 2 through 5. Monitoring for reduction in WP exposure
pathways (the third RAO) will be achieved by sampling for WP and

conditions that foster containment or sublimation/oxidation of WP in
identified, treated, and sediments.

evaluated annually by
hot zones that have been

verified for remedinl action

completion. Detailed AnalySiS

The NCP requires that each alternative be analyzed on the basis of
nine decisionmaking criteria:

1. Overall protection of human health and the environment.
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2. Compliance with applicable or relevant and appropriate -
requirements (ARARs) {

3. Long-term effectiveness and permanence

4. Reduction of toxicity, mobility, or volume through the use of
treatment

5. Short-term effectiveness
6. Implementability

7. Cost

8. State acceptance

9. Community acceptance

The first seven criteria are used in the detailed analysis of the remedial
alternatives in this FS. The last two will be evaluated following receipt
of comments on this FS and the proposed plan from the public and
government agencies. The last two criteria will be addressed in the
ROD.

The detailed analysis was conducted for each pond group
individually. This will allow for a determination of the applicability of
each of the five alternatives to each pond group. Because of the
differences among the pond groups, different alternatives may be
better suited for different pond groups. This approach will provide the
necessary information to the public and the RPMs to allow different
remedies to be selected in different areas of ERF.

Comparison of Alternatives

A comparative analysis of the alternatives was conducted for each
pond group using the seven criteria that were used in the detailed
analysis. For each pond group, the differences in the ability of each
alternative to meet each criterion are presented. In addition, for each
pond group, the alternatives are ranked in terms of their ability to -
meet each criterion. ’

The preferred alternatives for each pond group will be presented in
the final Proposed Plan. The Draft Proposed Plan will be available for
public review and comment before the final selection of remedial
alternatives. :
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SECTION 1

Introduction

In June 1994, the U.S. Environmental Protection Agency (USEPA)
listed Fort Richardson, Alaska, on the National Priorities List (NPL).
This listing designated the post as a federal Superfund site subject to
the remedial response requirements of the Comprehensive

This report on the OUC FS Environmental Response, Compensation, and Liability Act (CERCLA),
as amended by the Superfund Amendments and Reauthorization Act
(S5ARA) of 1986.

has been prepared to satisfy
CERCLA requirements.

Following inclusion of Fort Richardson on the NPL, the U.S. Army
Alaska (USARAK), USEPA, and the Alaska Department of
Environmental Conservation (ADEC) negotiated the Federal Facility
Agreement (FFA) for Fort Richardson. All three parties signed the FFA
on December 5, 1994. Under the terms of the FFA, all remedial
response activities will be conducted to protect public health and
welfare and the environment in accordance with CERCLA, the
National Contingency Plan (NCP), the Resource Conservation and
Recovery Act, and applicable state law.

This report presents the results of the feasibility study (FS) of Operable
Unit C (OUC) on Fort Richardson. Specifically, on the basis of the
results of the remedial investigation (RI) conducted at Eagle River

Flats (ERF) and the open burning/open detonation (OB/OD) Pad
portions of QUC, this FS addresses only the ERF portion of QUC. The
U.S. Army Corps of Engineers (COE), Alaska District, on behalf of the
USARAK, contracted with CH2M HILL to prepare the FS report under
Delivery Order 1, Modification 5, of Contract Number DACAS85-95-D- -
The primary objective of the  0015. The OUC RI report (CH2M HILL, 1997) summarized the data on
fe(lSlblllty Stlldy is to which this FS report is based.

compare remedial

alternatives at ERF areas so 1'1 Purpose and ObjECtives Of the FGﬂSlblIlty

that the RPMs can select a StUdy

preferred alternative. The OUC FS is intended to provide the USARAK, USEPA, and ADEC
(the Agencies) and the public with an assessment of the remedial
alternatives, including their relative strengths and weaknesses. The
overall goal of this FS is to provide sufficient information to the
Agencies so that they are able to decide which remedial alternative
should be applied at specific areas of OUC. The decisions will be used
to develop a Proposed Plan and Record of Decision (ROD) to achieve
site remediation at OUC.
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The detailed analysis of
effects is based on the nine

criteria in the NCP.

The following are specific objectives of the OUC FS:

* Identify remedial action objectives (RAOs), which provide the
basis for knowing when remediation is complete.

» Identify parts of ERF that require remediation because of their
effect on affected species.

* Develop and screen remedial technologies to determine which
might be appropriate for use at the site.

» Develop remedial alternatives, which are combinations of
remedial technologies.

» Prepare detailed analyses of the effects of the remedial alternatives
on the parts of ERF to be remediated.

¢ Document the results of this assessment in a format suitable for
public review and comment.

This FS addresses the impacts of white phosphorus (WP)
contamination on waterfowl mortality rates. Because ERF is still an
active impact area, this FS does not address impacts of unexploded
ordnance (UXQO) on human health and the environment. Ordnance
with WP are no longer used at ERF.

The OUC FS is part of the Fort Richardson Administrative Record and
will be included in the Fort Richardson Community Relations Plan.

1.2 FS Process

There were five steps in the process that was used to prepare this FS:

1. Develop remedial action objectives. The overall remedial
objective is the protection of the environment and human health.
The three specific RAOs address dabbling duck mortality, hot
zones, and WP exposure pathway. RAOs are discussed in
Section 1.3.

2. Develop pond groups. The pond group forms the geographical
basis for making decisions. Pond groups were formed on the basis
that remedial alternatives would perform similarly on all ponds
within the group, and so a preferred alternative is assumed to be
implemented equally on all members of the group. Development
of pond groups is discussed further in Section 2.3.

3. Develop remedial alternatives. Potential remedial technologies
were identified and then screened based on effectiveness,
implementability, and cost. The technologies that remained were
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then assembled into alternatives. Five remedial alternatives were
developed:

+ Alternative 1, No Action

* Alternative 2, Detailed Monitoring

» Altemnative 3, Pumping and AquaBlok™

* Alternative 4, Breaching, Pumping, and AquaBlok™
* Alternative 5, AquaBlok™

Each alternative is presented in Section 3 and discussed in detail in
Appendix C. Each alternative also has a monitoring program
appropriate for examining the achievement of the RAQOs.

4. Evaluate remedial alternatives. The NCP requires that each
remedial alternative be evaluated against the following nine
decisionmaking criteria:

¢ Overall protection of human health and the environment.
Evaluates how well a remedial alternative provides and
maintains adequate protection of human health and the
environment.

* Compliance with applicable or relevant and appropriate
requirements (ARARs). Used to determine whether an
alternative would attain federal and state ARARs, or a waiver
to specific ARARs is adequately justified. Applicable
requirements are those cleanup standards, criteria, or
limitations promulgated under federal or state law that
specifically address the situation at a CERCLA site. Relevant
and appropriate requirements are those cleanup standards,
standards of control, and other substantive requirements
promulgated under federal or state law that, while not
applicable, address problems or situations sufficiently similar
to the circumstances of the proposed remedial action and are
well suited to the conditions of the site.

*» Long-term effectiveness and permanence. Evaluates the
ability of the remedy to protect the environment and human
health in the long term as well as the short term.

* Reduction of toxicity, mobility, or volume through the use of
treatment. Assesses the ability of the alterative to reduce
toxicity, mobility, and/or volume of hazardous materials.

¢ Short-term effectiveness. Evaluates the effects of the remedial
alternative on the protection of the environment and human
health during the construction and implementation phase of an
alternative.

* Implementability. Evaluates the technical feasibility (that is,
difficulties and uncertainties in the construction and operation

ANC/1004067A.00C 1-3
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INTRODUCTION

The overall remedial
objective at ERF is the
protection of the
environment and human

health.

of the alternative) and administrative feasibility (that is, ability
to coordinate the required actions of government agencies) of
implementing the alternative, and the availability of required
services and materials.

» Cost. Evaluates total cost, including engineering, construction,
and operations and maintenance costs incurred over the life of
the project.

* State acceptance. Concurrence by the state on the preferred
alternative.

* Community acceptance. Agreement by the local community
that the alternative is acceptable.

The first two criteria are called “threshold criteria,” and they must
be met for a remedial alternative to be selected. The other five are
called “balancing criteria,” and they weigh the tradeoffs between
alternatives. A low rating on one balancing criterion can be
compensated for by a high rating on another criterion. These first
seven criteria are used in the detailed analysis of the remedjial
alternatives in this FS. The last two, state and community
acceptance, will be evaluated following receipt of comments on
this FS and the Proposed Plan from the public and government
agencies. The last two criteria will be addressed in the ROD.

These criteria are assessed for each remedial alternative by pond
group. This detailed analysis forms the basis for the next step. It
involves considering each criterion for each pond group. The
detailed analysis of alternatives is presented in Section 6.

Compare alternatives for each pond group. This step involved
examining each criterion for each pond group and determining
what the key differences area. The details of this comparison are
summarized in Section 7 and Appendix F.

1.3 Remedial Action Objectives

As mtroduced in the OUC RI report (CH2M HILL, 1997), the overall
remedial objective at ERF is the protection of the environment and
human health. There are three specific RAOs:

1.

14

Reduce dabbling duck mortality. This RAO addresses the single
most important issue associated with WP contamination.
Although several effects of WP exposure have been measured at
ERF or in the laboratory (see the OQUC RI [CH2M HILL, 1997]), a
number of the effects are not diagnostic of WP toxicity because
other agents can cause similar conditions. Measurement of these
effects is therefore not likely to provide a good indication of the
level of remediation achieved. Dabbling duck mortality is
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diagnostic for WP exposure and effects, as long as the background
mortality rate is low and confirming evidence of WP in the
affected ducks is obtained. Because of their observed numbers at
ERF and their sensitivity, mallards have been chosen as the
indicator species for measuring the achievement of this RAQ.
Monitoring for mallards is considered protective of other
waterfowl species, such as swans. It is anticipated that the
mortality rate of other dabbling ducks will decline with the
mallard mortality rate.

The specific objective in 5 years is to reduce the mallard mortality
by 50 percent compared to the mortality rate observed in 1996. The
objective in 20 years is to reduce that mortality rate to no more
than 1 percent above the reference value. It is expected that
reducing duck mortality to these levels will lead to insignificant
impacts to their predators from WP exposure. Because of natural
variability in the duck mortality rate and the low levels of the
objectives, it will likely take several years of data to determine
whether this RAO has been achieved. If a decrease in mortality is
not observed after several years, this RAO will be reevaluated.

2. Reduce hot zones. This RAO supplements the RAQ for duck
mortality. The number of hectares characterized as “hot” (areas
believed to have relatively high environmental risk) will be used
to measure achievement of this objective. In general, a hot zone
will be determined by a combination of duck mortality, WP
concentrations or quantity, duck usage, and crater density. The
method for determining the hot zones at ERF was discussed in the
ERF RI (CH2M HILL, 1997). The specific objective is to reduce hot
zones by 50 percent in 5 years and by 99 percent in 20 years while
measuring impacts to habitat. The comparison base is the status of
the 22 hot ponds identified in the ERF RI (CH2M HILL, 1997) as of
January 1996.

3. Reduce WP exposure pathway. This RAO will be used as a basis
for measuring the success of remedial actions. It is technology
specific and designed to provide near-term feedback on the
success of a specific remedial action performed at a specific area.
The specific goal is no bioavailable WP for ducks and swans.

The achievement of each RAQO is assessed independently because the
specific objectives are not necessarily correlated. For example, it is
unknown whether a certain percentage of decline in the area of the hot
zones will result in a corresponding decrease in the dabbling duck
mortality. RAO number 1 is of primary importance because its
achievement provides the desired long-term protection of the
environment and it also covers the entire ERF. If the dabbling duck
mortality is reduced to 1 percent above the reference value (which is
the 20-year objective in RAO number 1), and at least 50 percent of the
currently identified hot zones have been treated (which is the
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minimum level of the 5-year objective in RAO number 2), remediation
may be terminated after 3 to 5 years of verification monitoring,. It is {
then unnecessary to meet the remaining objectives of RAOs numbers 2 l
and 3. It is possible that RAO numbers 2 and 3 will be achieved even if

RAQ number 1 has not been met. This possibility identifies the

potential need to reconsider areas defined as hot ponds, because site
remediation must continue until RAQ number 1 is met, either in its

current form or with a new definition. These RAQOs are used in the

evaluation of the remedial alternatives for the pond groups. The
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een developed to
measure the achievement of these RAQOs.

1.4 Organization of Report

This FS report is organized as follows:

Remedial action objectives

for ERF focus on duck Section 1, Introducfion. This sec?iop provides background on several
_ issues associated with the remediation of OUC: purpose and
mortality, hot zones, and the objectives of the FS, the FS process, and RAOs.

WP exposure pathway. Section 2, Physical Setting. This section provides a summary of the RI

report and a description of how ERF was evaluated in the FS.

Section 3, Development of Remedial Alternatives. This section
discusses how the remedial alternatives analyzed in this FS were
chosen, including identification of remedial technologies; screening
the technologies on the basis of effectiveness, implementability, and
cost; and grouping technologies into remedial alternatives.

Section 4, Performance of Remedial Alternatives. This section
describes the physical features of pond groups that affect how each
assembled alternative will perform.

Section 5, Monitoring Strategy. This section describes how the
achievement of the RAOs will be monitored during the
implementation of remedial alternatives.

Section 6, Detailed Analysis. This section discusses the impacts of
remedial alternatives on ERF.

Section 7, Comparison of Alternatives. This section compares the
impacts of remedial alternatives in different zones.

Section 8, Works Cited.

The appendices contain supporting data:

» Appendix A, Assessment of the Physical Processes
* Appendix B, Technology Screening

* Appendix C, Assembly and Implementation of Alternatives
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» Appendix D, Applicable or Relevant and Appropriate
Requirements

e Appendix E, Cost Estimate
» Appendix F, Detailed Analysis of Alternatives
» Appendix G, Monitoring Strategy and Implementation

e Appendix H, Responses to Comments

ANC/1004067A.00C 1-7



OuUC 0029980

SECTION 2

Physical Setting

OUC is composed of Eagle
River Flats and OB/OD
Pad.

Previous sampling results
and detailed observations of
various populations within
ERF have identified WP as
the primary contaminant
and waterfowl as the

primary receptors.

A roughly triangular lowland, the Anchorage area is located between
Turnagain Arm and Knik Arm, at the head of Cook Inlet. Fort
Richardson and OUC are located in the northern third of the
Anchorage lowland (Figure 1). OUC is composed of two parts: ERF,
which is the largest part, and an adjacent gravel pad that was used for
the open burning and open detonation of unwanted ordnance
(OB/OD Pad), which is on the eastern edge of ERF (Figure 2). For
remedial investigation purposes, ERF has been subdivided into nine
areas: A, B, C, C/D, D, Racine Island, Bread Truck, Coastal East, and
Coastal West.

2.1 Summary of Rl Report: Eagle River Flats

ERF is an 876-hectare (ha) (2,160-acre) estuarine salt marsh at the
mouth of Eagle River (Figure 2). Approximately 25 targets placed in
ERF have been used for artillery training since 1949. The artillery
shells created thousands of craters in the wetlands and associated
mud flats, and left an estimated 10,000 unexploded mortar and
artillery shells buried in the shallow subsurface. Although ERF is an
active impact area, it remains a productive wetland, serving as an
important staging ground for migrating waterfowl during the spring
and fall migrations. ERF supports local populations of fish, birds,
mammals, and macroinvertebrates. A series of ponds distributed
throughout ERF provide excellent habitat for dabbling waterfowl.

Since the initial reports of elevated waterfowl mortality in the early
1980s, a multidisciplinary investigation has been conducted to identify
the cause of the mortality (shown in 1990 to be WP), the extent of the
WP contamination, and the potential effects of WP and other
munitions on the biota in ERF. WP was released into ERF by ordnance
used to create smoke for marking targets. WP that did not fully
oxidize can remain as particles in the sediment. Ingestion of WP
particles by feeding waterfowl has created high levels of mortality.
Birds have been observed to die within minutes to hours of ingesting
WP in a number of ponds in ERF.

Sampling results have focused primarily on a relatively small number
of areas in ERF where the greatest levels of mortality were observed.
The results of this sampling have demonstrated that elevated levels of
WP exist in most ponds where the highest mortality levels occur;
however, sampling efforts in several ponds where high mortality has
been observed have not demonstrated that WP exists extensively in
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PHYSICAL SETTING

It is believed that reducing
waterfowl mortality will also
reduce effects in secondary

receptors.

The RI report was based
largely on data collected
before the CERCLA process
was implemented at QUC.

the sediment. This finding suggests that some birds may fly away

from the point of exposure before succumbing. The potential for birds (
to move following exposure, coupled with limitations on sampling -
efforts because of the hazard posed to site workers by UXO, has

complicated identification of the horizontal and vertical extent of WP
contamination.

Previous sampling results and detailed observations of wildlife
populations within ERF have identified waterfowl as the primary
receptors of WP contamination. Although low levels of WP have been
found in plants, macroinvertebrates, and fish, existing data do not
show that these populations have been significantly affected by the
presence of WP in ERF. There is some evidence indicating that
scavengers that feed on waterfowl carcasses in ERF, particularly bald
eagles, may have been affected by WP. It is believed, however, that
reducing the mortality effect in dabbling waterfowl to acceptable
levels also will reduce effects in the predators and scavengers that
have been identified as secondary receptors (that is, those that eat the
primary receptors, the dabbling ducks) because of the reduction in
their exposure concentrations.

Observations of carcass locations, areas preferred by waterfowl, and
crater densities were used by researchers to define areas most likely to
contain WP. The sediments in these areas were extensively sampled
for WP with the use of radial transects and close sampling in open
ponds. The distribution of ponds and analytical results of WP in
sediment were compiled and used in conjunction with landcovers
(that is, combinations of topographical features such as ponds and
vegetation) and bird usage data to identify hot ponds that are likely
the areas presenting the highest risk. The UXO hazard in ERF makes
extensive future sampling efforts infeasible.

The findings documented in the RI report (CH2M HILL, 1997) are
based primarily on data collected before implementing the CERCLA
process at OUC. Compilation and review of all the data have led to the
following conclusions:

1. WP is the primary cause of waterfowl mortality. Symptoms
exhibited by exposed ducks in ERF are similar to those observed in
ducks dosed with WP in the laboratory. WP also was detected in
tissue samples collected from duck carcasses found in ERF.

2. WP was deposited in the sediment primarily during range firing
activities. WP smoke munitions were used during training
activities in ERF for several decades. Rounds were fired onto the
flats and detonated, dispersing WP particles over large areas.
Further distribution of the particles likely occurred when high-
explosive (HE) rounds exploded in WP-contaminated soil and
sediment. ¢
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3. Craters in ERF potentially indicate the level of range firing
activity. Detonation of HE generally creates a crater at the point of
impact. Although WP munitions do not form craters upon
detonation, they typically have been used in conjunction with HE
training activities. Therefore, it can be deduced that the more
craters in an area, the more munitions have likely been fired there,
and thus the higher probability of WP contamination.

4. WP particles are not homogeneous throughout ERF. WP particles
are dispersed after munitions containing WP are detonated.

~ Particle sizes vary because of the nature of an explosive release.
The detection frequencies Particle size, dispersion pattern, and ultimate resting location also
depend on whether the munitions were detonated on land or over
water. Even within small areas, the particle density can vary
in sediment are highest in substantially. One- to 2-m “hot spots” typically result from impact
of WP shells. These hot spots contain large numbers of WP
Area C, Bread Truck, and particles and are generally surrounded by a 1-m ring containing
Racine Island. fewer particles.

and concentrations for WP

5. The detection frequencies and concentrations for WP in
sediment are highest in Area C, Bread Truck, and Racine Island.
Sixty-three percent of the overall ERF sampling locations had
nondetectable concentrations, but at least 45 percent of the
locations in each of these three areas had detectable
concentrations. The highest concentration, 3,071 micrograms per
gram (pg/g), was found on Racine Island.

6. WP particles can break down (sublimate/oxidize) when exposed
to air and warm temperatures, but are long lasting in water-
saturated sediment. WP particles are readily oxidized under
ambient air conditions, but because they are not water soluble,
they have an indefinite life when quenched in the water and
allowed to settle into pond or marsh bottom sediments.

7. Waterfowl are exposed to WP from the sediment of ponds and
sedge marshes while they are feeding. Some WP particles match
the size of food (such as seeds and macroinvertebrates) sought by
dabbling ducks and swans. As the waterfowl forage for food in
pond and marsh bottom sediments, it is possible that they cannot
differentiate between WP and their normal food source.

Dabbling ducks and swans 8. Dabbling ducks and swans are the primary receptors of WP.
Dabbling ducks and swans both forage for food in pond and
marsh bottom sediments. In addition, mortality rates of dabbling
ducks have been observed to be significantly higher than mortality
rates of other waterfowl in ERF as well as other Upper Cook Inlet
marshes. Telemetry data in 1996 suggest that the mortality rate
among mallards was about 35 percent.

are primary receptors of WP.
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PHYSICAL SETTING

Predation and human
exposure to WP by
consumption are not high-

level concerns at present.

Twenty-two permanent
ponds with a total area of
23 hectares already have
been 1dentified as the likely
areas of most significant

exposire.

The site investigation of soil
and groundwater at OB/OD
Pad in 1996 found no
detected chemicals in
concentrations above action

levels for clean closure.

9. Predation and human exposure to WP by consumption are not
high-level concerns at present. There has been no verified {
mortality resulting from predators feeding on WP-contaminated
waterfowl carcasses. Although a dead eagle was found with WP
contamination, current predator mortality appears low. In
addition, the results of analyses of tissue collected from dabbling
ducks taken by hunters near ERF do not indicate a threat to
humans ingesting the meat.

10. Permanent ponds, with associated sedge marsh, having
confirmed presence of WP and/or moderate to high crater
density and observed moderate to high dabbling duck and/or
swan use are the most significant exposure areas (called hot
ponds). According to the conceptual site model, areas of greatest
concern are where there is a source (WP-contaminated sediment),
a receptor (dabbling duck or swan), and a potential for exposure
(foraging for food). Twenty-two hot ponds, which include a total
area of 23 ha, have been identified in these areas: A, C, C/D, Bread
Truck, and Racine Island.

11. The movement of WP through Eagle River to Knik Arm appears
to be minimal. Low-level amounts of WP have been detected in
the sediments traveling through the gullies, but no sediment and
water samples from the river have any detected WP. No sampling
had been performed in the Knik Arm at the mouth of the Eagle
River.

2.2 Summary of Rl: OB/OD Pad

OB/OD Pad is about 3.2 ha (about 8 acres) in size and consists of a
gravel pad placed as fill on the edge of ERF. Open burning and open
detonations of explosive materials occurred in the past on this pad.
Materials have included fuses, HE projectiles, smoke pots, mortar
rounds, star clusters, flares, mines, rocket motors, shape charges,
detonation cord, dynamite, and some flammable solids. Existing
records indicate that no liquids were disposed of there. Disposal was
either on the surface or in an excavated pit.

A site investigation of the soil and groundwater at OB/OD Pad was
completed in 1996. Surface and subsurface soils were sampled. Nine
monitoring wells were installed and developed, and groundwater
samples were taken. Soil and groundwater samples were analyzed for
an extensive list of volatile and semivolatile organic chemicals and
metals. Very few chemicals were detected in either the soil or the
groundwater. All detected chemicals had concentrations considerably
below their action levels for clean closure. In addition, the ecological
and human health risk assessments indicate that the risks are very
low.
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Because OB/OD Pad meets
clean closure requirements
and no significant
environmental or human
health risks were identified,
it will not be discussed

further in this FS.

Eighteen of the 22 hot ponds
have been divided into

5 pond groups for F§
analysis. The other group of
4 hot ponds has already
received treatment or will
receive treatment in 1997
and is not included in this

FS.

The following are major findings for OB/OD Pad:

1. Groundwater movement patterns are strongly influenced by the
tides, the river and precipitation. In fall 1996, the groundwater
was at a depth of 6 to 11 m below the surface, and the gradient was
shallow, with groundwater moving toward the southwest, toward
ERF. Groundwater levels fluctuate seasonally. 1996 water levels
were significantly lower than 1995 levels (Walsh and Collins, in
Collins et al., 1997).

2. Thesite investigation detected only a limited number of organic
chemicals and metals in the soil and groundwater. In many cases,
observed concentrations in soil were similar to reference area
values.

3. OB/OD Pad will meet clean closure requirements. The detected
chemicals were all considerably below their clean closure action
levels.

4. The ecological and human health risk assessments found very
low risks associated with exposures to these chemicals at the
measured concentrations.

At OB/OD Pad, the USARAK should proceed with clean closure in
accordance with the requirements in the closure guidance from

Title 40 of the Code of Federal Regulations, Part 264. Because OB/QD
Pad meets the clean closure requirements, and no significant
environmental or human health risks were determined, OB/OD Pad
will not be discussed further in this FS.

In addition, OB/OD Pad has restricted public access. Entry onto the
pad is by a road with a locked gate. Access is controlled by Range
Control at Fort Richardson. These restrictions are not expected to
change. Because of the potential UXO hazard in the area, OB/OD Pad
is not available for future development.

2.3 Pond Grouping

To aid in the evaluation of alternatives for this FS, the 22 hot ponds
identified in the RT have been divided into six groups. The first five
groups, presented in Table 1, were made based on nearby types of
vegetation, topography, knowledge of the extent of contamination,
and hydrologic interconnections. The ponds in each group have
similar physical characteristics and are expected to respond similarly
to remedial actions. These hot ponds, overlaid on vegetation types, are
presented in Figure 3.

These five pond groups will be separately evaluated in this FS. Their
characteristics are summarized in Table 2. These characteristics will
affect the performance of the remedial altematives and will be
discussed further in Section 4. For example, the number of ponds in a
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TABLE 1 .
Groupings of Hot Ponds ¢

Pond Group Hot Ponds Rationale for Grouping

Northern A Ponds 138, 208, Ponds are believed to be hydrologically interconnected by surrounding
226, 228, sedge marsh.

246, 256,
258 There is little understanding regarding extent of WP contamination in

these ponds.

Pond 290 290 A region of high elevation exists between Pond 290 and the Northemn A
ponds that separates the two pond groups.

Pond 290 is relatively isolated and is adjacent to a small intermittent
pond and a smail area of sedge marsh. WP contamination has been
detected in the northern end.

Pond 183 183 This pond has been heavily sampled.
There are confirmed WP hot spots in this pond.

This pond is interconnected with Pond 146, but the permeability is low,
at least at average to low water levels, and inflow can be controlied by
pumping.

A treatability study using pond pumping was conducted at this pond in
summer 1997. The study demonstrated that Pond 183 could be drained
and dried.

Pond 146 146 This pond has been heavily sampled.
There are confirmed WP hot spots in this pond.

Studies suggest that there is a constant source of recharge (up to
100 gallons per minute [gpm]) along the eastern part of the flats.

A dredging treatability study was conducted at this pond in 1995 and
1996, and this changed the pond-bottorn elevations.

In 1996, the dredge had begun dredging a channel to Pond 183, It
breached a shallow portion of Pond 183. This pond is interconnected
with Pond 183.

Northern C and C/D 40, 49,85, Ponds are believed to be hydrologically interconnected to a large
Ponds 93, 112, system of permanent ponds and a large area of sedge marsh.

129, 145,
155 There is little understanding regarding the extent of WP contamination

in these ponds.

Studies suggest that there is a constant source of recharge (up to
100 gpm) along the eastern part of the flats,

Ponds 128, 145, and 155 may be more isolated from the rest of this
pond group. An aenal survey conducted in June 1997 suggests that
these ponds may be drained.

ANC/10040678.00C .8
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TABLE 2

Summary of Pond Group Characteristics

Potential Area

Surface Sediment

Pond Pond Group of Connected Elevations
Pond Group Numbers Size (ha) Landcover (ha) WP Sampling {m msl) Other Features
Northern A 138, 208, 5.8 42 6 of 57 locations {11%) 3.7510 4.67 Hummocky topography
228, 228, have detected WP (range:
246, 256, 258 0.0002 to 0.00617 pg/g)
290 290 0.9 6.9 1 of 6 sampling locations no data Relatively isolated pond. Few
{17%) had detected WP individual depressions.
{value: 0.00075 pg/g)
183 183 29 11.7 166 of 219 locations (76%} 4.39 10 4.91 Some conneclion with Pond 146.
have detected WP (range:
0.0002 to 58 ugfg)
146 146 55 16.9 20 ol 68 localions {30%) 4.06 to 4.65 Clunie Creek likely source of
have delected WP {range: recharge. Some connection with
0.0008 to 70.1 pg/g) Pond 183,
Northern C 40, 49, 85, 3.6 74.9 Pond 40 only: 4 of 30 3851405 Moderate rate of rechargs from

and C/D 93, 112, 129,
145, 155

locations (13%) have
detected WP (range: 0.003
to 0.01208 pg/g)

eastern biuffs.

Notes:

Potentiat Area of Connected Landcover represents the potential area of waterways that may be connected to the ponds in the pend group and therefore may be
drained as the pond group is drained. The area presented is the sum of sedge marsh, intermittent pond, and permanent pend landcovers.

Surface sediment elevations were obtained at the WP sampling locations, and therefore may not be representative of the entire pond group.

msl = mean sea level
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pond group affects the complexity and cost of some remedial actions.
The potential area of landcover connected by waterways will affect the
amount of water that needs to be pumped and therefore the pump
cost of two of the alternatives. It may also affect the change in
waterfowl habitat. Variations in pond depth affect the number of WP
sampling stations that may be required to identify current conditions
and verify that a remedial action has been successful.

There is a high level of uncertainty with regard to WP distribution at
ERF. The WP concentration ranges in the table may be misleading in
that several pond groups do not appear to have very high
concentrations. This may result from the low density of sampling in
the ponds. The sampling may not have discovered higher
concentrations that may actually be there. The table may truly
represent the absence of high concentrations in the pond group. This
is one of the uncertainties in the available database.

Evaluating the pond groups separately will allow for the selection of
different remedial alternatives for each pond group. Without this
pond grouping approach, it would be difficult for the RPMs to tailor a
preferred alternative to the variety of pond types at ERF.

Ponds 109, 285, 293, and 297 comprise a sixth group of ponds that
either have had treatment or will have treatment completed in 1997.
Hence, these ponds will not be evaluated in this FS.

* Pond 109 (Bread Truck) was breached by blasting in 1996. WP
sublimation/oxidation monitoring will be conducted at this pond
until nondetectable WP concentrations are achieved. The area of
this pond is approximately 3.3 ha.

¢ AgquaBlok™ cover was applied to Pond 285 in the Racine Island
area in 1994. Its condition is being monitored periodically and its
long-term integrity and performance will be used later to develop
detailed monitoring approaches. The area of this pond is
approximately 0.4 ha.

» Ponds 293 and 297 (Racine Island) were breached by blasting in
spring 1997. Because of high organic content in the sediment, these
ponds are not expected to dry. However, breaching did lower
water levels to reduce habitat and prevent waterfowl feeding in
this highly contaminated area. The combined area of these ponds
is approximately 0.63 ha.

Although the remediation of these four ponds is not evaluated in this
FS, they will be covered in the long-term monitoring as described later
in the FS. In addition, a review will be conducted in 5 years to evaluate
the performance of these remedial response actions at these ponds.
Detailed costs have not been developed to monitor these pond groups.
Removal action documents for these pond groups will be provided as
addenda to this FS.

ANC/1004067A.D0OC 2-11
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SECTION 3

Development of Remedial
Alternatives

There were three steps in the
development of remediation
alternatives: identify
potential remedial
technologies, screen them,
and combine technologies
into remedial

alternatives.

Fifteen remedial technologies

were initially identified.

There were three steps in the development of remedial alternatives for
this FS:

1. Technologies were identified that may be effective in reducing the
impacts of the WP exposure at ERF. This may occur by reducing
the concentration of WP in the sediment or by reducing the
exposure of the receptors to WP.

2. Technologies were then screened on the basis of their effectiveness
in reducing WP impacts, implementability (considering the
technical and administrative feasibility of implementing the
technology), and cost to apply in ERF. Some did not meet these
criteria and were eliminated from further consideration.

3. The retained technologies were then combined into alternatives

that represent a range of remedial actions that may be taken at
ERF.

The first two steps are described further in Section 3.1. The retained
technologies were combined into alternatives as described in Section
3.2. Section 3.3 describes an activity schedule. A discussion of the
performance of each alternative is in Section 4.

3.1 Screening of Technologies

Fifteen remedial technologies were identified (discussed in more
detail in Appendix B). These technologies were identified based on
research and treatability testing conducted in the laboratory or at ERF
as documented in the RI.

* Air Sparging. Air is introduced into WP-contaminated sediment
to oxidize WP.

* AquaBlok™. This composite of bentonite, gravel, and polymers is
applied to pond bottoms. It hydrates after application and expands
vertically and horizontally, sealing the interstitial spaces in the
gravel. This material acts as a physical barrier to the penetration of
the bills of dabbling ducks and swans to the contaminated
sediments. Vegetation also grows readily in AquaBlok™ material.
AquaBlok™ is a tested cap and fill technology.

ANC1004067A.D0C 31
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» Cap and fill. Sand or gravel is used to cover the pond bottoms, as
a physical barrier to penetration by the bills of dabbling ducks and i
swans to contaminated sediments.

* Chemical oxidation. Hydrogen peroxide is used to oxidize WP,
potentially reducing it to nondetectable levels.

e Concover®. This blend of recycled paper mulch with cellulostic
polymers as the binding agent is applied to pond bottoms as a
physical barrier to the penetration of the bills of dabbling ducks
and swans.

* Detailed Monitoring. Monitoring is conducted to measure the
progress of natural processes.

* Dredging. A remote dredge is used to remove contaminated
sediment from the pond bottoms. The removed material is
pumped as a slurry into a spoils retention basin, where the solids
are allowed to settle. After the solids settle, the supernatant is
decanted and the sediments are allowed to warm and dry,
initiating the sublimation/oxidation process (Walsh and Collins,
in Collins et al., 1997)

* Explosive Charges. A controlled explosive charge is used to
release contaminated sediment into the air so that WP will oxidize.

* Geosynthetics. Geosynthetic materials are used to cover
contaminated pond bottoms as a physical barrier to penetration by
the bills of dabbling ducks and swans to the contaminated
sediments.

» Hazing. Hazing operations include deployment, use, and daily
maintenance of propane exploders, pyrotechnics, scarecrows,
flagging, balloons, and other visual, acoustic, and behavioral
devices designed to frighten birds from the contaminated areas.

* Methyl anthranilate. An encapsulated matrix of this bird repellent
is applied and settles to the bottom of contaminated ponds. The
material is released when the capsule is broken by feeding ducks.
Feeding rates and thus exposure to the contaminated areas would
be expected to decrease as ducks avoid the treated areas.

* Sublimation/oxidation. WP particles in sediment will
sublimate/oxidize and decrease in size under the proper soil
moisture and temperature conditions, eliminating the contaminant
from the ponds. Monitoring would provide indication of progress.
This process was referred to as “natural attenuation” in previous
technical reports.

e Enhanced sublimation/oxidation. Warming the sediment through
artificial means (such as a greenhouse, dark covering, or artificial
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heat source) is used to increase the sublimation and oxidation rate
of the WP. This process was referred to as “enhanced natural
attenuation” in previous technical reports.

* No Action. Natural processes are allowed to proceed with no
monitoring.

» Pond draining. Draining the ponds would enhance the drying of
the sediments, leading to a higher sublimation/oxidation rate of
WP. Two methods were considered: blasting a channel from a
contaminated pond to a gully or the Eagle River (also referred to as
breaching); and pumping, which would use pumps to discharge
the pond water.

On the basis of the information available from previous treatability
studies and vendors, the technologies were screened to identify those
that do not satisfactorily meet the criteria of effectiveness,
implementability, or cost. Details on this analysis are available in
Appendix B. AquaBlok™ and pond draining are retained because
previous studies demonstrated that they may be effective and because
they can be implemented at portions of ERF. AquaBlok™ and pond
draining are examples of containment and treatment general response
actions, respectively. Sublimation/oxidation is retained because it is a
- natural process and thus becomes part of the no-action alternative.
Although hazing does not provide long-term protection from WP, it
may be used as a contingency until an alternative is online. Dredging
was initially retained because field-scale treatability tests indicated
that it was implementable and effective. The other technologies were

eliminated from further consideration as part of a remedial alternative
for ERF:

* Air Sparging. Bench-scale studies demonstrated that air sparging
had little effect on WP-contaminated sediment.

¢ Cap and fill. Cap and fill with gravel is not expected to be as
effective a horizontal barrier as application of AquaBlok™ because
gravel lacks cohesive properties. Gravel application is expected to
be less resistant and more permeable than AquaBlok™ application.
In addition, revegetation is expected to be more successful through
the AquaBlok™ material than through gravel. Therefore, the
AquaBlok™ process option was retained as a specific example of
the horizontal barrier technology.

* Chemical oxidation. The test application had insufficient effect
and difficulties were anticipated for large-scale field application.

* Concover®. The application was quickly penetrated by water and
floated to the surface within 30 minutes in the test trial. It was also
readily damaged by ducks.
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* Explosive Charges. Field testing demonstrated that conditions
were not sufficient for sediment released into the air by an
explosive charge to oxidize.

L~
:

* Geosynthetics. A reliable method for anchoring the liners was not
identified. In addition, application of geosynthetics is labor
intensive and repair of the material (after winter blasting) may be
difficult. The liners did not survive the winter ice-out conditions.

* Methyl anthranilate. A single application is ineffective over the
long term, and continued applications are expensive.

* Enhanced sublimation/oxidation. The enhancements did not
markedly increase the rate of loss of WP in the field.

Following this initial screening, dredging was considered further. Its
unit cost (cost per treated hectare) is about an order of magnitude
greater than that of the other technologies. During the 1996 field-scale
study, the dredge’s rate of application was slow and the dredge was
not operated within performance specifications. Although verification
sampling following the 1996 dredging demonstrated that substantial
reduction of WP was attained, 8 percent of the samples still had
detectable WP, ranging in concentrations from 0.076 to 3.800 ng/g
(Walsh and Collins, in Collins ef 4l., 1997). Finally, wetlands
regulations prohibit dredging in a wetland if another practicable
alternative exists. The moderate effectiveness of dredging does not
justify its extreme cost. For these reasons, dredging has been
eliminated from further consideration.

Of the retained technologies, AquaBlok™ is an example of
containment as a general response action and horizontal barrier as a
process option. Pond draining is an example of a treatment general
response action because its goal is to enhance WP
sublimation/oxidation.

3.2 Assembly of Alternatives

Each retained technology was initially considered as a stand-alone

The retained technologies application at ERF (that is, it would be the only technology included in
an alternative). Because of the uncertainty that any single technology
by itself could effectively reduce the hazards of WP exposure,
alternatives: no action; combinations of technologies were assembled into five distinct
alternatives as summarized in Figure 4:

were assembled into five

detailed monitoring; pond

[a—
.

No action. No treatment technologies will be implemented. Only
natural processes such as gully recession, sedimentation, and WP
breaching, pond draining, sublimation/oxidation will continue at ERF. There will be no

d AquaBlok™: and monitoring. This alternative is inclt.lded because of a requirement
A AqUABIOETT an of the NCP, and serves as the baseline against which the effects of

draining and AquaBlok™;

AquaBlok™ alone.
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the other alternatives can be compared. An evaluation of natural
processes at ERF is presented in Appendix A. )

2. Detailed monitoring. This is similar to Alternative 1, but
monitoring will be performed to understand whether protection of
the environment is achieved. Monitoring will include a telemetry
study of mallard mortality, aerial bird population surveys, aerial
photography (to measure pond changes and gully recession),
measurement of net sedimentation, and an elevation survey. The
elevation survey of ground surface and pond bottoms will be used
to determine pond interconnectiveness and flooding potential. In
addition, baseline WP monitoring will be performed using the
composite sampling method to determine current WP levels.
Limited sublimation/oxidation conditions monitoring will be
performed to detect whether conditions have been suitable for WP
sublimation/oxidation. WP verification sampling also will be
performed to confirm the success of this alternative if the pond
conditions have been sufficient to expect substantial WP
sublimation/oxidation and loss. Monitoring methods are
discussed further in Section 5 and Appendix G.

3. Pumping and AquaBlok™. Pumping will be used to drain pond
groups to help WP decrease by sublimation/oxidation. Each year,
pumps and monitoring systems will be installed, operated, and
then removed. Monitoring will include a mallard mortality
telemetry study, aerial bird population surveys, aerial
photography (to measure pond changes and gully recession), and
an elevation survey. In addition, baseline WP monitoring will be
performed at the beginning of the first season of pumping using
the composite sampling method to determine current WP levels.
WP verification sampling will also be performed if the pond
conditions have been conducive to substantial WP loss through
sublimation/oxidation. After a few years of operation (assumed to
be 5 years after the pond is initially drained), AquaBlok™ will be
applied to pond regions that still have detectable WP. AquaBlok™
will be applied only to isolated areas that were not remediated by
draining. The integrity of the AquaBlok™ will be periodically
monitored after application to test whether it is still effective in
blocking access by ducks to the contaminated sediment.
Throughout implementation, ponds will be monitored for habitat
changes using remote sensing techniques to minimize the need for
personnel in ERF and reduce the potential for human exposure to
UXO. Aerial photography would be used to estimate vegetation
species composition and cover changes over time. Bird counts
could also be done at the same time to estimate changes in
waterfowl use of the habitats. Sedimentation measurements (with
limited ground truthing) may also provide information on habitat
changes. :

36 ANC/1004067A.00C



QuUC 0030007

DEVELOPMENT OF REMEDIAL ALTERNATIVES

4. Breaching, Pumping, and AquaBlok™. Pond groups will be
breached to drain them. After breaching, other activities are
similar to those described for Alternative 3. In addition, ponds will
be monitored for habitat changes using remote sensing techniques.
Aerial photography would be used to estimate vegetation species
composition and cover changes over time. Bird counts would also
be done concurrently to estimate changes in waterfowl use of the
habitats. Sedimentation measurements may also provide
information on habitat changes.

5. AquaBlok™. The surface of the ponds will be covered with
AquaBlok™ using either a helicopter or truck (with application
while the flats are frozen). Monitoring will include a mallard
mortality telemetry study, aerial bird population surveys, aerial
photography (to measure pond changes, gully recession, and
habitat changes), and an elevation survey. In addition, baseline
WP monitoring will be performed using the composite sampling
method before the AquaBlok™ is applied to determine current WP
levels, and AquaBlok™ integrity will be monitored after
application using remote sensing techniques. Aerial photography
would be used to estimate vegetation species composition and
cover changes over time. Bird counts would also be done
concurrently to estimate changes in waterfowl use of the habitats.
Sedimentation measurements may also provide information on
habitat changes.

In addition, under Alternatives 2 to 5, waterfowl (specifically swans)
will be hazed on a flats-wide basis for the first 5 years of remedy
implementation. Hazing will be performed as an interim contingency
measure until a remedy is in place.

Figures 5 through 8 present the physical layout of the remedial
alternatives. For simplicity, each figure presents all pond groups as if
the same remedial altemative were implemented at all pond groups.
Remedial decisions will be made for each pond group; therefore,
different remedial alternatives may be chosen for different pond
groups.

Figure 5 presents a summary of Alternatives 1 and 2. The natural
processes that may lead to protection include sublimation/oxidation,
sedimentation, and gully recession. The rate at which these occur
differs across ERF. Therefore, the estimated time to achieve natural
restoration will vary, as shown in this figure. Natural processes are
discussed further in Appendix A.

Figure 6 shows the location and size of pumps that are included as
part of Alternative 3 for each pond group. The larger pumps, with a
3,000 gallons per minute (gpm) capacity, are generally found in Pond
146 and Northern C and C/D pond groups because of the larger
volume of water that must be drained. Figure 7 shows the layout of
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the new ditches and smaller pumps in Alternative 4. Because new
ditches can also help drain the water, the number of large-capacity
pumps is reduced. Finally, Figure 8 shows the AquaBlok™ application
to the pond groups.

Following the pond draining in Alternatives 3 and 4, the treatment
will depend on sublimation/oxidation to reduce the levels of WP.
Thus, sublimation/oxidation, which was retained as a technology in
Section 3.1, is included in these two alternatives. A detailed discussion
of each alternative is presented in Appendix C.

3.3 Implementation Schedule

An implementation schedule for the remedial alternatives, including
the monitoring activities, is shown in Figure 9. While it is expected
that different remedial alternatives will be started in different years for
different pond groups, this level of detail in the schedule is not
currently known. Therefore, the figure starts all alternatives at time
zero, the start of their implementation, although they may be initiated
in different years at different pond groups. This figure further
demonstrates the similarities among the alternatives, because many of
the same activities (for example, installing pumps and monitoring
equipment and performing WP baseline monitoring) occur in different
remedial alternatives. These activities can be seen to occur at the same
relative time when all alternatives are shown with the same starting
time. Also, the figure shows that spring and fall for most alternatives
will be periods with high activity, with either the installation of
remediation technology and monitoring equipment or their removal.
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SECTION 4

Performance of Remedial
Alternatives

The performance of
Alternatives 1 and 2
depends on natural processes
occurring to reduce exposure

to WP.

The performance of each alternative will be incorporated in the
detailed analysis of alternatives (Section 6).

The factors that contribute to the performance of each alternative are
presented in this section. Because Alternatives 3 and 4 are basically
two different ways to implement pond draining, the factors that are
common to these two alternatives are discussed together in subsection
4.3, followed by a discussion of the differences between the two
alternatives in subsection 4.4.

As discussed in Appendix A, tidal flooding is a critical physical factor
affecting pond draining. During some summers, there may be no
flooding tides (that is, tides that cover the flats) for 2 months or more
between May and August. Between these peak tides, the sediment
may become dry over large areas because of the relatively warm, dry
weather (assuming no substantial rainfall or groundwater recharge).
These drying periods are important because they can lead to natural
attenuation of WP through sublimation/oxidation, potentially
reducing the sediment concentrations below lethal levels. Therefore,
the performance of the first four remedial alternatives, particularly
Alternatives 1 and 2, is dependent on these flooding tides. Within the
next 5 years, 1997, 1998, and 2001 have some of the longest potentially
dry periods. Tides during 2002, 2003, 2005, and 2006 also are expected
to result in good drying periods. Therefore, the first four alternatives
should have improved performance if they are implemented in
advance of these years.

4.1 Performance of Alternative 1

The ability of natural processes to reduce exposure of dabbling ducks
to WP will vary among the different pond groups. Some ponds would
likely experience WP reduction over a short period of time; others
would require more than 20 years to show any significant
improvement. A summary is presented in Table 3 and a detailed
discussion is presented in Appendix A. Alternatives 1 and 2 are
equally effective. However, under Alternative 1, the no-action
alternative, effectiveness would not be monitored.

ANC/1004067A.00C 4-1



TABLE 3

PERFQRMANCE OF REMEDIAL ALTERNATIVES

OUC 0030016

Performance of Alternatives 1 and 2

P
.

Pond Group

Natural Restoration

Conclusion

Northern A Ponds

Pond 290

Pond 146

Pond 183

Northern C and C/D

Ponds

1997 and 1998 offer good opportunity
for drying and subsequent WP
sublimation/oxidation around the
perimeter. Gully recession may drain
ponds, but time period is uncertain.
Pond 258 may obtain sufficient
sedimentation.

1997 and 1998 offer good opportunity
for drying and subsequent WP
sublimation/oxidation around the

perimeter.

1997 and 1998 offer good opportunity
for drying and subsequent WP
sublimation/oxidation. Sediment may
build upto 10emto 15cmin 10to 15
years.

1997 and 1998 offer good
opportunities for drying and
subsequent WP sublimation/
oxidation. Large area of pond may
drain in 10 to 15 years. Sediment
may build up in similar time frame.

1997 and 1998 offer good opportunity
for drying and subsequent WP
sublimation/oxidation, at least around
the perimeter.

Some natural restoration at least
around the perimeter is likely in a
few years if good drying between
tides. Protection by sedimentation or
gully recession may take longer
than 20 years. Pond 258 may have
sufficient sedimentation in 10 years.

Some natural restoration around the
perimeter is likely in a few years if
good drying between tides.
Protection by sedimentation or guily
recession may take longer than 20
years.

Natural restoration from
sedimentation appears possible
within 10 to 15 years. Sedimentation
would have to be deep and
consolidated to prevent duck
feeding in WP-contaminated
sediment.

Natural restoration of at least the !
perimeter is likely in a few years if

good drying between tides. Natural
restoration from pond draining and
sedimentation appears possible

within 10 to 15 years.

Natural restoration through
sublimation/oxidation of at least the
perimeter is likely in a few years if
good drying between tides. Natural
restoration from sedimentation
appears possible within 10 to 15
years.

Note: Assessment is based on only a few years of data collection and is subject to change with new,
information. The assessment is made on the assumption that the observed processes of the past few
years represent the future; however, the short period of these observations makes this assumption

highly uncertain,

4.2 Performance of Alternative 2

The performance of Alternative 2 is identical to that of Alternative 1,
as presented in Table 3. However, effectiveness would be measured
under Alternative 2. Alternative 2 includes a detailed monitoring
program of aerial population surveys, telemetry for assessing duck
mortality, sedimentation studies, and WP sampling. These monitoring
activities are discussed in Section 5 and Appendix G.

42
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PERFORMANCE OF REincerne mrcruwatives

Performance of Alternatives
3 and 4 is dependent on
hydraulic interconnections
between the pond systems,
recharge, organic content of
sediment, surrounding

vegetation, and topography.

Water-bearing vegetation,
such as sedge marsh, links
large areas around hot
ponds. This increases the
pumping requirements for

Alternatives 3 and 4.

4.3 Performance of Alternatives 3 and 4

The degree by which Alternatives 3 and 4 may perform effectively
varies by pond group. In these alternatives, the exposure pathway
between dabbling ducks and WP sediment is cut by the following
mechanisms:

* Lowering the water table by draining to prevent feeding by ducks

» Lowering the water table to dry the pond-bottom sedi

promote sublimation/oxidation of WP. The rate of
sublimation/oxidation increases with increased temperature.

[N

* Covering portions of pond bottoms that do not dry with
AquaBlok™ to block waterfowl from feeding from contaminated
sediment

Factors such as hydraulic interconnections between the pond systems,
recharge, organic content of the sediment, surrounding vegetation,
and topography affect the effectiveness of the pumping remedy and
the rate of WP sublimation/oxidation. These processes are
conceptually depicted in Figure 10. The following subsections describe
how these factors affect the drainage and drying of each pond group.

4.3.1 Vegetation

Water-bearing areas that are highly vegetated hydraulically link
permanent and intermittent ponds and affect how well a pond group
will drain and dry. For example, the hot ponds in the Northern C and
C/D pond group are interconnected by large areas of sedge marsh,
permanent ponds, and intermittent ponds. The hot ponds are not
hydraulically isolated. The sedge marsh is composed of thick sedges
and bulrushes with standing water. Pumping in pond groups with
large areas of adjacent sedge marsh would also result in pumping the
marsh. Hence, water level reduction in hot ponds by draining would
be achieved only by reduction in water levels of the surrounding
water-bearing landcovers. The areas of these water-bearing landcovers
are presented Figure 3 and Table 4. The degree of interconnectiveness
between ponds and sedge marsh can be better understood after
detailed surveying of the ponds. Surveying is included as a
component of Alternatives 2, 3, 4, and 5.

4.3.2 Topography

The topography of the pond bottom affects how the pond system
would dry. For example, the pond bottoms of the Northern A and the
Northern C and C/D pond groups are hummocky, with elevated areas
where sedge marsh is present and depressed areas where water is
ponded. The presence of craters further increases the variability in
pond bottom elevations in these pond groups. Although water levels

ANC/1004067A.00C 4-3
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PERFORMANCE OF HEMELAL AL | EFNATIVED

Area of Landcover in Each Pond Group (hectares)

Hot Pond All Intermittent All Permanent Sedge Hot Pond Area/
Pond Groups Area Ponds Ponds Marsh Total Total Area (%)
Northern A 5.8 10.6 6.2 25.2 42.0 14
Pond 290 0.9 0.2 0.9 5.7 6.9 13
Pond 183 2.9 8.8 2.9 0.0 11.7 25
Pond 146 55 4.0 12 0.7 15.9 35
Northern C & C/D 3.7 22 17.9 54.8 74.9 5
TOTAL 18.8 25.8 39.1 86.4 1513 12
Notes:

1. Permanent pond area includes hot ponds in the pond group
2. The areas presented here would be temporarily drained under Altermnative 3 and permanently drained under

Alternative 4.

Topography affects the
performance of Alternatives
3 and 4. Craters and
hummocks increase the
difficulty of drying large
areas with a minimum

number of pumps.

Higher pond threshold
elevation (that is, the
elevation of the lip around
the pond) will decrease the
number of times that a pond
will flood. It also increases
the time it takes for the pond

to drain.

of ponds in this hummocky terrain may be decreased by pumping or a
combination of pumping and breaching, only certain portions of the
pond system would dry. The depressions that would dry are the
depressions (or craters) where pumps are located.

Conversely, Ponds 290, 183, and 146 are basically individual bowls
with a few identifiably deep areas. Pumps may be placed in these
deep areas and a large fraction of these ponds is expected to be
influenced by the pumping system. Hence, the pump system should
be able to lower water levels in the entire pond system.

There is currently little understanding of the topography of the pond

groups. The pond bottom elevations, depressions, and craters and the
threshold elevation will be surveyed as discussed in Appendix G and
evaluated before pumping and/or breaching are implemented.

4.3.3 Threshold Elevation

The frequency of flooding of a pond is dependent on its threshole
elevation with respect to flooding tide elevations. Breaching would
lower that threshold elevation and result in more frequent flooding
and re-wetting of pond bottom. However, ponds with lower threshold
elevations (breached ponds) would also drain more quickly.

4.3.4 Hydraulic Permeability of Sediment

Hydraulic permeability either fosters or inhibits draining and drying,
depending on site conditions. The influence of an individual pump on
a pond system would be greater in a pond system with permeable
sediment and sedge marsh. Pumping a hot pond would drain adjacent
depressions and craters (without dedicated pumps), but also would

ANC/1004067A.D0C 4-5
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PERFORMANCE OF REMEDIAL ALTERNATIVES

High hydraulic permeability
of the sediment will tend to
increase the area drained by
pumping because the water
will flow more easily in the
sediment between areas. This
increases the pump size

requirements.

Ponds that are recharged by
groundwater will need
larger pumps to remove the
additional water that is
entering the pond.
Underground recharge has
been identified along the
eastern portion of ERF (near
Areas D and C/D) and from
Clunie Creek (into

Pond 146).

result in more pumping to drain larger adjacent areas. Conversely, the
influence of an individual pump would be less in a pond system with
less permeable sediment. A depression or crater would not drain (if it
did not have a dedicated pump system) despite adjacent pumping,
whereas a lower pumping rate would be needed to drain a hot pond if
the adjacent pond (possibly clean) was not also drained. In some cases,
small, low, ponded impermeable areas may be dried through
evaporation. These processes are depicted in Figure 11.

For example, the ponds in the Northern C and C/D pond group are
hydraulically interconnected to Area D. To drain the hot ponds in the
Northern C and C/D group, the ponds in Area D would also have to
be drained. Thus a larger volume of water than that contained in the
hot ponds would have to be drained. The same is true, to a lesser

extent, of the Northern A pond group.

The hydraulic permeability of the sediment throughout ERF is not
completely understood. This would be resolved by implementing the
treatability tests and land and aerial surveys. For example, the degree
of interconnectiveness between Ponds 146 and 183 was initially not
known. Pond 146 is considerably deeper than Pond 183. The ponds
were connected by a dredged channel in 1996. However, a pumping
treatability test was conducted in Pond 183 in summer 1997 to
determine how water levels will respond to continued pumping. The
test demonstrated that a small amount of water infiltrates from Pond
146 to Pond 183, but that amount of inflow can be controlled by
pumping Pond 183. Thus, Pond 183 could be drained and dried.

4.3.5 Recharge

Ponds that experience recharge are unlikely to dry, although they can
be drained. Recharge refers to inflow of water into the pond or pond
group from groundwater, surface creeks, or springs. Underground
recharge has been identified along the eastern portion of ERF (near
Areas D and C/D) and from Clunie Creek (into Pond 146). Surveys
have not been performed in Area A to identify areas of recharge.

4.3.6 Organic Content

Sublimation/oxidation of WP is expected to be retarded in areas
where sediment has high organic content, because it is unlikely that
these areas would dry. However, it is believed that the sediments need
not dry completely, only enough to allow sublimation/oxidation to
occur through pores to the surface. Surrounding mud flats adjacent to
these ponds tend not to be highly organic, promoting
sublimation/oxidation if exposed (Walsh, 1997). The distribution of
organically rich sediment is unknown in these pond groups. Pond
bottom sediment at Racine Island has a high concentration of organic
material.

4-6 ANC/1004067A.00C

P



OUC 0030021

PERFORMANCE OF REMEDIAL ALTERNATIVES

High organic content in the
sediment will increase the

time to dry. The distribution
of organically rich sediment

is unknown in these pond

groups.

Because the hot ponds in
Northern C and C/D are
hydraulically connected to a
large permanent pond in
Area D, this pond would
have to be drained to drain
the hot ponds. This will
increase the pumping

requirements.

4.3.7 Assessment of Drying Potential by Pond Group

WP will not sublimate in portions of pond groups that do not
desaturate. These contaminated areas will be delineated by visual
inspection, data from sediment monitoring stations, and post-
treatment monitoring. AquaBlok™ will be applied to areas that do not
respond to draining and drying.

Three tables have been prepared that emphasize different aspects of
the draining and drying process. The physical characteristics of each
pond group are presented in Table 5. These characteristics influence
the effectiveness of pond draining under Alternatives 3 and 4. An
“index” of how well a pond group is expected to dry under
Alternatives 3 and 4 is presented in Table 6. This index is actually the
percentage of pond group area that is expected to require AquaBlok™,
The rationale for these estimates is also presented in Table 6. Pond
draining is discussed in the next section.

4.4 Performance Differences Between
Alternatives 3 and 4

Alternatives 3 and 4 each have strengths and weaknesses. Both
alternatives are essentially pond draining, but each uses a different
implementation method and each has a different impact on the
environment. The following are fundamental differences between
Alternatives 3 and 4:

» Large volumes of water can be drained quickly under ‘
Alternative 4. Exposure pathways are more quickly blocked under
Alternative 4 than under Alternative 3.

* However, ponds breached by Alternative 4 are also flooded more
frequently. WP removal through the sublimation/oxidation
process is expected to be more rapid under Alternative 3 than
under Alternative 4.

The discussion presented in this section is based primarily on the,
results of the summer 1997 Pond 183 pumping study and continued
monitoring of Bread Truck, which was breached in 1996.

4.4.1 Alternative 4 Drains Water Quickly

Breaching can move a large volume of water quickly. This is
advantageous in two ways: exposure pathways are blocked quickly,
and large open water bodies can be drained.

ANC/1004067A.00C 4-7
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TABLES

Physical Characteristics of Each Pond Group

Landcover Drained by
Alternatives 3 and 4

Factors Affecting Ability of Ponds to Dry

Percentage of
Landcover

Total
Area
(ha)

Topography

Recharge

Ability to Drain

Intermitient Pond: 25
Permanent Pond: 15
Sedge Marsh: 60

42.0

Hummeocky lopegraphy. High
number of shaliow
depressions expected.
Medium to high numbar of
craters.,

Unknown whether recharge exists
from the western bluffs. No
evidence of springs. Strong spring
has been idenlified in Coastal
Wast, but it feeds into the Coastal
& gully.

Tha extent of interconnectivenass
between the hot ponds and the
sufrounding sedge marsh is unknown.
However, an aerlal and fand survey
conducted in June 1987 indicated that
the area encompassed by sedgs marsh
{area to be drained) Is relatively narrow
and may be drained.

Intermitten Pond: 4
Permanent Pond: 13
Sedge Marsh: 83

6.9

Relatively isclated pond. Few
individual depressions.
Medium number of craters.

Samae as above.

Interconnectiveness between Pond 290
and sedge marsh area is unknown.

Intermittent Pond: 75
Permanent Pond: 25
Sedge Marsh: ¢

Few individual depresslons,
Pond botlom much shallower
ihan adjaceni Pond 146. High
number of craters.

Unknown.

The 1997 pumping treatability siudy at
Pond 183 suggesis thal the amount of
waler enlering from Pond 146 could be
contained by the pumping cf Pond 183,
These iwo ponds are interconnected by a
shallow channel that was advanced by
the dredge in 1896. The ponds are
soparaled by sedge bog, which is lass
psrmeable than sedge marsh,

Intermittent Pond: 25
Permanent Pond: 70
Sedge Marsh: 5

15.9

Some individual depressions
axpected. Very desp along
eastarn edge of pond. Pond
bottoms modified by dredge.
High number of craters,

Clunie Creek is a source of
underground recharge. It is likely
that this creek is part ol the
recharge from the eastern bluffs
{described below).

Rechargs from Clunie Creek and inflow
from sedge marsh to the north may make
drainage and drying difficult,

Intermittent Pond: 3
Permanant Pond: 24
Sedge Marsh: 73

74.9

Hummocky topography. High
number of shallow
depressions expected.
Medium to high number of
craters.

A moderate amount of recharge
has been identified from tha
eastern tluffs.

Recharge from eastern bluffs and inflow
from surrounding sedge marsh would
make drainage and drying very difficult,

Hot Pond
Pond Area

Groups (hectares)
Northern A 5.8
Pond 290 0.8
Pond 183 29
Pond 146 55
Northern C & a7
C/D
Notes;

1. Only landcavers that are expected to be affected by the allernatives are presented in this tabie.
2. Craters counts based from ERF GIS {CRREL, 1996). Craters were not observable in iarge parls of Areas A and G/D. However, crater counts have been estimaled in these pond

groups based on crater counts in adjacent areas.
3. Thera is no pond group-specific informalion on organic content and threshold elevation,

ANC/1N40678.00C
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TABLEG
Drying Potential {Percentage of Hot Ponds to be Covered with AquaBlok™)

Rationale for AquaBlok™ Coverage Estimate

The Northern A area is hummocky with several deeper pockets of {free-standing
water and several areas of elevated sedge marsh. Few detailed surveys of Area A
have been performed, and the hydraulic system is not well understood. it is
unknown whether there is a source of recharge in this Area. Undar Allernative 3,
there is uncertainty as to whether water levels can be decreased significantly. Under
Alternative 4, allhough water levels may be decreased, it is unknown whather the
pond bottoms can be dried. However, an aerial and land surveying conducted in
June 1997 suggested that the area may be drained.

Pond 290 is relatively isolated from other ponds. The deepest section of the pond
appears to be in the north (best location for pump). The pond is expected to drain
and dry successfully under either Alternative 3 or 4 . Breaching is not expecled to
improve the effeciiveness of draining.

Pond 183 is considerably more shallow than neighboring Pond 146, Because 183 is
shallow {avg. depih 20 centimeters}, moderats lowering of the walaer table by
pumping will expose a large area of contaminated sediment. The deepest porlion of
Pond 183 appears {o be in the northern section of ihe pond. The two ponds were
connected in 1996 with the advancement of the dredge from Pond 146 to Pond 183.
A treatability study, conducted in summer 1897, determinad that Pond 183 could be
pumped dry and that Inflow from Pond 146 could be conirolled.

Clunie Craek is suspecled to provide underground recharge. The eastern portion of
Pond 146 is approximately 0.7 meters deep. Although water levels in Pond 146 may
ba lowered by high pumping and breaching, it is unlikely ihat pend botloms will dry
and warm iong enough to foster WP sublimationfoxidation. Under Alternative 4, only
a portion of Pond 146 needs {o be drained, because of dredge operation in 1996,

The Northern G and C/D area is hummocky, with several desper pockets of frea
standing water and several areas of elevated sedge marsh. Recharge exists from
the eastern side of the flats. Under Alternative 3, there is high uncertainty as lo
whether waler levals can be decreased significanily, even with large amount of
pumping. By breaching the Large Pond in area D {Ali. 4}, waler levels in 1he hot
ponds may be decreased, but it is unknown whelher hot pond botloms can be dried.
Tha deepest porlion of this pond system is along the eastern side.

Alt. 182 : No Alt. 3: Alt. 4:
HotPond  Actlon and/or Pumping Breaching,
Pond Area Detalled and Pumping and Alt. 5:
Groups {hectares} Monitoring AguaBlok™ AquaBlok™ AquaBlok™

Northermn A 5.8 0 60 40 100
Paond 280 0.9 0 15 10 100
Pond 183 2.8 0 3o 15 100
Pond 146 55 4] 50 30 90
Northern C a7 0 60 40 100
& C/D

ANC/10040678.00C
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PERFORMANCE OF REMEDIAL ALTERNATIVES

By rapidly removing water, the exposure pathway for dabbling ducks
is immediately blocked. Thus, dabbling ducks will not feed in the
sediment. This was demonstrated at Racine Island and Bread Truck. It
takes only 1 or 2 days for a breached pond to drain and expose a large
area of pond bottom. In comparison, pumping a pond system initially
or after a flooding tide could take 1 to 2 weeks, depending on the
amount of rainfall and pump capacity.

Breaching would also make it possible to drain a large open water
body, using smaller, more conventional pump systems. For example,
the area of hot ponds in the Northern C and C/D area is small (3.7 ha).
However, this pond group is hydraulically interconnected to a large
permanent pond in the northemn part of Area D by a large area of
sedge marsh (Figure 3). Pumping after breaching would require many
fewer pumps than pumping alone.

Thus, the factors that influence the effectiveness of draining were
considered in determining the volume of water that could be drained
by breaching. These assumptions determined the designed pumping
capacity, as presented in Table 7.

Less pumping and potentially less AquaBlok™ will be needed under
Alternative 4 than Alternative 3. Breaching the pond system under
Alternative 4 is expected to move a large volume of water initially,
resulting in less water to be removed by pumping. The combination of

Pumping Rates of Alternatives 3 and 4

Alternative 3 Alternative 4
Total Pumping | Water to be Drained Water to by Drained by Total Pumping Flow
Pond Groups |Flow Rate (gpm)| by Breaching (%) Pumping (%) Rate (gpm)

Northern A 7,168 60 40 2,867

Pond 290 1,277 80 20 255

Pond 183 1,995 50 50 997

Pond 146 10,122 50 50 5,061
C&C/D 39,228 40 60 23,537

Notes:

1. Water to be drained by breaching was approximated based on topography and hydraulic properties of each

pond group.

2. Pumping rate under Alternative 3 was determined by estimating landcover depths and areas from the ERF
geographical information system (GIS), and assuming that each pond group would have tc be drained in 36
hours. Previous research by the U.S. Army Cold Regions Research and Engineering Laboratory (CRREL)
and projected tidal and climatological data indicate that a pond should drain in 36 hours to allow for
sublimation/oxidation processes

4-10
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PERFORMANCE OF Rt o oo mee .

breaching and pumping (Alternative 4) is expected to be more
effective in draining the ponds than pumping alone (Alternative 3).
The remaining water could be drained by smaller pumps under
Alternative 4. A smaller area of AquaBlok™ is estimated to be needed
under Alternative 4.

[t was assumed that draining may be more effective under Alternative
4 than Alternative 3 because smaller-capacity pumps could be placed
to drain localized depressions. AquaBlok™ will be placed over all
areas that do not dry, immobilizing the WP contained in the untreated
sediment.

4.4.2 Ponds Breached by Alternative 4 Reflood Frequently

The primary drawback to breaching is that ponds would flood more
frequently. Breaching would lower the threshold elevations. This
would result in ponds being flooded even during low tides. Even
though the tidal water would quickly redrain, this periodic reflooding
would result in the slowing of the WP sublimation/ oxidation process
(Collins, 1997). These processes were demonstrated during the 1997
treatability studies at Bread Truck Pond (Pond 109) and Area C (Pond
183). During the majority of the summer, the pond bottom of Pond 183.
remained dry after several days of pumping. Pond 109 at Bread Truck,
however, was breached and repeatedly flooded; drying of the pond
bottom was marginal. The tensiometers that were placed in Pond 183
had significantly higher readings than those placed at Pond 109,
indicating that the pond bottom drying process was much more
effective in Pond 183.

Therefore, although Alternative 4 may remove the exposure pathway
more rapidly than Alternative 3, sublimation/oxidation processes may
be more effective than under Alternative 3. During low flood years,
ponds that are pumped only would experience longer drying periods
than ponds that are breached (because of frequent reflooding). As a
result of the frequent rewetting of breached ponds, pond bottom
drying would be slowed, and it may take more years for cleanup
levels to be achieved under Alternative 4 (than under Alternative 3).
However, because these conclusions are preliminary, it was assumed
in the implementation schedule (Figure 9) that operation of
Alternatives 3 and 4 will require the same duration of 5 years.

4.5 Performance of Alternative 5: AquaBlok™

Alternative 5 blocks the exposure pathway by preventing dabbling
ducks and swans from feeding from contaminated pond bottoms. The
following are factors that affect the success of AquaBlok™ application:

* Ponds—AquaBlok™ can be applied in either permanently ponded
or intermittently ponded areas.

ANC/1004067a.00C 4-11
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PERFORMANCE OF REMEDIAL ALTERNATIVES

Several factors influence the
performance of AquaBlok™:
vegetation cover, tides,

craters, gully recession, ice

plucking, and sedimentation.

Because an application of

AquaBlok™ increases the

pond bottom elevation, the
pond habitat will likely

change.

* Vegetation—Vegetative cover around the AquaBlok™ helps )
protect the material from disruption by tides. The vegetative cover 4
contributed to the success of the treatability study completed at
Racine Island.

» Tides—Areas where tides are slower and more gentle are better
suited for AquaBlok™. The stronger and faster tides may disturb
or move AquaBlok™. Generally, high tides flow and ebb more
slowly in large ponds and quickly in smaller ponds.

» Craters—The presence of craters may result in uneven distribution
of AquaBlok™, especially if the AquaBlok™ is applied from the
air. Reapplication may be needed for this technology to be
effective.

* Gully recession—~Areas that may be drained naturally within the
next 10 years may not be good candidates for AquaBlok™. It is
unknown what effect the undercutting caused by gully recession
may have on the stability of the barrier.

e Ice Plucking—Areas that are very close to the Eagle River and that
may experience ice plucking are not good candidates for
AquaBlok™ because the material might be damaged or dislodged
by the ice movement. Ice plucking has been sporadically observed
in ponds away from the Eagle River. However, there are no
quantitative guidelines on what range is too close.

¢ Sedimentation—-AquaBlok™ essentially performs like consolidated
sedimentation.

AquaBlok™ application generally results in an increase in the pond
bottom elevation of 20 to 30 centimeters (cm). While it may not
necessarily destroy habitat, it may alter it. Applications of AquaBlok™
to limited (deeper) pond areas also will result in habitat changes. From
a hydrologic standpoint, water storage capacity will be reduced. The
feeding habitat in the bottom sediments covered with AquaBlok™
also will be reduced until habitat is reestablished. Sedimentation and
plant establishment on top of the AquaBlok™ may eventually restore
these areas for waterfowl feeding; however, the depth will be
permanently altered (Pochop et al., in Racine ef al., 1996). The effect of
depth changes on feeding habitat will depend on the initial water
depth and the thickness of AquaBlok™ added.

The design thickness of the AquaBlok™ will range from 5 to 10 cm
over level ground. AquaBlok™ may need to be reapplied over craters.
Treatability studies indicate that AquaBlok™ may be unevenly
distributed over craters. Data on the thickness of the AquaBlok™
barrier applied by air to a test area shows some reduction from 1993 to
1994. The sedimentation and deposition of organic matter measured in
1994 on the test area treated in 1993 was expected. Deposition should
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not inhibit the effectiveness of the AquaBlok™ in reducing the
movement of WP particles below the barrier.

Vegetative growth may be inhibited by either scouring by ice breakup
or by the physical characteristics of the area. It is expected that
vegetation will recover. Lab tests show that plants will grow on the
AquaBlok™ (Pochop et al., in Racine et al., 1994).

Two surveys were performed during fall 1996 and summer 1997 to
evaluate the performance of the AquaBlok™ material applied at
Racine Island in 1994. During both visits, thick vegetation was
observed growing though the material. Along the perimeter of the
pond, clean, dry gravel was observed underlain by a layer of pure
bentonite. The bentonite appeared to be binding the gravel to the
underlying sediment. In the saturated portion of the pond, the
AquaBlok™ cover remained a mixture of gravel within swelled
bentonite. Although the material has moderately low resistive
strength and was penetrable, pen studies performed in 1993 suggest
that waterfowl do not prefer dabbling in the AquaBlok™ material.
Waterfowl prefer sifting in sediment, whereas the AquaBlok™
material consists of clean gravel (1/2~ to 3/4-inch-diameter) within
high plasticity clay (Cummings, 1997). In addition, if the cover
material were stepped on by a large animal such as a moose, the
swelling properties of the saturated bentonite material would likely
reseal the penetration (Pochop, 1997). AquaBlok™ thickness
measurements were performed during the 1996 survey and compared
to previous measurements. The results are presented in Table 8.

TABLE 8
AquaBlok™ Thickness (cm)

1994 1995 1996
Center of AquaBlok™ Drop approx. 30 20.3 20.0
Level Ground 6.2 52 9.8
Craters 16.0 14.5 7.4

Notes.

1. Measured from core samples taken at Racine Island, Pond 285.
2. Increased thickness is the result of increased swelling of the bentonite.
Source: Pochop, 1997.

It is currently uncertain how effective AquaBlok™ application by
truck will be. Concerns include uneven settling, accuracy of
application, and completeness of hydration. A treatability study will
be conducted during winter 1997-1998 to evaluate implementability of
winter application by truck.

ANC1004067A.D0C 413
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SECTION 5

Monitoring Strategy

The primary RAO of
reducing dabbling duck
mortality is monitored with
telemetry, aerial bird
population surveys, and

aerial photography.

The hot zone RAO is
evaluated annually by
maintaining an inventory of
hot zones that have been
identified, treated, and
verified for remedial action

completion.

Two key concepts were used in the development of the monitoring
strategy. First, monitoring must support the confirmation that RAQs
are met. Second, there are three key stages of implementing a remedjial
alternative that must be monitored: before it is started, while it is
being implemented, and at its conclusion. The first stage provides a
baseline of current conditions against which future monitoring can be
compared. The second stage provides ongoing information about how
well the alternative is operating toward achieving its individual
remediation goal. The final stage provides the data to verify that an
action has been successful. A detailed description of the monitoring
program is presented in Appendix G.

The three RAOs were described in Section 1.3. The first RAQ, reducing
dabbling duck mortality, is not specific to an area of ERF or to the
application of a specific remedial alternative. It must be achieved on
the basis of information about ERF as a whole because the ducks have
been observed to fly all over the flats, and WP has been detected in
many areas. The following monitoring will be performed annually to
improve understanding of the baseline condition and to determine
progress toward achieving RAO number 1 for Alternatives 2

through 5:

» Telemetry. As discussed in the RI, birds are captured, small radio
transmitters are attached to them, and then they are released in the
area in which they were captured. Personnel at two radio receiver
stations determine the direction of each bird transmitter on at least
a daily basis, and the intersection of these directional lines from
the transmitters provides the location of the bird at that particular
time. If the bird is not observed to move for a set period of time, it
is presumed to have died. Personnel in a ground search may then
be able to find the bird and submit it for WP analysis. In this
study, approximately 100 to 150 mallards will be tracked for &’
2-month period (length of typical fall migration). The mortality
rate can then be estimated by dividing the number of birds that die
from WP poisoning during the course of the study by the number
of birds in the study.

» Aerial bird population surveys. Studies to date have shown
substantial year-to-year variation in the number, species, location,
and timing (arrival on and departure from the flats) of birds that
populate ERF. Annual population surveys performed biweekly
between April and October will provide knowledge of trends in

ANC/1004067A00C 5-1
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the use of ERF, which can help in understanding specific or
unusual results from the telemetry studies. i

The evaluation for RAO number 2, reduction of hot zones, is
performed by updating a yearly inventory of treated hot ponds that
have successfully achieved WP treatment verification during
implementation of Alternatives 2 through 5. Ponds also may be
removed from the inventory of hot ponds if sampling confirms that
WP is not significantly present even without treatment. The
monitoring program for RAO number 3, WP exposure pathway, is
summarized for the three stages for each remedial alternative in
Table 9. The types of monitoring activities are described at the bottom
of the table. Many of the monitoring activities occur for several of the
alternatives. The monitoring methods by which each RAO will be
measured are presented in Figure 11.

The elements of the monitoring strategy and program are summarized
in Table 10. This table summarizes the program by monitoring type,
with its associated objective, geographical area, assessment method,
The monitoring program for schedule, data to be collected, and the test method. Monitoring
activities vary in their geographical and temporal scales. Monitoring
WP exposure pathways for two RAOs, mallard mortality and evaluating hot zones, is
varies with each remedial performed across ERF in the fall. Monitoring for the WP exposure
pathway RAO is focused on the treated ponds, and its timing includes
alternative, but has the same periods before and after the treatment. Although no specific RAO has
three stages: pre-treatment, been established for it, monitoring for negative impacts from habitat
changes will also be performed throughout remedy implementations.

treatment, and post-
These actions are assumed to occur at different time periods during
the course of the remediation. Figure 9 in Section 3.3 summarizes the
assumed schedule of monitoring activities in this FS for each of the
five remedial alternatives. The activities in this schedule serve as one
of the key inputs to the remedial alternative cost estimates
summarized in Section 6.

treatment monitoring.
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Stage
Remedial
Alternative Pre-Treatment Treatment Post-Treatment
1. No action None None None
2. Detailed Elevation survey Sublimation/oxidation conditions WP verification monitoring
monitoring Baseline WP monitoring  monitoring Pond size
Pond size Pond size
Sedimentation
Gully recession
3. Pump and Elevation survey Sublimation/oxidation conditions WP verification monitoring
AquaBlok™ Baseline WP monitoring  monitoring AquaBlok™ integrity
Pond size Gully recession inspection
Pond size Habitat changes
Pond size
4. Breach, Elevation survey Sublimation/oxidation conditions WP verification monitoring
Pump, and Baseline WP monitoring  monitoring AquaBlok™ integrity
AquaBlok™ Fond size Guily recession inspection
Pond size Habitat changes
Pond size

5. AquaBlok™

Elevation survey
Baseline WP monitoring
Pond size

Gully recession
Pond size

AquaBlok™ integrity
inspection

Habitat changes
Pond size

AquaBlok™ integrity inspection. Inspects the integrity of AquaBlok™ to ensure application effectiveness.
Baseline WP monitoring. Composite sampling sediment for WP at the start of treatment for baseline

conditions.

Elevation survey. Detailed survey of the ponds and surroundings for sediment elevations.

Gully recession. Guliies can affect pond draining and AquaBlok™ protection when they breach the pond.
Gully locations are monitored with aerial photographs. )
Habitat changes. Remedial alternative may affect bird habitat. Monitored vegetation with aerial photographs
and ground surveys.
Pond size. Remedial actions may affect the pond size. Monitored with aerial photographs.

Sedimentation. Deposition of clean sediment onto contaminated areas will reduce the ability of waterfowl to
reach the WP. Monitored with a field study for net consolidated sedimentation.
Sublimation/oxidation conditions monitoring. Warm, dry conditions promote the loss of WP from the
sediments through sublimation/oxidation. Pond water elevation, sediment moisture, and temperature are -

monitored.

WP verification monitoring. Similar to the baseline WP monitoring but is used to confirm that the remedial
alternative goal for WP loss has been achieved. Also includes implanted WP particles and water content

monitoring.

ANC/10040687.00C
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Monitoring Geographical  Assessment
Endpoint Objective Area Method Schedule Data Test Method
Mallard 50% monality ERF Aerial - Fall Area and pond  Aerial surveys
montality reduction in 5 population duck show duck
years. 1% survey populations populations,
above
reference Telemetry Mortality Telemetry
mortality in shows lack of
20 years movement
and radio
collar
recovered
from a
carcass or
feather pile.
Hot zones 50% reduction Hot ponds WP quantity, Everyfall WP particles WP sampling
of hot pond duck usage and duck
area in usage Telemetry
5 years and
99% reduction Aerial bird
in 20 years population
surveys
WP exposure No Treated area Sedimentation  Before and Sedimentation Net
pathway bioavailable after rate sedimentation
WP for treatment
dabbling application
ducks and
swans
Sublimation/ After Pond water Probes
oxidation treatment  elevation
conditions Sediment
monitoring moisture
Temperature
Gully recession  After Gully recession Photointer-
treatment rate pretation
WP: Verification After WP particles Composite
sampling treatment sampling
compares
conditions to Planted WP
baseline WP particles after
monitoring treatment
Areas treated  AquaBlok™ Depth of Cores
with integrity AguaBlok™. Visual
AguaBlok™ Absence of inspection
cracks
Negative Habitat Blasted areas  Observed Fall Vegetation Photo
impacts changes conditions changes interpretation
Areas treated Field surveys
with
AgquaBlok™
ANC/10040687.00C
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SECTION 6

Detailed Analysis of Alternatives

This section describes the
detailed analysis of the

alternatives.

There are five steps in the
process: develop remedial
action objectives and
evaluation criteria; develop
pond groups; develop
remedial alternatives; assess
criteria for each remedial
alternative by pond group;
and compare alternatives for

each pond group.

The objective of this section is to provide a summary of the effects of
the remedial alternatives for each pond group. This section is divided
into three main sections: the first section describes the process by
which the analysis was developed and the elements of each step of the
process; the second section provides a discussion of environmental
impacts; the third is a summary of the detailed analysis of the
alternatives.

A comprehensive discussion of the detailed analysis of alternatives is
presented in Appendix F.

6.1 Process

There were five steps in the process that was used to prepare the
analysis of alternatives:

1. Develop RAOs and evaluation criteria. The overall remedial
objective is the protection of the environment and human health.
The three specific RAOs address dabbling duck mortality, hot
zones, and WP exposure pathways. The NCP requires that each
remedial alternative be evaluated against nine criteria, seven of
which are summarized in Table 11. The other two, state and
community acceptance, are addressed later in the Proposed Plan
and ROD. The first two criteria, “threshold criteria,” must be met
for a remedial alternative to be selected. The other five, “balancing
criteria,” weigh the tradeoffs between alternatives. A low rating on
one balancing criterion can be compensated for by a high rating on
another criterion. The FS process is shown graphically in Figure 12
where the presence of multiple alternatives is shown narrowing to
one with the consideration of these criteria.

2. Develop pond groups. The pond group forms the geographic'al
basis for making decisions. Pond groups were formed on the basis
that remedial alternatives would perform similarly on all ponds
within the group; therefore, a preferred alternative is assumed to
be implemented equally on all members of the group. There are
five pond groups containing 18 hot ponds:

» Northern A pond group, a group of 7 ponds in ERF Area A,
with a total area of 5.8 ha

* Pond 290 in the southern portion of ERF Area A, with a surface
area of 0.9 ha

ANC/1004067A 00C 6-1
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o

Criteria

Analysis Factors

Specific ERF Considerations

1. Overall protection of
human health and the
environment

2. Compliance with
ARARs

3. Long-term
effectiveness and
permanence

4. Reduction of
toxicity, mobility, or
volume through
treatment

5. Short-term
effectiveness

6. Implementability

Human health protection
Environmental protection

Chemical-specific
Location-specific
Action-specific

Other criteria and guidance

Magnitude of residual risk
Adequacy and reliability of
controls

Treatment process and
remedy

Amount of hazardous
material destroyed or treated
Reduction in toxicity, mobility,
or volume through treatment
Irreversibility of treatment
Type and quantity of
treatment residual

Statutory preference for
treatment as principal
element

Protection of the community
during the remedial action
Protection of workers during
remedial actions
Environmental impacts
Time until remedial action
objectives are achieved

Technical feasibility
Administrative feasibility
Availability of services and
materials

Reduce risk to ecological receptors by preventing
incidental ingestion of WP panrticles.

Degree of environmental impacts to wetlands.

No chemical-specific ARAR for white phosphorus.

Magnitude of remaining risk from untreated
contaminated areas.

Long-term care required following treatment,

Measured by reduction in contaminated or treated
hectares.

Pond drying and sublimation/oxidation is treatment that
reduces mass.

AquaBlok™ application is a containment technology
that reduces mobility but does not meet the statutory
preference for treatment.

Natural processes (e.g., sedimentation) are not
considered treatment.
Blasting (in Alternative 4) is a consideration.

Significant concern for UXO exposure to investigators
and remedial action workers.

Significant pond drying and WP loss may take more
than one summer.

Potential environmental effects include temporary or
permanent loss of habitat.

Uncertainty in hydraulic connections in ponded
areas, and pond topography increases uncertainty in
performance estimate.

Availability of special vehicles for onsite travel.

Availability of laboratory services to measure WP.

7. Cost Capital Limited pilot tests of remedial alternatives in wetlands
Operations and maintenance  environment.
Present worth
Cost estimates are expected to provide an accuracy
of plus 50 percent to minus 30 percent for the defined
scope.
ANC/10040678.00C 6-2
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1. Overall Protection of Human
Health and the Environment
Addresses whether a remedy
provides adequate protecton of
human health and the:
environment and descnbes how
nsks are gliminated, reduced, or
controlled through treatment,
ENgINeEnng controls, or
nsttubonal controls,

2. Compliance with Applicable
or Relevant and Appropriate
Requirements (ARARs)
Addresses whether a remedy
will meet all ARARSs or federal
and state environmental
stanutes and/or provide grounds
{or invoking a waiver.

Long-term Effectiveness

and Permanence

Refers to the atility ot a remady
1o maintain reliabie protection
of human health and the
environment over nme, once
clean up goals have been met.

Reduction of Toxicity,
Mobility, and Volume (TMV)
Through Treatment

Refers to the anncipated abiiity
af a remedy to reguce the TMV
of tha hazardous components
present at the site.

Short-term Effectiveness
Addresses the penod of time:
needed to complete the remedy.
and any adverse impacts on
human heath and the
environment that rmay be posed
during the construction and
implementation penod, until the
clean up geals are achieved.

Implementability

Refers to the technical and
administratve feaswbiiity of a
remedy, inchuding the avadability
of matenals and services needed
10 carry out a paricular option.

Cost

Evaluates the esumated capnal
and operation and mainténance
costs of each altematve.

State Acceptance

Indicates whether. based on its
reviaw of the information, the
state concures with, is opposed
1o, or has no comment on the
prefemed altemative,

Community Acceptance
Indicates whether community
concems are addressed by the
remedy and whether the
community has a preference for
aremedy. Atthough public
comment is an important part of
the final decigion, EPAis
compelled by law 1o balance
ComMmunity concems with all of
the previously mentioned

criteria.
, NOTE
Flgure 12 The nine criteria are from the Guidance for Conducting Remedial
Investigations algd Feasibility Stu_die.s (U.S. EPA, 1986) and provide
Nine Evaluation Criteria suppan for the Remedial Alternative.
Operable Unit C
Feasibility Study
Font Richardson, Alaska CHEMHILL
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64

* Pond 183 in ERF Area C, with a surface area of 2.9 ha
o Pond 146 in ERF Area C, with a surface area of 5.5 ha

* Northern C and C/D, a group of 8 ponds in ERF Areas C and
C/D, with a total area of 3.6 ha.

Develop remedial alternatives. Five remedial alternatives were
developed:

* Alternative 1, No Action. No remedial action or monitoring is
performed.

» Alternative 2, Detailed Monitoring. No remedial action is
performed, but detailed monitoring is made to observe
whether natural processes are remediating ERF.

¢ Alternative 3, Pumping and AquaBlok™. Pumps are used to
drain the pond groups so that the drying sediment can allow
the existing WP to sublimate/oxidize and therefore decrease
concentrations. After a few years of pond draining,
AquaBlok™ is then spread over any remaining contaminated
areas.

* Alternative 4, Breaching, Pumping, and AquaBlok™. Ditches
are first created to drain the ponds through existing gullies or
Eagle River. Pumps are also installed to drain areas of pond
groups that do not drain by the man-made ditch. The pond
draining allows the sediment to dry so that the existing WP
can sublimate/oxidize. After a few years of pond draining,
AquaBlok™ is then spread over any remaining contaminated
areas.

» Alternative 5, AquaBlok™. AquaBlok™ is applied over the
surface area of the pond groups.

Each alternative also has a monitoring program appropriate for
examining the achievement of the RAOs. A different remedial
alternative can be chosen for different pond groups.

Assess criteria for each remedial alternative by pond group. This
detailed analysis is described in Appendix F, and forms the basis
for the next step. It involves considering each criterion for each
pond group.

Compare alternatives for each pond group. This step involves
examining each criterion for each pond group and determining
what the key differences are. The details of this comparison are
also provided in Appendix F, and are summarized in the next
section.

ANC/1004067A.00C
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Alternatives 3 and 4 drain
duck habitat. The effect in
Alternative 4 is expected to
be permanent, whereas that
of Alternative 3 is expected

to be short term.

Alternative 5 is expected to
lead to change in duck

habitat.

Steps 1 through 3 were described in earlier sections. The summaries on
studies of environmental effects of the remedial alternatives are

" discussed in Section 6.2. The results of Step 4 are discussed in

Section 6.3. The comparison of alternatives by pond group (Step 5) is
summarized in Section 7.

6.2 Environmental Impacts

This section discusses three environmental issues: impacts to habitat;
restoration of breached ponds; and risk and residual risk.

6.2.1 Impacts to Habitat

ERF supports a diverse community of waterfowl and shorebirds, some
of which (dabbling ducks and swans) are primary ecological receptors
for WP. The ducks have been observed to prefer specific types of
habitat: sedge marsh, permanent ponds, and intermittent ponds. These
habitats were ranked based on the proportion of time ducks were
observed in each This preference for habitat type has been considered
in this detailed assessment through a consideration of the treated
areas, including interconnected waterways, for each remedial
alternative for each pond group.

Remedial Alternatives 3 and 4 involve draining the selected pond or
pond group, followed by AquaBlok™ treatment of the pond areas that
remain contaminated. These treatments are expected to modify ERF
habitat to varying degrees. Pond draining by pumping (Altemative 3)
is expected to lead to only temporary changes in the habitat. Because
the water has been drained, ducks will prefer the habitat less.
Following satisfactory treatment, however, the pumping will be
stopped, and the ponds are expected to refill as before the treatment
was started.

Pond draining by breaching (Alternative 4) is expected to result in a
more permanent change in habitat. Because the lip of the pond has
been breached and the ditch is expected to continue eroding into the
pond, it is anticipated that the change in duck habitat will be
permanent. The pond will fill and drain with lower high tides than
previously because the pond lip has been breached. Plants requiring
less saturated conditions could replace the plant species currently at
the ponds. Changes in plant species composition will modify the
habitat quality for selected bird species, especially those that use
certain plants for food or shelter.

Other potential changes in habitat value, such as increased exposure
of shorebirds because of pond draining or changes in plant
community composition, cannot be accurately predicted. Information
on these impacts would be revealed by subsequent monitoring and

ANC/10040674 DOC 65
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periodic reporting of changes. However, during the 1997 pond '
pumping study, no impact to shorebird mortality was observed. L

6.2.2 Restoration of Breached Ponds

It 15 unlikely that breached ponds can be restored. The erosion
patterns that would be created over time reduce the feasibility of
reversing the process and restoring the ponds (as permanent or

It is unlikely that breached intermittent ponds) once remediation of the ponds is completed. It
probably is not feasible to redirect the erosion pattern once the pond
ponds can be restored. has been breached, especially if the pond remains breached for 2 or

3 years or more. Water flowing into and out of the pond along the
ditch blasted for a drainage is likely to extend the ditch into the pond
it drains. Once established, such a drainage system is likely to persist
unless a substantial structure is built to redirect the water flow.
Construction of that kind of structure is not considered practical on
the flats, where there is no solid substrate to which to anchor the
structure. Tidal flows onto and off the flats would tend to scour under
or around the edges of erosion-control materials that might be used in
attempts to restore a pond. In addition, concerns about UXO severely
limit construction in the flats.

In addition to the erosion control, restoration of the pond habitat
would require replacement of the eroded materials around the pond
and revegetation of the habitat. This also would be difficult and
perhaps not feasible.

6.2.3 Risk and Residual Risk

Figures 13 through 17 have been developed to qualitatively show the
differences between the alternatives in the magnitude and type of risk
during the period of implementation. These figures should be
considered semi-quantitative, and they represent only an index of risk
because the true risk cannot be determined. The following are the key
elements contained in these figures:

* Type of risk. The environmental risk to dabbling ducks and swans
from WP exposure exists only if the WP is bioavailable to these -
species. If the WP is covered by sufficient clean sediment to
prevent exposure, then the exposure pathway is incomplete and
there is no risk. On the other hand, physical forces may act to
remove the overlying sediment, exposing the waterfowl to WP.
Thus, there remains a “potential residual risk,” in the sense that it
is possible that the existing WP, although covered now, may lead
to exposure in the future. The sedimentation may have not filled in
the pond completely or physical forces may erode an area to
recreate a pond. Thus, covering with clean sediment reduces the
risk, but not the potential residual risk. In contrast, WP
sublimation/oxidation reduces both the risk and the potential

6-6 ANC/1004067A.00C



OuUC 0030039

Breaching
fallowead by

Pumping from ™"

Alternative 4

A. Risk of Exposure to WP at Northern A Ponds

- Sedimentation and some sublimation

~——— Altematrves 1 and 2

Fumping

NATZ GGF30KIT  anchiy

5 " from Aherative 3
4
oG e AquaBiok™ apphed
B B
i
g
ES 3
83 :
T ]
65 B
Og K rueans AquaBlok™ apphed
2 [*
9
0
0 5 10 15 20
Years Since Start of Remedy
B. Potential Residual Risk of WP at Northern A Ponds
6 AquaBiok™ apphed in Atematve 5 Ahtarnative 5
Breaching T Ao : e s
Pfo/lowed by
umping from’ -
Altermanve 4 Atematives 1 and 2
“ Pumping from Altematve 3
5 ) Slight reduction due to
AquaBiok™ apphied pemmerer sublimation
T 47
E£
2 x Ahermnatve 3
]
3
< = 34 AquaBliok™ applied
-3 :
== :
Q
2 ;
Ahamanve 4
1
0 I I I |
0 5 10 15 20
Years Since Start of Remedy
. Alternative
Figure 13 1. Noaction
Risk Index of Northern A Ponds 2. Detailed monitoring

3. Pumping and AquaBlok™

4. Breaching, Pumping, and AquaBlok™

138545 A

Operable Unit C
Feasibility Study
Fort Richardson, Alaska

5. AquaBlok™

CHMHILL




OUC 0030040

anchl

w 259013 06007

136545 +

1.50 —

1.25

1.00

75

Contaminated
Pond Area (ha)

.50

G BAIBUIA)Y

.25

AquaBlok™
applied

- Breaching followed
by Pumping in Alternative 4

- Pumping in Altamative 3

A. Risk of Exposure to WP at Pond 290

Sedimentation and some sublmanon -,

e AquaBlok™ applied

5 10

Years Since Start of Remedy

B. Potential Residual Risk of WP at Pond 290

Altematives 1 and 2

--AquaBlok™ applied Alematives 3, 4. and 5

A

15 20

1.50 H
1.25 —
AquaBlok™
apphed in
Attemnative 5
— 1.00 o
&
33 : o
.9 - Pumping in Altemative 3 o A
DT Alternatives 1 and 2
- 75 _ Breachung followed
ds by Pumping in Atemanve 4 ) N R .
o g """" Slight reduction gue to perimeter sublimation
cX
O w
*&
.50
.25 o --remmem— AQuaBiok™ appliad ’
AquaBlok™ Altarnative 3
applied
o SRR Altemnative 4
] | ] |
0 5 10 15 20
Years Since Start of Remedy
) Altemative
Figure 14 1. No action

Risk Index of Pond 290

Operable Unit C
Feasibility Study
Fort Richardson, Alaska

2. Detailed monitoring

3. Pumping and AquaBiok™

4. Breaching, Pumping, and AquaBlok™
5. AquaBlok™

CHMHILL

68

.
ot
.



B34 COEANNT anchl

134545 A

OuUC 0030041

A. Risk of Exposure to WP at Pond 183

Breaching
foliowed by
Pumpingin "
Alternative 4

2.5

-- Pumpmng in Alternative 3

Seaimentation and some sublmation

2.0

15

Contaminated
Pond Area (ha)

AgquaBlok™
aopled

1.0

¢ aAELSIY

AquaBlok™

AquaBlok™

0.5 apphed

Altematives 3. 4, and 5

Years Since Start of Remedy

B. Potential Residual Risk of WP at Pond 183

s 3.0 !
reaching Pt D
followed by i

natural guily progression

Altetnative 5

Pond breached by

20

Pumping
Alternanive 4
. ---Pumping n
25— Altarnatve 3
Shght reduction due to
some pemneter subimation
— 2.0
©
£ Sublimanon from
35 ratural breaching
S -- ‘
o S s N
X5 1.5 :
=3
5 E AgquaBlok™
o appied
[ 4 i
1.0 Alemative 3
r
0.5
AquaBlok™
applied
0
| ] i |
0 3 10 15 20
Years Since Start of Remedy
. Altemative
Figure 15 1. No action

Risk Index of Pond 183

Operable Unit C
Feasibility Study
Fort Richardson, Alaska

2. Detailed monitoring

3. Pumping and AquaBlok™

4. Breaching, Pumping, and AquaBlok™
5. AquaBlok™

CHMHILL

6-9



Fig 16 0911587 ancihd

1385454, .

OUC 0030042

A. Risk of Exposure to WP at Pond 146

== Pumping in Atemnative 3

Breaching
followad by ..
Pumpingm
Alternanve 4
e Sedimantanon and some sublimation
)
£
=y L= AQuaBlok™ applied
@
b
£
2 >
o g
o 3
)
i
o
AquaBlok™ *
AquaBlok™ applied
1 applied
Ahtematives 3, 4, and 5
0
0 5 10 15 20
Years Since Start of Remedy
B. Potential Residual Risk of WP at Pond 146
6—
=== AquaBlok™ applied in Altemative 5
Breactung
followad b -
Pumping in =~ . Pumping in Ahemanves 1 and 2
Altermnatve 4 Alemative 3

Slight residual risk reduction _
dua to mrmal sublimation

---- AquaBiok™ applied
Altmmative 3

Pond Area {ha}
(]
1

2 - AquaBiok™ appiied
1= '
0 | T T 1
0 5 10 15 20
Years Since Start of Remedy
. Altemative
Figure 16 1. No action
. 2. Detailed monitoring
Risk Index of Pond 146 3. gumpg-,g and AquaBlok™
. 4. Breaching, Pumping, and AquaBlok™
Operable Unit C 5. AguaBlok™

Feasibility Study

Fort Richardson, Alaska CHMHILL

610

~



5 G OCIDE DGINST  ancit

136545 AJ

OuUC 0030043

A. Risk of Exposure to WP in Northern € and C/D Ponds
6
5—
Breaching
followed by
Pumping in "
Alternative 4 .
4 7 = Pumping in Attemative 3
oG ' .
< 7 Sedimentation and some subimation
= -
c3
Eg 3
et
=9 - fu
g c .= AquaBlok™ apphed
o8
A
2 o,
1 AquaBlok™
AgquaBiok™
spphed apphed
Altematives 3. 4, and 5
0]
0 5 10 15 20
Years Since Start of Remedy
B. Potential Residual Risk of WP at Northern C and C/D Ponds
65—
5 —
Breaching
followed by --.
Pumping -
T AquaBiok™ apphed in Altemative 5
=2 .
=
2x 2
w.2 Alternatives 1 aj
o 34 00 E|EEEE el Siight residual nsk reduction
L ‘rom penmeter subhmation
28 s AQuaBA™ applied
A Alternative 3
Qo
24 5]
AquaBlok™ appied
Alermnative 4
1
0
| 1 [ !
0 5 10 15 20
Years Since Start of Remedy
Fiqure 1 Alternative
gure 17 1. No action

Risk Index of Ponds C and C/D
Operable Unit C

Feasibility Study

Fort Richardson, Alaska

2. Detailed monitoring

3. Pumping and AquaBlok™

4. Breaching, Pumping, and AquaBlok™
5. AquaBlok™

CHMHILL

6-11




Risk is the effect of current
exposure on waterfowl.
Contaminated sediment that
is covered by clean sediment
or AquaBlok™ has low risk.
These areas, however, have
high residual risk because
the contaminated sediment
is still present, although
covered and not a present

risk.
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residual risk because the lost WP cannot expose waterfowl in the
future.

Magnitude of risk. In areas where craters are visible, high crater
densities are located in and around the pond groups. WP has been
detected in at least one pond of every pond group. Walsh et al., in
Collins et al., (1997) have described that any detection of WP is
suggestive that larger quantities may be nearby. The
characterization of a heterogeneous contaminant such as the
particulate WP in ERF is very difficult; therefore, there is
uncertainty about the relative risks between pond groups. These
figures, however, have assumed that for a single pond, the relative
risk is proportional to the area of the pond group that is
unprotected from either a covering by sediment or AquaBlok™ or
the loss of WP from sublimation/oxidation. Although with
increasing uncertainty, these figures also suggest a relative risk
between ponds in the comparison of exposed areas.

Time frame. The figures all start with time 0 as the time of a
remedial action start. In actuality, different alternatives may be
implemented in different years, but these figures have normalized

time as years since start of remedy. The maximum time of 20 years .

was chosen because that is the time frame of the primary RAO
(discussed in Appendix G).

Changes in risk. Table A-4 in Appendix A summarizes the
potential effects of natural processes on the WP conditions during
this time frame. The natural processes of sedimentation and
sublimation/oxidation may cause changes in the WP risks to
waterfowl over this time. Remedial alternatives also change the
magnitude of risk and potential residual risk. Pond draining,
because its goal is to reduce the quantity of WP, and the natural
process of sublimation/oxidation reduce both the risk and
potential residual risk. Sedimentation and the application of
AquaBlok™, because they act to reduce WP exposure to dabbling
waterfowl by blocking access to the contaminated sediment,
reduce risk, but not potential residual risk.

Uncertainty. It is difficult to forecast the effects of natural
processes, including the consequences of pond draining. Appendix
A summarizes what is known to affect these processes, and there
are substantial uncertainties. Judgment has been used in
determining the effectiveness of different alternatives on the pond
groups in these figures, and this is subject to uncertainty. This is
represented in these figures, again semi-quantitatively, by wide
lines, indicating that the risk outcome covers a large risk region.
On the other hand, the success of the application of AquaBlok™
can be tested fairly quickly, and more AquaBlok™ may be applied
in areas where the depth is insufficient for protection. The

ANG/1004067A.00C
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Alternatives 1 and 2 may
result in lower risks and
residual risks if the natural
processes reduce the WP
sediment concentrations.
The risks can be lowered by
sedimentation, but this will

leave a high residual risk.

QOuC 0030045

DETAILED ANALTS15 Ur ALIERNATIVES

The technology-oriented
alternatives (3 through 5)
have the same risk following
implementation but different
residual risks because of the
differing amounts of
remaining contaminated

sediment.

monitoring program (discussed in Appendix G) describes an
annual survey that will be performed to maintain the AquaBlok™
as a highly effective WP exposure block. Therefore, the effects of
AquaBlok™ on risk and potential residual risk have been
represented by comparatively narrow lines.

With this background, the risk consequences of the remedial
alternatives for the individual pond groups can now be examined.
Figure 13 shows the case for the Northern A ponds. Table A4

1 - [ L S S oI |
(Appendxx A} describes that sedimentation may COover one of the

ponds in the group, Pond 258, sufficiently for natural restoration
within 20 years. Thus, Alternatives 1 and 2, which only use natural
processes, show a decline in risk. This is shown by a wide line-spread,
representing uncertainty, in the risk diagram (Part A). However, the
potential residual risk (Part B) shows no decline over this time because
the WP has just been covered but is still potentially available
depending on the future physical forces. Altematives 3 and 4 show a
more rapid, but still uncertain, decline in the risk (Part A) during pond
draining because active measures are being taken to enhance the WP
sublimation/oxidation through pumping and the presumed resulting
pond drying. It is believed that Altemative 4 will be more effective in
drying the ponds compared to Alternative 3; therefore, the risk of this -
alternative is shown as below that of Alternative 3. The pond risk
(Part A) drops abruptly when AquaBlok™ is applied, which is
assumed to occur in year 5. The potential residual risk (Part B) does
not decline when the AquaBlok™ is applied, because the WP is still
present in the environment.

In comparing the alternatives for Northern A ponds, it can be seen
that Alternatives 3 and 4 reduce the risk and potential residual risk
faster than Alternatives 1 and 2. Alternative 5 can reduce the risk
rapidly, but leaves the pond group with a higher potential residual
risk than Alternatives 3 and 4. The potential residual risk for
Alternatives 1, 2, and 5 are approximately the same because the
dominant force reducing the risk in Alternatives 1 and 2 is
sedimentation, which does not reduce the potential residual risk.

The pattern of risk is similar in Pond 290 (Figure 14), although it is
believed with higher certainty that the pond can be drained and WP
losses will be more complete. The potential residual risks of
Alternatives 3 and 4 are thus lower compared to Alternatives 1, 2,
and 5.

The pattern is somewhat different for Pond 183 (Figure 15). In this
case, it is believed there is some chance that the pond may have
limited drying on its own, and therefore some WP loss may occur.
This is represented by the decline shown for risk and potential
residual risk for Alternatives 1 and 2.

ANC/1004067A.00C 6-13
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The potential for sedimentation appears to be greater for Pond 146

(Figure 16) and the Northerm C and C/D pond group (Figure 17) than \
in the Northern A ponds, so the rate of decline for Alternatives 1 and 2

is faster than shown for those ponds.

6.3 Detailed Analysis

This section summarizes the impacts of the remedial alternatives
against seven of the nine NCP criteria. Table 12 presents costs and
Tables 13 through 17 present summaries of the impacts of the remedial
altermatives against the seven CERCLA evaluation criteria for each of
the five pond groups. These summaries were developed from the
detailed tables included in Appendix F. The summaries include the
most distinguishing results of the detailed analysis of alternatives that
were used to compare and rank altematives.

The comparison and ranking of alternatives is described in Section 7.

The results of the detailed analysis is for those criteria that generally
apply to all pond groups:

¢ Compliance with ARARs. There is no chemical-specific ARAR or -
other criteria for WP. Alternatives 1 and 2 will not meet the
location-specific ARAR for the protection of migratory birds and
wetlands. Alternatives 3 through 5 are expected to meet the
ARARs.

* Long-term effectiveness. Generally, residual risk is expected to be
lowest under Alternatives 3 and 4 and greatest under
Alternatives 1, 2, and 5. The degree of residual risk that would
remain under Alternatives 3 and 4 is dependent on the ability of a
pond group system to drain and dry before AquaBlok™
application. Alternatives 3 through 5 should produce protective
remedies, and they have adequate monitoring programs. The
absence of monitoring in Alternative 1 will leave it uncertain as to
whether a pond group is remedied. Alternative 2 has adequate
monitoring and may produce long-term protection, depending on
the success of natural processes at each individual pond group.

* Reduction of toxicity, mobility, and volume through treatment.
Draining ponds through breaching or pumping are treatment
technologies at ERF in Alternatives 3 and 4. Both can lead to pond
draining, which can result in the loss of WP. Alternatives 3 and 4
meet statutory preference for treatment for those areas where WP
sublimate /oxidizes as a result of treatment. Although
Alternative 5 (AquaBlok™)prevents mobility of WP, it does not
meet the statutory preference for treatment.

¢ Short-term effectiveness. There are no remedial risks in
Alternative 1 because no remediation and no monitoring are

6-14 ANC/1004067A.00C
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performed. Altematives 2 through 5 require worker exposure to
UXO during the installation, maintenance, and removal of
monitoring equipment. Alternatives 3 through 5 also result in
worker exposure for the installation, monitoring, and removal of
remedial action equipment. The workers will be operating under a
health and safety plan, which includes inspection for UXO.
Impacts to the environment are also considered in the evaluation.
Alternative 3 involves temporary draining of habitat, whereas
Alternative 4 involves the permanent removal of habitat.

* Implementability. No construction is required for Alternative 1.
Monitoring activities in Alternative 2 are not expected to lead to
problems. No technical difficulties are anticipated for
Alternatives 3 through 5. Additional remedial activities may be
difficult in areas that have been covered by AquaBlok™,
Equipment and the analytical laboratory are not expected to be
constraining factors.

* Cost. The cost of an alternative encompasses all engineering,
construction, and operations and maintenance (O&M) costs
incurred over the life of the project. These estimated costs are
expected to provide an accuracy of +50 percent to -30 percent for a -
defined scope of an alternative. The assessment of the NCP
criterion on cost is based on the estimated present worth of these
costs for each alternative. Present worth is a method for evaluating
expenditures such as construction and O&M that occur over
different lengths of time. This allows costs for remedial
alternatives to be compared by discounting all costs to the year
that the alternative is implemented. The present worth of an
alternative represents the amount of money which, if invested in
the initial year of the remedy and disbursed as needed, would be
sufficient to cover all costs associated with that alternative. The
discount rate used in the 20-year present worth cost estimate is
5 percent. The details of the cost estimates are described in
Appendix F.

Figure 18 shows the budget-level unit cost comparison for each
alternative for each pond group. Capital costs and 20-year present
worth costs are shown in Table 12 and summarized in Tables 13
through 17.

Note that the cost for ERF-wide activities has not been incorporated
into the alternative costs for each alternative at each pond group
because the ERF-wide activities are not programmed by pond group.
ERF-wide activities will be performed regardless of the selection of
Alternatives 2 through 5. The total remedial cost for ERF is thus the
sum of ERF-wide activities plus the remedial costs of the pond groups.

ANC/1004067A.00C §-15
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Table 12 Alternative Costs by Pond Group

10 Year 20 Year Total Total
O&M o&M Present Worth Present Worth
Capital Present Present Cost Cost

Alternative Location Cost Worth Worth {10 Year O&M) (20 Year O&M)
ERF-Wide Activities Throughout ERF $C $2,942,912 $4,669,868 $2,942,912 $4,669,868
1-No Action Throughout ERF $0 $0 $0 $0 $0
2-Detailed Monitoring Northern A Ponds $44,735 $162,813 $225,387 $207,548 $270,123
Pond 290 $17.118 $73,843 $105,130 $90,961 $122,248

Pond 183 $21,454 $130,479 $193,053 $151,933 $214,507

Pond 146 $22,899 $132,370 $194,944 $155,269 $217,843

Northern C and C/D Ponds $52,234 $215,667 $309,529 $267,902 $361,763

3-Pumping and AquaBiok Northern A Ponds $1,468,711 $673,231 $678,085 $2,141,942 $2,146,796
Pond 280 $199,208 $198,112 $200,845 $397,320 $400,053

Pond 183 $396,648 $238,565 $241,298 $635,213 $637,946

Pond 146 $1,421,652 $504,580 $507,313 $1,926,231 $1,928,965

Northern C and C/D Ponds $3,618,421 $1,719,625 $1,727,585 $5,337,946 $5,346,006

4-Pumping, Breaching, an'Northern A Ponds $1,174,636 $617,625 $623,092 $1,792,261 $1,797,728
Pend 290 $180,427 $189,154 $191,887 $369,581 $372,314

Pong 183 $332,393 $247,313 $250,047 $579,707 $582,440

Pond 146 $878,766 $396,599 $396,333 $1,275,365 $1,278,099

Northern C and C/D Ponds $2,431,760 $1,329,695 $1,333,217 $3,761,454 $3,764,977

5-AquaBlok Northern A Ponds $1,367,510 $45,487 $56,421 $1,412,997 $1,423,931
Pond 290 $220,008 $12,865 $15,599 $232,873 $235,607

Pond 183 $682,683 $12,865 $15,599 $695,549 $698,282

Pond 146 $1,218,095 $12,865 $15,599 $1,230,960 $1,233,693

Northern C and C/D Ponds $895,446 $45,487 $56,421 $940,932 $951,866

Note: ERF-wide Activity Costs are not included in the pend group specific costs because they are programmed

and impfemented on a flats-wide basis.”
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Tape1d
Summary of Delan. . valualion ol Alternalives lor Northem A Ponds

Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative §
No Aclion Detailed Monitoring Pumping and AguaBlok™ Breaching, Pumping, and AquaBlok™ AquaBlok™

Overall Protectlon of Human Health and the Environment
Ecological risk reduction by natural Ecological risk reduction by nalural Pumping of the Northern A Ponds would Breaching and pumping would provide Application of AquaBlok™ would be
processes resulling in loss processes resulling in foss provide adequale protection of the adequale proteclion of Ihe environmenl by prolective of the environmenl because the
{sublimation/oxidation) or covering {sublimation/oxidation) or coverng environmenl by promoling WP promoting WP sublimationfoxidation. exposure pathway to WP particles in the
{sedimentalion} of WP may lake rom 10lo  {sedimenlation} of WP may take Irom 1010 sublimation/oxidation. AguaBlok™ AguaBlok™ applicalion in areas lhal do not  sediment would be eliminated. Human
more than 20 years. No verlication more than 20 years. Verification moniloring  applicalion in areas that cannot be drained  drain and dry sediments would also reduce  health risk posed by polenhal exposure to
monitoring cenducted, Human heallh risk conducted. Human heallh risk posed by would also reduce WP exposure via WP axposure via ingestion by placing a UXO would nal be reduced.
posed by potential exposure lo UXO would  potenlial exposure to UXO would not be ingestion by placing a barrier betweaen WP barrier betwean WP paricles and waterfowl,
not ba reduced. reduced. particles and waterfowl. Human health risk ~ Human health risk posed by potential

posed by potential exposure to UXO would  exposure to UXO would not be reduced.
nal be reduced.

Compiiance with ARARs
No chemical- or aclion-specilic ARARs No chemical-specitic ARARs apply. Does Mo chemicai-specilic ARARSs apply. Can No chemical-specilic ARARs apply. Can Mo chemical-specific ARARs apply. Can
apply. Does nol meel lecatlon-specilic not meet location-specific ARARS specific to  meet action-specific ARARS if appropiate meset aclion-specitic ARARSs if appropriate meet action-specific ARARS it appropriale
ARARs specillc o protection of migralory prolection of migratory birds and wellands.,  proleclive measures are laken during protective measures are laken during proteclive measures are lakan during
birds and wetlands, Can mest action-specific ARARs it imptementation of allernativa. implemenialion of alternalive, implementation of alternative,
appropriale proleclive measures are taken.
Long-Term Etfectiveness and Permanence
Residual WP risk Is eslimaled o remain In Rasidual WP risk Is eslimaled lo remain in Mo residual risk will remain In Ihe areas No residual risk will remaln fn areas that are  Polenial rasidual risk will remain in 5.8 ha,
approximately 5.75 heclares (ha) of Ihe total  approximataly 5.75 hectares {haj of Ihe total  where pumping Is efleciive and WP successiuvily dried from breaching and or 100% of the hol pond area, afler
5.8-ha hol pond area after approximalely 20 5.8-ha ho! pond area after approximalely 20 sublimales/oxidizes. Residual risk is pumging and WP sublimates/oxidizas. AquaBlok™ applicalion, The Inlegrity of the
ywars, and gradualily decrease Iherealter, years, and gradually decreass thervalter, expected to remaln in approximately 3.5 ha  Residual risk is expected to remain In AquaBlok™ will be routinely evaluated and
No monilering conducled. Dalailed monitoring program conducted. (B0%) of Iha lolal 5.8-ha pond area whers approximalely 2.3 ha (40%) of tolal 5.8-ha managed to provide a permanent control,
AgquaBlok™ is applled bocause the WP is pond ared where AquaBlok™ is apphad
covered ralher than lraaled. The Inlegrity of  because the WP |s ¢overad ralher than
the AquaBlok™ wili be routinely evalualed treatad. The inlegrily of 1ha AquaBlok™ wlil
and managed lc provide a permanent be routinely evalualed and menaged to
conlral. provide a parmanenl conlral.
Reduction of Toxlclty, Mabillty, and Velume [TMV) Through Trealment
Il Is eslimatad lhal Ihe TMY of WP wlll be {Lis estimated thal Ihe TMV of WP will be TMV reduction resulting from WP TMV reduclion resuiling from WP Reduclion of WP mobility only from
reduced Ihrough nalural processes In 5 ha  reduced through nalural processas In § ha sublimation/oxidation Is eslimaled lo occur  sublimatlonfoxidation Is estimated lo ocour  AquaBlok™ will occur over the total hol pond
of the Iolal 5.8-ha hol pond area In thelong  of the total 5.8-ha hot pond area In the long  In 2.3 ha {40%} of the tolal 5.8-ha hot pond  In 3.5 ha (60%) of the total 5.8-ha hotpond  area, or 5.8 ha, Does not meet the slalutory
term (>20 years). No verillcalion moniloring.  term (>20 years). Delailed moniloring area, Reduclion ol WP mobfiity [rom area, Reduction ol WP mobllity from preference lor trealment.
Does nal meet the slalutory preference for  program conducted. Does not meal the AgquaBlok™ will occur In the remaining AquaBlok™ will occur in Ihe remalning 2.3
treatmenl as a principal elemant. slalulory preterence for ireatment as a 3.5 ha (60%). Meels Ihe slalulory ha {40%). Meels the stalulory preference for
princlpal element. preference for trealment where WP Irealment where WF sublimales/oxidizes as
sublimates/oxidizes as a result of pumping.  a result of breaching and pumping.
Shorl-Term Effactlveness
The time until remedial action objeclives are  The Iime unill remedial aclion objectives are It is estimated Ihal the RAQ of 50% Il is estimaled Ihat Ihe RAC of 50% The time untit hol zene and lreatmanl
mel from natural processes is estimated to  met from natural processes is eslimaled o reduction in hot zones can be achievedin 5  reduction in hot zanes can be achievad in venticalion RAOs are mel is astimated o be
be >20 years, No veriflcation monitoring ba >20 years. Delalled moniloring program  years and $9% reduction can be achieved § years and 99% reduclion can be achieved less than 5 years, depending on when lhe
conducted. conducted, in 20 years. There is uncertainly wilh regard  In 20 years. There Is uncertalnty with regard  AquaBlok™ is applled. These RAQs are
) . R ) (o whelher the long- and shorl-lerm mortality  to whether Ihe long- and short-term mortality essenlrally mel once Ihe application of
Conslrucllon achvitles limited to installation, AquaBlok™ is complele and adequate
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TABLETD ]
Summary ol Detail.

.uahion of Alarnatives for Norhern A Ponds

Alternative 1
Mo Action

Alternative 2
Detailed Manitoring

Alternative 3
Pumping and AquaBlok™

Alternative 4
Breaching, Pumping, and AquaBlok™

Alternative 5
AquaBlok™

Implementakbllity

. No Ireatment lachnologies implemented
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maintenance, and removal of menitoring
equipment. Primary risk lo workers 15 posed
by poteniial explosion of unexploded
ordnance (UXO}. UXO clearance and
adherence to health and salely plans would
be conducted.

Implamentation activilies are limiled o
installallon and mainlenance ol meniloring
equipment. The changes in WF panicle
concentralions, sedimantalion, and
sedimeant moisture and lemperature will be
monilored in order l¢ evaluale the
sliecliveness of nalural processes in drying
Ihe sedimenil, thus fostering WP
sublimalionfoxidation.

RPM and Biclogical Technical Assistance
Group (BTAG) coordination is conducted as

RAQs will be mel.

Because of Lhe interconneclions in the area,
pumping would drain approximately 36 ha in
addition to the 5.8-ha hol pond area, which
would lemporarily reduce open-water and
sedge marsh feeding habitat. Application of
AguaBlok™ in 3.5 ha wouid cause
permanent changes in bollom elevalions
that would affect 1.7% of ERF open-water
and sedge marsh habial.

Environmental impacts could alsa include
fuel spills that may occur during refueling of
the pump generators, impacts to the
environment would be minimized by the use
of helicopters to bring in floating pumps and
lings. Risk to workers is posed by potential
explosion of UXQ dunng installation,
maintenance, and removal of pumping
systemns and monilonng equipment, UXO
clearance and adherence lo heaith and
safely pians would be conducted.

The Morthern A hydraulic syslem and the
varying pond bollom elevatlons of the
interconnected ponds are not well
undearstood; however, summer 1937 aarial
and land survey delermined thal it is likely
that the Nonhern A pond group can be
drained and dried wilh lwo or lhree pumps.
Pands may need lo be rearranged once the
deepesl podions of the pond system are
exposed, and they will have to be pumped
al the high lides because they will drain

RACSs will be mel,

Because of the hydraulic interconnections in
lhe area, breaching and pumping could
result in draining approximately 36 ha in
addition to the 5.8-ha hot pond area.
Draining of Inese areas would represent a
permanent 20.6% reduclion in open-waler
and sedge marsh habitat at ERF.

Engineenng conlrols would be implemented
le minimize effects on existing habitat.

Application of AquaBiok™ in 2.3 ha would
cause permanenl changes in botlom
elevalions that would affect 1.1% ol ERF
open-waler and sedge marsh habilal.

Environmental impac!s could alse include
fuel spilis \hal may occur during refueling of
lhe pump generators, Impacts to the
anvironmenl would be minimized by the use
of helicopters to bring in loaling pumps and
lines. Primary risk to workers is posed by
polential explosion of UXO and/or
delonation supplies during placement of
delonation charges and inslallalion,
maintenance and removal of pumping
syslems and monilering equipmenl. UXC
cloarance and adherence to health and
safety plans would be conducted.

Pond breaching aclivitles may also allecl
the community of Eagla River. The blasls
are loud and may ba sean and felt. The
blasling will be conducted on clear days if
possible lo reduca the sound and pressure
ol 1he blast.

The Northern A hydraulic syslem is not well
understood; however, summer 1997 aerial
and land survey detarmined that it is fikely
thal Ihe Northern A pond group can be
drained and dned wilh Iwo or three pumps.
Breaching would lowar threshold elevations,
resulting In mare Irequent flooding and
draining (i.e., the pond system will be more
susceptible to re-wetting, bul will draln
taster). Sedimenl drying may be impaired
during years with higher lides becausa of

coverage is verilied, There 1s uncerainty
with regard to whether the long- and shon-
term moriality BACs will be mel.

I the total area of the Northern A hol ponds
(5.8 ha} is covered with AguaBlok™, this
would represenl a 2.8% reduclion i open-
water and sedge marsh habilat at ERF.
Because ol the shallow depths of the
MNorthern A ponds, modificalions of the
water deplh could signilicantly aller feeding
suitability lor watedow!.

Sampling will be conductad belore
application of AquaBlck™ to more clearly
define the hot pend areas and minimize the
area Ihal will be covarad wih AgquaBlok™,

Minor tachnical dilticulties are anticipated
wilh applicalion of AquaBlok™ by lruck or
by air. Reapplication may be necessary in
areas where craleis are presanl.

Visual inspection and sampling for integrity
of Ihe AquaBlok™ cover will be canducled.

RPM, BTAG, and U.S. Army Forl
Richardson coordination is conduclod as
part of technology implementation.
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TaBLE 13

Summary of Deta aluation of Allernalives lor Northemn A Ponds

Alternative 2
Detailed Meonitoring

Alternative 1
Mo Action

Altarnalive 3
Pumping and AquaBlok™

Alternative 4
Breaching, Pumping, and AquaBlok™

Alternative 5
AquaBlok™

part of monilenng program. Access ko CUC
is coordinated wilh U.S. Army al For
Richardson, '

Equipment and parsonnel to conduct
monitoring are available. Availability ol
laboralories thal can perform WP baseline
and varilicalion sampling is very hmited.

029

Capital Cost

50 $45,000
20-Year Present Worth Based an 5% Dlscount Rats

30 $270,000

AN G0A0683.00C

slowly. High tides and slow drainage may
impair sediment drying.

Changes in WP particle concenlrations, and
sediment moislure and lemperalure, as a
resull of pumping will be monitored to
evaluate the effectiveness of pumping in
promoting WP sublimationfoxidation. Visual
inspeclion and samphing for inlegrity of the
AguaBlok™ cover will be conducted.

No dilficulties associaled with construction
and gperalion of pumping syslems are
anticipated. Minor difficulties may be
axperienced during application of
AquaBlak™ if the producl is not laid evenly
and reapplication by truck or air Is required.

RPM, BTAG, and U.5. Army Fort
Richardson coordination is conducled as
par of technology implementation.

Military helicopters and llighl parscnnel
required to access QUC for eguipment
lranspor and AquaBlok™ applicalion are
nol readily available. Trucks used for
AquaBlok™ application are readily
available. Equipmenl and personnal to
conduct pumping and AquaBlok™
applicalion are readily available. Availahllity
ol laboralories that can perform WP
basaline and veriticalion sampling is very
limhed.

Futura remedial actions involving sedimenl
drying could nol be Implemeanlted sffaclively
in the areas whers AquaBlok™ has been
applisd.

$1,469,000

$2,147,000

more Irequent llooding.

Changes in WP parlicle concenlrations, and
sediment moislure and temperature, as a
result of breaching and pumping will be
monitored lo evaluate the effectiveness of
breaching and pumping in premating WP
sublimalion/oxidalion. Visual inspection and
sampling for inlegrity of Ihe AquaBlok™
covar will ba conducted.

Mo lechnical difficulies that would hinder
implementation of breaching activilies are
expecied. No technical difficulties
associaled with gonstruction and opaeralion
of lhe pumping syslems are anticipaled.
Minor difficullies may be experienced during
application of AquaBlok™ if the producl is
not laid evenly and reapplication by truck or
air s required.

RPM, BTAG, and LS. Army Fort
Richardson coordination is conducted as
parl of technelogy implementalion,

Military helicoplers and flight personnel
requlred lo access QUC for equipment
Iransport and AquaBlok™ applicalion and lo
conduct breaching (delonallon) are not
readlly avallable. Trucks used far
AquaBlok™ applicalion are readily
available, Equipmenl and personnal lo
conduct pumplng and AquaBlok™
application are readlly available, Availabllity
of faboratories that can periorm WP
baseline and verification sampling is very
limiled.

Future remedtal acllons involving sedimant
drying could not be implemanlied effsctively
in1he areas where AquaBlok™ has beon
applied.

$1,175,000

§1,798,000

Military helicoplars and fight personnel
reguired to access OUC for AquaBlok™
application are not readily available. Trucks
used for AquaBlok™ application are readily
available. Equipment and personnel to
conduct AquaBlok™ applicaton are readily
available. Availablility of laboraicries thal
can perform WP baseline and verilication
sampling is very limited,

Future remedial actions invelving sediment
drying could nol be implemented afieclively
alter AguaBlok™ has been applied.

$1,368,000

$1,424,000

4
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TasLE 14
Summary of Delan.

Liuation of Allernatives lar Pond 290

Altarnative 1

HNo Action

Alternatlve 2

Detailed Monitoring

Alternative 3

Pumping and AquaBlok™

Alternativa 4

Breaching, Pumping, and AquaBlok™

Alternative 5

AquaBlok™

Overail Protection of Human Heaith and the Environment

Ecological risk reduction by naiural
processes resulting in loss
(sublimalionfoxidation) or covering
{sedimentation) of WP may take >20 years,
No verilicalion monitoring conducted.
Human health risk posed by potential

aseg by potantial

exposure lo UXQ would not be reduced.

Compiiance with ARARs

No chemical- or agtion-specific ARARs
apply. Does not meal location-specific
ARARs specil‘ic to protection of migralary

e [Py
birds and wellands.

Leng-Term EHectlveness and Permanence

Residual WP rsk is astimated fo ramaln in
approximately .85 heclares {ha) ol the tolal
0.9:-ha hol pond area alter approximately 20
years, and gradually dacrease lherealtar.

No veriticatlon monitorng conducled.

Ecological risk reduction by nalural
pracesses resulling in loss
{sublimalionfoxidalion} or covenng
{sedimeniation] of WP may take more than
20 years. Verilicalion monitoring conducled.

Human health risk posed by potential

exposure to UXO would not be reduced.

No chemical-specitic ARARs apply. Doss
nol meet Jocatlon-specilic ARARS specific to
protectlon of migratery birds and weliands.

\Jdll meg dl..llUII'b].lUl,illi- ANAMNS ”
appropriate prolective measuras are laken.

Residual WP rigk ls aslimaled 1o ramain in
approximataly 0.85 haclares (ha} of the total
0.9-ha hot pond area alter approximately 20
yaars, and gradually decrease thereafter.
Aclual risk reduction would be evalualed

Through detailed monitoring.

Reduction of Toxlclty, Mobllity, and Yolume (TMV) Through Treatment

It Is estimaled thal tha TMV ol WP will be
gradually reduced in 0.85 of tolal 0.9 ha
Ihrough nalural processes, primarily
sedimentation, in the long term (>20). No
varification monitonng conducied. Doas not
meet the statutory prelerence for Ireatmant

as a nrlnrlnnl alamant

asa wipal elament,

Short-Term Effectlveness

Long-term remedial acllon aobjeclives may
bs met from natural processes in >20 yaars.
Mo venfication monitoring conducted.

ANC/IDD405BS.00C

il is eslimaled thal lhe TMY of WP will be
gradually reduced In 0.85 of tolal 0.9 ha
through nalural processes, primarily
sedimenlalion, In the long lerm {>20 years).
Datailed monitoring program conducied,
Does nol meset the slalutory preference for

frealment,

Long-term remedial action ob|eclives may
ba met from natural processes in >20.
Varilication monmitaring conduclad.

Conslruction aclivilias limited to inslallation,
maintenance, and removal of monitering

Pumping would provide adequate prolection
of the environment by promating WP
sublimationfexidalion. AquaBlok™

nppuuduun I{I areds lndl cannoi be ledll'le(l
would also reduce WP exposure via

ingestion by placing 2 barrier between WP
particles and waterfowl. Human health rnisk
posed by potenlial exposurs to UXC would

not be reduced.

No chemical-specific ARARs apply. Can
meet action-specific ARARs if appropriale
proleclive measures are taken during

II[IPIQITIEHI.d[IU” Ul dlllﬂ”ldHVH

Ma rasidual risk will remain in the araas
where pumping is efleclive and WP
sublimates/oxidizes. Residual risk is
expecled to remain in approximaleiy 0.14
ha {15%) where AquaBlok™ is appiied
because lhe WP is covared rather than
treated, The integrity of the AquaBlok™ will

ha routinely avaliintad ond manonad In
13 TOURINSqY gvauaiad and managad o

provide a permanenl conlrol.

TV reduclion rasulling from WP
sublimalionfoxidallon is estimated to occur
in 0.765 ha (85%) of the total 0.9-ha hol
pond area. Reducllon ol WP mobility from
AquaBiok™ will oceur in ihe remaining
0.14 ha [15%). Meels lhe sialutory

nrafaranca lor Irealment for those arsas

PreiErance jor (reaimen, o7 e areas

whera WP sublimates/oxldizes as a result of
pumping,

Itis estimalad lhat Ihe RAD of 50%
reduction In hot zones can be achieved in §
years and 99% reduction can be achieved
in 20 years. There is uncertainty wilh regard

DTSR, O T |

IU wheiher ihe IUIIQ' dang bIIUIl {80 FIIlJIl(aIIljir

Breaching and pumping would provids
adequate proteclion of the environmenl by
promating WP sublimationfoxidation.

HQUdDIUl\ = dppilLdIIUll Il] daredas ll1dl UU nol
drain and dry sediments would also reduce

WP axnosure via ingeshon by placing a

axposur 1gesho. ;ad

barrier between WP panicles and walerfowl.
Human health risk posed by polential
exposure 1o UXO would not be reduced.

Mo chemical-specific ARARSs apply. Can
meel actlon-spacific ARARs il appropriale
protective measures are taken during

[ W JRY S PR

Il[lplb‘l’llt.‘llldllu” Ol aHeinaiive.

Mo residual nsk will remain in areas lhal ara
successfully dried from breaching and
pumping and WP subhmatesfoxidizes.
Residual risk is expected to remain in
approximately 0.9 ha {10%) area where
AquaBiok’™ is appiied becausa the WF is
covered ralher Ihan Ireated. The integnty of

tha AcnnRigk™ will ha rmlllnalu avaluaiad

Ng AQULRICHTT Wil e rouk gyalugiad

and managed lo provide a permanenl
cantrol.

TMY reduction resulling Irom We
sublimalionfoxidation is estimated to occur
In 0.81 ha {30%) of the lotal 0.9-ha hot pond
area. Haduclion of WP mobility from

Hqudclcﬁ Wlll QoCur ”I mno lglllﬁllllllg U 05

ha (10%). Meets 1hae slalutory preference for
traalment lar thosa areas whara WP

sublimales/oxidizes as a resuit of breaching
and pumping.

Il is eslimated thal Ihe RAQ of 50%
reduction in hot zones can be achieved in

5 years and 99% reduclion can be achieved
in 20 years. There s uncerainty with regard

T e 11T

o whether the IONG~ aNd SNGT-eni monany

Apphcation ol AquaBlok™ would be
prolective of the environmen! because the
exposure pathway to WP padticles in Lha
sediment would be eliminaied. Human
health nsk posed by polenual exposure {o
XD wauld not he reduced

Mo chemical-specific ARARs apply. Can
meel aclion-specific ARARS if appropriale
proteclive measures are taken during

[ DU SR PR P

impiemanianon o1 alternative.

Palential residual nsk will remain in 0.9 ha,
or 100% of the hot pond area, aller
AguaBlok™ application. The integrity of tha
AquaBlok™ will be routinely evaluated and
managed lo provide a permanent canlrol.

Reductlon of WP mobilily only from
AquaBlok™ will occur over Lhe lolaj 0.9-ha
hol pond area. Does not mest the stalulory
prareranca for lreatment as a principal

alameni.

The time unlil hol zone and lreatment
verilicalion RAOs are met is eslimaled 1o bo
jess than 5 years, depending on when the
AquaBlok™ is applied. Thesa RAOs are

assentially mat oneos the annlication of
assentiaiy mel oncs Ine appiicanen ot

AguaBlok™ is complete and adequale

£500£00 ONO



aiuation of Aliematives for Fond 28§

Alternative S
AquaBlok™

Alternative 4

Alternative 3
Breaching, Pumping, and AquaBlok™

Pumping and AguaBlok™

Aiternative 2
Detalled Monitaring

Ajternative 1
No Action

impiementabiiity
No ireatment technologies implsmenled

£e-9

equipmenl. Pnmary risk lo workers is posed
by potenlral explosion of unexploded
....... WO LIV clo s rmmes G
Ulullnllbtf AL UAL LIUQ[dlILG nllu
adherence lo heaith and salety plans would

he conductlad

Imptementation aclivilies are hmited lo
Inslaliation and mainlenance of monilonng
equipmenl. The ghanges in WP panicie
congeniralions, sedimeniation, and
sedimenl moislure and temperature wil! be

monitored,
RPM and BTAG coordinalion is conducled

ag nad of monitoring nrogram,
agpar o g progr

Equipment and personnel to conduct

RAOs will be met.

Pumping wouid drain approximalely 6.9 ha,
which would lemporarily reduce open-waler
and sedge marsh feeding habilal.
Application of AquaBlok™ in 0.14 ha may
cause permanenl changes in bottom
eievations thai wouid afieci 0.7% oi ERF
open-waler and sedge marsh habitat.
Environmantal impacts could also include
fuel spifls that may cceur during refueling of
Ihe pump generalors. Impacts o the
environment would be minimized by the use
o! hslicopters to bilng in flcating puraps and
lines. Risk to workers Is posed by polential
oxplosion of UXO during installalion,
mainlenanca, and remaval of pumping
systems and moniloring equipment. UXO
clearance and adherence to heallh and
salely plans would be conducted.

Pond 280 is relatively isolated and drainage
by pumping is expected to be successiul.

Changes in WP pariicle cancentralions, and
sediment moislure and lemperature, a5 a
result of pumping wili be monitored to
evaluate the effecliveness of pumping in
promoting WP sublimation/oxidation. Visual
inspeciion and sampiing for iniegriiy oi ne

AquaBlok™ cover will be conducted.

RAOs will be mel.

Breaching would result in permanent elecls
on Pond 290 and surrcunding welland
hydrology because the pond would no
longer retain waler alter tidal flooding. 1l
would nol be leasible 1o restore hydrologic

condilions afier breaching.

Breaching and pumping would drain
approximalely 7 ha, which would
permangntly reduce open-waler and sedge
marsh habitals in ERF by 3.4%.

Application of AquaBlok™ in 0.09 ha of
Pond 280 would cause permanenl changes
in pond bottom elevalions but would aflect
oniy 0.04% of ERF open-waler and sedge
marsh habilal,

Environmeniai impacis couid aiso inciudg
tuel spills Ihal may occur during refusling ol
lha pump generalors, impacts o the
environmen! would be minimlzed by the uso
ol helicoplers le bring in fleating purmps and
linas. Pamary risk o woikers 1s posed by
potential expluston of UXO andfor
detonation supplies during placement o}
delenation charges and instaltalion,
maintenance and removal of pumping
systems and moniloring equipment. UXO
claaranca and adharenca to heallh and

salely plans would be conducled.

Pand breaching activilies may also affect
lhe communily of Eagle River, The blasls

ara tnd and maw ha saan and fall Tha
are ioUd ant may o8 Seen and ida. 1nd

biasling will be conductad on clear days it
possible lo reduce the sound and pressure
ol lhe blast.

Pond 280 is relatively isolated and drainage
by pumping is expected to be successiul.

Changes in WP particle concentrations, and
sediment moisture and lemperature, as a
result of breaching and pumping will ba
monitored lo evaluate the sflsctiveness of
breaching and pumping in promoling WP
subiimaiionsoxidation. Visuai inspeciion and
sampling for Inlegrity of lhe AquaBlok™

coverage is vanfied. There is uncertainly
with regard to whether the long- and shor-
ierm moniality RAGs wili be mei

Samphng will be conducled belore
application of AquaBiok™ lo more clearly
dsfine the hal pond areas and minimize lhe
area that wiii be covered wnh AquaBiok™.

Minor lechnical difficullies are anlicipated
with applicalion of AguaBlok™ by truck or
by air. Reappllcalion may be necessary in

argas WIIUIU cralers are PII:::.EI’M

Yisual !nspecllon and sampllng for inlegriw

Qi Iha HquDIUN " COVET WIII be bU[IUUlAUU.

RPM, BTAG, and U.5. Army Forl
Richardson coordinalion is conducted as
pari of technology implemantation.

+4500€00 N0



TaBLE 14

Summary of Det. aluation of Allernalives lor Pond 299

Alternative 1 Alternative 2

Allernative 3
Pumping and AquaBlok™

Alternative 4
8reaching, Pumping, and AquaBlok™

Alternative 5
AquaBlok™

No Action Detailed Monitoring
monitoring ara available. Availability of
laboralories (hat can perform WP baseline
and verilication sampling fs very limiled.

(=]
re
o
Capltal Cosl
$0 $17,000

20-Yeuar Present Wonh Basad on 5% Dlscount Rate
$0 $122,000

No difficulties associated wilh construction
and operation of pumping systems are
anticipated. Minor difficullies may be
experienced during application of
AquaBlok™ it the product is not laid evenly
and reapplication by truck or air is required.

RPM, BTAG, and U.S. Army Fort
Richardscn coordination is conducted as
part of techneiogy impiemenlalion.

Miltary helicopters and flight personnel
required lo access CUC for equipment
Iransport and AquaBlok™ applicalion are
nol readily available. Trucks used far
AquaBlok™ application are readily
available. Equipmenl and personnel lo
conduct pumping and AgquaBlok™
application are readily availabla. Availability
ol laboratories that can perform WP
baseline and venfication sampling is very
limiled.

Fulure remediai actions invelving sedimaenl
drying could nol be implemented etfectlvaly
in the areas where AquaBlok™ has been
applied.

$199,000

$400,000

cover will be cenducted.

Mo technical difficuities thal would hinder
Implementation of breaching aclivities are
expecled. No lechnical difficullies
associated wilh consliruclion and cperation
of Ihe pumping systems are anlicipated.
Minor difticulties may be experienced during
application of AguaBlok™ if the product is
nol faid evenly and reapplication by truck or
air1s required.

RPM, BTAG, and U.S. Army Forl
Richardson coordinalion is conducted as
part of lechnology implementation.

Miltary helicopters and Right personnel
required lo access QUG far equipmant
transport and AquaBlok™ application and to
conduct breaching [detonalion) ara not
readily available. Trucks used ftor
AquaBlok™ application are readily
availabla, Equipmenl and personnel to
conducl pumping and AquaBlgk™
applicalion are readily available. Availability
of laboralorles that can perorm WP
bassline and venfication sampling is very
limited.

Future remudlal actlons involving sediment
drylng could nol be implemenled affectively
In Ihe areas whers AquaBlok™ has been
appllad.

$180,000

$372,000

Military helicopters and flight persannel
required to access QUG lor AquaBlok™
application are nol readily available, Trucks
used for AquaBlok™ apphcation are readily
available. Equipment and personngl lo
conduct AquaBlok™ application are readily
available. Availability of laboralories that
can pedorm WP baseline and verification
sampling is very limited.

Future remedial actions involving sediman|
drying could not be implemeanted sifeclively
after AguaBlok™ has been applied,

$220,000

$238,000

ANCI1D040689.D0C
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TABLE 15

Summary ol Detailed Evalualion of Alternalives lor Pond 183

Alternative 1
Mo Action

Detailed Monitering

Alterpative 3
Pumplng and AquaBlok™

Alternative 4
Breaching, Pumping, and AquaBlok™

Alternative 5
AquaBlok™

Gverall Protection of Human Heailh and the Environment

Ecological risk reduction by natural
processes resulting in loss
{sublimationfoxidation) or covering
[sedimentation) of WP may lake 10-15
years. No verification monitoring conducled.
Human health risk posed by polential
exposure to UXC would not be reduced.

Compliance with ARARs

No chemical- or aclion-specific ARARs
apply. Doas nol maet location-specitic
ARARs specific to proteclion of migratory
birds and wetlands.,

Long-Term.EHectiveness and Permanence

Mos| residual WP risk [s estimaled lo ba
removed after approximalaly 10-15 years,
No verification monllorng ¢onducled,

Reduction of Toxlclty, Mabllity, and Volume {TMV) Through Treatmant

Il s estimalad Ihal most TMY ol WP will be
gradually reduced through natlural
processes, primarily gully progression, in
the long lerm {10-15 years). Detailed
monilordng program conducled. Does nol
maet the slalulory preference lor treatment.

It is eslimaled that mosl TMV of WP will be
gradually reduced through natural
precessas, primariiy gully progressiaon, in
lhe long term {10-15 years). Mo verification
maonllering conducted. Does nat mesl lhe
stalutory praference for Ireatment as a
principal element.

Shori-Term Effectlveness

Long-term remedial actlon cbleclives may
be met from natural processes in 10-15
yaars. Mo verificalion monitoring canducled.

ANCH GHOE89.DOC

Ecological risk reduction by nalural
processes resulling in loss
{sublimation/oxidation) or covering
{sedimeniation) of WP may take Irom 10-15
years. Verification monitoring wouid be
conducted. Human health risk posed by
potenlial exposure lo UXC would no! be

No chemical-specific ARARSs apply. Does
not meel localion-specific ARARs spacilic lo
protection of migralory birds and wellands.,
Can mes! aclion-spscific ARARS if
appropriate protective measures are taken,

Mast residual WP risk is estimaled lo be
removed afler approximataly 10-15 years,
Detailed monitoring program conducted.

Long-term remedlal action obfecllves may
be met Irom natural processas in 10-15
yaars. Varillcation moniloring conducted.

Conslruction aclivities limited to installalion,

Pumping would provide adequale protection
of the environmant by promoting WP
sublimationfoxidation. AquaBlok™
application In areas Ihal cannol ba drained
would alsc reduce WP exposurs via
ingestion by placing a barrier belween WP
particles and waterfowl. Human health nsk
posed by potential sxposura to UXO would
not be raduced.

Mo chemical-specitic ARARs apply, Can
mesl action-specific ARARs if appropriate
protective measures are laken duiing
implemenialion of alternative.

No residual risk will remaln in Lhe areas
where pumping is effective and WP
sublimales/oxidizes, Rasidual risk is
expected to remain In approximately 0.87
ha (30%) of lotal 2.9 ha whers AgquaBlok™
is applied because Ilhe WP is covered rather
than Ireated. The nlegrlly uf the
AquaBlok™ will be routinely evalualad and
managed lo provide a permanent conlrol,

TMV reduction resulling from WP
sublimation/ox|dation (s estimated lo occur
in 2,0 ha {70%) of the folal 2.8-ha hot pond
area. Reduction of WP mobiiity from
AquaBlok™ will oceur in the remaining 0.87
ha (30%). Meels the stalutory prelerence for
trealment for those areas whera WP
sublimates/oxidizes as a result of pumping.

Il Is astimaled \hal Ihe RAQ of 50%
reduction n hot zones can be achieved in 5
years and 99% raduclion can be achieved
in 20 years. Thare is uncertainty with regard
to whether lhe long- and shod-lerm mertality

Breaching and pumping wouid provide
adequale prolection of the envircnment by
promoting WP sublimation/oxidation.
AquaBlok™ application in areas that do nol
drain and dry sediments would also reduce
WP exposure via ingeslion by placing a
barrier between WP particles and waterfowl.
Human heaith risk posed by potential
exposure to UXO would not be reduced.

Nao chemical-specific ARARs apply. Can
meet action-specific ARARs if appropriale
proteclive measures are laken during
Implementation of allernalive.

No residual risk will remaln in areas that are
successlllly dried from breaching and
pumping and WP sublimatesfoxidizes.
Residual risk is expecled to remain in
approximately 0.44 ha {15%) area whare
AquaBlok™ is applied because lhe WP Is
covered rathor than frealed. Tha integrity of
the AquaBlok™ will ba routinely evaluated
and managed to provide a parmanenl
control,

TWV reduction resulling from WP
sublimaltonfox/dation is eslimated to occur
In 2.5 ha (85%) of Ihe lolal 2.9-ha hol pond
area. Aeduction of WP mobility rom
AquaBlok™ will accur in the remaining 0.44
ha {15%]). Meels the stalutory preference for
treatment for those areas whers WP
sublimates/oxidizes as a resull of breaching
and pumping.

ILis estimated that lhe RAO of 50%
reduction [n het zones can be achieved in

5§ years and 99% reduction can be achieved
in 20 years. There Is uncenainty with regard
to whelher the long- and short-term mortality

Applicalion of AquaBlok™ would be
protective of the envirenment because the
exposurs pathway to WP particles in the
sediment would be abminated. Human
health risk posad by potenhial exposure to
UXC would nol be reduced.

No chemical-specilic ARARs apply. Can
meel aclign-specific ARARs if approprizle
protective measures are taken during
implementation of allernative.

Polenlial residual risk will remain in 2.9 ha,
or 100% of Ihe hot pond area, aler
AquaBlok™ application. The integrity of the
AquaBlok™ will be roulinely evalualed and
managed lo provide a permanent contrgl,

Reduclion of WP mobilily only from
AquaBlok™ will eccur over Iha lolal 2.9-ha
(100%) of hot pond area. Doses nol mast the
slalulory preferenco lor lrealment as a
principal elament.

Tha lima until hot zone and trealment
varification RAOs are met is eslimaled to be
less than 5 years, depending on when lhe
AguaBlok™ is applled. These RAOs are
assentiafly met once lhe applicalion of
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TABLE 15

Summary ol Detaited Evaluation of Allernalives lor Pond 183

Alternative 1
Mo Acticn

Alternative 2
Detailed Monitoring

AHlernative 3
Pumping and AquaBiok™

Alternative 4
Breaching, Pumping, and AquaBlok™

Allernalive 5
AquaBlok™

129

Implementabllity

No treaiment lechnologies implemenled

ANC 004068 DOC

mainlenance, and removai of monitoring
equipment. Primary risk lo workers is posed
by potential explosion of unexploded
ordnance {UX0}, UX0 clearance and
adherence lo health and safely plans would
be conducled.

Implemenlalion aclivilies are limited to
installallon and maintenance of monioring
equipmenl. The changes in WP particle
conceniralions, sedimentation, and
sadimenl moistyre and lemperature will be
maonilored in order 1o evaluale the
eflecliveness cf natural processes in drying
Iha sediment, thus [oslering WP
sublimalion/oxidalion.

RPM and BTAG coordination is conducted
as par of moniloring program. Access to

R&Os wilf be mel.

Pumping would drain approximately 12 ha,
which would temporarily reduce open-waler
and sedge marsh feeding habilal.
Application of AquaBlek™ in 0.87 ha may
permanently reduce ocpen-water and sadge
marsh habilal in ERF by 0.4%.

Environmental impacls could also include
fuel spills that may occur duning refueling of
the pump generators. Impacts to the
environmenl would be minimized by the use
of helicoplers to bring in floating pumps and
lines. Risk lo workers is posed by polantial
axplosicn of UXO during inslallation,
mainlenance, and removal of pumping
systams and moniloring equipmenl, UXO
cloarance and adherance 1o health and
salely plans would be conducted.

Pond 182 is shallow and moderale lowering
ol waler level by pumping may expose large
sediment area. Pumping lest in May 1997
shawed {hat Pond 183 can be drained and
dried.

Changss in WP particle concenirations, and
sediment moisture and lemperalure, as a
result of pumping will be monitored to
evaluate the effecliveness of pumping in
promoling WP sublimation/oxidation. Wisual
inspection and sampling for integrily of the

RAQs will be met.

Breaching and pumping would dran
approximately 12 ha, which would
permanenlly reduce open-waler and sedge
marsh habitats in ERF by 5.9%.

Engineering conlrols, such as breaching a
gully that is afready naturally pregressing
toward Ihe pond system, would be
implemenled lo minimize effecls on existing
habitat,

Application of AquaBlok™ in O 44 wouid
cause parmanen! changes in bottom
elevalions that would atfect 0.2% ol ERF
open-water and sedge marsh habilal.

Environmental Impacts could also include
fuel spills that may occur during relueling of
Ilhe pump genarators, Impacls lo the
environment would be minimized by the use
of helicopiers 1o bring in floating pumps and
lines. Primary risk to workers is posed by
polantial explosion ol UXC andfor
delonalion supplies during placemenl of
delonalion charges and installation,
mainlenance and removal of pumping
syslems and moniloring aguipmenl. UXO
ciearance and adherence to health and
safety plans would be conducted.

Pond breaching activilies may also aliect
the cammunily of Eagle River. The blasts
are loud and may be seen and felt. Tha
blasling will be conducled on clear days il
possible to reduce the sound and prossurg
ol Ihe blasl.

Pond 183 is shallow and moderala lowering
of waler level by pumping may expose large
sedimen! area, Pumping test in May 1997
showed that Pond 183 can be drained and
dried.

Changes in WP particle concentrations, and
sediment moislure and temperalure, as a
result of breaching and pumping will be
monitored to evaluale the effecliveness of
breaching and pumping in promoling WP
sublimalionfoxidation. Visual inspeclion and

AguaBlok™ is complete and adequals
coverage is verified. There is uncertainty
with regard to whether the long- and short-
lerm morlalty RAOs will be met,

I Ihe Iotal area (2.9 ha)} is covered wilh
AgquaBlok™, this would represent a 1.4%
reduclion in cpen-waler and sedge marsh
habital al ERF.

Minor technical difficulltes are anlicipaled
with application of AquaBlok™ by truck or
by air. Reappiication may be necessary In
areas where cralers are presend.

Visual inspechion and samphng for inlegrity
o the AquaBlok™ cover will be conducted.

RPM, BTAG, and U.S. Army Fort
Richardson coordination is conducied as
parl of technology implementation.
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TABLE 15
Summary of Del

fluatien of Allemnalives for Pond 183

Alternativa 1

Alternative 2

Alternative 3

Alternative 4

Allernative 5

Mo Action Datailed Monitoring Pumping and AquaBlok™ Breaching, Pumplng, and AguaBlak™ AquaBiok™
gitlt?airzgggrdinaled with U.S. Army at Fort  AquaBiok™ cover will be conducted. samplin%fttj:r inlegrity; oc: the AquaBlok™ Military heiicopters and llight personnal
' No difficullies associaled with construction ' o 1 1€ conducted. required to access OUC for AquaBlok™
Equipmenl angd persennel to conduct and operalion of pumping syslems are No technical difficullies that would hinder apphcalion are not readily available. Trucks
monitoring are available. Availability of anlicipated. Minor difficuities may be implemenlalion of breaching aclwilies are ~ used for AquaBlok™ application are raadily
laboratories that can perform WP baseline experienced during applicalion of expected. No technical difficulties available. Equipment and4per sonnel lo )
and verification sampling is very imiled. AquaBlok™ if lhe producl is not laid evenly  associaled wilh conslruclion and operation ~ ¢onducl AquaBlok™ application are readily
and reapplicalion by truck or air is required.  of the pumping systems ara anlicipaled. available. Availability of iaboratories Ihal
REM. BTAG. and U.S. A Minor difficulties may be expeiienced during ©2n perform WP bassiine and verification
F-:jcha;rdson é:t:rdlnéti;:n ri:}z;odrlt.lcled as application of AquaBlok™ if the product is sampling is very limited.
pant o technology implementation, not laid evenly and reapplication by Iniek oF  £0,r5 remadial actions invalving sediment
o ) ) air is required. drying could not be implementsd etiectively
M1I|Ie_|ry helicopters and fight pefsonnel RPM, BTAG, and U.S. Army Fort alter AquaBlok™ has baen applied.
:faqnusr;‘acoillgna:izs;ag:i E‘Logqullijc‘g :]cer?tare Richardson coordinalion is conducled as
imol ion.
o not readily available, Trucks used for pact of technology implemenitalion
B AquaBlok™ applicalion are readily Military helicopters and flight personnel
available. Equipment and personnel to required to access QUC for equipmenl
conduct pumping and AquaBlok™ lransport and AquaBlok™ application and to
application are readily available. Availability conduct breaching {detonation) are nol
of laboralaries lhat can perform WP readily available. Trucks used lor
baseline and verification sampling is very AguaBlok™ application are readily
limiled. availabie. Equipment and personnel to
. . ) . conducl pumping and AquaBlok™
smlum ren';;dla[ gct{ons |nvolv1n§ s:dm:\er;t applicalion are readily available. Availability
h r‘,ﬂ;‘ng cou nﬁl 9 Ampleger:t: he ictwe Y of laboraleries that can perform WP
Int 0 areas wners Aqua ok™ has been baseline and verification sampling is very
applied. limiled.
Future remedial actlons involving sedimanl
drying could not be implemenled affactively
in the areas where AquaBlok™ has been
appifed.
Capital Cost
$0 $21,000 $397,000 $332,000 $683,000
20-Year Prosent Worth Based on 5% Discount Rate
$0 $215,000 $638,000 §582,000 $628,000
AHCH1(0M0669.00C
T o
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“TABLE 16
Summary of Dela

dlualion of Allernalives for Pend 146

Alternative 1
Mo Action

Alternatlve 2
Detalled Monitoring

Alternative 3
Pumgping and AquaBlok™

Alternative 4
Breaching, Pumping, and AguaBlok™

Alternative 5
AguaBlok™

Overall Protectlon of Human Health and the Environment

Ecological risk raduction by natural
processes resulting in loss
{sublimation/oxidalion) or covering
{sedimentation) of WP may take 10-15
years. No verification monitoring conducted.
Human heallh risk posed by polenliat
exposure to UX0 wouid not be reduced.

Compliance with ARARs

No chemical- or actlon-specific ARARs
apply. Does not meel location-specific
ARARs specilic to protectlon of migralary
birds and wetlands,

Long-Term EHecliveness and Permanence

Residual WP rsk is estimated to remaln In
approximately 5.0 heclares {ha) of total 5.5
ha alter approximalely 10-15 years, and
gradually decreass thereafler, No
varification monlloring conducted.

Ecological risk reduclion by nalural
processes rasulting in loss
{sublimalion/oxidation) or covering
{sedimentalion) of WP may take Irom 10-15
years, Verillcalion monitoring would be
conduclad, Human health risk posed by
potential expasure to UXO would not be
reduced.

No chemical-specific ARARs apply. Does
nol meet location-specific ARARS specific to
protectlon of migratery birds and wellands,
Can mest actlon-specific ARARS il
appropriate prolective measures are laken,

Resldual WP risk is astimated Lo remain In
appraximalely 5,0 hectaras {ha} of total 5.5
ha aler approximalely 10-15 years, and
gradually decrease thereafler, Detalled
menilaring program conducted,

Reductlon of Toxlcily, Mobiliity, and Volume (TMV} Through Treatment

ILs eslimated that mosl TMY of WP will be
gradually reduced threugh natural
procasses, primarily sedimentation, in the
long term {10-15 years), No verilicallon
monitoring conducted, Does not meet the
slatutory preference for treaimenl as a
principal slement,

Short-Term Effectlveness

Long-term remedial action objectives may
be met from natural processes in 10-15
years, Mo verification menitoring conducled.

HHCH O040589.00C

It is aslimaled that most TMV of WP will be
gradually reduced Ihrough natural
processes, pnmarily sadimentalion, in lhe
long lerm [10-15 years). Detailed monitonng
program conducled, Does not mast Iha
stalutory prelerance for trealment,

Leng-term remedial action objectives may
be met from natural processes in 10-15
years. Varificalion monitoring conducted.

Consliuclion astivitles limiled 1o installation,
mantenance, and remaval of moniloring
aquipment, Primary risk lo workers is posed

Pumping would provide adequale prolection
of the environmenl by promoling WP
sublimation/oxidalion. AquaBlok™
applicalion in areas that cannot be drained
would also reduce WP exposure via
ingestion by placing a barrier between WP
particles and walerfowl, Human health risk
posed by polenlial exposure to UXO wouid
not be reduced.

Mo chemical-specific ARARs apply. Can
mesl action-specilic ARARSs it appropriate
protective measures are taken during
implementalion of alternalive.

Mo residual risk will remain in the areas
where pumping |s effeclive and WP
sublimates/oxidizes. Residual risk is
expected to remain In approximately 2.8 ha
{50%) of lotal 5.5 ha where AquaBlok™ is
applied because the WP is coverad rather
lhan trealed. The integrity of the
AquaBlok™ will be roulinsly evalualed and
managed {o provide a permanant control.

TMV reduclion resulting from WP
sublimation/ox|dation is estimated lo occur
In 2.8 ha (50%)} of the total 5.5-ha hot pond
area. Reduction of WP mobllity from
AquaBiok™ will occur in the remaining 2.8
ha {50%). Maels the statutory prelerenca lor
trealment for those areas where WP
sublimales/oxidizes as a resull of pumping.

Itis estimaled Ihat the RAO of 50%
reduclion in hot zones can be achieved in 5
years and 99% reduction can be achieved
In 20 years. There is uncertainty wilh regard
to whelher the long- and shod-lerm monality
RAOs will be mel.

Breaching and pumping would provide
adequata protecticn of the environment by
prometing WP sublimatienfoxidalicon.
AguaBlok™ agpplication in areas that do not
drain and dry sedimenls would also reduce
WP exposure via ingestion by pfacing a
barrier between WP parlicies and waterfowl.
Human heallh risk posed by polential
exposure to UX0 would not be reduced,

Mo chemical-specific ARARs apply. Can
meet aclion-specific ARARs if appropriale
protective measures are taken during
implementation of alternative.

Mo residual risk wili remain in areas lhat ara
successiully dried {rom breaching and
pumping and WP sublimatesfoxidizes.
Residual risk is expected to ramain in
approximately 1.7 ha {30%} area where
AquaBlok™ is applied because lhe WP is
covered rather than trealed. The integnty of
tha AguaBlok™ will be routinely avaluated
and managed Io provide a parmanani
cantrol,

TMV reduction resulling from WP
sublimalion/oxidation is astimatad 1o accur
in 3.9 ha (70%;} of ths total 5,5-ha hot pend
area. Reduction ol WP mobllity from
AquaBlok™ will ocour In he remaining 1.7
ha (30%). Meets the slalulory preference for
treatmant lor those areas whers WP
sublimalesfoxidizes as a result of breaching
and pumping.

It is eslimated that the RAC of 50%
reduction in hot zones can be achieved in

§ years and 9% raduclion can be achieved
In 20 years. There is uncerlainty with regard
to whalher the long- and short-term monalily
RAQs will be met,

Application of AquaBlok™ would be
protective of the envirenment because the
exposure palhway io WP particles in lhe
sediment would be eliminated. Human
health risk posed by potential exposure to
UXO would not be reduced.

No chemical-specific ARARs apply. Can
meet action-specilic ARARS if appropriate
protective measures are taken during
Implamantalion of allernative.

Potential residual sk will remain in 4.95 ha,
or 80% of lhe hol pond area, afler
AquaBlok™ application. It is assumed thal
previous dredging removed residual risk in
remaining 5% of hol pond area. The
Inlegrity of lhe AquaBlok™ will be roulinaly
svaluated and managed lo provide a
parmanenl conlroi.

Reduclion of WP mobility onfy from
AquaBlok™ will acour over 4,95 ha {90%) of
lolal 5,5-ha hol pond area. Does not mest
lhe slalutory prelerence for trealment as a
principal elerment . It is assumed that TMV
was reduced by dradging in reimaining 5%.

The tima unlil hol zonae and traalment
varilicalion RAOs ara mel Is eslimaled lo be
lass than 5 yaars, depending on whan the
AquaBlok™ Is applied. Thase RAOs are
gssentially mal once lhe applicalion of
Aqualllok™ |s complete and adequate

6500€00 ONO



TaBLE 16

Summary ol Detailed Evalualion of Alternatives for Pond 146

Alternative 1
No Action

Alternative 2
Detailed Monitoring

Alternative 3
Pumping and AquaBlok™

Allernalive 4
Breaching, Pumping, and AquaBlok™

Alternative 5
AquaBlok™

implementabliity
Mo treatment lechnologies implemenled

1€-9

AHCHO04DERY DOC

by polential explosion of unexploded
ordnance {UXO). UXC clearance and
adherancea to health and safely plans would
be conducled.

Implementation aclivities are limiled to
installallon and maintenance of monitoring
equipment. The changes in WP parbcle
concanirations, sedimenlalion, and
sedimen| moisture and temparalure will be
monllorad in order to evaluale the
eliecliveness ol nalural processes in drying
ke sediment, thus loslering WP
sublimationfoxidalion,

RPM and BTAG coordination |s conducted
as part of monitoring program. Access 1o
OUC s coordinaled wilh U.S. Army at Forl
Richardson,

Equipmenl and personnel 1o conducl

Fumping would drain approximately 16 ha,
which would lemporarily reduce open-waler
and sedge marsh leeding habial.
Application of AguaBlok™ in 2.8 ha may
permanenlly reduce open-waler and sedge
marsh habilal in ERF by 1.4%.

Environmaenlal impacls could also include
luel spills that may occur dusning relueling of
Ihe pump generalors, impacits lo the
anvirgnmend would be minimized by the use
ol helicopters to bring in flcaling pumps and
hnes. Risk to workers is posed by potential
axplosion of UXO during installation,
maintenance, and removai of pumping
systems and monitoring equipment. UXO
clearance and adhserence lo health and
silety plans would ba conducted.

Uncerain Il pumping will lower waler levels
and dry sedimenis sufficiently for WP
subhimationfoxidalion. Underground
recharge from Clunie Creek is suspected
and may inhibit success.

Changes in WP parlicle concenlralions, and
sediment moisture and lemperalure, as a
resull of pumping will be monitored to
evaluate the eflectivenass of pumping in
promoting WP sublimation/oxidalion. Visual
inspeclion and sampling for integrity of Ihe
AguaBlok™ cover will be conducled.

No difficullies associaled with construclion
and cperation of pumping syslems are

Breaching would drain approximalely 18 ha,
which would permanently reduce open-
waler and sedge marsh habilals in ERF by
7.8%.

Engineering controls would be implemanted
to minimize effects on exisling habitat.

Application of AquaBlok™ in 1.7 ha would
caluse permanent changes in boliom
elevalions that would aflect 0.9% ol ERF
open-water and sedge marsh habital.

Environmental impacls could also inciude
tusl spills thal may cccur during relueling ol
the pump genarators. Impacts to the
snvironment would be minimized by ihe use
ol helicopters to bring in floating pumps and
fines. Primary risk lo workers |s posed by
polenlial axplosion ol UXO andior
detonalion supplies during placement of
detonatian charges and inslallation,
mainlenance and removal of pumping
syslems and monitoring equipment. UXO
clearance ang adherence lo heallh and
safely plans would be conductad.

Pond breaching aclivilies may also affecl
Ilhe community of Eagle River. The blasls
are loud and may be seen and fell. The
blasting will be conducted on clear days I
possible lo reduce Ihe sound and pressure
ol Ihe biasi.

Unceriain il breaching and pumping will
lower water levels and dry sedimenls
sufficiently lor WP sublimalionfoxidation.
Undarground recharge from Clunie Creek is
suspecled and may inhibil success.

Changes in WP parlicle concentraticns, and
sediment moisiure and temperalure, as a
resufl of breaching and pumping will be
manilored to evaluale the effectiveness of
breaching and pumping in promoling WP
sublimalicn/oxidation. Visual inspection and
sampling for inlegrity of the AgquaBlok™
cover will be conducted.

Mo 1echnical difficulties that would hinder

coverage is verilled There Is uncerainly
wilh regard lo whelher lhe long- and shod-
term morality RACSs will be met

Il the {olal contaminaled area (4 95 ha} area
is covered with AquaBlok™, this would
represeni a 2.7% reduction in open-waler
and sedge marsh habitat at ERF.

Mo lechnical difficullies anlicipaled with

application of AquaBlok™ by truck or by air.

Reapphcation may be necassary in areas
where craters are present,

Visual inspection and samphing for ntegrity
of lhe AquaBlok™ cover will be conducled.

RPM, BTAG, and U.S. Army Forl
Richardson coordination is conducled as
part ol lechnology implementation.

Millary helicopters and flighl personnel
required to access OUG lor AquaBlok™
application are nol readily available. Trucks
used for AquaBlok™ application are readily
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TABLE 16

Summary of Deta. Juation of Allernalives for Pond 146

Alternative 1 Alternative 2

Alternative 3

Alternative 4

Alternative 5

No Action Detailed Monitoring Pumping and AquaBlok™ Breaching, Pumping, and AquaBlok™ AgquaBlok™
moniloring are available. Availabilily of anticipaled. Mincr difficulties may be implementation of breaching activities are avalable. Equipment and personnei lo
laboratories that can perform WP baseline experienced during application of expecled. No technical ditficulnes conduct AquaBlok™ application are readily
and verification sampling is very limiled. AquaBlok™ il the product is not laid evenly  associaled wilh construction and operalion  available. Availabilily of laboratories Ihat
and reapplication by truck or airis required. ol Ihe pumping syslems are anlicipaled. can perform WP haseline and verificalion
Minor difficulties may be expenenced during  sampling is very limiled.
RPM, BTAG, and U.S, Army Fort application ol AquaBlok™ if the producl is , o ,
Richardsen coordination is conducted as not laid evenly and reapplicalion by truck or Future remedial aclions involving sediment
parl of lechnology implemenlation. air is required drying could not be implemented effectively
o ) ) ’ after AquaBlok™ has been applied.
Military helicoplers and Hlight personnet APM, BTAG, and U.S. Army For
required lo access OUC'Lor equipment Richardson coordinaticn is conducted as
Iranspon and AguaBlok™ application are pant of technology implementation.
net readily available. Trucks used lor
AquaBlok™ appiicalion are readily Military helicopters and tlighl perscnnel
available, Equipment and personnel to required to access OUC for equipment
o conduct pumping and AguaBlok™ Iransport and AquaBlok™ application and to
8 application are readily available. Availabilil conduci breaching [detonation) are not
p ¥ ¥
of laboralories that can perform WP readily available. Trucks used for
baseline and venfication sampling is very AquaBick™ application are readily
limited. available. Equipmen| and personnel to
i ) . ) i conducl pumplng and AquaBlok™
Future remadial aclions invelving sediment 5 5iicancn are readily available. Availability
_drymg could nol be implemented effectively s ahoratories that can perform WP
in the areas where AquaBlok™ has been baseline and verficalion sampling is very
applied. limiled.
Fulure remedial actions involving sediment
drying could net be implemenled eHectively
in the areas where AquaBlok™ has been
apphed.
Capital Cost
$0 $23,000 $1,422,000 $879,000 $1,218,000
20-Year Prosent Worlh Based on 5% Dlscount Rate
$0 $218,000 $1,925,000 §1,278,000 $1,234,000
AN/ HDO40569.000
PR PTG
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TABLE VT
Summary ¢l Delai

Jalion oi Aleinalives lor Morthern C and GO Ponds

Alternalive 1
Mo Actlon

Alternative 2
Detailed Monitoring

Alternative 3
Pumping and AquaBlok™

Alternative 4
Breaching, Pumping, and AquaBlok™

Alternative 5
AquaBlok™

Overall Protectlon of Human Health and the Environment

Ecological risk reduction by natural
processes resulling in loss
{sublimation/oxidation} ar covering
{sedimenlalion} of WP may take {rom 10 lo
15 years. No verificalion monilonng
conducted. Human health risk posed by
polential exposure lo UXO would nol be
reduced.

Compiiance with ARARs

No chemlcal- or action-specitic ARARs
apply. Does not meel location-specific
ARARs specilic to protection of migratory
birds and wallands.

Long-Term Effectlveness and Permanence

Residual WP risk |s estimaled lo remaln In
approximatefy 3.5 hectares (ha) of the total
3.7-ha hot pond area afler approximately
10-15 years, and gradually decrease
Iherealter. No verilicallon meniloring
conducled.

Ecological risk reduclion by nalural
processes rasulling in loss
{sublimation/oxidation) or covering
[sedimentation} of WP may lake Irom 10 to
15 years. Verificalion menitoring canducled.
Human heallh risk posed by polenliat
exposure to UXO would not be reduced.

No chemical-specliic AHARs apply. Does
nol meet |ocation-specific ARARS spacilic 1o
protectlon of migralory birds and wellands.
Can meel action-specilic ARARSs il
appropriale protective measures ars laken.

Residual WP risk is eslimaled to remain in
approximately 3.5 hectaras (ha} of the lotal
3.7-ha hot pond area afler approximatoly
10-15 years, and gradually decrease
Ihereatter. Delailag monttoring program
conducled,

Reducilon of Toxlelty, Mobliily, and ¥Yoiumea (TMV) Through Treatment

11 {3 aslimated that the TMV of WP will be
gradually reduced through nalural
processes, primarily sedimenlallon, in the
long lerm {10-15 years). No monitering
conducted, Does not meet the statutory
preference for treatment as a principal
element,

Shori-Term Effectlveness

Leng-lerm remedial action objectives may
be mel Irem nalural processes in estimated
10-15 years, No verilication moniloring
conducted.

AN 040689 Do

It is estimated thal \he TMY of WP will be
gradually reduced Ithrough natural
processes, primarlly sedimentation, in the
long term {10-15 years). Detailed monitoring
pragram conducted. Does not meet Lhe
statutory prefsrence for freatment.

Long-term remedial action objectives may
be mat {rom nalural processes in estimated
10-15 years, Varification moniloring
conducted,

Construclion actvities limiled o inslallation,
maintenance, and removal of monitaiing

Pumping would provide adequate protection
of the environmenl by promoting WP
sublimalionfaxidation. AquaBlok™
application in areas that cannot be drained
would also reduce WP exposure via
ingeslion by placing a barrier between WP
paticles and waterfowl. Human heallh nsk
pased by potenlial expasure lo UXO would
not be reduced.

No chemical-spacilic ARARs apply. Can
meel action-specific ARARs If appropriate
protective measures are laken during
implementation of alternative.

Mo residual risk will remain in the areas
where pumplng |s eflective and WP
sublimatesfoxidizes. Residual risk is
expected to remain in approximately 2.2 ha
{60%) of lolal 3.7-ha pond area where
AquaBlok™ is applied because the WP is
covered rather than lrealed. The inlegrily of
the AquaBlok™ will be roullnely evalualed
and managed to provide a permanant
control.

TMY reduction resulling from WP
sublimationfoxidalion is astimaled 1o accur
in 1.5 ha {40%) of Ihe tolal 3.7-ha hot pond
area. Reduction of WP mobilily from
AquaBlok™ will occur in the remaining

2.2 ha {(60%). Meets lhe siatutory
preterence for treatmenl for lhose areas
whara WP sublimatesfoxidizes as a resull of

pumping.

ItIs aslimated Ihat the RAD of 50%
reduction In hol zones can be achieved in 5
years and 99% reduction can be achieved
in 20 years. There is uncertainty with regard
lo whelher the long- and short-term mortality
RADs will be mel,

Breaching and pumping would provide
adequate proteclion of the environment by
promoting WP sublimation/oxidation.
AquaBlok™ application in areas that do not
drain and dry sedimenls would also reduce
WP exposure wia ingsslion by placing a
barrier belween WP particles and waterfowi.
Human heallh risk posed by potential
axposure to UXO would not be reduced.

No chemical-spsecific ARARs apply. Can
meet action-specific ARARs il appropriate
proteciive measures are taken during
implemantation of allernative.

No residual risk will remain in areas tha! are
successiully dried from breaching and
pumping and WP sublimates/oxidizes.
Residual risk is expected to remain in
approximately 1.5 ha (40%} of tolal 3.7-ha
pond area where AquaBlok™ is applied
because lhe WP 1s covered rather than
Ireated. Tha inleyrily of the AguaBlok™ will
be routinely evalualed und managed lo
provida a permanent control.

TMV reduction resulling from WP
sublimatlon/oxidation Is estimated to occur
in 2.2 ha {60%) of Ihe lotal 3.7-ha hot pong
area. Aaduction of WP mabllity Irom
AquaBlok™ will occur in the remaining 2.3
ha (40%}. Mests 1he slalulory prafarence for
Ireatmanl for those areas where WP
sublimatas/oxidizes as a result of braaching
and pumping,

Itis estimated that the RAQ of 50%
reduction in hot zones ¢an be achieved in

5 yaars and 99% reduction can be achigved
in 20 years. Thera is uncertainty with regard
to whalher the long- and shod-term merality
RACs will be mal.

Application ol AquaBlok™ would be
prolective of the environmenl because lhe
exposure palhway to WP parlicles in the
sediment would be eliminaled. Human
heallh risk posed by polential sxposure lo
UXQO would not be reduced.

Mo chemical-specific ARARS apply. Can
meet aclion-specific ARARs f apprapriate
protective measures are taken during
implemenlalion ol allarnative.

Polanlial residual risk will remain in 3.7 ha,
or 100% of Ihe hot pond area, atter
AquaBlok™ application, The Integrily of the
AquaBlok™ will be roulinely evaluated and
managed lo provide a permansnt conlrol.

Reductlon of WP maobility enly from
AquaBlok™ will occur over the total hol pond
area, or 3.7 ha. Does not meat lhe stalutory
preleronca lor treatinant as a principal
glement.

The time unti! hol zone and Irealment
verificalion RAOs are mal is estimalad lo be
less lhan § years, depending on when the
AquaBlok™ is applied. These RACs are
essentially mel ance lhe applicalion ol
AquaBlok™ is complete and adequate
coverage is verified. Thera is uncertainty
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TaBLE 17

Summavy of Delailed Evaluation of Allematives lor Northemn C and C/D Ponds

Alternative 1
Ho Action

Alternative 2
Detailed Monitering

Alternative 3
Pumping and AquaBlok™

Alternative 4
Breaching, Pumping, and AquaBlok™

Alternative 5
AgquaBlok™

Implementability
No trealment technologies implemenled

SE-9

ANCHGG40EBS.00C

equipment. Primary risk to workers is posed
by potential explosicn ol unexploded
ordnance {UXO}. UXO clearance and
adherence to heallh and safely plans would
be conducled.

implemenialion aclivilies are lImiled 1o
installalion and mainlenance of moniloring
aguipment. The changes in WP particle
concenlrations, sedimenlalion, and
sediment moislure and lamperature will be
monitored In order 1o evaluate the
elfectiveness of nalural processes in drying
the sedimeni, thus foslering WP
sublimationfoxidation.

Because of the interconnectians in the area,
pumping would drain approximalely 71 hain
addiion lo the 3.7-ha hol pond area, which
would temgporanly reduce open-water and
sedge marsh leeding habital. Application ol
AguaBlok™ in 2.2 ha may permanently
reduce 1.1% of ERF open-waler and sedge
marsh habiat,

Environmenlal impacls could also include
luel spills thal may occur during refueling of
the pump generators, [mpacts to the
environmenl would be minimized by the use
of helicoplers lo bring in floating pumps and
lines. Risk lo workers is posed by potential
explosion of UXO dunng inslaliation,
mainlenance, and removal of pumping
systems and moniloring equipment, UXO
claarance and adherence 1o health and
salaly plans would be conducted,

The 10 hol ponds are hydraulically
connecled with olher very large areas of
permanent ponds, intermittent ponds, and
sedge areas. Aecharge from the east
makes successiul pumping of ponds
uncertain.

Changes in WP parlicle concenlrations, and
sedimenl moisture and lemperalure, as a
resull of pumping will be monitored to

Because ol lhe hydraulic inlerconnections in
the area, breaching and pumping could
resull in draining approximalely 71 ha in
addition to Ihe 3.7-ha hot pond area,
resulling in permanent 36.8% reduchon in
open-waler and sedge marsh habilal at
ERF.

Enginearing conlrols, such as breaching a
gully that is already nalurally progressing
loward the pond system, would be
Implemenlted to minimize effects on exishing
habital,

Apphication of AquaBlok™ in 1.5 ha would
cause permanen| changes In botlom
alavations would alect 0.¥% of ERF opan-
waler and sedge marsh habilat,

Environmenlal impacts could also inclido
{uel spills that may occur durng relucling of
the pump generators, impacts 1o lhe
environment would be minimizad by the use
ol helicopters to bring in ficating pumps and
{ines. Primary risk to workars Is posed by
potential explosion of UXO andfor
detonation supplies during placemenl of
delonalion charges and inslallation,
mainienance and removal of pumping
systems and moniloring equipmenl. UXQ
ciearance and adherence to health and
safely plans would be conducted.

Pand breaching ectivilies may also affecl
lhe community of Eagle Rlver. The blasts
are loud and may be seen and felt. The
blasling will be conducled on ciear days it
possitle 1o reduce the sound and pressure
of the blast.

The 10 hol ponds are hydraulically
connecled with other very large areas of
permanent ponds, intermittenl ponds, and
sedge areas. Recharge from the easl
makes successful pumping of ponds
uncerain. Breaching of large pond to north
n Area O may improve pond drainage.

Changes in WF parlicle concentrations, and
sedimenl meisture and lemperature, as a

with regard to whelher the long- and shori-
term moralty RACs will be mel.

It the lolal area [5.8 haj is covered wilh
AguaBlok™, this would represent a 1.8%
reduclion in open-waler and sedge marsh
habilat at ERF. Benlhic food sources for
wateriowl would be reduced in the shor-
larm, bul should be reslored as planls
become established and inveriebrales
recognize the irealed areas. However,
because of the shallow depihs of the
Nornhkern C and C/D ponds, modiications of
the waler deplh could signilicantly aller
feeding suitability for waterfowl.

Sampling will be conducted before
application of AquaBlok™ to more clearly
dafine the hot pond argas and minimize the
area Ihal will be covered wilh AguaBlok™,

Minor technical difficullies are anlicipated
wilh applicalicn of AquaBlok™ by truck or
by air. Reapplicalion may be necessary in
areas where craters are presenl.

Visual inspeclion and sampiing for inlegnly
of the AquaBlok™ cover will be conducled.

RPM, BTAG, and U.S Army Forl
Richardson coordination is conducted as
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TABLE 17
Summary ol Detaile

align ol Alternalives for Horthern C and GO Ponds

Alternative 1
Mo Action

Alternative 2
Datalied Monitoring

Aiternative 3
Pumping and AguaBlok™

Alternative 4
Breaching, Pumping, and AquaBlck™

Alternative 5
AquaBlok™

Capital Cost

$0

$0

RPM and BTAG coordinalion is conducted
as part of moniloring pragram. Access 1o
QUC is coordinaled with U.S. Army at Fort
Richardsaon.

Equipment and personnel o conduct
monitaring are available. Availabilily of
laboratories thal can perform WP baseline
and verification sampling is very limited.

$52,000

20-Year Prosant Worth Basad on 5% Discount Rate

$362,000

evaluale Ihe eHecliveness of pumping in
promoting WP sublimationfoxidalion. Visual
inspeclion and sampling for integnty of the
AquaBlok™ cover will be conducted.

No difficulties associaled with conslruclion
and operation of pumping systems are
anticipaled. Minor difficulties may be
experienced during application of
AquaBlok™ if the product is nol laid eveniy
and reapplicalion by truck or air is required.

RPM, BTAG, and U.S. Army Fort
Richardson coordinalion is conducted as
part of technology implemenlation.

Mililary helicopters and llight personnel
required lo access OUC for equipment
transpor and AquaBlok™ applicalion are
nol readlly available. Trucks used lor
AguaBlok™ application are readily
available, Equipment and personnel lo
conduct pumping and AquaBlok™
applicallon are readily available. Availabilily
of laboralories Ihat can perlorm WP
baseline and verilication sampling is very
limited,

Fulure remaedial actions involving sedimenl
drying could nol be implemenled sffectively
In Ihe areas where AquaBlok™ has been
applied.

$3,318,000

$5,346,000

result of breaching and pumping wil be
monitored o evaiuate the effectiveness of
breaching and pumping in promoting Y¥P
sublimationfoxidatien. Visual inspeclion and
sampling lor inteqrity of the AquaBlok™
cover will be conducted.

Mo technical difficulties thal would hinder
implementation of breaching activities ara
expected. Mo lechnical difficullies
associated with construction and operation
of the pumping systems are anticipaled.
Minor difficulties may be experienced during
applicalion of AquaBlok™ if the product is
not laid evenly and reapplicatfon by truck or
air is required,

RPM, BTAG, and U.S. Army Fort
Rlchardson coordination is conducted as
parl of tachnology implemenlation.

Military helicopters and lighl parsonnsl
required lo access CUC for equipment
transport and AgquaBlok™ applicalion and lo
conducl breaching {delonalion} are not
readily available. Trucks used for
AquaBlok™ applicaticn are readily
available, Equipmenl and personnai lo
conduct pumping and AquaBlok™
application are readlly avallable. Availability
of laboralories thal can perform WP
basaline and verllicallon sampling Is very
limlted.

Future remedial acticns Invalving sediment
drying could nol be Implemented electively
in the areas where AquaBlok™ has been
applied.

$2,432,000

$3,765,000

par of technology implemenlalion,

Military helicopters and Highl persannel
required to access OUC for AquaBlok™
applicalion are not readily available Trucks
used for AquaBlok™ applicalion are raadily
available. Equipment and personne! to
conduct AquaBlok™ application are readily
available. Availability of laboratories {hal
can perdorm WP baseline and verilication
sampling is vary limiled.

Future remedial aclions invalving sediment
drying could not be implemented effeclively
afler AquaBlok™ has been appliad.

$895,000

$952,000
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SECTION 7

Comparison of Alternatives

This section compares the remedial alternatives by pond group using the detailed analysis
summarized in Section 6.3 and presented in more detail in Appendix F. This comparison forms the
basis for determining the relative ranking of alternatives for each criterion, then across the criteria.

Each comparison includes two tables:

» Performance of alternatives. This table includes an assessment of the area of residual risk; the
area of sediment expected to be treated by sublimation/oxidation; the area of habitat expected
to be covered by AquaBlok™; the area of habitat covered by AquaBlok™ as a percentage of
water-bearing habitat in the pond group; the area of habitat removed by draining; certainty of
performance success; and the cost (including capital, 10-year present worth, and 20-year
present worth).

* Ranking of alternatives. This table ranks the five alternatives for each of the seven criteria,
and gives comments that provide background on the ranking presented. The alternatives are
ranked according to how well they meet the criteria; the highest ranking alternatives are best
at meeting each individual criterion.

This comparative analysis serves as the basis by which decisionmakers will choose the preferred
alternative and ultimately the selected remedy for each pond group at ERF.

This analysis highlights the relative advantages and disadvantages of each of the five alternatives
with respect to seven of the nine NCP criteria. Key tradeoffs of each alternative are identified. For
example, an alternative that reduces the largest amount of residual risk may also be the most
expensive. These key tradeoffs, coupled with risk management decisions, form the basis for the
rationale and development of the Proposed Plan and the ROD. Through this comparative analysis,
the Army will select its preferred alternative for each pond group. The preferred alternative will
be presented to the public in a Proposed Plan.

Public and state comments on the five alternatives and the Army’s preferred alternative will be
documented during a public comment period. Following this public comment period, public and
state acceptance (the last two NCP criteria) will be evaluated. Public and state input will be

incorporated into the comparative analysis presented in this section and included in subsequent
versions of this FS and the ROD.

The selected remedy is the outcome of this FS and the public comment. It will be chosen by
evaluating all nine NCP criteria and will be documented in the ROD.

ANC/1004067A.00C 741



QUC 0030066

COMPARISON OF ALTERNATIVES

7.1 Northern A Pond Group

Table 18 summarizes the performance of the five alternatives for the Northern A pond group.
Alternative 5 meets all criteria and would achieve the RAQs for hot zones and reduction of WP
exposure pathway. This alternative can easily be implemented by air. Alternative 5 would result in
AquaBlok™ coverage over 13.8 percent of the water-bearing habitat in this pond group. Itis
expected to be successful in blocking waterfowl exposure to contaminated sediment. Alternative 5
would result in the highest amount of residual risk, followed by Alternative 3 and then
Alternative 4. Of the three treatment alternatives, the 10- and 20-year present worth costs of
Alternative 5 are the lowest.

Pl

Alternatives 3 and 4 also meet all criteria. A summer 1997 aerial and land survey indicated that the
area can likely be drained and dried with two or three pumps. The topography of the pond group
is hummocky and drying of the ponds would also involve drainage of 10.6 ha of intermittent
ponds, 6 ha of likely uncontaminated permanent ponds, and 25.2 ha of sedge marsh. Alternative 4
would result in permanent removal of this habitat, while the impacts to habitat under Alternative
3 are expected to be temporary. Because of the large volume of water to drain, it may not be
possible to dry WPcontaminated sediment in these hot ponds. Regardless of drying performance,
Alternatives 3 and 4 would still be protective because AquaBlok™ would be applied to all areas of
hot ponds that do not dry.

Alternatives 1 and 2 do not meet the threshold criteria. They are neither protective of the
environment, nor do they achieve location-specific ARARs.

Table 19 shows the ranking of the alternatives for this pond group, including comments about the
comparisons.

TaBLE18
Performance of Alternatives, Northern A Pond Group

Alt 4:
Alt 2: Alt 3: Pumping  Breaching,
Alt1: Detailed and Pumping, and Alt 5:
No Action Monitoring AquaBlok™ AquaBlok™  AquaBlok™

Area of residual risk (ha) 5.5 5.5 3.5 2.3 5.8
Area of sediment treated by 0.3 0.3 2.3 3.5 0
sublimation/oxidation (ha)
Area of habitat covered by AquaBlok™ -a - 3.5 2.3 5.8
(ha) :
Area of habitat covered by AquaBlok™ - - 8.3 5.5 13.8
as a percentage of water-bearing habitat
in this pond group (%)?
Area of habitat removed by draining (ha) - - 42 (temporary) 42 (permanent) -
Certainty of performance success within Low Low Moderate Moderate High
5 years of implementation
Cost (§)
Capital 0 45,000 1,469,000 1,175,000 1,368,000
10 Year Present Worth 0 208,000 2,142,000 1,792,000 1,413,000
20 Year Present Worth 0 270,000 2,147,000 1,798,000 1,424,000
au__u

indicates that the technology is not a component of the altemnative.
® The total area of water-bearing habitat in this pond group is 42 ha.
€ Costs are based on aerial application of AquaBlok™
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OUC 0030067

COMPAK, 1w v Aurenmanvea

TABLE 19

Ranking of Alternatives for the Northern A Pond Group

Ranking of Alternatives

Best Worst Comments
Overall Protection 3 5 4 1,2 Several factors are considered here: area remaining contaminated, habitat
of Human Health impacted, implementability, ime to remediation. Ranking reflects tradeoffs in
and the

Environment

Compliance with 345
ARARs

Long-term 34 5 2
effectiveness and
permanence

Reduction of TMV 3.4 5

Short-term 3 5
effactiveness

Implementability 1,25 4

Cost 1 2 4.5

1,2

1.2

1,24

these factors. Altematives 3 through 5 are equally protective because they block
the exposure pathway. However, they vary in the degree of residual risk.
Alternative 4 would resuit in permanent effect an waterfowl habitat.

No chemical-specific ARARs apply. Alternatives 3, 4, and 5 meet all action- and
location-specific ARARs. Alternatives 1 and 2 do not meet the location-specific
ARARSs (protection of migratory birds and wetlands).

Alternatives 1 and 2 likely take over 20 years for sufficient sedimentation for
natural restoration. Pond 258 may take shorter period. Estimated 2.3 and 3.5 ha
would lose WP via sublimation/oxidation within 5 years of remediation start in
Alternatives 3 and 4, respectively, leaving contaminated sediment under 3.5 and
2.3 ha ot AquaBlok™ in these alternatives. Protection of dabbling ducks and
swans would be accomplished within 1 year for Altemnative 5, but 5.8 ha of
contaminated sediment would remain under the AquaBlok™. Thus, residual risk
would be highest under Alternative 5 and lowest under Alternative 4. Although
pond group has only 5.8 ha area, 42 ha may be drained in Alternatives 3 and 4
because of the area’s hydraulic connectivity. This would ba temporary (3-5
years for Alternative 3), but may be permanent for Alternative 4.

Alternatives 3 and 4 reduce waterfowl exposure by first reducing the WP
through pond draining and sublimatior/oxidation (reducing the mass of
contaminant), and then biocking exposure with AquaBlok™ (which reduces the
mobility of the contaminant) over the remaining contaminated sediment.
Alternative 5 only reduces the mobility through the use of AquaBlok™ in the
entire pond. Altemnatives 1 and 2 may reduce the mobility of the contaminant
through sedimentation, but it will likely take more than 20 years to be effective.
Alternatives 3 and 4 meet the statutory preference for treatment, but the others
do not.

The blasting in Alternative 4 may affect the nearby community because of the
noise and shock wave, tut this would be reduced by blasting on clear day.
Altemmatives 2, 3, and 4 involve considerable potential human exposure to UXO
because of the equipment installation and removal each field season, but this
would be reduced by health and safety plan, which requires UXO clearance.
Alternatives 3, 4, and 5 would be completed in 5, 5, and 1 year, respectively.
Alternatives 1 and 2 would iikely take more than 20 years. Altemnative 1 has no
monitoring, and therefore the degree of protection would be unknown.

Altematives 1, 2 can be easily implementad. The method for Alternative 5 has
been demonstrated, and thus should be reiatively easy to implement. There is
higher uncertainty about the implementability of Alternatives 3 and 4 because of
the lack of knowledge about the hydrauiic connectivity of the area. However, a
summer 1997 aenal and land survey indicated that the area can be drained and
dried with two or three pumps. Pumps may need to be rearranged during the
treatment period. Only a specialist firm is available to perform the particla
analysis that forms the basis for evaluating the WP baseline and verification
studies.

Ranking was based on 20-year present worth. See Table 18,

Note: Each number represents an alternative.

ANC/1004067A.00C
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COMPARISON OF ALTERNATIVES

7.4 Pond 146

Table 24 summarizes the performance of the five alternatives for Pond 146. Alternative 5 meets all
criteria and would achieve hot zone and WP exposure pathway reduction RAOs, and can easily be
implemented by air or truck. Alternative 5 would result in AquaBlok™ coverage of 33 percent of
the water-bearing habitat in this pond group. However, because of the natural topography and
previous dredge operations, Pond 146 is deep (>0.7 m) in certain sections and water-storage
capacity is not expected to be severely impeded. AquaBlok™ application is expected to be
successful in blocking waterfowl exposure to WP-contaminated sediment. However, by providing
a barrier over WP-contaminated sediment, Alternative 5 also would result in the highest amount
of remaining residual risk. Alternative 5 is the least expensive of the remediation-oriented
alternatives. Although air application costs are presented in Table F-24, it is likely that AquaBlok™

1 1 1ot 1 ¥ - e O1o o
may be also applied by slurry with the existing retention basin and conveyance system. Slurry

application has not been evaluated in this FS because of lack of implementation information.
However, it is worth investigating.

-

Alternatives 3 and 4 meet all criteria. However, drying under these alternatives is not expected to
be successful because of the interconnectiveness of adjacent water bodies and recharge from
Clunie Creek. Alternative 4 is the least expensive of the three treatment alternatives and may
reduce the most amount of residual risk, but it would result in permanent drainage of at least
15.9 ha of water-bearing landcover. Depending on the hydraulic interconnectiveness, areas of the
Northern C and C/D pond group may also drain. Alternative 3 would affect habitat the least, but
is the most expensive option, and there is a strong possibility that water level reduction and
drying would not be successful. Regardless of drying performance, Alternatives 3 and 4 would
still be protective because AquaBlok™ would be applied to all areas of hot ponds that do not dry.
Alternatives 1 and 2 do not meet threshold criteria. They are neither protective of the environment
nor do they achieve location-specific ARARs.

Table 25 shows the rankings of the alternatives for Pond 146.

TABLE 24
Performance of Alternatives, Pond 146
Alt 2: Alt 3: Alt 4: Breaching,
Alt 1: No  Detailed Pumpingand  Pumping, and Alt 5:
Action Monitoring AquaBlok™ AquaBlok™  AquaBlok™

Area of residual risk (ha) 5.0 5.0 2.8 17 5.0
Area of sediment treated by 0.2 0.2 2.4 35 -
sublimation/oxidation (ha)
Area of habitat covered by AquaBlok™ (ha) a - 2.8 1.7 5.0
Area of habitat covered by AgquaBlok™ as a - - 17.6 10.7 327
percentage of water-bearing habitat in this
pond group (%)
Area of habitat removed by draining (ha) - - 15.9 (temporary) 15.9 (permanent) -
Certainty of performance success within Moderate Moderate Low Low High
5 years of implementation
Cost’ ($)
Capital 0 23,000 1,422,000 879,000 1,218,000
10 Year Present Worth 0 155,000 1,926,000 1,275,000 1,231,000
20 Year Present Worth 0 218,000 1,929,000 1,278,000 1,234,000

& “—*indicates that the technology is not a component of the alternative.

b The total area of water-bearing habitat in this pond group is 15.9 ha.
¢ Costs are based on aerial application of AquaBlok™.
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TABLE 21

Ranking of Alternatives for Pond 290

Ranking of Alternatives

Best

Worst

Comments

OQverall
Protection of
Human Health
and the
Environment

Compliance with
ARARs

Long-term
effectiveness
and permanence

Reduction of
TMV

Short-term
effectiveness

Implementability

Cost

3

34,5

3.4

3.4

1,2,3,4,5

1,2

5

4

52

1,2

1,2

1.24

Several factors are considered here: area remaining contaminated,
habitat impacted, implementability, time to remediation. Ranking
reflects tradeoffs in these factors. Alternatives 3 through 5 are equally
protective because they block the exposure pathway. However, they
vary in the degree of residual risk. Alternative 4 would result in
permanent effect on waterfow! habitat.

No chemical-specific ARARs apply. Altemnatives 3, 4, and 5 meet all
action- and location-specific ARARS. Alternatives 1 and 2 do not meet
the location-specific ARARs (protection of migratory birds and
wetlands).

Residual risk is greatest in Alternative 5, because the application of
AquaBlok™ prevents future WP sublimation/oxidation. Risk reduction
is greatest in Altemative 4 because it is more effective in lowering
water levels and obtaining sediment drying. Pond is isolated, and
should allow effective pond draining. Alternatives 2-5 have adequate
monitoring.

Alternatives 3 and 4 treat substantial areas of the pond and reduce
the mass of WP. Remaining contaminated areas of Altemnatives 3, 4,
and 5 have reduced contaminant mobility from the application of
AquaBlok™. Sublimation/oxidation of WP in Alternatives 3 and 4 is
irreversible. AquaBlok™ covering may degrade, but new material can
be applied. Altematives 1, 2, and 5 do not meet statutory preference
for treatment.

The blasting in Alternative 4 may affect the nearby community
because of the noise and shock wave, but this would be reduced by
blasting on clear day. Altemnatives 2, 3, and 4 involve considerable
potential human exposure to UXO because of the equipment
installation and removal each field season, but this would be reduced
by heaith and safety pian, which requires UXO clearance. Alternatives
3, 4, and 5 would be completed in 5, 5, and 1 year, respectively.
Alternatives 1 and 2 would likely take more than 20 years. Altemative
1 has no monitoring, and therefore the degree of protection would be
unknown.

All aitematives are implementable. Only a specialist firm is available
to perfortn tha particle analysis that forms the basis for evaluating the
WP baseline and verification studies.

r

Ranking was based on 20-year present worth. See Table 20.

Note: Each number represents an altemative.

ANC/1004067A.00C
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COMPARISON OF ALTERNATIVES

7.3 Pond 183

Table 22 summarizes the performance of the five alternatives for Pond 183. Alternatives 3, 4,and 5
meet all criteria and would achieve hot zone and WP exposure pathway reduction RAQs. All three
alternatives can easily be implemented. The 10- and 20-year present worth costs of all three
alternatives are comparable. Alternative 4 is least expensive and would result in the least amount
of permanent risk. However, implementation of Alternative 4 also would result in permanent
removal of 11.7 ha of habitat. Alternative 5 is the most expensive technology-oriented alternative,
and implementation of this alternative would result in significantly higher residual risk.

o~
.

Alternative 3 is the second most expensive of all alternatives, but would result in a small amount
of residual risk. In addition, waterfowl feeding habitat would not be permanently removed under
Alternative 3. Vegetation would likely be restored following pump removal.

A field-scale pumping test in May 1997 demonstrated that Pond 183 can be drained and dried
under Alternative 3.

Alternatives 1 and 2 do not meet threshold criteria. They are neither protective of the environment
nor do they achieve location-specific ARARs.

Table 23 shows the ranking of the alternatives for Pond 183.

TABLE 22
Performance of Alternatives, Pond 183
Alt 4:
Alt 2: Alt 3: Breaching,
Alt1: Detailed Pumping and Pumping, and Alt 5:
No Action Monitoring AquaBlok™ AguaBlok™ AquaBlok™
Area of residual risk (ha) 1.0 1.0 0.9 0.4 2.9
Area of sediment treated by 1.9 1.9 2.0 25 -
sublimation/oxidation (ha)
Area of habitat covered by = - 0.9 0.4 2.9
AguaBlok™ (ha)
Area of habitat covered by 0 0 8.0 34 25.0
AquaBlok™ as a
percentage of water-
bearing habitat in this pond
group (%)°
Area of habitat removed by - - 1.7 1.7 -
draining (ha) {temporary) (permanent)
Certainty of performance Low Low Moderate Moderate High
success within 5 years of
implementation
Cost® ($)
ital

Capita 0 22,000 397,000 332,000 683,000
10 Year Present Worth 0 152,000 635,000 580,000 696,000
20 Year Present Worth 0 215,000 638,000 582,000 698,000

3 “—indicates that the technology is not a component of the altemative,

® The total area of water-bearing habitat in this pond group is 11.8 ha.
¢ Costs are based on aerial application of AquaBlok™.
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TABLE 23

Ranking of Alternatives for Pond 183

Ranking of Alternatives

Best

Worst

Comments

Qverall
Protection of
Human Health
and the
Environment

Long-term
effectiveness
and permanence

Reduction of
TMV

Short-term
effectiveness

Implementability

Cost

3

3.4

1.2,5

1,2

4 1,2

—

52 1

1,2

1,24

3 5

Several factors are considered here: area remaining contaminated,
habitat impacted, implementability, time to remediation. Ranking reflects
tradeoffs in these factors. Alternatives 3 through 5 are equally protective
because they block the exposure pathway. However, they vary in the
degree of residual risk. Alternative 4 would result in permanent effect on
waterfow] habitat.

No chemical-specific ARARs apply. Altematives 3, 4, and 5 meet all
action- and location-specific ARARs. Alternatives 1 and 2 do not meet the
location-specific ARARs (protection of migratory birds and wetlands),

%]

Of the technology-oriented alternatives, residual risk is greatest under
Altermnative 5. Summer 1997 pond draining studies indicate that it is
possible to drain and dry Pond 183, regardless of the potential
interconnection with Pond 146. In addition, a Jarge area of contamination
may be reduced with relatively small reduction in water lavel because of
the slope of the pond bottomn. Altematives 1 and 2 may leave high
amounts of residual risk. Alternatives 2-5 have adequate monitoring.

Alternatives 3 and 4 treat substantial areas of the pond and reduce the
mass of WP. Remaining contaminated areas of Altematives 3, 4, and 5
have reduced contaminant mobility from the application of AquaBlok™.
Sublimation/oxidation of WP in Alternatives 3 and 4 is irreversible.
AguaBlok™ covering may degrade, but new material can be applied.
Alternatives 1, 2, and 5 do not meet statutory preference for treatment.

The blasting in Altemative 4 may affect the nearby community because of
the neise and shock wave, but this would be reduced by blasting on clear
day. Alternatives 2, 3, and 4 involve considerable potential human
exposure to UXQO because of the equipment installation and removal each
field season, but this would be reduced by health and safety pian, which
requires UXO clearance. Alternatives 3, 4, and 5 would be completed in
5.5, and 1 year, respectively. Altematives 1 and 2 may take 10 to

15 years. Alternative 1 has no monitoring, and therefore the degree of
protection would be unknown.

Alternatives 1, 2, and 5 can be easily implemented. A pumping test in
May 1997 showed that Pond 183 can be drained and dried in

Alternatives 3 and 4. This pond may also ba connected to Pond 146..Qnly
a specialist fim is available to perform the particle analysis that formps the
basis for evaluating the WP baseline and verification studies.

Ranking was based on 20-year present worth, See Table 22.

Note: Each number represents an altemative.
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7.4 Pond 146

Table 24 summarizes the performance of the five alternatives for Pond 146. Alternative 5 meets all
criteria and would achieve hot zone and WP exposure pathway reduction RAQs, and can easily be
implemented by air or truck. Alternative 5 would result in AquaBlok™ coverage of 33 percent of
the water-bearing habitat in this pond group. However, because of the natural topography and
previous dredge operations, Pond 146 is deep (>0.7 m) in certain sections and water-storage
capacity is not expected to be severely impeded. AquaBlok™ application is expected to be
successful in blocking waterfow! exposure to WP-contaminated sediment. However, by providing
a barrier over WP-contaminated sediment, Alternative 5 also would result in the highest amount
of remaining residual risk. Alternative 5 is the least expensive of the remediation-oriented
alternatives. Although air application costs are presented in Table F-24, it is likely that AquaBlok™
may be also applied by slurry with the existing retention basin and conveyance system. Slurry
application has not been evaluated in this FS because of lack of implementation information.
However, it is worth Investigating.

LI

Alternatives 3 and 4 meet all criteria. However, drying under these alternatives is not expected to
be successful because of the interconnectiveness of adjacent water bodies and recharge from
Clunie Creek. Alternative 4 is the least expensive of the three treatment alternatives and may
reduce the most amount of residual risk, but it would result in permanent drainage of at least

15.9 ha of water-bearing landcover. Depending on the hydraulic interconnectiveness, areas of the
Northern C and C/D pond group may also drain. Alternative 3 would affect habitat the least, but -
is the most expensive option, and there is a strong possibility that water level reduction and
drying would not be successful. Regardless of drying performance, Alternatives 3 and 4 would
still be protective because AquaBlok™ would be applied to all areas of hot ponds that do not dry.
Alternatives 1 and 2 do not meet threshold criteria. They are neither protective of the environment
nor do they achieve location-specific ARARSs.

Table 25 shows the rankings of the alternatives for Pond 146.

TABLE 24
Performance of Alternatives, Pond 146
Alt 2: Alt 3: Alt 4: Breaching,
At 1: No Detailed Pumping and Purmnping, and Alt 5:
Action Monitoring  AguaBlok™ AquaBlok™  AguaBlok™

Area of residual risk (ha) 5.0 5.0 28 1.7 5.2
Area of sediment treated by 0.2 0.2 24 3.5 -
sublimation/oxidation (ha) .
Area of habitat covered by AquaBlok™ (ha) -a - 2.8 1.7 52
Area of habitat covered by AquaBlok™ as a - - 17.6 10.7 32.7
percentage of water-bearing habitat in this
pond group (%)?
Area of habitat removed by draining (ha) - - 15.9 (temporary) 15.9 (permanent) -
Certainty of performance success within Moderate Moderate Low Low High
5 years of implementation
Cost® (§)
Capital 0 23,000 1,422,000 879,000 1,218,000
10 Year Present Worth 0 155,000 1,926,000 1,275,000 1,231,000
20 Year Present Worth 0 218,000 1,929,000 1,278,000 1,234,000
an__u

indicates that the technology is not a component of the aiternative.
P The total area of water-bearing habitat in this pond group is 15.9 ha.
© Costs are based on aerial application of AquaBlok™.
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TABLE 25
Ranking cf Alternatives for Pond 146

Ranking of Alternatives

Best Worst

Comments

OQverall 3 5 4 1.2
Protection of

Human Health

and the

Environment

Compliance with 345 1,2
ARARs

Long-term 34, 52 1
effectiveness
and permanence

Reduction of 34 5 1,2
TMV

Short-term 3,5 1.24
effectiveness

Implementability 12,5 3.4

Cost 12 5 4 3

Several factors are considered here: area remaining contaminated,
habitat impacted, implementability, time to remediation. Ranking
reflects tradeofts in these factors. Altematives 3 through 5 are equally
protective because they block the exposure pathway. However, they
vary in the degree of residual risk. Alternative 4 would result in
pemmanent effect on waterfowi habitat. There is uncertainty about the
effectiveness of Alternative 3 and 4 because of the recharge from Clune
Creek, but AquaBlok™ appiied on uncontaminated areas would provide
protection.

No chemical-specific ARARs apply. Alternatives 3, 4, and 5 meet all
action- and location-specific ARARs. Alternatives 1 and 2 do not meet
the location-specific ARARs (protection of migratory birds and
wetlands).

Residual risk is greatest under Altermnative 5. There is uncertainty about
the abiiity to dry pond because of the potential interconnection with
Pond 183, potentially reducing the effectiveness of Altematives 3 and 4.
Large area ot contamination, however, may be reduced with relatively
small reduction in water level because of the slope of the pond bottom.
Alternatives 1 and 2 may leave high amounts of residual risk.
Altematives 2-5 have adequate monitoring.

Alternatives 3 and 4 treat substantial areas of the pond and reduce the
mass of WP. Remaining contaminated areas of Alternatives 3,4,and 5
have reduced contaminant mobility from the application of AquaBlok™.
Sublimation/oxidation of WP in Alternatives 3 and 4 is irreversible.
AquaBlok™ covering may degrade, but new material can be applied.
Altenatives 1, 2, and 5 do not meet statutory preference for treatment.

The blasting in Altemative 4 may affect the nearby community because
of the noise and shock wave, but this would be reduced by blasting on
clear day. Altenatives 2, 3, and 4 involve considerable potential human
exposure to UXO because of the equipment installation and removal
each field season, but this would be reduced by health and safety plan,
which requires UXO clearance. Alternatives 3, 4, and 5 would be
completed in 5, 5, and 1 year, respectively. Alternatives 1 and 2 may
take 10 to 15 years. Altemative 1 has no monitoring, and therefore the
degree of protection would be unknown.

Altematives 1, 2, and 5 can be easily implemented. The uncertainty
about pond draining may lead to some adjustments of the pond draining
system in Altematives 3 and 4 after the first installation. This pond may
also be connected to Pond 183. Recharge from Clunie Creek will also
impede pond draining. Only a specialist firm is available to perform the
particle analysis that forms the basis for evaluating the WP baseline
and verification studies.

Ranking was based on 20-year present worth. See Table 24.

Note: Each number represents an alternative.
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7.5 Northern C and C/D Pond Group

Table 26 summarizes the performance of the five alternatives for the Northern C and C/D pond
group. Alternative 5 meets all criteria and would achieve the hot zone and WP exposure pathway
reduction RAOs. This alternative can easily be implemented by air or truck. Alternative 5 would
result in AquaBlok™ coverage of only 5 percent of the water-bearing habitat in this pond group.
AquaBlok™ application is expected to be successful in blocking waterfowl exposure to
contaminated sediment. However, by providing a barrier over the contaminated sediment,
Alternative 5 would also result in the highest amount of remaining residual risk. Alternative 5 is
the least expensive alternative of all three remediation-oriented alternatives. Air application costs
for AquaBlok™ are presented in Table 26.

/ 0

Alternatives 3 and 4 meet all criteria. However, drying under these alternatives is not expected to
be successful because of the large area of open water around these hot ponds and recharge from
the eastern bluffs. Draining under Alternative 5 may be marginally successful. Breaching of the
Area D pond may limit inflow from Area D, but this also would result in the permanent removal
of 74.9 ha of habitat (most of which is not contaminated). Because of the large volume of water to
be removed, Alternatives 3 and 4 are the most costly.

Alternatives 1 and 2 do not meet threshold criteria. They are neither protective of the environment
nor do they achieve location-specific ARARs.

Table 27 shows the rankings of the alternatives for the Northern C and C/D pond group.

TABLE 26
Performance of Alternatives, Northern C and C/D Pond Group

Alt 2: Alt 3: Pumping Alt 4: Breaching,

Alt1: No  Detailed and Pumping, and Alt 5:
Action Monitoring  AquaBlok™ AquaBlok™  AquaBlok™

Area of residual risk (ha) 3.5 3.5 22 1.5 3.7
Area of sediment treated by 0.2 0.2 15 22 -
sublimation/oxidation (ha)
Area of habitat covered by AquaBlok™ (ha) -a — 22 1.5 3.7
Area of habitat covered by AquaBlok™ as a - - 2.9 10.1 49
percentage of water-bearing habitat in this
pond group (%)°
Area of habitat removed by draining (ha) - - 74.9 (temperary) 74.9 (permanent) —
Cenainty of performance success within Moderate Moderate Low Low High
5 years of implementation
Cost® ()
Capital 0] 52,000 3,618,000 2,432,000 896,000
10 Year Present Worth 0 268,000 5,338,000 3,761,000 941,000
20 Year Present Worth Y] 362.000 5,346,000 3,765,000 952,000

8 “—“indicates that the technology is not a component of the altemative.
b The total area of water-bearing habitat in this pond group is 74.9 ha.
¢ Costs are based on aerial application of AquaBlok™,
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TABLE 27

Ranking of Alternatives for the Northern C and C/D Pond Group

Ranking of Alternatives

Best Worst Comments

Overall 5 3.4 1,2 Several factors are considered here: area remaining contaminated, habitat

Protection of impacted, implementability, time to remediation. Ranking reflects tradeoffs in

Human Health these factors. Alternatives 3 through 5 are equally protective because they block

and the the exposure pathway. However, they vary in the degree of residual risk.

Environment Alternative 4 would resuit in permanent effect on waterfowl habitat. But the
blasted ditch for Alternative 4 severely reduces duck habitat. Very high
uncertainty on the effectiveness of Altematives 3 and 4 because of the possible
recharge from the eastemn bluffs and large bodies of water.

Compliance 345 1,2 No chemical-specific ARARSs apply. Alternatives 3, 4, and 5 meet all action- and

with ARARs location-specific ARARSs. Altematives 1 and 2 do not meet the location-specific
ARARSs (protection of migratory birds and wetlands).

Long-term 3.4, 52 1 Residual risk is greatest under Alternative 5. There is uncertainty about the ability

effectiveness to dry pond because of the hydraulic interconnections among the ponds and

and recharge from the eastem bluffs, potentially reducing the effectiveness of

permanence Alternatives 3 and 4. Alternatives 1 and 2 may leave high amounts of residual
risk. Alternatives 2-5 have adequate monitoring.

Reduction of 34 5 12 Alternatives 3 and 4 treat substantial areas of the pond and reduce the mass of

TMV WP. Remaining contaminated areas of Alternatives 3, 4, and 5 have reduced
contaminant mobility from the application of AquaBlok™. Sublimation/oxidation of
WP in Alternatives 3 and 4 is irreversible. AquaBlok™ covering may degrade, but
new material can be applied. Alternatives 1, 2, and 5 do not meet statutory
preference for treatment.

Short-term 3 5 124 The biasting in Alternative 4 may affect the nearby community because of the

effectiveness noise and shock wave, but this would he reduced by blasting on clear day.
Altematives 2, 3, and 4 involve considerable potential human exposure to UXO
because of the equipment installation and removal each field season, but this
would be reduced by health and safety plan, which requires UXO clearance.
Alternatives 3. 4, and 5 would be completed in 5, 5, and 1 year, respactively.
Alternatives 1 and 2 may take 10 to 15 years. Altenative 1 has no monitoring,
and therefore the degree of protection would be unknown.

Implermen- 1.2,5 4 3 Alternatives 1, 2, and 5 can be easily implemented. The uncertainty about pond

tability draining may lead to some adjustments of the pond draining system in
Alternatives 3 and 4 after the first installation. Recharge from the eastemn bluffs
and connections with other ponds will impede pond draining. Only a specialist
firm is available to perform the particle analysis that forms the basis for evaluating
the WP baseline and verification studies.

Cost 1.2 5 4 3 Ranking was based on 20-year present worth. See Table 26.

Note: Each number represents an aitemative.
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Abbreviations

CRREL Cold Regions Research and Engineering Laboratory
°C degrees Celsius

cm centimeter

ERF Eagle River Flats

m meter

m’/sec cubic meters per second

mm/yr millimeters per year

msl mean sea level

NOAA National Oceanic and Atmospheric Administration
WP white phosphorus
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APPENDIX A

Assessment of the Physical Processes

1.0 Introduction

Eagle River Flats (ERF) is a very dynamic environment. The tides are among the highest in
the world (11 meters [m]) and flood the lower parts of the gullies daily. The ebb tides pour
through natural gullies, causing erosion. The gullies, through this natural erosion process,
are in many cases experiencing headward erosion (receding from the river) toward the
ponds. Suspended sediment is deposited on the flats during slack high tide. The Eagle River
runs through the middle of the flats, and is itself backed up during high tides. The water
level on the flats is a function of both the tidal height and the river flow volume. Even major
but infrequent forces such as earthquakes have altered the physical processes; the 1964
Alaska earthquake modified the elevation, producing changes in the water flow.

Some of these ongoing physical processes can affect the bioavailability of white phosphorus
(WP) to dabbling ducks and swans. These processes can effectively break the exposure
pathway and offer natural restoration to these species that have been significantly affected
by the WP in sediment over the past several decades. These processes are discussed as the
“no action” alternative because they are expected to happen naturally, without any
intervention by humans. If these processes can lead to this protection quickly and with
sufficient effectiveness, then the costs and other negative effects of the other remedial
alternatives may be avoidable.

This appendix discusses these natural processes and the rates at which they can be
projected to act to protect the sensitive species of dabbling ducks and swans. Section 2
describes the available general information on the processes under the no-action alternative
at ERF. Section 3 describes available pond-specific information. Section 4 draws conclusions
on the likelihood that natural processes will lead to a reduction in the availability of WP.

The information contained in Sections 2 and 3 was obtained from Lawson ef al. (in Racine et
al., 1994, 1995, 1996), unless otherwise specified, and is based on their field investigations in
1993, 1994, and 1995. Because of similar physical characteristics of ponds, remedial actions
are compared in Appendix C on the basis of the pond groups; therefore, information at the
geographical level of pond groups is very useful to this comparison. In contrast to the
studies that generally encompass many areas of ERF and are discussed in Section 2,

Section 3 focuses on study results that are available at the level of pond groups. Section 4
provides projections as to the future of the potential for the no-action alternative to lead to
natural restoration. New data may modify the conclusions and forecasts presented in this
appendix.

2.0 Physical System

ERF is a cornucopia-shaped estuarine salt marsh surrounded by forested uplands on the
west, south, and east sides and bounded by the Knik Arm on the north. The Eagle River
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flows through ERF from the southeast to the northwest, ultimately discharging into Knik .
Arm. Two creeks, Clunie and Otter, also drain into ERF. L

Tidal flooding is a major system force at ERF and has the single most significant effect on
the exposure concentration of WP. The flooding will continue to saturate the sediment,
preventing the sublimation/oxidation of WP. The headward erosion of gullies, which may
naturally drain ponds, is driven by the water flow of the tides, particularly the ebb tide. The
deposition of “clean” sediment over WP-contaminated sediment, which occurs principally
during and immediately after the slack high tide, will make the contaminated sediment
unavailable to dabbling ducks and swans. Fifteen centimeters (cm) of overlying clean
sediment may be sufficient to substantially reduce the likelihood that dabbling ducks and
swans will ingest WP particles (Long, 1997). The weather, particularly rain and wind, and
the flow volume of the Eagle River play roles in determining the overall water level (which
will in turn determine what part of ERF becomes flooded), the amount of material available
for deposition, and the length of the drying period for sediment.

Other forces appear to play a lesser role in the fate and transport of WP at ERF. Erosion and
transport processes include waves, disturbance of the sediment by ducks and other
organisms, ice plucking, ice shove, and ice scour. Events such as earthquakes and tectonic
forces may exert a major influence, but they are infrequent and unpredictable.

The following subsections discuss the tides, gully recession, sedimentation, weather and
climate, the flow of the Eagle River, and sublimation/oxidation of WP.

2.1 Tides

Tidal flooding of the entire ERF occurs only during the highest, flooding tides. During some
summers, there may be no flooding tides for up to 2 months between May and August.
Between these peak tides, the sediment may become dry over large areas because of the
relatively warm, dry weather. These drying periods are important because they can lead to
sublimation/oxidation of WP (discussed further in Section 2.6), potentially reducing the
exposure concentration below lethal levels. From late October to late April, the flooding
tides can produce an ice cover over ERF.

The tidal flooding cycle begins with an increase in the water level in the Eagle River and the
gullies. The water eventuaily floods over the banks of the gullies. The Eagle River becomes
slowed as the tide comes in, and the tide can dam the river, causing it to slow, pool, and
reverse its direction. During the ebb tide, the water begins to drain first nearest the coast.

r

Ponds begin to flood at a tidal height of 4.6 m mean sea lével (msl) (9.48 m Anchorage tide
datum), mud flats are inundated at 4.9 m (9.8 m Anchorage datum), and the levees are
covered at 5.2 m (10 m Anchorage datum). Between these high tides, the sediment will
begin to dry, and as discussed in Section 2.6, WP may oxidize. This will reduce the
concentration of WP particles in the sediment. Table A-1 summarizes the intervals between
summer (including the period of April through September) high tides of 9.48 m during the
next 20 years (1997 through 2016). In addition, studies by Walsh, Collins, and Bailey (in
Racine et al., 1996) have suggested that this tide height for pond flooding is conservative,
and that about 9.8 m may be more realistic. The intervals between 9.8-m flooding tides are
shown in Table A-2. Only periods longer than 28 days are shown in the tables, as periods
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TABLE A-1
Periods with Ne Flooding Tides Exceeding 9.48 m
(Only intervals longer than 28 days that include summer months are shown.)
Year Start Date End Date Interval (days)
1997 May 9 July 20 72
1998 June 25 August 9 45
2001 May 9 July 21 73
2002 May 28 August 10 74
2003 June 16 August 29 74
2005 April 26 July 22 87
2006 April 30 August 10 102
2007 May 19 August 29 102
2010 April 30 July 13 74
2011 May 19 August 1 74
2015 May 20 August 1 73
2016 July 6 August 19 44

Note: Daily high tides were obtained from Dean Pidgeon at Cold Regions Research and Engineering
Laboratory (CRREL), using the NTP4 software from the National QOceanic and Atmospheric
Administration (NOAA).

between 23 and 28 days occur often during the summer and have not been sufficient to
reduce the levels of WP to below toxic levels.

Within the next 5 years, 1997, 1998, and 2001 have some of the Jongest potentially dry
periods between pond-flooding tides of 9.48 m. If the pond-flooding tide is closer to 9.8 m,
then nearly every year has a period longer than 28 days without flooding tides. Often there
is an interval of at least 103 days without a flooding tide of this height. Rainfall, river flow,
and temperature will also influence the length of the drying period. As discussed in
Section 2.4, average daily rainfall rises during the summer, with a peak of 0.2 cm in August
and September.

2.2 Gully Erosion and Recession

Gully recession is caused by the draining of the surface waters through the gullies during
the ebb tide. The rushing water undercuts the upper, generally vegetative, root-bound
surface materials of ERF. The loss of the lower support of 0.5 m or deeper causes failure of
the upper part, and the process continues. The current scour during the ebb tide removes
the material from the toe of the slope. This material is eventually transported to the Eagle
River.

Active gully recession is occurring in the mud flats and ponds in Areas A, C, C/D, D, and
Bread Truck. The rate of recession of headwalls and adjacent lateral walls is variable among
seasons and years. The rates were 0.1 m to 4.9 m during the summer of 1992, 0.4 m to 6.3 m
during the winter of 1992-93, zero to 9.8 m during the summer of 1993, zero to 2.3 m in the
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TABLE A-2
Periods with No Flooding Tides Exceeding 9.8 m .
(Only intervals longer than 28 days that include summer months are shown.)

Year Start Date End Date Interval (days)
1997 May 7 August 18 103
1998 May 27 September 7 103
1999 June 15 September 26 103
2001 April 10 August 20 132
2002 Aprit 29 September 7 131
2003 May 18 September 27 132
2004 June 4 October 15 133
2005 April 17 August 20 141
2006 April 29 August 11 104
2007 May 18 August 30 104
2008 May 8 September 17 132
2010 April 2 August 10 130
2011 May 18 August 30 104
2012 June 6 September 17 103
2014 April 2 July 13 102
2015 May 18 August 2 76
2016 June 6 Septemnber 17 103

“Interval between two tides actually starts before April 1.
Note: Daily high tides were obtained from Dean Pidgeon at CRREL, using the NTP4 software from NOAA.

winter of 1993-94, zero to 2.6 m in the summer of 1994, 0.1 m to 11.7 m during the winter of
1994-95, and 0.1 m to 20 m during the summer of 1995. Net headwall recession has been as
high as 33 m from spring 1994 through summer 1995. In an examination of the aerial photos
taken over a 45-year period, the longer-term recession rates range from 3.6 m to 13.7 m per
year, with a higher average in the period following the 1964 earthquake. The recent studies
on erosion show rates similar to historical data over a long term. Gully recession is viewed
as a natural restoration process; although the gully connections to ponds would lead to
more frequent flooding, they would also lead to draining and opportunities for ponds to
dry between flooding events.

*

2.3 Sedimentation

The height of the landform will influence the number of tidal flooding events, which in tum
atfects the sedimentation. The period during and immediately after slack high tide
produces sedimentation. As an example of this height factor, the number of flooding events
in summer 1995 included 38, 22, and 1 for the ponds, mud flats, and levees (landforms of
increasing elevation), respectively. Incomplete pond drainage commonly occurs when two
consecutive high tides exceed 5 m locally on ERF, and this prolonged quiet period will also
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increase sedimentation. Tidal damming of the Eagle River will increase deposition rates
because of the increased period of slack water.

Sedimentation in the northern two-thirds of ERF is dominated by the tides. In the southern
one-third of ERF, sedimentation is dominated by the river. The tidally dominated
sedimentation rates are several millimeters per year (mm/yr) on the levees, 10 to 15 mm/yr
on mud flats, and up to 20 mm/yr in ponds. A gross estimate of pond sedimentation rate is
0.4 mm per tidal cycle. It is estimated that 15 cm of clean sediment may provide a sufficient
barrier to duck and swan ingestion of WP. This depth might be achieved in 4 to 8 years
based on the range of sedimentation rates for the ponds. Lawson et al. have estimated 6 to
9 years. However, sedimentation would provide significant natural protection only if
sediments are dewatered and consolidated. Such consolidation would require additional
time. Lawson did note compaction on sedimentation plates after stations were established
for 3 years.

Sedimentation rates also vary with the distance from the material sources. Most of the
sediment is derived from Knik Arm tidal waters, so there is a decrease with distance inland.
Sedimentation also decreases with distance from the river. Heavily vegetated areas of mud
flats have higher rates of accumulation compared to unvegetated areas (for example,
Lawson et al. found that 2-year total accumulation rates were 6 mm to 18 mm at sites with
less than 60 to 65 percent vegetative cover, and 26 mm to 32 mm at sites with a vegetative
cover greater than 70 percent) because the vegetation helps trap the suspended sediment
and prevents resuspension of that sediment. Net accumulation rates are typically higher
during the period of September to May than from May to September. This difference may
result from the longer time period, increased total suspended sediment loads during the
early winter months, trapping of sediment by snow cover, or the number of flooding tides.

Sediment also may be transported and deposited by ice rafting of eroded materials during
tidal action in winter and spring break-up.

2.4 Weather and Climate

A transitional climate zone provides a relatively moderate climate for the Anchorage area.
The Alaska Range, north and northwest of Anchorage, prevents the influx of very cold air
from the interior, and the waters of Cook Inlet, including Turnagain Arm to the southeast
and Knik Arm to the northwest, help moderate temperatures in the area. Average

temperature recorded for the period 1952 to 1987 ranged from -2°C to 7°C, with an annual
mean of 3°C. Extreme temperatures ranged from -18°C to 33°C. '

Air masses from the Gulf of Alaska (to the south) produce relatively heavy rainfall along
the Chugach Range and can contribute to high runoff events in the rivers draining the
mountains, including Eagle River. The heaviest precipitation occurs from July through
September, with an average rainfall of almost 18 cm falling during the 3-month period.
Annual average rainfall is between 33 cm and 50 cm (CH2M HILL, 1994).

Figure A-1 summarizes the average (based on the period of 1951 through 1996) daily
temperature (minimum and maximum) and rainfall from May through September at
Elmendorf Air Force Base. The temperatures increase until early August, and then begin to
decline. The daily average rainfall continues upward through the period, and begins a
consistent decline during September. The average maximum and minimum temperatures

ANC/10040643.00C A-5
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during the surnmer months are about 18°C and 11°C. The average daily temperature is
about 14°C to 15°C.

2.5 Eagle River

ERF formed as the Eagle River eroded through the alluvial deposits of the Anchorage
lowlands to create a deep valley, which later filled with fine-grained terrestrial and marine
sediments. Evidence of the glacial alluviation can be seen as poorly sorted gravels in the
steep bluffs surrounding ERF.

With an average daily flow rate of 15 cubic meters per second (m3/sec), Eagle River drains
approximately 50,000 hectares of mountains and lowlands. Glaciers cover 13 percent of the
drainage basin. The river reaches average and peak discharges of 43 m3/sec and more than
70 m3/sec (respectively) in July and August because of glacial melt. However, a particularly
heavy rainfall can generate a discharge greater than 103 m3/sec (CH2M HILL, 1994). The
peak discharge recorded was 291 m3/sec on September 1995 (Kemper et al., 1995;

Brabets, 1996). High river flows will increase the water level height of the flooding tides
because of the increased volume of water on the flats.

2.6 Sublimation/Oxidation

Sublimation/oxidation at ERF is the loss of WP by sublimation/oxidation of the
contaminant from the sediment. This can occur during periods between flooding tides
when the sediment may become unsaturated. This section summarizes the laboratory and
field studies that have been performed to identify the best conditions for this action to occur
naturally (Walsh in Racine ef al., 1994; Walsh and Collins in Racine, et al., 1995).

In 1993, contaminated sediments were excavated from material near Canoe Point in Area C
and placed into test plots, with and without greenhouse covers, on land adjacent to the
excavation site. The plot with no cover also was tilled. The sediment dropped below water
saturation 13 days after excavation. After 56 days, all samples had no detectable WP
concentration. The average temperature was 2.4°C higher under the greenhouse cover.
Although the weather was unusually warm and dry during this period, the greenhouse
cover also could offer protection from rainfall under other circumstances.

In 1994, laboratory and field studies were performed. In the laboratory studies, WP particles
were kept in ERF sediment samples held at different temperatures (4°, 15°, and 20°C) and
soil moisture conditions (45, 64, 82, 100, and >100 percent saturation), and the particle mass
was monitored. At 4°C, there was no change at any level of saturation except approximately
50 percent mass loss after 58 days under conditions of 45 percent saturation. At 15°C, there
was no change in WP mass in the samples incubated at saturation or above. Under
conditions less than saturation (45 and 64 percent), there was significant reduction (four
and five orders of magnitude) after 30 days, and no WP was detected after 57 days. For a
saturation of 82 percent, the results were inconsistent. Some samples had substantial rapid
loss, and others persisted for more than 60 days. The inconsistent results probably derive
from the open air channels present in some samples but not others. At 20°C, there was no
change in mass at conditions of saturation and above. The samples at 45 and 64 percent
saturation showed significant loss in mass (three to four orders of magnitude) after only

1 day of incubation. As before, the results were inconsistent at 82 percent saturation.
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Field studies in 1994 of a transect of elevation changes across part of Area C demonstrated
that the length of time at an unsaturated condition increased with elevation. At5 cm below
surface depth, the average temperatures were between 16°C and 17°C for the ponded and
mud flat sites and 15°C on the river levee. No WP was lost at permanently flooded sites, but
intermittent ponds and mud flats showed variable results that were significantly dependent
on the length of time in unsaturated conditions. The incomplete loss of WP suggested the
need for more than one summer of drying conditions to achieve substantial decreases in WP
concentrations.

These studies have shown that the key to sublimation/oxidation is the achievement of
desaturated sediments, particularly during warm summer months. These conditions can be
best achieved if the time between flooding tides is long, rainfall is minimal, the sky is clear,
and the temperature is warm. At the measured pond temperatures, sediment that is at no
more than 65 percent saturation should show substantial (four to five orders of magnitude)
reduction in WP concentration in about 30 days and reach nondetectable concentrations in
about another 30 days.

3.0 Physical Characteristics of the Pond Groups

In addition to the general information discussed in Section 2, Lawson ¢t al. also have
reported on the processes of tides, gully recession (that is, erosion away from the river), and
sedimentation for areas overlapping the pond groups. Gully names are shown in

Figure A-2. Table A-3 summarizes the information available for the pond groups.

Except for the lower-level tidal flooding at Racine Island, all ponds at ERF flood at about the
same pond elevation. There is considerable variation in the gully recession rates. Area C
(Pond 183) appears to have a combination of gully recession and nearby ponds that could
result in a pond breakthrough in possibly 10 to 15 years that would result in pond draining.
There are no active gullies in Racine Island; thus, gully recession does not appear to have
much impact on the long-term future of WP on the island.

Pond 155 and the ponds in Areas C and C/D tend to have a higher average accumulation of
sediment because they have more vegetation, which helps to trap sediment, than do the
other ponds. During the first 2 weeks of June 1995, the maximum sediment temperatures at
S-cm depth ranged from about 15°C to 28°C. The minimum temperatures ranged between
9°C and 17°C.

4.0 Summary of Potential WP Surface Sediment Losses

Table A-4 summarizes the potential opportunities and routes by which
sublimation/oxidation of WP may occur at the hot ponds (ponds that contain WP). The
long periods between flooding tides during 1997 and 1998 offer good opportunities for
natural loss of WP in all ponds, at least around the perimeters, with the exception of Racine
Island. The low flooding elevation of Racine Island ponds reduces the probability of
substantial WP loss at those ponds. If WP loss is not substantial during these years, the next
period of substantial drying is from 2001 through 2003. Pond 183 appears to have a good
chance for natural pond draining in 10 to 15 years. Pond draining has the immediate effect
of reducing the pond’s attractiveness for ducks and swans, and the longer-term protection

A-8 ANC/10040643.00C
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TABLE A-3

Summary of Physical Processes by Pond Group

MNorthern A Ponds

o
@

Northern C and C/D

[ AN
viido

-

Pond 109 (Bread

Fiooding occurs at 4.6 m msl.

Filooding occurs at 4.6 m msi.

Flooding occcurs at 4.6 m msl.

Flooding occurs at 4.6 m msl.

Flooding occurs at 4.6 m msl.

At Tanker Gully, headward recession was less
than 0.5 m per season (summer and winter) in

1994 and 1995. Lateral recession has been <0.1m
fo 8 m per season.

Headward recession was zero io 2.8 m and iaierai
recession was zero to 1.2 m in the interior of Area
A during 1994,

Distant from observed gully recessicn.

d
of 0.1 m to 3.4 m per season {winter and summer)
and lateral recession of <0.1 m o 5.3 m per
season. Large area of pond eslimated 1o drain in
10 to 15 years.

Mcrtar Gully had headward recessicn of 0.3 m to

4 ) + A
1.7 m per season {winter and summer}, and a

lateral recession of <0.1 m to 2.2 m per season.
Ponds estimated to drain in more than 20 years.

Bread Truck Gully was forecast to drain the pond

Net sedimentation was 3.7 mm during the
summer of 1995, Pond 258 had 15-20 mm

sedimentation during summer 1984,

PO T S

NO measurementi SpECIlIC 10 s punu I\IU her
ponds showed an average net accumulation of
3.7 mm during summer 1985,

Northern C stations had net accumulation of
about 30 mm over 3 years {1892-1995),

Pond had net accumulation of 8.2 mm during
summer 1995 and about 15 mm to 20 mm during
summar 15994,

Northern C stations had net accumulation of
akhart AN mm over Q unnre 10Q2. Q';\ pnpr’l 1 ':nq

RSV A TR WO [RE=I= i

had an average of 14.3 mm accumulation during
summer 1995.

Average net sedimentation of 4.2 mm during

A
[Fal

Truck) in 1996. Ditch was opened with explosives in summer 1985,
spring 1996,

Racine Istand Flcoding cccurs at a Does not have high gully recession rate. Average net sedimentation rate of 4.7 mm during
reiaiively iow elevaiion summer 1985.
{4.35 m msl}. Pond bottoms
are rich in organic material.

. .
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TABLE A4

Summary of Potential Future Natural Restoration in Pond Groups

AN

Pond Group No Action Remediation Future Conclusion

Northern A Ponds 1997 and 1998 offer good opportunity for Some natural restoration at least around the
drying and subsequent WP perimeter is likely in a few years if good
sublimation/oxidation, at least around the  drying between tides. Protection by
perimeter. Gully recession may drain sedimentation or guily recession may take
ponds, but time period is uncertain. Pond longer than 20 years. Pond 258 may have
258 may obtain sufficient sedimentation.  sufficient sedimentation in 10 years. To offer

protection, sediment would have to be
consolidated.

Pond 290 1997 and 1998 offer good opportunity for Some natural restoration around the
drying and subsequent WP perimeter is likely in a few years if good
sublimation/oxidation, at least around the drying between tides. Protection by
perimeter. sedimentation or gully recession may take

longer than 20 years.

Pond 146 1997 and 1998 offer good opportunity for  Natural restoration from sedimentation
drying and subsequent WP appears possible within 10 to 15 years if
sublimation/oxidation. Sediment may sediments are consolidated and deep.
build up to 10 cmto 15¢cmin 10to 15
years.

Pond 183 1997 and 1998 offer good opportunity for  Natural restoration of at least the perimeter is
drying and subsequent WP likely in a few years if good drying between
sublimation/oxidation. Large area of tides. Natural restoration from pond draining
pond may drain in 10 to 15 years. and sedimentation appears possible within
Sediment may build up in similar time 10 to 15 years.
frame.

Northemn C and C/D 1997 and 1998 offer good opportunity for  Natural restoration of at least the perimeter is

Ponds drying and subsequent WP

Pond 109 (Bread
Truck)?

Ponds 293 and 297
(Racine island)?

Pond 285 (Racine
Island)?

sublimation/oxidation, at least around the
perimeter.

Pond was drained through breaching to
a gully in 1996. 1997 and 1998 offer
good opportunity for drying and
subsequent WP sublimation/oxidation.

Flooding occurs at fairly low elevation,
so substantial WP loss through drying
and warming not expected. In addition,
the organic content of the sediment will
make drying difficult. No significant gully
recession. Low sedimentation rate.

Treated with AquaBlok™ in 1994.
Sedimentation and revegetation have
been observed.

likely in a few years if good drying between
tides. Natural restoration from sedimentation
appears possible within 10 to 15 years.

Sublimation/oxidation is very likely to reduce
the number and size of WP particles over the
next few years.

Natural restoration not likely in 20 years.
Planned action through pond breaching in
1997, Action should offer natural restoration
by reducing the quality of duck habitat and
thus the likelihood of duck exposure.

Treatment prevents bird access to WP in this
hot pond. Natural processes of burial and
revegetation may enhance this treatment
over time.

2 Assumes past and planned treatment actions.
Note: Assessment is based on only a few years of data collection and is subject to change with new information.
The assessment is made on the assumption that the observed processes of the past few years represent the
future; however, the short period of these observations makes this assumption highly uncertain.

A-12
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of waterfowl by WP loss through sublimation/oxidation from the resulting pond drying.
From current information, it appears that the ponds in Area A may be protected in the
future by gully recession or sedimentation, but probably not until more than 20 years from
now. The exception is Pond 258, where sedimentation may provide a sufficient barrier in
about 10 years. These conclusions on when natural restoration might be attained are
summarized in Figure A-3.

This assessment is based on only a few years of data collection at ERF, and is subject to
change with new information. The assessment is made assuming that the observed
processes of the past few years represent the future, but the short period of these
observations makes this a highly uncertain assumption. The time until effectiveness of
sedimentation has been estimated assuming the seasonal sedimentation rates that have
been observed and the target depth for clean sediment of about 15 cm. The long periods
between flooding high tides create the opportunity for drying, but the amount of actual
drying will also be affected by upwelling groundwater, if present; rain; the amount of
sunshine; and air temperature.
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Abbreviations

ARAR applicable or relevant and approprnate requirements
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
CFR Code of Federal Regulations

cm centimeter

COE U.S. Army Corps of Engineers

CWa Clean Water Act

ERF Eagle River Flats

FS feasibility study

GIS geographical information system

ha hectare

m meter

ug/g micrograms per gram

NCP National Contingency Plan

USEPA U.S. Environmental Protection Agency

UXxo unexploded ordnance

WP white phosphorus
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APPENDIX B

Technology Screening

Under the National Contingency Plan (NCP), the process of analyzing alternatives for the
feasibility study (FS) begins by identifying and screening technologies that might eliminate
white phosphorus (WP) contamination at Eagle River Flats (ERF). Technologies retained
following the screening process are assembled into alternatives that are evaluated further in
the FS process (see Appendix F).

A description of the technologies that may be applicable at ERF and the screening process
performed for this FS are presented in Section 1 of this appendix. Order of magnitude costs
for three technologies that have been field tested are presented in Section 2. The appendix
closes with Section 3, a discussion about dredging and why it was not retained as one of the
alternatives that are evaluated in this FS.

1.0 Identification and Screening of Technologies

A broad range of restoration technologies has been considered at ERF. Many were not
developed because of implementability concerns (such as the possible presence of
unexploded ordnance [UXO] at the sites) or problems with effectiveness. The following
15 technologies were identified as being potentially applicable and were screened on the
basis of implementability, effectiveness, and cost:

e Alr sparging

¢ AquaBlok™

e Cap and fill

» Chemical oxidation

* Concover®

¢ Detailed monitoring of natural processes
¢ Dredging

* Explosive charges

* Geosynthetics

e Hazing

¢ Methyl anthranilate

e Enhanced sublimation/oxidation
+ Noaction

* Pond draining by breaching

» Pond draining by pumping

These technologies were screened by focusing on the feasibility of each technology to be
applied at ERF. Results of previous bench-scale studies, field tests, and treatability studies
were reviewed and the screening results are summarized for each technology. The ERF
studies that were examined for the technology screening are identified in Table B-1. A
description of each technology and a summary of the screening process are presented in
Table B-2. (The tables are attached at the end of the appendix.)

ANC/1004064F.00C B-1
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Although cost was a consideration during the screening, no technology was rejected solely
on the basis of cost. Order-of-magnitude costs for the retaining treatment technologies were 5
prepared and are presented in Section 2.

The technologies were screened to identify those that do not satisfactorily meet the criteria
of implementability and effectiveness. The conclusions of this screening process are
summarized in the far right column of Table B-2.

AquaBlok™, pond draining by breaching or pumping, and dredging were retained because
previous treatability studies demonstrated that they may be effective and because they can
be implemented at pond groups at ERF. Hazing was retained because it may be used as an
interim measure before full implementation of the selected alternative. However, hazing
does not provide long-term protection from WP. Sublimation/oxidation is retained because
it is a natural process and is part of the no-action alternative.

The other technologies were eliminated from further consideration in the alternatives for
ERF:

¢ Air sparging. Bench studies demonstrated that air sparging had little effect on WP-
contaminated sediment.

» Cap and fill. Cap and fill may be effective and implementable. However, AquaBlok™
has been selected as the representative technology to be assembled into alternatives for
the FS. AquaBlok™ was selected because of its cohesive properties and its ability to
support vegetative growth.

» Concover®. The test application was quickly penetrated by water and floated to the
surface within 30 minutes in the test trial. It was also readily damaged by ducks.

» Explosive charges. Field testing demonstrated that conditions were not sufficient for
sediment released into the air by an explosive charge to oxidize.

* Geosynthetics. A reliable method for anchoring the liners was not identified. The liners
did not survive the winter ice-out conditions.

¢ Methyl anthranilate. A single application is ineffective over the long term.

e Chemical oxidation. The test application had little effect and difficulties with mixing
were anticipated for large-scale field application.

e Enhanced sublimation/oxidation. The enhancement did not increase the rate of loss of *
WP.

The technology screening process and how the retained technologies are assembled into
alternatives are presented in Figure B-1. A detailed description of each assembled
alternative is presented in Appendix C.

2.0 Order-of-Magnitude Unit Costs

Order-of-magnitude unit costs were prepared for technologies that were retained following
the technology screening. These technologies are pond draining, AquaBlok™, and
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dredging. The term “unit cost” refers to cost ($) per area treated (hectare [ha]). The
preliminary cost estimates were based on field-scale treatability studies.

Actual costs to conduct treatability studies at ERF were used to calculate these order of
magnitude unit costs. These unit costs, as a function of area treated, are presented in
Figure B-2.

These order-of-magnitude estimates are used in the technology screening to rank retained
technologies. These initial order-of-magnitude unit cost estimates suggest that AquaBlok™
may be more cost-effective in treating smaller ponds, whereas draining may be more cost-
effective in larger ponds. Dredging costs were consistently higher, regardless of the size of
the area to be treated. The unit cost of dredging is more than an order of magnitude higher
than the cost of the other technologies. The costs of AquaBlok™ and pond draining by
breaching or pumping are the same or within one order of magnitude.

Several significant assumptions were made when making these estimates, as described in
the following sections. Verification sampling to determine the effectiveness of each
technology was not included in the cost analysis.

A much more detailed budget-level cost estimate for assembled alternatives has been
prepared and is presented in Appendix E.

2.1 Pond Draining

Pond draining may be conducted by either breaching or pumping. Generally, unit costs for
breaching decreased significantly with the size of the area to be drained, because costs are
actually a function of the length of ditch blasted to breach the pond.

The value of maintaining habitat was not factored into the costs. Pond drainage by
breaching would destroy habitat; pumping would tend to preserve habitat. This issue is
discussed in Appendix F.

The following subsections list assumptions that were made in the unit cost calculations.
2.1.1 Drainage by Breaching
* Unit cost as a function of length of ditch to be blasted was included in the cost estimates.

* Itwas assumed that U.S. Army troops will be available to set up the charges at no cost
as part of their ongoing training.

* A cost for explosives of $100 per meter (m) of blasted ditch was assumed.

* A 120-m-long ditch was assumed. For ponds where breaching may be applicable, the
average distance to a gully or the river is 80 to 160 m.

* A lump sum of $10,000 for planning was included. It includes design and coordination
efforts.

2.1.2 Drainage by Pumping

* Refueling will be required twice per month, after each flooding tide. This is a
conservative assumption based on the initial startup and shakedown of the pump
system.
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o Cost of blasting a sump for the pump was not included.
e The dry operating season is 5 months per year.

» Itwas assumed that only one operating season will be needed to dry sediments to
achieve sublimation. It is likely that longer seasons will be needed if operation occurs
during “wet” periods.

e Unit costs as a function of distance from gully or river were not calculated. A lump sum
of $60,000 for the pump, generator, and discharge line was used regardless of the length
of discharge line or capacity of pump needed.

e Six hours per month of labor were included to plan refueling efforts for one pump
system.

* A lump sum of $10,000 for planning was included. It includes design and coordination
efforts.

2.2 AquaBlok™

AquaBlok™ can be applied by either truck or air. Preliminary estimates of unit cost suggest
that application by truck is 67 percent the cost of application by air. The following
assumptions were made in the cost comparisons:

* Unit costs are directly proportional to area treated.
» Application by truck will be conducted in the winter.

‘o The AquaBlok™ treatability test at Racine Island was used to establish the application
rate (area covered per hour), the quantity of materials needed per hectare, and the cost
per quantity of AquaBlok™ material.

» The application rate was assumed to be the same by air and by truck. In the previous
test, the 0.5-ha coverage required 9 hours of helicopter time. Although helicopters may
be able to travel faster than trucks, trucks can carry greater loads than helicopters.

* Four operators and one helicopter are assumed for application by air.
» Six operators and two trucks are assumed for application by truck.

» From experience in previous studies, the Blackhawk helicopter rate (UH-60) was
assumed to be $2,500 per hour and the truck rate was assumed to be $1,000 per day.
Industry standards and vendor quotes will be used to calculate cost in the FS.

» Treatability studies indicate AquaBlok™ application is uneven over craters.
Measurement of cover thickness and reapplication of AquaBlok™ were not included.

* A lump sum of $10,000 for planning was included. It includes design and coordination
efforts.

Implementability and effectiveness of the two methods are not factored into these costs. It is
unclear whether application by air or winter application by truck is more effective. Ice

plucking and thaw conditions at ERF may reduce the effectiveness of AquaBlok™ if it is £
applied by truck. Conversely, application from trucks in the winter may be safer because
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the ice cover should largely protect against the danger of UXO. Travel on the flats in the
winter is less restrictive than in the summer.

2.3 Dredging

The operations and maintenance cost of the dredge operation subcontractor was the only
cost used to estimate unit costs because only that information was available. During the
1996 field season, 0.30 ha was dredged at a cost of $275,000, resulting in a unit cost of
$920,000 per ha. This subcontractor cost is representative of minimum unit costs. The
following are additional costs to implement dredging:

* Moving the dredge to different ponds with a Blackhawk (UH-60) helicopter
e UXO clearance

e Recompacting the existing retention basin

» Conducting hydraulic tests of the basin

e Removing spoils from the retention basin after spoils have been treated

* Extending the conveyance system to ponds farther away

¢ Siting and building an additional retention basin if a new one is required

» Building a new conveyance system to treat ponds on the west side of the Eagle River
¢ Preparing the implementation plan

* [Project management and data interpretation

» Constructing another dredge if one is not enough

Even with only the subcontractor cost, the cost of dredging is at least an order of magnitude
higher than costs of the remaining retained technologies. Mobilization costs during the 1996
field season were low because the dredge was already onsite and in operating condition.
The 1996 study costs are representative of implementation costs. It is expected that the unit
cost of dredging larger or smaller areas would be the same. The additional cost items listed
above would only raise the estimates.

3.0 Screening out Dredging as an Alternative

Dredging was originally retained in the general screening of alternatives, presented in
Section 1 of this Appendix. Dredging was demonstrated to be effective. However, after
further evaluation, this technology has been dropped based on detailed evaluation of
implementability and cost. In addition, impacts to physical and biological habitat and

applicable or relevant and appropriate requirements (ARARs) were reviewed. These factors
are presented in this section.

While dredging was found to be effective in reducing WP contamination, it did not
eliminate WP. The 1996 field-scale study showed that performance specifications were not

met. Wetlands regulations prohibit dredging in a wetland if another practicable alternative
exists.

3.1 Effectiveness

Results from the 1996 field-scale treatability study indicate that dredging was effective in
reducing WP, but not in eliminating it. Observations during 1996 and mid-1997 indicate
that no ducks or swans died in areas dredged, whereas as recently in 1995, significant
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numbers of swans and ducks perished in this area. Different WP sampling and analytical
methods were used in the pre- and post-dredging studies. Discrete samples were collected
before dredge operations, whereas composite samples were collected after dredging. A brief
summary of the sampling results is presented in this subsection.

Two sources of information constitute the basis for the following discussion on the
effectiveness of dredging for WP removal at ERF. Results from recent dredging operations
were documented in a draft report by Collins et al. (1997). In addition, the ERF geographical
information system (GIS) database was screened to determine the analytical results for WP
in sediment samples that had been collected before dredging near the area to be dredged.

After dredging, composite WP sampling was conducted along 27 transects aligned
perpendicular to the dredged channels. Of the 31 samples collected to estimate post-
dredging WP concentrations in sediment, 3 samples indicated detectable quantities of WP
ranging from 0.076 to 3.800 micrograms per gram (ug/g). The average post-dredging
concentration in the samples was 1.386 ug/g (Walsh, et al., in Collins et al., 1997).

However, it was felt that comparison of pre-dredging to post-dredging samples would be
stronger if the comparison were limited to the specific area of investigation rather that all
known contaminated areas at ERF. The screening of the GIS system revealed that

133 discrete sediment samples had been collected in the rectangular area depicted in
Figure 7 of the dredging report (Walsh, et al., in Collins et al., 1997). These data are divided
into samples classified as known (K, n=51) or unknown (U, n=82) based on previous
sampling results. This classification was intended to distinguish sediment grab samples
with no previous analytical data from those samples collected in locations with previous
WP detections or samples collected in a WP-spike location (associated with
sublimation/oxidation studies). To avoid bias associated with resampling in known WP
locations, only the 82 unknown WP samples were considered for comparison to the post-
dredging results.

The GIS analysis indicated that pre-dredging WP contamination (measured in discrete
samples) was detected in 31 of 82 samples. The pre-dredging WP concentrations in the
sediment samples where WP was detected ranged from 0.00034 to 70.116 pg/g. The average
concentration in the pre-dredging samples where WP was detected was 3.049 pg/g. The
results indicate that dredging can be effective for reducing WP in certain areas.

3.2 Implementability

Several problems were encountered during the summer 1996 implementation of dredging.
First, the dredge was not operated within performance specifications. A dredge channel
depth of 90 centimeters (cm) had been specified. However, post-dredge depth
measurements averaged 60 cm.

Dredge performance was reduced by rapidly changing tide elevations, hardpan pond
bottom, and vegetation. Performance may be improved in more open areas. During the 1995
operation of the dredge, a depth of 90 cm was achieved in two passes.

Second, the rate of implementation was slow. During the 1996 field season the dredge was
capable of dredging only 0.3 ha in 5 weeks. Assuming a 5 month field season each year,
only 1.3 ha could be treated every year. The 1996 field season is representative of full scale
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implementation. The rate of full-scale implementation is expected to be similar to the rate
observed in 1996.

The rate of implementation is largely a function of the mobility of the dredge. Although the
dredge is remotely operated, it can move around freely in only approximately 0.2 ha. The
dredge is connected to a series of guide wires and anchor points. To move the dredge to
another area (even within the same point) would involve reestablishing the guide wire and
anchor point system. With the short summer field season, it would take several years to
reach cleanup goals using only one dredge.

Third, hazards implicit to the setup and operation of the dredge system were high. As
discussed previously, the dredge is connected to a series of guide wires and anchor points.
Moving the dredge either to a new area or within the same area involves personnel working
on ground within the pond system. Visual clearance of pond bottoms is generally not
possible because of free-standing water. The dredge requires water in which to operate.

Engineering controls have been implemented to reduce (but not eliminate) risk of human
exposure to UXO. The dredge operator resides in an explosion-proof shelter and operates
the dredge remotely. All walking pathways and work areas are cleared by UXO specialists
for metal debris.

The hazards of UXO to humans in the setup and operation of the dredge system are
considerably higher than risks posed by other retained technologies. Breaching, pump
installation, and AquaBlok™ application are either performed aerially or in the winter.
Setup of the pumping conveyance pipeline is along a designed walkway that is easily
established and cleared for UXO. Pond bottomns of drained ponds would be exposed for
visual clearance before and during WP Sampling.

Hazards to the costly dredge equipment are also high. The dredge moves 60 to 90 cm of
sediment material, some with the high potential of containing UXO. In comparison, the
pumping system tested at Pond 183 in summer 1997 moves only water and does not disturb
the sediment or pond bottoms.

While the implemented engineering controls described previously do reduce risks, the risks
in dredge operations are still considerably higher than in other retained technologies.

3.3 Cost

As discussed in Section 2, the cost of dredging on a unit basis is more than an order of
magnitude more than other technologies that were retained after the technology screening
process. The unit costs cited in Section 2 included only leasing fees and operations costs. It
did not include many costs related to the retention basin, the conveyance system, project
management, or sampling that would significantly increase costs.

3.4 Fate and Transport Mechanisms

Dredge depth may be shallower than depth of WP particles. Dredging may redistribute the
WP sediments and not remove particles in deeper sediment. These processes are discussed
in this subsection.

The WP fate and transport mechanisms involved in dredging are anticipated to be similar
to those discussed in Sections 4.4.2 and 4.4.3 of the Comprehensive Evaluation Report (CH2M
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HILL, 1994). White phosphorus is more dense than water (specific gravity = 1.82) so it will
be expected to sink if the particles are large enough. Colloid-size WP particles may stay
suspended in the water column for extended periods of time. The ERF conceptual site
model indicates that processes that disturb sediments containing WP (such as erosion by
water) resuspend the WP particles. Some of these particles sink back through the water
column where they may be found at the surface of or mixed with bottom sediments. Very
small WP particles can be found suspended in the water column as colloidal particles.

However, collodial particles are not considered a threat to waterfowl.

Dredging would be expected to remove a large proportion of the WP particles along with
the sediments in the dredge area. This was the case indicated by WP sampling during the
1996 dredging field studies. However, the removal of WP assumes that the depth of WP
sediment contamination is not deeper than the depth of dredging. Given the physical
dynamics of sedimentation and erosion at ERF, it would be difficult to accurately determine
the depth and extent of WP without detailed sampling. In addition, the performance of the
dredge in the 1996 field season did not meet specifications (that is, the dredged channel was
shallower than specified). It is expected that some of the WP particles will not be taken in
by the dredge pump and will resettle on or near the surface of the sediments at the bottom
of the dredged channels and ponds.

Another effect of dredging would be the reversal of sedimentation processes. While the
degree of sedimentation varies throughout the flats, sedimentation processes are currently
occurring (as described in Appendix A). In some areas, sedimentation may cover pond
bottoms to such a degree that WP is no longer hazardous to waterfowl. Dredging of such
areas would remove this protective layer. If dredging is not completely successful in
eliminating WP, as was demonstrated in the 1996 field study, the dabbling ducks would be
re-exposed to WP-contaminated sediment.

3.5 Alteration of Waterfowl Habitats
Dredging alters habitat in two ways:

* Shallow ponds or channels that previously provided foraging areas for dabbling ducks
may become too deep for the ducks to reach the bottom by their normal feeding
behavior.

» Food sources that have been established at the pond bottom would be physically
removed by dredging. Such sources include roots, insects, and plants.

If a food source still remained or could be reestablished, the deepening of the ponds could
be viewed positively. The shallow-water habitats could be transformed into deeper-water
habitats where swans would be more likely to forage, and they would be able to forage
among the bottom sediments. The dredging conducted from 1994 to 1996 removed
sediments to varying depths, as reported by Walsh, et al., in Collins et al. (1997). In some of
the dredged areas (especially the channel to “C-Pond”), the post-dredging water depth was
relatively shallow (average 47 cm) and ducks may be able to feed in much of that area.
However, the Clunie channel and inlet was dredged to a greater depth (average 70 cm), and
sediments in this area would be more accessible to swans than to ducks. In addition, five
families of ducks, including wigeon, shovelers, and mallards, were observed by dredge
operators using the dredged areas off Clunie Point in the spring of 1996.
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Draining ponds by blasting alters habitat in the following ways:

» Submerged foraging habitat for dabbling ducks would be greatly decreased in size
because the pond would hold water within a much smaller area.

¢ The sediments exposed by blasting would be completely rewetted during flood events,
but retention of the water would be limited. It is anticipated that this would lead to
changes in vegetation communities and cover.

After the pond is breached by blasting, the standing water portions will be much smaller.
Periodic rewetting and sedimentation would still occur on the newly exposed sediments by
flooding. However, because the pond would retain only a small fraction of the water,
vegetation communities would likely change to drier plant types. If a pond previously
provided regular forage for dabbling ducks, this habitat value would be significantly
reduced once the pond was drained by blasting. The changes would be considered
permanent alterations in pond habitat.

Pumping ponds alters habitat in the following ways:

¢ Free water surface areas and submerged feeding habitat will be reduced in the short
term. The pond alterations would be temporary.

» The exposed sediments would be completely rewetted at each flooding tide because the
ponds will still have their capacity to retain water; therefore, significant modifications to
vegetation communities are not anticipated.

With this alternative, the ponds would be drained only during the part of the summer when
the most sediment drying can be effected. Periodic flooding of the ponds would return
them to their original conditions through sedimentation and complete rewetting of the
exposed pond bottoms.

In addition, the alteration of waterfowl habitat may be exacerbated by the fact that the
vegetation growing season is the same as the most significant drying season. The greatest
waterfowl impact will be during the fall usage period because need for food and resting
area follows the drying/growing. Loss of the short growing season may cause significant,
but temporary, loss of suitable waterfowl habitat.

3.6 Compliance with Wetland Regulation Requirements

Section 404 of the Clean Water Act (CWA) authorizes the U.S. Army Corps of Engineers
(COE) to regulate the discharge of dredged or fill material into all “waters of the United
States (including wetlands).” The definition of “discharge of dredged material” was revised
by the U.S. Environmental Protection Agency (USEPA) and the COE (Federal Register
58:45008) on August 25, 1993, in regulations that incorporated some of the activities that
were formally regulated under Section 10 of the Rivers and Harbors Act of 1899. Section 10
was the original legislation that authorized the COE to regulate structures and work in
navigable waters of the United States, including bank stabilization, dredging, excavation,
and establishment of temporary or permanent structures.

Under the newly defined “discharge of dredged material” the COE regulates discharges
associated with mechanized landclearing, ditching, channelization, and other excavation
activities that destroy or degrade wetlands or other waters of the United States under

ANC/1004064F.00C B-11



OUC 0030109

TECHNOLOGY SCHEENING

Section 404 of the CWA.. This definition specifically excludes from Section 404 regulation

discharge activities that have only minimum, inconsequential environmental effects
(USEPA, 1994).

The classification of ERF as a Superfund (Comprehensive Environmental Response,
Compensation, and Liability Act [CERCLA]) site means that activities at the site are
governed under CERCLA regulations, which supersede other environmental regulations.
Section 404 permits are not required for onsite Superfund actions at ERF. However,
compliance with the ARARs of other environmental laws is an important part of CERCLA,
as detailed in Section 12(d). As such, the substantive requirements of the CWA Section 404
(b)(1) guidelines (hereinafter referred to as the Guidelines) may be applied as relevant and
appropriate to activities conducted in wetlands at ERF.

The Guidelines were promulgated as regulations in the Code of Federal Regulations (CFR)
Chapter 40, Section 230.10 (40 CFR 230.10). They describe the authority of the COE to deny
permits as follows (USEPA, 1994):

* CFR230.10(a) states that no discharge of dredged or fill material (including dredging)
shall be permitted if a practicable alternative exists to the proposed discharge that
would have less impact on the aquatic ecosystem, as long as the alternative does not
have other significant adverse environmental consequences.

» CFR230.10(b) states that no discharge of dredged or fill material shall be permitted if it
causes or contributes to violations of any applicable State water quality standard;
violates any applicable toxic effluent standard or discharge prohibition under CWA
Section 307 (Toxic and Pre-treatment Effluent Standards); jeopardizes endangered or
threatened species or their habitat designated as critical habitat under the Endangered
Species Act of 1973; or violates requirements to protect any marine sanctuary designated
under Title III of the Marine Protection, Research, and Sanctuaries Act of 1972.

» CFR 230.10(c) prohibits discharges (or activities) that will cause or contribute to
significant degradation of the waters of the United States.

e CFR230.10(d) states that when a discharge (or activity) would degrade the waters of the
United States, and there are no practicable alternatives to the discharge, compliance
with the Guidelines can be achieved generally through the use of appropriate and
practicable mitigation measures to minimize or compensate for potential adverse
impacts of the discharge (or activity) on the aquatic ecosystem.

In applying the Guidelines, the COE requires a hierarchical approach to wetland mitigation
measures: (1) impact avoidance; (2) impact minimization; and (3) compensatory mitigation.
Based on these approaches, the use of dredging as a remedial sirategy at ERF can be

justified only if it is decided by the Agencies that there are no practicable alternatives to
dredging.

Minimization of impacts would be difficult in a dredging operation because the sediment
and plant substrates are completely removed without possibility of replacement. Thus,
habitat changes would likely be permanent.
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3.7 Summary

Dredging has been dropped from further consideration in this FS because its effectiveness
does not justify its cost and implementation problems. In addition, dredging also removes
the protectiveness of sedimentation, exposing dabbling ducks and swans to residual
contamination. Dredging may also redistribute WP particles.

The rate of dredging application is estimated to be only approximately 1.3 ha per year.

Wetlands regulations prohibit dredging if another, less permanent, alternative is available.
Habitat changes that result from other remedial activities such as pond draining by
pumping may be considered temporary because original conditions would likely be re-
established as ponds are refilled. Dredging may result in permanent changes where the
habitat type is modified (for example, shallow-water feeding habitat to deep-water feeding
habitat) and food sources are removed.
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Year Fiscal
Technology Published?2 Year? Title of Paper Authors QOrganization
AquaBlok™ 1996 1995  Evaluation of Pochop, Patricia A., Denver Wildlife
AquaBlok™ on John L. Cummings, Research Center
Contaminated and Christi A. Yoder
Sediment to Reduce
Mortality of Foraging
Waterfowl
AquaBlok™ 1995 1994  Evaluation of Pochop, Patricia A., Denver Wildlife
AguaBlok™ on John L Cummings, Research Center
Contaminated and Christi A. Yoder USDA
Sediments to Reduce
Montality of Foraging
Waterfow!
AquaBlok™ 1994 1993  Evaluation of Pochop, Patricia, Denver Wildlife
Concover and John Cummings, Research Center
BentoBalls on Larry Clark, and USDA
Contaminated James E. Davis, Jr.
Sediments to Reduce
Mortality on Foraging
Waterfowl
Chemical 1993 1992  Chemical Oxidation Racineg, C. H., M.E. U.S. Army Cold
Oxidation Walsh, C.M. Collins, Regions Research
D. Lawson, K. Henry,  and Engineering
L. Reitsma, B. Steele, Laboratory
R. Harris, and 5.T,
Bird
Chemical 1992 1992  Remediation Racine, Charles H., U.S. Army Cold
Oxidation Techniques: Literature  Marianne E. Walsh, Regions Research
Review and Charies M. Collins, and Engineering
Preliminary Studies Susan Taylor, Laboratory and
Bill D. Roebuck, Dartmouth College
Leonard Reitsma, and
Ben Steele
Concover® 1994 1993  Evaluation of Pochop, Patricia, Denver Wildlife-
Concover and John Cummings, Research Center
BentoBalls on Larry Clark, and US3SDA
Contarmninated James E. Davis, Jr.
Sediments to Reduce
Mortality on Foraging
Waterfowl
Dredging 1996 1995 Dredging as a Walsh, Michael R. U.S. Army Cold
Remediation Strategy Regions Research
for White- and Engineering
Phosphorus- Laboratory
Contaminated
Sediments at Eagle
River Flats
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identification of ERF Treatability Studies

OuC 0030113

Year Fiscal
Technology Published® Year® Title of Paper Authors Organization
Dredging 1996 1996  Dredging in an Active  Walsh, Michael R., U.S. Army Corps of
Artillery Impact Area Edwin J. Chamberiain, Engineers, Cold
Eagie River Flats, AK.  Karen S. Henry, Regions Research &
Special Report 96-22  Donaid E. Garfield, Engineering
and Ed Sorenson Laboratory
Dredging 1996 1996  Monitoring of Contract  Walsh, Michael R., U.S. Army Cold
Dredge Operations and Charles M. Collins  Regions Research
Eagle River Flats, AK. and Engineering
1996 Draft Report. Laboratory
Dredging 1995 1994  Dredgingasa Walsh, Michael R., U.S. Army Cold
Remediation Strategy ~ Edwin J. Chamberiain, Regions Research
for White- and Donald E. Garfield and Engineering
Phosphorus- Laboratory
Contaminated
Sediments at Eagle
River Flats, Alagka
Geosynthetics 1995 1994  Screening Study of Henry, Karen S, U.S. Army Cold
Barriers to Prevent Regions Research
Poisoning of and Engineering
Waterfowl in Eagle Laboratory
River Flats, Alaska
Geosynthetics 1994 1993  Geosynthetic Henry, K. U.S. Ammy Cold
Covering of Regions Research
Contaminated and Engineering
Sediment Laboratory
Geosynthetics 1993 1992  Geosynthetic Racine, C. H., M.E. U.S. Army Cold
Covering of Walsh, C.M. Collins, Regions Research
Contaminated D. Lawson, K. Henry, and Engineering
Sediment L. Reitsma, B. Steele,  Laboratory
R. Harris, and S.T.
Bird
Hazing 1996 1995  Hazing at Eagle River  Rossi, Corey USDA Animal and
Flats Plant Health
Inspection Service, ”
Animal Damage
Control
ATT-2
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TABLE B-1

Identification of ERF Treatability Studies

QUC 0030114

Year Fiscal
Technology Published® Year? Title of Paper Authors Organization
Hazing 1996 1996  Movement, Cummings, John, Denver Wildlife
Distribution and Richard Johnson, Research Center
Relative Risk of Kenneth Gruver, USDA
Mallards and Bald Charles Racine,
Eagles Using Eagle Patricia Pochop, and
River Flats: 1996. James Davis
U.S. Army Eagle River
Flats: Protecting
Waterfowl from
Ingesting White
Phosphorus.
Technical Report 96-
1.
Hazing 1995 1994 Hazing at Eagle River  Rossi, Corey USDA Animal and
Flats Plant Health
Inspection Service,
Animal Damage
Control
Hazing 1994 1993 Hazing Waterfowl in O’Neil, P. USDA
ERF
Methyl 1995 1994  Chemical Hazing of Clark, Lawrence, and Denver Wildlife
Anthranilate Free-Ranging Ducks John Cummings Research Center
in Eagle River Flats: USDA
Field Evaluation of
RedeX-iT WL-05
Methyl 1994 1993 Laboratory Evaluation Cummings, John L., Denver Wildlife
Anthranilate of a Methyl Larry Clark, Research Center
Anthranilate Bead Patricia A. Pochop, USDA
Formation for and James E. Davis,
Reducing Mallard Jr.
Mortality and Feeding
Behavior
Methyi 1994 1983  Field Behavioral Clark, L, and USDA
Anthranilate Response and Bead J. Cummings
Formulations for .
Methyi Anthranilate
Encapsulated Bird
Repellents
Methyl 1994 1993  Field Evaluation: Cummings, John L., USDA

Anthranilate

ANC/1004064F DOC

Mortality of Mallards
Feeding in Areas
Treated with Methyl
Anthranilate

Larry Clark, and
Patricia A. Pochop
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Identification of ERF Treatability Studies

QUC 0030115

Year Fiscal
Technology Published? Year® Title of Paper Authors Organization
Pond 1996 1996 Pond Draining Collins, Charles M., U.S. Army Corps of
Draining-- Treatability Study: Michael T. Meeks, Engineers Cold
Blasting a 1996 Studies-The Marianne E. Walsh, Regions Research
Channel Draining of Bread and Ronald N. Bailey and Engineering
Truck Pond. Draft Laboratory
FY96 Report: Pond
Draining Treatability
Study Ver. 2.1.
Pond 1994 1993  Pond Draining Collins, C.M. U.S. Ammy Corps of
Draining— Treatability Study Engineers Cold
Pumping Regions Research
and Engineering
Laboratory
Pond 1996 1995  Pond Draining Collins, Charles M., U.S. Army Cold
Draining— Treatability: 1995 Edward F. Chacho, Regions Research
Pumping Studies Jr., Michael R. Walsh,  and Engineering
and Marianne E. Laboratory
Walsh
Pond 1995 1994  Ponding Draining Colling, Charles M. U.S. Army Cold
Draining- Treatability Study Regions Research
Pumping and Engineering
Laboratory
Sublimation/ 1996 1995  Intrinsic Remediation  Walsh, Marianne E_, U.S. Army Cold
oxidation of WP Particles in Charles M. Collins, Regions Research
Intermittent Ponded and Ronald N. Bailey and Engineering
Areas of ERF Laboratory
Sublimation/ 1996 1996  Naturai Attenuation of  Lawson, Daniel E., U.S. Army Corps of
oxidation White Phosphorus Lewis E., and Susan Engineers Cold
Contamination by R. Bigl Regions Research
Physical Processes, and Engineering
Eagle River Flats, Font Laboratory
Richardson, AK
CRREL Report 96-13.
Sublimatiory 1995 1994  Investigation of Walsh, Marianne E., US.AmyCold -
oxidation Natural Size and Charles M. Collins  Regions Research
Reduction of White and Engineering
Phosphorus Particles Laboratory
in Eagle River Flats
Sediments
Sublimation/ 1994 1993  Field Study of Air- Walsh, M_E. USDA
oxidation Drying Contaminated
Sediment
-
ATT4
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QUC 0030116

Year Fiscal
Technology Published® YearP Title of Paper Authors Organization
Subiimation/ 1993 1992  Air-Drying of Racine, C. H., M.E. U.S. Army Cold
oxidation Contaminated Walsh, C.M. Collins, Regions Research
Sediments D. Lawson, K. Henry, and Engineering
L. Reitsma, B. Steele, Laboratory
R. Harris, and S.T.
Bird
Sublimation/ 1992 Remediation Racine, Charles H., U.S. Army Cold
oxidation Techniques: Literature  Marianne E. Walsh, Regions Research
Review and Charles M. Collins, and Engineering
Preliminary Studies Susan Taylor, Laboratory and
Bill D. Roebuck, Dartmouth College
Leonard Reitsma, and
Ben Steele
Enhanced 1996 1995  Enhancement of Walsh, Marianne E, U.S. Army Cold
Sublimation/ Intrinsic Remediation  Charles M. Collins, Regions Research
oxidation of WP Particles by

Sediment Warming in
Intermittent Ponded
Areas of Eagle River
Flats

and Ronald N. Bailey

and Engineering
Laboratory

2Year Published—Year that final report was published.
PFiscal year-Year that study was performed. In most cases, “FY” also indicates the CRREL repon volume in

which the paper is presented.

ANC/1004064F.00C
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TasLe B-2
Summary ol Bemedial Technology Screening

General
Response Process
Aclien Technology Opticn Description Implementability EMecliveness Cost Screening Resuit
Containmenl Horizontal AguaBlok™ AquaBlck™, available from Mew VWaslas Sinca 1993, treatability sludies have been conducled at AquaBlok™ on Pond 285 showed minlmal  Preliminary cosl AguaBlok™ is retained as a
barriers Concept, Inc., Erie, Michigan, is a composite ERF 1o evaluale the feasibility of using AquaBlok™ 1o deferioration upon examination in 1996. Il indicala that unit cosls for representalive technalogy for
material conlaining calciem pravide a physical barrier to dabbling fowl in has been demonsiraled that within 1 year AquaBlok™ applicalion by horizontal barriers. [l has
benlonile/erganoclays, gravel, and polymers. conlaminated ponds. in 1995, AquaBlok™ was applied lo  of initial application, vegetalive growth over  air and by lruck ars been demonstraled that il
Since 1993, the use of AguaBlok™ as a cap fer  Pond 258 on Racine Island. the barrier b lush and Is inhibited $101,000 per heclate tha) might be effective and can be
conlaminated pond boltoms has boen evaluated only in areas where the AquaBlok'™ and $68,000 per ha, implemented at porichs ol
firsl by bench-scale testing and then by 1 truck application ls used, exposure to unexploded applicalion was thickesl. Fish and respechvely. ERF.
trealabllity lesting in ERF. The AquaBlok™ is d {UX0) wil be minimized by imph lati inverebrates also were observed in
applied 1o the pond boilams by diopping it from  during lced conditions el ERF. ponded areas treated with AquaBlok™.
a hellcopler or Iruck into Ihe pond. The The new vegelation provides areas where
AquaBlok™ hydrales alier applicalion, walerfowl can hide or loaf, however, the
expanding vartically and horizontally, sealing Ihera is a polential habitat loss because Ihe
iha interslillal spaces in the gravel. AquaBlok™ AquaBlok™ reduces the depth of treated
barrier permeabliilies as fow as 10°? cenlimelars ponds and resdils in Ihe loss of some
{cm) per hour have boen measured, shallow areas whera waterfow! can dabbls.
The long-lerm ellectiveness of AquaBlok™
is unknown.
Conlainment Horlzontal Cap and fll Capping and Wlling nlso may be used lo provide  Capplng and Hlling Is similar In princlple 1o the Parmeabulity of a gravel cap is likely lo ba Bacausa the gravel Cap and (ill wilh gravel is nol
barriors a physical barier to contaminaled pond-boltom  AquaBlok™ allernative. saveral orders ol magnilude greater than paricles do nol require expecled io pedorm.
sediments, The cap/ill nlternalive |a similar to the permeatilily obsersed for the coallng, unlt cosls would be
he use of AgquaBlok'™; however, untrealed Exposure fo UXC would be minimized by imp jon  AquaBlok™ banler. Whilo Ihe permeabilily  substanlially less than Ihe AquaBlok™ has been
sand or graved is usod In placa of Ihe composile  during keed condilions at ERF or by nerial release. of gravel may permil underying sadiment unil costs for the lacled as the rep tal
malarial. This altemallva hag not been lo dry il water levels decline, the exposure  AquaBlok™ ulleinalive. lechnology.
Irealabllity-lestad at ERF. Malhod(s) of ol dabbling ducks to WP would still exist Gravel costs approxlmotaly
applicalion would be the same as those lor lhe during ponded conditions. Therelore, a $15 per ton. Applicalion
AquaBlok™ allernalive, Ihick gravel laysr Ihal can resisl srosion methods likely would be the
would be required to overcome sama as {hose uscd lor
pemeability problems and break the placamanl of the
pathway lor ing ol WP by fowl.  Aqualilok'™ bairior. Aeral
applicalion would cosl
In addilion, gravel does nol have lhe approximately $56,000 per
cohesive propertics of AguaBick™ maledal  heclar,
and ils resislance and sirength are lowsr,
Wegelation ks not sxpectad to rebound
successiully through gravel material,
whareas the clay subslrate ol AquaBlok'™
encourages vegetative growih,
A D0H066C.00G 1
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TABLE B-2

Summary of Remedial Technology Screening

Description

implementabitity

Effecliveness

Cost

Screening Resull

The revegelalion rates likely would be
longer than those observed for the
AguaBlok™ alternative. AquaBlok™ works
quicker primarily because the calcium
bentonitef argancclays in AquaBlok™
provide nutrients and also Tl the interslitial
spaces belween grave! particles, allowing
1he agualic planis lo r biish roots
relalively fasl. Over a longer period of lims,
sedimantation will likely [ill the volds ol a
gravel barrier and provida a parliculate and
organic mat sulficien! for agualle planis Jo
rool.

Concover®, provided by Mew Wastas Concept,
Inc., Eria, Michigan, is a blend ol recycled paper
mulch (99 percent} with cellulostic polymers as
the binding agent {1 percent). In 1993,
Concover® was lesled in he laboratory Ior
evaluation of its use in providing a physica)
barrier to conlaminalad ERF pond bottom

Concover® mus! be appliad to dry sediment, maintaining
the dry conditlons for a 5-day drying period. Theretore,
Concover® could nol ba impl dinp tly
pended areas of ERF withoul signilicant eflor 1o dewaler
the areas.

Application would likely involve human exposure to UXO.

Following the s-day drying period, the
Concover® lest pool was tilled with waler,
The Concover® was immediately
penatrated by the water, and the enlire
barrier was fiating wilhin 30 minules. The
barrier alse was readily damaged by
aclivily by ducks.

Costs lor full-scala
implemenlalion ol
Concover® were nol
developed because il was
nol elfeclive for ils inlended
uss al ERF.

On the basis ol iis
tneflectiveness and dillicullies
associaled with its
implemenialion, Concover®
has besn eliminaled lrom
furthey consideralion lor
application at ERF.

ware tesled al ERF Jor use in

General
Response Process
Action Technoicoy Option
Containment Horizontal Concover®
bartiars
sediments.
Conlainment Hotlzontal Gaosynth G r
barrlars

NG/ D040662.00C

lining canlaminated pond bolloms to provida a
physical barrier lo conlaminated sediments,
Filot-scale tesls wore conducled during the
1392, 1933, and 1984 EAF fiold seasons. The
1934 lleld lesls locusod on four gacsynthotic
syslems. Tha sysiems were composord of
woven and non-woven mesh mada of nalural
and min-mado matanals as (ollows:

s Ngedie-punched polyester gootoxiile
overlaln by a geomash material consisting
of a nylen-antangled mesh (poocomposite)
covored with 8 cm ¢l banonde

+  Geocomposite unly

s Geocomposile covarod wilh 10 om of
grave|

+  Coir geolextife (biodeyradable)

PR

The g ¥ were installed In last plots
ranging In gize from 4.5 1o 9 square meters {m'). Full-
scale implemanlation was nol tesled.

Problems with enirapment of gas bubbles
under Ihe liners were solved by providing
holes in the geolextiles 1o permll the gases
lo escapa, The geotextiles were elleclive in

The placemeni and anchering of ihe liners
personne! {o the polential danger ol UXO. Methods of
liner anchors esled included (1) driving survey rods,
comer pins and sediment level slakes inlo the pond

dil and (2} placing reinforcing bar (rebar) on tog
ol the liner malerial and sawing rebar Into seams along
the edges of the geotextila.

P ling upward t and
resuspension of white phosphorus (WP}
parlicles ovor the cowse of a lield spason.
Hewever, in areas subject lo winler kee-oul
condilions, the ners did nut survive from
ona season lo the nexl, Because a refiablo
mathod of anchoring the liners has nol
been lied, they ara idered lo ba
ineffectiva al atlaining the overail
remediation goal.

Cosl per heclara is
eslimaled to be $70,000 for
purchasing materlal and
Instaliakion. Bocause the
systems havo nol remalnnd
In place rom oho season to
the naxdt, a warst-case
Bliuation would require thal
Ihe systems be replaced on
an annual basis,

On Ihe basis of Iheir leng-term
[neffecliveness, geosynihetics
are ellminated (rom jurther
considaration for appllsalion
at ERF

8110€00 ONO
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Summary of Remedial Technology Screening

General

Response Process

Descriptlon

Implemeniability

Effectiveness

Cost

Screening Result

¢ study was initiated in

e premise that

W d t Irom pond
boltomns would reduce lhe volume of WP andfor
efiminate exposure of dabbling ducks and
swans 1o WF. The sedimenl and waler ramoved
by the dradge are pumpad as a sluery inlo a
spoils refenlion basin ihat was conslructed on
the Open Burming/Open Detonation {OB/OD}
Pad adjacent o ERF. The spoils relention basin
Is tonslrucled to allow solids 1o setlle. The
supemalanl water |s decanted and passed
Ihrough a sediment fenca and back lnlo ERF.
The remaining sedimenl s allowed lo warm and
dry, Inillaling Ihe nalural oxidation/sublimation
process {Collins et al,, 1997} Tha dredge-spoils
relonllon basin | ayuipped with monitoring
Instrumentation to verity conditions that promolo
oxldizalion of WP {thus removing
contaminatien} in {he sediment. Final dispesal
ol the sedimenl, once WP removal has baen
salisiactorlly damonsliraled, has nol yel been
aslublishod.

Ulle abdaload throus!
o ined e

thal dredging can ba il

plemenled in ERF.

3 ¢

Dredge performance is reduced by changing tide
elevalions, hardpan pond boltom, and vegetation.

Implementation rale is thal is slow; estimated al 1.3 ha in
one year. Primary limitation is thal il can onty move Ireely
in approximatety 0.2 ha,

Dredging In ERF Involves speils handling, equipmenl

Intenance, ion basin r pacii and
sedimenl and spoils sampling. Because handling dredge
spoils Is sulfictently complex, locating and constructing
an addillonal [acilily ai a different locatlon in or adjacent
lo ERF will enlail additional lime and expense. For this
reason, and because flooding lides limit Ihe number of
suilnble locelions for a second relention basin, spails-
handling consideralions cauld limil where this method ls
applicable, The dredge and assccialed equipment
reguire maint during operalion thal aflect the cost
and schedule of operalion.

It is balleved thal he arens thal could potentially be
dredged extend beyond the channel adjacenl lo Clunie
Pginl. Spolis gensrated irom these additional araas could
be pumped lo The spoils retention basin through an
oxtendad discharga line by using booster pumps. Il
dredging i 16 by par d, the lon basin
will be al capacily in & few years, In addition, tha ultimalo
Intn of spolls contained [n the retention basin has yol to
be doclded,

Clean Waler Act regulitions apply lo dredging In
waollonds.

Although dredying Is controlled remelaly, soma exposure
1o UXO mny ocour during movemenl of the dredge or
operatfon of the conveyance system.

peried found that approximalely
63 cenlimelers fcm) of sedimenl had been
removed over an area of 0.30 ha.

Dredging reduce the average WP
concentralion in sedimeant irom 3.0 1o
1.4 micrograms per gram (ug/g).

Post-dredging waler depih ranged from
47 to70Ocm.

Dredging will resuspand WP particles.

The voluma ol WP removed or remaining
has not been calculated al this time.

Solely on the basis ol cosl
of the dredge operation
{O&M) in 1996, unit costs
tor dredging are
approximately $320,000
per ha. These cosis are
discussed in Seclien 2.3.

Dredging has been dropped.
Dredging has been
demonslsaled to be
moderately sflective.
However, the order of
magnitude unit cos! of
dredging is one lo two orders
of magnilude greater lhan
olher polentially elfective and

impt ble lechnologie

The high cost and detrimanial
impacts to dabbling duck
habilat created by dredging
are disadvantages of using
Ihis remedial methed.

In addilion, 1 is possible thal
conlaining dredge spoils al
any location cther than
CB/0D0 Pad will ba didficull,

6110€00 ONO
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Descriplion

Implemeniabiliity

EHecliveness

Cost

Screening Result

An inslilutional controt used to deler waterlowl
from Irequenting conlaminated areas ol ERF,
hazing occurred during the 1993, 1894, 1985,
and 1996 lield seasons. Congems for personnel
salely resulled In cessation of hazing in 1996
The hazing operations have included
deployment, use, and daily maintenance of
propane exploders, pyrotechnics, scarecrows,
flagging, balloons, and olher visual, acouslic,
and beh | devices designed 1o Irighlen
birds.

m o1

",

Some of the hazing devices are aulomati 3

B there is evidence that tha

s

olher methods raquire personnel to be aclively engaged
in operations. Mosl of the methods require daily
monitoring or maintenance, Hazed areas are accessed
by canoe, hovercrafl, helicopler, or fool. The placement,
maintenance, and use of Ihe hazing devices exposes
personnal to the potential danger of UXO.

walerfowl become habituated lo soma of
ihe hazing activilies, hazing is considered

On average, aboul 100 ha
of ponded area are hazed
during the spring and lall

1o have only short-term ell 1ess.
Hazing is considered to be ineflective over
Ihe iong lerm because il does nol reduce
concenlrations of WP in sedimeni.

ion periods at ERF.
Total annual cosl including
labor, malerials, and
equipment operation and
maintenance expensas is
eslimated lo be $1,000 per
ha.

Because hazing does not
provide fong-lerm prolection
lrom WP exposure, ils
implamentalion shoutd only
be considered as an interim
remedial action, lo deter
waledowl use of
conlaminaled areas, unlil a
mors permanent aflernalive
can be applied.

Methyl anthranilole (MA), a bird ropallont, was
encapsulaled and tested in the laboratory and
in tha lield {1994, pilol-scals sludy} al ERF lor
Ils abllity lo deter birds lrom feeding in
contaminaled ponds. The MA bead mallx was
deslgned 1o satlle to the botlom of the ponds
and only reloase MA when broken by leeding
ducks, Feeding rates decrease as ducks "learn”
lo nvold areas Ireated with the MA,

Durng the pilol-scale tesls, MA was applied lo ponded
areas by broadcasling lhe peflels across tha pond
surlace, axposing personnel to Ihe polenlial danger of
UXO. Large-scale implementation would use a fixed-wing
aircrafi 10 apply the beads lo The ponded areas.

The MA beads werse observed lo
dacompese after aboul § days, presumably
the resull of microbial activity on the gel
alginale shell. The decemposition resulled
in significant loss of MA, ullimatoly
rendering it inellective lor the long tarm. Up
to 5 days lollowing application ¢l the MA,
the results of the Ileld tests suygesled thal
the MA produced the desired repellant
oflect. On the basis of observalions ol duck
wsage ol EAF during tha spring and lall
migralion petlods, il Is estimatad thal up to
lour applications ol MA {one during spring
and (hrea duting fall) would ba necessary
anch yoar,

The cosl lor one applicallon
of MA is about $107,000
per ha.

Because MA is considered to
ba Ineflective over the lang
lerm, and because ol
significant costs lor
replenishment to achiave
short-lerm effecliveness, MA
Is aliminated frem furher
consideration for application
al ERF.

General
Response Process
Action Technology Oplion
Inslilulional Deterrenls Hazing
action
Insktutional Deletrenls Melhyl
action anthranilale
Maniloidng Matural Detlailed
Procosses Monitoring of
Halural
Frocesses

ANCTIDDA0EEC DOC

WP in sedimont will sublimate and oxidize
under tho proper soll malsture (iow} and
temperature thigh) conditions, This process Is
referred lo as sublimalienfexidation,

Sublimaticn will occur il a pond syslem |5
breachad natutally by gully progression,

Sedimentation would also noturally pratect
ducks from W,

The procasses ol sublimalionfexidation, gully
n lon, and sedi t are ralatred 1o in
this document as “nalural processes.”

Implementation of dolalled monltoring involves scil
sampla collecilon and nnalysls, cbservations ol waterfowl

Natural restoration by sublimation Is not
llective in p Ily pondad arpaa

monality, eerlal photograghy, moritoting of sedimanl
moislura and lemperalura condifions, and monitaring of
sodimentation (decroase In merahty rale Infers decreasa
in WP concenlrallons in pond betlom sediments over
time}. This lechnology s different lrom “no action” in that
It allows lor moniloring ol natural restoration procosses.

Soil sampla collection and clhar moniloring aclivilios may
expose personnel lo the polential danger ol UXO.

bacause the bottom sedimenls remaln
satwrated and depletad ol oxygen,
However, sublimation has been
dantonsirated {0 occur in intemmittently
ponded aroas whora beltom sediments are
exposed lo the almosphera for prolonged
periods during summer months.
Sublimation may also occur along the
perimeler of permanenl ponds. Sublmation
will ocour in these areas If Ihe soil moisture
and tamperature condilicns are suflicient lo
allow sublimaticn snd diflusion ol the WP.
Gully breaching and sedimentation may
occur in soma ponds wilhin lhe next 10 Lo
25 years.

Costs will Include aorial
pholography, aerial
surveys, bassline sampling,
and Ihe inslaliation ol waler
level, sedimen mealsture/
lemperature, and
sagimenlalion slations.

Nalural restoration |s rofained
becausa it has been

der d to be eflecti

in the long term (101a maore
than 20 years).
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T4pLEB-2
Summary of Remedial Technology Screening

General
Response Process
Aclion Technology Option Descripiion Implementability Effectiveness Cosl Screening Aesult
No Action No Aclion Mo Menitoring  Exposure pathways batween dabbling ducks Such processes are occurring nalurally throughout the Matural restorakion by sublimation is not Coslis $0 No action will conlinue lo ba
and WP would be broken by natural processes  llals at varying rates. effective in permanently ponded areas considered in lhe FS.
suich as sublimalionfoxidation, gully breaching, because 1he boltom sediments remain
and sedimentation. Mo imptermenlalion is involved. saturated and depleted of oxygen.
Hewever, sublimalion has been
Mo monitoring would be involved, demonstraled Lo occur in intermitlenily
ponded areas where botlom sediments are
exposed Lo the almosphere ler prolonged
periods during summer months.
Sublimation may also cccur along the
perimaler ol p 1 ponds, Subli
will occur in these areas il the soil molsture
and lemperalura conditions ara suflicienl to
allow sublimaton and difusion ol the WP,
Gully breaching and setimentalion may
occur in some pords within the next 10 to
25 years
Troatmumnt In silu Alr sparging Introducing nir Into WP-contaminated sedimenl  Studies were at a bench-scale level. Field Bench-scale siudies domonstraled that air  Cosl lor full-scale Alr sparging has been
10 oxidize WP. implemenlalion would involve piping, trenching, and sparging was not elloctivo In reducing WP implamentation has not sehrminated becauss of low
instaltation and operalion of bl 3 concenlrations, been developed. effectiveness and anticipaled
difticuities in lield applications.
implemenlalicn would likely involve human exposure 1o
UXO.
Treatment In silu Chemical Hydrogen peroxkio can oxidlzo WP, potentislly  Invastigalion has been only at a laboratory study scalo. WP was shil dntectable evon under ha Cosl for lulk-scale Chemlcal oxidalion
oxldation reducing concenlralions, Tha procedure has Gondlllons were ldaal in thot malerials weors woll mined,  relatlvaly [deal Inboralory conditions, implomentation has nel luchnology has been
been lestod with S-milkliter {mL) plugs of ERF and peroxido concenlralions wera graaler then can be Perlormanco m tha fleld would hkoly Lo been doveloped, sliminaled because of low
bulk sedimenl in 250-mL lasks. A reduclion of expecled in Ihe ilald. Oxidation occurrad enly on tho lowst bscause mixing would nol be fleclivenass and anticl d
WP has been achieved in vilro alter mulliple surface of samples hal ware nol wall mixed. Field possible, diilliculties in lield appticalions.
applications ol hydrogon peroxide. application, which has nol beon lested ot ERF, would
lnwelve & much larger volume of sedimant and well mixed
condillons would nol be possitile.
Apphcation would invelve human exposure lo UXO,
Troatment I silu Expiosive WP In conlami d sed| I Ihat is rel d pl ion wolld involve relsasing an explosive Fleld scala sludies demaonstrated thal this Cost for full-scale In silu trealment by axplosive
charga into 1he air following a controllod explosive charge Into a conlaminated pond. lechnology s nol ellective. Sediment thal implemoanlation has not charges has been oliminated
charge would oxldize, was released Into he air was analyzed and  been developed. b il was not eflecti
found to slill be conlaminated with WP.
ANCHHEC40B6C.BOC 5
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TaeLE B-2
Summary of Remedial Technology Screening

Desciiption

Implementability

Eftecllveness

Cost

Screening Resuit

Possibla enhancemenls lo oxidalion/

bli 1 include aclions or processes that

or L soil warming. Four
passiva methods of scil warming have been
lield lested at ERF:

+  Black sand to change the surlace albedo
{relleclion)

+  Reemay, a spun-bondod polyoster row
cover

+  Fasl Slad, a porous polyethylene row cover

+  Burlap row cover

In 1995, tests were conducted to compare the thres
fabric row covers with 1he sand cover, The fabric row
covers were held in piace by Ihe use of sand bags and
wooden planks, The sand was spread lo a uniform depth
over Ihe lesl plols,

Implemanilalion would likely involve human expostre 1o
Uxo.

Although three of lhe passive systems
{black sand, Reemay, and Fast Slarl} were
damonsirated lo raise soll temperatures,
lhe sy were nol effective al ing
WP. The field conditions during the
summer of 1995 were wet wilh high tides
and Iraquent precipilalion. The observed
temparalure increases resulling Irom
enhancemenl {between 1°C and 4°C) ware
not sulficlent lo overcome the salurated scil
condilons.

It has been demonsirated lhal WP
sublimation will not occur without
sadimenls bemny dry and unsaluraled.

Annual cost lo implement
an enhanced sublimation/

Because lhe soil warming

axidalion program wilh the:
use ol passive soil warming
is estimated lo be $5,000
per ha. The ¢osis Include
labor and malerials to
install ihe soil warming
systam {row cover or sand].

¥ were not eliective al
ramoving WP, snhanced
sublimalionfoxidation is nol
recommended for [utura
applicalion al ERF.

The observed lemperalure
increases wera not sullicisnt
lo ovarcome salurated
condiions Lo foster WP
sublimalion

General
Response Process
Action Technology Option
Treatment In situ Enhanced
Treatment Pond By Broaching
Dralning
A IBO4DEEC.00C

Pond draining by breaching has been lested at
ERF.

P by WP sublimationfoxid would

In 1986, the 23rd Engineers at Fort Richardson blasted a
channei Irom Bread Truck Pond lo a gully that
discharges into the Eagle River. In addilion, in 1957, a

d ch | was bl d cor ing & Racine |sland

loliow in Ihe driar sedimaenils, reducing the
concentralions ol WP in Ihe drained pends.

Dabbling duck habilal would be removed.

pond with a gully leading to Eagle River. Fulure channel
blasting at ERF, if impl led, likely also will be
conducted by military personnel in conjunction with a
Iraining mctivity.

Bread Truck Pond has been subslanilally
eliminaled as a permanent pond by the
aclion of connecling il lo an exlsling guily.

WP removal has been measured at Bread
Truck bul the results are noi avaitable yet.
H , WP sublimation s led lo
cccur in 1957 and 1938 because of water
fovel decline and unsaturaled sedimant
{pond drainlng and law Hloods) and
elevaled tamparalures (summer
lomperialures).

Dewaterad ponds likely will reduce tho
walarfow] axposure 1o WP even belora
thare is a loss of WP, because such ponds
are no longer prelerred duck habilat.

Unit cosls lor blasting vary
according to the length of
dilch drained, at a rate of
approximately $130 per
meter.

Fond draining by breaching
will continue to be considered
as a remedial technology for
ERF.

2210200 2N0O




TaoLe B-2

Summary of Remedial Technelogy Screening

P

General
RAesponse Process
Aclion Techneology Cption Descriplicn tmplementabllity Effectiveness Cost Screening Result
Trealmenl Pond By Pumping Pond draining by pumping would lower water tn 1995, the pump syslem was piot-scale lesled at EAF  Testing lhe purping system in Pond 183in A 2,000-gallens-per-minuts  Pond draining by pumping will
Draining levels. Pump slations would aclivale afler lc assess Ihe function of the pump and generalor, 1997 has proven that pumping is eflective pump system was acquired  continue lo be considered as
flooding tides and need to be regularly relucled.  mounted cna floaling platform. Full-scale implementalion  in dewalenng a large pond wilh soma in 1835 ai a cosl of a remedial lechnology for
of lhe pump syslem was lesled in summer 1997, imerconnactivity with large waler-bearing approximalely $60,000, ERF.
WP subflimalisnfoxidation will lollow in the drier areas. Exlensive drying of previously This system included float,
diments, raduclng Lha cor of WP Fegular operations and mainienance work and refueling permanenl-pended sediments has been pump, generator, discharge
in the drained ponds. woutld likely involve human 8 to UXO. H demonstraled. piping, and power cords.
walkways will ba cleared by a UXO conlraclor prior lo . Cosls would [ncrease with
operalions. Dewalered ponds will reduce Ihe waterlow! Jarger pumps.
exposure 1o WP even beloro thera is a loss
of WP, because such ponds are no longer
preferred duck habilal. However, an
increase in shorebird achvity was
cbserved, withoul Ihe predicled monahty
from WP exposure.
AHCIIDO40B6C.00C 7
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Assembly and Description of Alternatives
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Abbreviations

°C degrees Celsius

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
cm centimeter

CRREL Cold Regions Research and Engineering Laboratory
ERF Eagle River Flats

FS feasibility study

GIS Geographical Information System

gpm gallons per minute

Ib pound

m meter

O&M operations and maintenance

OB open burning

OD open detonation

oucC Operable Unit C

RAO remedial action objective

TNT trinitrotoluene

UXxoO unexploded ordnance

WP white phosphorus
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APPENDIX C

Assembly and Description of Alternatives

The results from the technology screening (Appendix B) were used to assemble five
remedial alternatives that reduce exposure of waterfowl to white phosphorus (WP). These
five alternatives, listed below, are evaluated in the detailed analysis of alternatives and
comparison of alternatives presented in Appendix F.

e Alternative 1: No Action

» Alternative 2: Detailed Monitoring

e Alternative 3: Pumping and AquaBlok™

* Alternative 4: Breaching, Pumping, and AquaBlok™
* Alternative 5: AquaBlok™

A detailed description of each alternative is provided in this appendix, followed by a
discussion of the effectiveness of each alternative and how each would be implemented. As
a convenience to the reader, Figures C-1 to C-6 have been attached to the end of this
appendix.

1.0 Assembly of Alternatives

The technologies of AquaBlok™, pond draining by pumping, pond draining by breaching,
and sublimation/oxidation were retained after the technology screening process, presented
in Appendix B.

Stand-alone application of each retained technology was initially considered for
implementation at Operable Unit C (OUC). However, there is some uncertainty about how
certain pond systems would respond to pond draining. For example, it is not known
whether the ponds in Area C/D can be drained by pumping alone, or whether the pond
bottoms will dry and remain warm long enough to foster sublimation/oxidation of WP.
Sublimation/ oxidation is currently occurring at ERF, but the extent and rate of WP and
waterfowl mortality reduction are unknown. In addition, draining a pond by breaching
alone would require a large amount of explosives, which would destroy habitat.

Therefore, the five alternatives were assembled to increase effectiveness and decrease
negative effects on habitat. Evaluation of Alternative 1, the no-action alternative, is a
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
requirement. No action implies allowing the natural restoration processes such as
sedimentation, WP sublimation/oxidation, and gully recession to occur at ERF without
enhancement. Although such processes are a remedial response action that occurs
regardless of other actions, the extent of sublimation/oxidation is unknown.

Alternative 2, Detailed Monitoring, recognizes that natural restoration is occurring and
measures the extent of WP and waterfowl mortality reduction through detailed monitoring.

AquaBlok™ was included in Alternative 3 (Pumping and AquaBlok™) and Altemnative 4
(Breaching, Pumping, and AquaBlok™). Under these alternatives, AquaBlok™ would be

ANC/1004064A DOC C-1



ASSEMBLY AND DESCRIPTION OF A

applied to the bottom of ponds that do not drain or dry, thus addressing concerns about the
effectiveness of the pond draining technologies. In Alternative 4, pumping would be
performed in conjunction with breaching to minimize the extent to which breaching would
need to be implemented. For example, five gullies may be needed to drain a pond by only
breaching the pond system, whereas only three gullies would be needed if pumping were
used in conjunction with breaching.

Each alternative varies in cost, achieves clean-up levels at different rates, and blocks
different contaminant exposure pathways. In addition, each alternative affects habitat to
varying degrees and offers different degrees of effectiveness.

To aid in the evaluation of alternatives for the feasibility study (FS), the 22 hot ponds have
been divided into six groups. The first five groups, presented in Table C-1, were made
based on nearby types of vegetation, topography, knowledge of the extent of
contamination, and hydrologic interconnections. The ponds in each group have similar
physical characteristics and are expected to respond similarly to remedial actions. These
ponds, overlaid on vegetation, are presented in Figure C-1.

These five pond groups will be separately evaluated in the FS. Their characteristics are
summarized in Table C-2. These characteristics will affect the effectiveness of the remedial
alternatives and will be discussed further in Section 3. For example, the number of ponds in
a pond group affects the complexity and cost of some remedial actions. The potential area of
landcover connected by waterways will affect the amount of water that needs to be pumped
and therefore the pump cost of two of the alternatives. It may also affect the change in
waterfowl habitat. Surface elevations affect the number of WP sampling stations that may
be required to identify current conditions and verify that a remedial action has been
successful. Note that the WP concentration ranges in the table may be misleading, in that
several pond groups do not appear to have very high concentrations. This may result from
the low density of sampling in the ponds. The sampling may not have discovered higher
concentrations that may actually be there. Or, the results may truly represent the absence of
high WP concentrations in the pond group. This is one of the uncertainties in the available
database. This uncertainty leads to one element of the monitoring program, baseline WP
monitoring, which is performed before implementation of a remedial alternative.

In the sixth group, Ponds 109, 285, 293, and 297 have either had treatment or will have
treatment in 1997. Hence, these ponds will not be evaluated in the FS.

2.0 Description of Each Alternative

A description of each alternative is presented in this section. Regardless of the alternative
selected, hazing (described in Appendix B) will be performed as an interim response action
until a remedy is in place.

2.1 Alternative 1: No Action

The no-action alternative includes sublimation/oxidation, gully recession, and
sedimentation. Evaluation of the no-action alternative in the FS is a CERCLA requirement.
In addition, published studies suggest that these natural physical and chemical processes
are occurring at ERF and may lead to some degree of natural restoration in different pond
groups over time.

c2 ANG/1004064A.00C
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TaBLE C-1
Groupings of Hot Ponds

OUC 0030131

Pond Group Hot Ponds

Rationale for Grouping

Northern A Ponds 138, 208,
226, 228,
2486, 256,
258

Ponds are believed to be hydrologically interconnected by surrounding
sedge marsh

There is little understanding regarding extent of WP contamination in
these ponds

Pond 290 290

A region of high elevation exists between Pond 230 and the Northem A
ponds that separates the two pond groups.

Pond 290 is relatively isolated and is adjacent to a small intermittent
pond and a small area of sedge marsh. WP contamination has been
detected in the northern end.

Pond 183 183

This pond has been heavily sampled.
There are confirmed WP hot spots in this pond.

This pond is interconnected with Pond 146, but the permeability is low
at least at average to low water levels, and inflow can be controlled by

pumping.

A treatability study using pond pumping was conducted at this pond in
summer 1997. The study demonsirated that Pond 183 could be drained
and dried.

Pond 146 146

This pond has been heavily sampled.
There are confirned WP hot spots in this pond.

Studies suggest that there is a constant source of recharge (up to 100
gallons per minutefgpm]) along the eastermn part of the flats.

A dredging treatability study was conducted at this pond in 1995 and
1996, and this changed the pond bottamn elevations.

In 1996, the dredge had begun dredging a channel to Pond 183. It
breached a shallow portion of Pond 183. This pond is interconnected
with Pond 183.

Northern C and C/D 40, 49, 85,

Ponds 93, 112,
129, 145,
155

Ponds are believed to be hydrologically interconnected to a large
system of permanent ponds and a large area of sedge marsh. .

There is little understanding regarding the extent of WP contamination
in these ponds.

Studies suggest that there is a constant source of recharge (up to 100
gpm) along the eastemn part of the flats.

Ponds 145 and 155 may be more isolated from the rest of this pond
group. An aerial survey conducted in June 1997 suggests that these
ponds may be drained.

Note: Treated ponds have not been assembled into a pond group.

ANC/1004064A.D0OC
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TABLE C-2

Physical Characteristics of Each Pond Group

Pond
Groups

Hot Pond
Area
(hectares)

Landcover Drained by
Alternatives 3 and 4

Factors Affecting Ability of Ponds to Dry

Percentage of
Landcover

Total
Area
(ha)

Topography

Recharge

Ability to Drain

Northern A

5.8

Intermittent Pond: 25
Parmanent Pond: 15
Sedge Marsh: 60

42.0

Hummocky topography. High
number of shallow
depressions expected.
Medium te high number of
craters.

Unknown: whather recharge exists
from the western bluffs. No
evidence of springs. Strong spring
has been identitied in Coastal
Waest, bul it feeds intc the Coasial
6 gully.

The extent of interconnectiveness
betwaen the hot ponds and the
surrounding sedge marsh is unknown.
Howevaer, an aerial and land survey
conducted In June 1997 indicated that
the area encompassed by sedge marsh
{area 1o be drained) is relatively narrow
and may be drained.

Pond 290

0.9

Intermittent Pond: 4
Permanent Pond: 13
Sedgs Marsh: 83

6.9

Relalively isolated pond. Few
individual depressions.
Medium number of craters,

Same as above.

Interconnectivenass betwsen Pond 290
and sedge marsh area is unknown,

Pond 183

2.8

Intermittent Pond: 75
Permanent Pond: 25
Sedge Marsh: 0

Few individual depressions.
Pond botiom much shallower
ihan adjacent Pond 1486. High
number of craters.

Unknown.

The 1997 pumping treatability study at
Pond 183 suggests that the amount of
waler entering from Pond 146 could be
contained by the pumping of Pond 183.
These two ponds are interconnected by a
shallow channel that was advanced by
the dredge in 1996, The ponds are
separated by sedge bog, which is less
permeable than sedge marsh.

Pond 146

5.5

Intermittent Pond: 25
Permanent Pond: 70
Sedge Marsh: 5

15.9

Some individual depressions
axpected. Very deep along
easiern edga of pond. Pond
botloms modified by dredge.
High number of craters.

Cilunie Creek is a sourca of
underground recharge. It is likely
thal this creek is part of tha
racharge from the eastern bluffs
{described below).

Recharge from Clunie Creek and inflow
from sedge marsh ta the north may make
drainage and drying difficull.

Northern C &
c/D

Intermittent Pond: 3
Permanent Pond: 24
Sedge Marsh: 73

74.9

Hummocky topegraphy. High
number of shaliow
depressions expecied.
Medium to high number of
craters.

A moderate amount of recharge
has been ldeniified from the
eastern blulfs.

Recharge from eastern bluifs and inflow
from surrcunding sedge marsh would
make drainage and drying very difficult.

Notes:

1. Only landcovers that are expected to be affected by the alternalives are presented in this table.
2. Craters counts based from ERF GIS (CRREL, 1996). Craters were not observable in large parts of Areas A and C/D. However, crater counts have been estimated in these pond

groups based on crater counts in adjacent areas.
3. There is no pond group-specific informatioh on organic conlent and threshold elevation.
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ASSEMBLY AND DESCRIFTIOw wr vt crrennives

The no-action alternative includes only natural processes that lead to protection of
waterfowl from WP exposure: sublimation/oxidation of WP; gully recession (which leads
to pond draining, reduction in waterfowl habitat, and, presumably, ultimately sublimation/
oxidation of WP); and sedimentation (which protects waterfowl by covering the WP with
clean sediment, making WP unavailable for consumption). These processes and their effect
on different pond groups are discussed in more detail in Appendix A. In this alternative,
there are no remedial technologies or monitoring activities conducted at ERF to protect
waterfowl or to evaluate change in WP exposure.

No costs are associated with the no-action alternative.

2.2 Alternative 2: Detailed Monitoring

Alternative 2 is gcimilar to the no-acHaon alternative in thati

1
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occurring, and at what rate. This alternative includes ERF-wide activities. Natural
restoration refers to sedimentation processes, gully recession, and sublimation/oxidation.
The details of the monitoring program are discussed in Appendix G. The elements of this
alternative are discussed in the following bullets.

* Telemetry. This includes monitoring for mallard mortality. Mallards have been selected
as an indicator species because they are widespread at ERF and they are sensitive to the
effects of WP. The telemetry study will include 100 to 150 mallards and will be
performed during the fall migration. A transmitter will be attached to each bird and
their locations will be determined on a daily basis if an activity transmitter was used, or
at death if a mortality transmitter was used. The mortality rate will be estimated based
on the proportion of birds in the study that die from WP exposure during the study
period.

* Aerial surveys. Waterfowl populations will be assessed by aerial surveys. The aerial
surveys will be conducted from spring through fall to determine the magnitude of the
populations from year to year and the preferred locations of waterfowl use on ERF.

* Aerial photography. Aerial photography can be used to meet several monitoring
objectives: determining the area of ponds before and after major drying periods and
before and after treatment is applied to pond groups; identifying gully recession;
identifying vegetation stress; and supporting the population surveys by providing a
way to count birds.

* Sedimentation. Net sedimentation also will be assessed annually in each pond group
by installing sedimentation stations along transects. Natural sedimentation is a major
component of natural restoration processes.

In addition, hazing will be performed on an ERF-wide basis to deter waterfowl (specifically
swans) from frequenting contaminated areas. Hazing is considered to be ineffective over
the long term. Therefore, it will be conducted as an interim contingency until a remedy is in
place.

Telemetry, aerial photography, aerial surveys, sedimentation studies, and hazing are ERF-
wide activities that also apply to Altemnatives 3, 4, and 5. They will be performed annually.
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ASSEMBLY AND DESCRIPTION OF A,

Alternative 2 also includes sampling for the presence of WP using baseline sampling at the
start of the remedy and WP verification sampling after periods when sediment may have
dried enough to lead to a reduction in WP. For example, as discussed in Appendix A, the
potential for substantial drying periods is high during the summers of 1997 and 1998. In
addition, pond bottom elevation surveys will be performed under Alternative 2.

P

In addition, sublimation/oxidation monitoring stations Will be installed in each pond
group. WP sublimation/oxidation in sediments surrounding these ponds may occur in the
upcoming dry years. These stations will include water level indicators and a data logger.

2.3 Alternative 3: Pumping and AquaBlok™

Alternative 3 involves pumping the pond system initially and after every flooding cycle
and/or rain. Pumped water will be discharged to an adjacent unconnected pond, river,
gully, or open area. The objective of this pumping is to drain ponds and allow drying of the
pond sediments to foster WP sublimation/oxidation (Walsh, ef al., in Racine et al., 1996).
After several extended drying periods and verification sampling, AquaBlok™ (formerly
known as Bento Balls™) will be applied to areas of the pond systems that do not dry and
still contain WP.

Each pond system will have a dedicated pump system that will be installed after spring
breakup and removed before the winter freeze. The useful drying season is from mid-May
to mid-September. The pump system will be on floats and will be completely automated to
start and stop at established pond surface elevations. The pump system will require
scheduled operations and maintenance (O&M) service and refueling.

Pond draining through pumping uses the processes of sublimation and oxidation. This
alternative is expected to be successful because sublimation/oxidation studies indicate that
if pond sediments contaminated with WP are allowed to dry below saturation, the WP
particles within the sediment begin to sublimate at soil temperatures above approximately
15°C. The unsaturated condition of the sediment allows WP vapors to disseminate through
the soil pores away from the WP particle and oxidize into phosphoric oxide (P4O49). For
sublimation and oxidation to proceed, the pond bottom sediments need to be subaerially
exposed long enough for the sediments to dry to below saturation. This occurs normally in
the intermittently flooded shallow ponds during periodic long intervals between flooding
tides when the ponds dry up by evaporation (Walsh et al., 1995; Collins ef al., in Collins et
al.,1997). Complete sublimation/oxidation of WP will occur only when sediments are warm
and dry. Neglecting precipitation, tide charts indicate that extended periods of pond drying
at ERF are expected during 1997 and 1998. The WP sublimation/oxidation process is ’
discussed further in Appendix A.

The duration of pumping will depend on several factors, including frequency of flooding
tides, temperature, precipitation, and ability of ponds to drain. Operation of Alternative 3 is
currently estimated to be 5 years based on tidal predictions.

Following approximately 5 years of pond pumping and sediment drying, verification
sampling will be conducted to determine whether WP has been removed from sediments.
This sampling will be performed with a combination of composite grid sampling and
planting and analysis of WP. This verification sampling will be performed to determine
which areas require further remediation. Sampling strategy is discussed further in
Appendix G.
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ASSEMBLY AND DESCRIPTION OF ALTEHNA 1 IVES

Areas requiring remediation either will continue to be pumped or will be covered with
AquaBlok™. The choice between continued pumping or AquaBlok™ application will be
made based on a cost analysis of pumping O&M costs versus AquaBlok™ application costs.
AquaBlok™ will be applied to areas that do not dry and cannot be otherwise remediated.
AquaBlok™ application is described in Section 2.5.

After a pond is remediated, it will be restored by removing the pump system and allowing
the pond to refill from precipitation and tidal flooding.

This alternative also includes the ERF-wide activities discussed in Section 2.2. It also
includes baseline and verification monitoring for WP with the composite sampling
approach, which includes before- and after-treatment sampling at each pond group and
planted WP pellets. These sampling studies will continue annually for approximately

5 years until it is determined which specific areas have not achieved sufficient protection
(that is, have not met remedial action objectives [RAOs]), and those areas will receive
AquaBlok™ treatment. The areas that receive AquaBlok™ will then be regularly inspected
for integrity.

2.4 Alternative 4: Breaching, Pumping, and AquaBlok™

This alternative involves using explosives to blast a ditch from a hot pond (or pond system)
to the Eagle River or a nearby gully or creek to permit water to ultimately drain into Cook
Inlet (Collins et al., in Collins et al., 1997). Areas that do not drain through the breached
gully would be pumped with an automated, dedicated pumping system. Portions of ponds
may not drain by breaching because their pond bottom elevations are lower than the
breached gully elevation. The objective of breaching and pumping is to dry the pond
bottom long enough to allow the WP in the pond bottom sediment to sublimate. Areas that
do not sufficiently dry will be covered with AquaBlokT™.

Alternative 4 is similar to Alternative 3 in that both alternatives achieve cleanup through
drying and AquaBlok™ application. However, Alternative 4 achieves draining through
pumping and breaching, whereas Alternative 3 uses only pumping.

Previous studies at Bread Truck Pond and Racine Island indicate that to blast a 6-meter (m)-
wide, 1.8-m-deep ditch, one 40-pound cratering charge would need to be placed every

3.5 m. Blasting will be conducted during March, when the flats are frozen and access is
easier.

Water will likely collect in the deeper portions of a breached pond where the head of the -
gully is at a higher elevation than the pond bottom. Portions of the pond system that do not
drain through the gully system will be pumped in a manner similar to that in Alternative 3.
Smaller pumps will be used in Alternative 4, because most of the water is expected to be
drained through the breached gully system.

As discussed in the description of Alternative 3, sublimation/oxidation studies indicate that
warm temperatures are required for complete sublimation/oxidation of WP. Complete
sublimation/oxidation of WP will occur only when sediments are warm and dry.
Neglecting precipitation, tide charts indicate that extended periods of pond drying at ERF
are expected during 1997 and 1998. The WP sublimation/oxidation process is discussed
further in Appendix A.
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The duration of pumping will depend on several factors, including frequency of flooding :
tides, temperature, precipitation, and ability of ponds to drain. Operation of Alternative 4 is Y
currently estimated to be 5 years based on tidal predictions.

Following approximately 5 years of pond pumping and sediment drying, verification
sampling will be conducted to determine whether WP has been removed from sediment.
Sampling strategy will be similar to that of Alternative 3: a combination of composite grid
sampling and planting and analysis of WP. After several periods of drying when, based on
sublimation monitoring, it is believed that large areas of the ponds have dried sufficiently,
verification sampling will be performed to determine areas that require further remediation.

Areas requiring further remediation either will continue to be pumped or will be covered
with AquaBlok™, as in Alternative 3. The choice between continued pumping or
AquaBlok™ application will be based on a cost analysis of pumping O&M costs and
sampling costs versus AquaBlok™ application costs. AquaBlok™ will be applied to areas
that do not dry and cannot be remediated otherwise. Issues pertaining to AquaBlok™ are
described in Section 2.5.

Engineering judgment will be implemented to minimize negative effects on existing habitat.
Several factors will be considered when selecting the breaching route. When possible, a
gully that is naturally progressing toward the pond system will be selected to be further
extended by breaching. In addition, the shortest possible drainage route and the shallowest
possible ditch will be selected.

The feasibility and practicality of restoring disturbed habitat resulting from implementation
of Alternative 4 will be evaluated in a literature search planned for 1997.

Alternative 4 also includes the ERF-wide activities discussed in Section 2.2, as well as
baseline and verification WP sampling using the composite sampling approach, which
includes before- and after-treatment sampling at each pond group and planted WP pellets.
These sampling studies will continue annually for approximately 5 years until it is
determined which specific areas have not achieved sufficient protection (RAOs), and those
areas will receive AquaBlok™ treatment. The areas that receive AquaBlok™ will then
receive a regular inspection for integrity. Sampling strategy is discussed further in
Appendix G.

2.5 Alternative 5: AquaBlok™

Alternative 5 involves applying AquaBlok™ over entire hot ponds. The objective of the
AquaBlok™ application is to cover WP-contaminated sediment to prevent WP ingestion by
ducks (Pochop et al., in Racine et al., 1996). The areal extent of AquaBlok™ application may
be reduced by delineating hot ponds by baseline sampling. Alternative 5 is suited for and
can be implemented in areas that cannot be drained or dried.

AquaBlok™ is a composite material containing calcium bentonite/organoclays, gravel, and
polymers. Since 1993, the use of AquaBlok™ as a cap for contaminated pond bottoms has
been evaluated first by bench-scale testing and then by treatability testing at ERF.
AquaBlok™ hydrates, expanding vertically and horizontally, sealing the interstitial spaces
in the gravel. AquaBlok™ barrier permeabilities as low as 10-? centimeters (cm) per hour
have been measured.
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AquaBlok™ may be applied by air, by truck, or by slurry. Dropping dry AquaBlok™
material from a helicopter may be more precise, but helicopter time is expensive, and it is
difficult to get even coverage, especially over the craters. Truck application involves driving
heavy equipment with the AquaBlok™ material to the pond during the winter when the
flats are iced over and spreading the material with graders. During cold winters, ice
thickness would be sufficient to support construction equipment. If proven technically
implementable and effective, this method would be less costly than application by
helicopter. The application of AquaBlok™ by truck and air are presented in Appendix E.
Area C and C/D ponds may be treated with AquaBlok™ that is pumped in a slurry
through the existing dredge line.

A treatability study of AquaBlok™ application by air was conducted in 1994 at Pond 283 in
Racine Island. A treatability study may be conducted in winter 1997-1998 to determine
whether application of AquaBlok™ in the winter by truck is effective. The vendor is
exploring the possibility of pumping AquaBlok™ in slurry.

The monitoring under this alternative includes the ERF-wide activities discussed in Section
2.2. It also includes baseline sampling for WP and a regular inspection of the Integrity of the
AquaBlok™. Monitoring is discussed further in Appendix G.

3.0 Performance of Each Alternative

The factors that contribute to the performance of each alternative are presented in this
section. Because Alternatives 3 and 4 are basically two different ways to implement pond
draining, the factors that are common to these two alternatives are discussed together in
subsection 3.3, followed by a discussion of the differences between the two alternatives in
subsection 3.4.

Layouts of Alternatives 1, 2, 3, 4, and 5 are presented in Figures C-2 to C-5. (These figures
are attached at the end of this appendix.)

3.1 Performance of Alternative 1

The effectiveness of natural processes to reduce exposure of dabbling ducks to WP will vary
among the different pond groups. Some ponds would likely experience WP reduction over
a short period of time, while others would require more than 20 years to have any
significant improvement. A summary is presented in Table C-3. The effectiveness is equal in
Alternatives 1 and 2. However, under Alternative 1, the no-action alternative, effectiveness
would not be monitored.

3.2 Performance of Alternative 2

The effectiveness of Alternative 2 is identical to that of Alternative 1, as presented in
Table C-3. However, effectiveness would be measured under Alternative 2. Alternative 2
includes a detailed monitoring program of aerial surveys, telemetry censuses,
sedimentation studies, and WP sampling. Hazing performed during implementation of
Alternative 2 may provide increased effectiveness over Alternative 1, but it would be
temporary and localized.

ANC/1004064A.00C Cc9



OUC 0030138

ASSEMBLY AND DESCRIPTIONOF . _ _.__...._..
TABLE C-3
Effectiveness of Alternatives 1 and 2
Pond Group No Action Remediation Future Conclusion

Northern A Ponds

Pond 290

Pond 146

Pond 183

Northern C and
C/D Ponds

1997 and 1998 offer good opportunity for
drying and subsequent WP
sublimation/oxidation, at least around
the perimeter. Gully recession may drain
ponds, but time period is uncertain, Pond
258 may obtain sufficient sedimentation.

1997 and 1998 offer good opportunity for
drying and subsequent WP
sublimation/oxidation, at least around
the perimeter.

1997 and 1998 offer good opportunities
for drying and subsequent WP
sublimation/oxidation. Sediment may
build upto 10 cmto 15¢cmin 10to 15
years.

1997 and 1998 offer good opportunities
for drying and subsequent WP
sublimation/oxidation. Large area of
pond may drain in 10 to 15 years.
Sediment may build up in similar time
frame.

1997 and 1998 offer good opportunity for
drying and subsequent WP
sublimation/oxidation, at least around
the perimeter.

Some natural restoration at least around the
perimeter is likely in a few years if good
drying between tides. Protection by
sedimentation or gully recession may take
longer than 20 years. Pond 258 may have
sufficient sedimentation in 10 years.

Some natural restoration around the
perimeter is likely in a few years if good
drying between tides. Protection by
sedimentation or gully recession may take
longer than 20 years,

Natural restoration from sedimentation
appears possible within 10 to 15 years.
Sedimentation would have to be deep and
consolidated to prevent duck feeding in WP-
contaminated sediment.

Natural restoration of at least the perimeter
is likely in a few years if good drying
between tides. Natural restoration from
pond draining and sedimentation appears
possible within 10 to 15 years.

Natural restoration through
sublimation/oxidation of at least the
perimeter is likely in a few years if good
drying between tides. Natural restoration
from sedimentation appears possible within
10to 15 years.

3.3 Performance of Alternatives 3 and 4
The degree by which Alternatives 3 and 4 may perform varies by pond group. In these

alternatives, the exposure pathway between dabbling ducks and WP sediment is cut by the |

following mechanisms:

* Lowering the water table by draining to prevent feeding by ducks

* Lowering the water table to dry the pond-bottom sediment and promote
sublimation/oxidation of WP. The rate of sublimation /oxidation increases with lower
saturation and increased temperature.

» Covering portions of pond bottoms that do not dry with AquaBlok™ to block waterfowl
from feeding from contaminated sediment

Factors such as hydraulic interconnections between the pond systems, recharge, organic
content of sediment, surrounding vegetation, and topography affect the effectiveness of the

C-10
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pumping remedy and the rate of WP sublimation/oxidation. These processes are
conceptually depicted in Figure C-6. The following subsections describe how these factors
affect the drainage and drying of each pond group.

3.3.1 Vegetation

Water-bearing areas that are highly vegetated hydraulically link permanent and
intermittent ponds and affect how well a pond group will drain and dry. For example, the
hot ponds in the Northern C and C/D pond group are interconnected by large areas of
sedge marsh, permanent ponds, and intermittent ponds. The hot ponds presented in
Figure C-1 are not hydraulically isolated. They are interconnected by areas of sedge marsh.
The sedge marsh is composed of thick sedges and bulrushes with standing water. Pumping
in pond groups with large areas of adjacent sedge marsh would also result in pumping the
marsh. Hence, water level reduction in hot ponds by draining would be achieved only by
reduction in water levels of the surrounding water-bearing landcovers. The areas of these
water-bearing landcovers are presented in Figure C-6 and Table C-4. The degree of
interconnectiveness between ponds and sedge marsh can be better understood after

detailed surveying of the ponds. Pond surveying is included as a component of Alternatives
2,3,4,and 5.

TABLE C4
Area of Landcover in Each Pond Group (hectares)

Hot Pond All Intermittent All Permanent Sedge Hot Pond Area/

Pond Groups Area Ponds Ponds Marsh Total Total Area (%)
Northern A 58 10.6 8.2 25.2 42.0 14
Pond 290 0.9 0.2 0.9 57 6.9 13
Pond 183 29 8.8 29 0.0 11.7 25
Pond 146 5.5 4.0 1z 0.7 15.9 35
Northern C & C/D 3.7 22 17.9 54.8 74.9 5
TOTAL 18.8 258 39.1 86.4 151.3 12

Notes;
1. Permanent pond area includes hot ponds in the pond group

2. The areas presented here would be temporarily drained under Alternative 3 and permanently drained under
Alternative 4.

3.3.2 Topography

The topography of the pond bottom affects how the pond system would dry. For example,
the pond bottoms of the Northern A and the Northern C and C/D pond groups are
hummocky, with elevated areas where sedge marsh is present and depressed areas where
water 1s ponded. The presence of craters further increases the varability in pond bottom
elevations in these pond groups. Although water levels of ponds in this hummocky terrain
may be decreased by pumping or a combination of pumping and breaching, only certain
portions of the pond system would dry. The depressions that would dry are the depressions
(or craters) where pumps are located.

Conversely, Ponds 290, 183, and 146 are basically individual bowls with a few identifiably
deep areas. Pumps may be placed in these deep areas and a large fraction of these ponds is
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expected to be influenced by the pumping system. Hence, the pump system should be able
to lower water levels in the entire pond system.

There is currently little understanding of the topography of the pond groups. The pond
bottom elevations, depressions, and craters and the threshold elevation will be surveyed
and evaluated before pumping and/or breaching are implemented.

3.3.3 Threshold Elevation

The frequency of flooding of a pond is dependent on its threshold elevation with respect to
flooding tide elevations. Breaching would lower that threshold elevation and result in more
frequent flooding and re-wetting of pond bottom. However, ponds with lower threshold
elevations (breached ponds) would also drain more quickly.

The rate of sublimation/oxidation in pond sediments of a breached pond is expected to be
much lower than in a pumped pond. Therefore, complete remediation in a breached pond
may take several seasons because it is expected to be flooded more often.

3.3.4 Hydraulic Permeability of Sediment

Hydraulic permeability either fosters or inhibits draining and drying, depending on site
conditions. The influence of an individual pump on a pond system would be greater in a
pond system with permeable sediment and sedge marsh. Pumping a hot pond would drain
adjacent depressions and craters (without dedicated pumps), but also would result in more
pumping to drain larger adjacent areas. Conversely, the influence of an individual pump
would be less in a pond system with less permeable sediment. A depression or crater would
not drain (if it did not have a dedicated pump system) despite adjacent pumping, whereas a
lower pumping rate would be needed to drain a hot pond if the adjacent pond (possibly
clean) was not also drained. In some cases, small, low, ponded impermeable areas may be
dried through evaporation. These processes are depicted in Figure C-6.

For example, the ponds in the Northern C and C/D pond group are hydraulically
interconnected to Area D. To drain the hot ponds in the Northern C and C/D group, the
ponds in Area D would also have to be drained. Thus a larger volume of water than that
contained in the hot ponds would have to be drained. The same is true, to a lesser extent, of
the Northern A pond group.

The hydraulic permeability of the sediment throughout ERF is not completely understood.
This would be resolved by implementing treatability tests and land and aerial surveys. For
example, the degree of interconnectiveness between Ponds 146 and 183 was initially not
known. Pond 146 is considerably deeper than Pond 183. The ponds were connected by a
dredged channel in 1996. However, a pumping treatability test was conducted in Pond 183
in summer 1997 to determine how water levels will respond to continued pumping. The test
demonstrated that a small amount of water infiltrates from Pond 146 to Pond 183, but that
amount of inflow can be controlled by pumping Pond 183. Thus, Pond 183 could be drained
and dried.

3.3.5 Recharge

Ponds that experience recharge are unlikely to dry, although they can be drained. Recharge
refers to inflow of water into the pond or pond group from groundwater, surface creeks, or
springs. Underground recharge has been identified along the eastern portion of ERF (near
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Areas D and C/D) and from Clunie Creek (into Pond 146). Surveys have not been
performed in Area A to identify areas of recharge.

3.3.6 Organic Content

Sublimation of WP is expected to be retarded in areas where sediment contains high
organic content, because it is unlikely that these areas would dry. The distribution of
organically rich sediment is unknown at the flats, with the exception of Racine Island. A

high concentration of organic material has been found in pond bottom sediment at Racine
Island.

3.3.7 Assessment of Drying Potential by Pond Group

WP will not sublimate in portions of pond groups that do not desaturate. These
contaminated areas will be delineated by visual inspection, data from sediment monitoring
stations, and treatment verification monitoring. AquaBlok™ will be applied to all areas that
do not respond to draining and drying.

However, it is believed that sediments need not dry completely, only enough to allow
sublimation/oxidation to occur through pores to the surface. Surrounding mud flats
adjacent to these ponds tend not to be highly organic, promoting sublimation/oxidation if
exposed.

Three tables have been prepared that emphasize different aspects of the draining and
drying process. The physical characteristics of each pond group are presented in Table C-2.
These characteristics influence the effectiveness of pond draining under Alternatives 3

and 4. An “index” of how well a pond group is expected to dry under Alternatives 3 and 4
is presented in Table C-5. This index is actually the percentage of pond group area that is
expected to require AquaBlok™. The rationale for these estimates is also presented in
Table C-5.

3.4 Comparison of Alternatives 3 and 4

Alternatives 3 and 4 each have strengths and weaknesses. Both alternatives are essentially
pond draining, but each uses a different implementation method and each has a different
impact on the environment. The following are fundamental differences between
Alternatives 3 and 4:

* Large volumes of water can be drained quickly under Alternative 4. Exposure pathways
are more quickly blocked under Alternative 4 than under Alternative 3. -

* However, ponds breached by Altemative 4 are also flooded more frequently. WP
removal through the sublimation/oxidation process is expected to be more rapid under
Alternative 3 than under Alternative 4.

The discussion presented in this section is based primarily on the results of the summer
1997 Pond 183 pumping study and continued monitoring of Bread Truck, which was
breached in 1996.
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TABLEC-5
Drying Potential (Percentage of Hot Ponds to be Covered with AquaBlok™)

Rationale for AquaBiok™ Coverage Estimate

The Northern A area is hummocky with several deeper pockets of free-standing
water and several areas of elevated sedge marsh. Few detailed surveys of Area A
have been performed, and the hydraulic system is not well understood. it is
unknown whether there is a source of recharge in this Area. Under Alternative 3,
thers is uncertainty as io whether water levels can be decreased significantly. Under
Allernalive 4, although water levels may be decreased, it is unknown whether the
pond bottoms can be dried. However, an aerial and land survey conducted in Juna
1997 suggested that the area may be drained.

Pond 290 is relatively isolated from other ponds. The despest section of the pond
appears to be in the north (best location for pump). The pond is expected to drain
and dry successfully under either Alternative 3 or 4 . Braaching is not axpected to
improve the effectiveness of draining.

Pond 183 is considerably more shallow than neighboring Pond 146, Because 183 Is
shallow {avg. depth 20 centimeters), moderale lowsrlng of the water table by
pumping will expose a large area of contaminated sadiment. The deepest portion of
Pond 183 appears to ba in the narthem seclion of the pond. The two ponds were
connected in 1996 with the advancement of the dredge from Pend 146 to Pond 183,
A treatability study conducted in summer 1997 determined that Pond 183 could be
pumpad dry and that inflow from Pond 146 could be controlied,

Clunie Creek Is suspected to provide underground recharge. The eastern porticn of
Pond 146 is approximately 0.7 meters deep. Although watar levels in Pond 146 may
be lowered by high pumping and breaching, it s unlikely that pond bottoms wili dry
and warm leng encugh to foster WP sublimation/oxidation. Under Alternative 4, only
a partion of Pond 146 needs to be drained, because of dredge operation in 1988.

The Northern C and C/D area is hummocky, with several deaper pockets of fras
standing water and several areas of elavated sedge marsh. Recharge exists from
the eastern side of the flats. Under Alternative 3, thera is high uncartainty as to
whather waler levels can ba decreased significantly, even with large amount of
pumping. By breaching the Large Pond in area D (Alt. 4), water lavels in the hot
ponds may be decreased, but it s unknown whether hot pond botioms can be dried.
The deepest porticn of this pend system is along the eastern side.

Alt. 142 : No Alt. 3; Alt. 4;
Hot Pond  Action and/or Pumping Breachlng,
Pond Area Detalled and Pumplng and Alt. 5:
Groups (hectares) Moniltoring AquaBlok™ AquaBiok™ AquaBlok™

Northern A 5.8 0 60 40 100
Pond 290 09 0 15 10 100
Pond 183 29 ¢ a0 15 100
Pond 146 55 0 50 30 90
Northern C a7 0 60 40 100
& C/D
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3.4.1 Alternative 4 Drains Water Quickly

Breaching can move a large volume of water quickly. This is advantageous in two ways:
exposure pathways are blocked quickly, and large open water bodies can be drained.

By rapidly removing water, the exposure pathway for dabbling ducks is immediately
blocked. Thus, dabbling ducks will not feed in the sediment. This was demonstrated at
Racine Island and Bread Truck. It takes only 1 or 2 days for a breached pond to drain and
expose a large area of pond bottom. In comparison, pumping a pond system initially or
after a flooding tide could take 1 to 2 weeks, depending on the amount of rainfall and pump
capacity.

Breaching would also make it possible to drain a large open water body, using smaller,
more conventional pump systems. For example, the area of hot ponds in the Northern C
and C/D area is small (3.7 hectares). However, this pond group is hydraulically
interconnected to a large permanent pond in Area D by a large area of sedge marsh.
Pumping after breaching would require many fewer pumps than pumping alone.

Thus, the factors that influence the effectiveness of draining were considered in
determining the volume of water that could be drained by breaching. These assumptions
determined the designed pumping capacity, as presented in Table C-6.

TABLE C-6
Pumping Rates of Alternatives 3 and 4
Alternative 3 Alternative 4
Total Pumping Water to be Drained  Water to by Drained Total Pumping
Pond Groups Flow Rate (gpm) by Breaching (%) by Pumping (%) Flow Rate (gpm)

Northern A 7,168 60 40 2,867
Pond 290 1,277 80 20 255
Pond 183 1,995 50 50 997
Pond 146 10,122 50 50 5,061
C&C/D 39,228 40 60 23,537
Notes:

1. Water to be drained by breaching was approximated based on topography and hydraulic properties of each
pond group. -

2. Pumping rate under Alternative 3 was determined by estimating landcover depths and areas from the ERF
Geographical Information System (GIS), and assuming that each pond group would have to be drained
within 36 hours of post-flooding tide pond level stabilization. Previous research by Cold Regions Research
and Engineering Laboratory (CRREL) and projected tidal and climatological data indicate that a pond
should drain in 36 hours to allow for sublimation/oxidation processes.

Hence, less pumping and potentially less AquaBlok™ will be needed under Alternative 4
than Alternative 3. Breaching the pond system under Alternative 4 is expected to move a
large volume of water initially, which would result in less water to be removed by
pumping. The combination of breaching and pumping (Alternative 4) is expected to be
more effective in draining than pumping alone (Alternative 3). The remaining water could
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be drained by smaller pumps under Alternative 4. A smaller area of AquaBlok™ is
estimated to be needed under Alternative 4.

Less Residual Risk. It was assumed that draining might be more effective under Alternative
4 than Alternative 3 because smaller-capacity pumps could be placed to drain localized
depressions. AquaBlok™ will be placed over all areas that do not dry, immobilizing the WP
contained in the untreated sediment. Because the area that will not dry is expected to be
smaller under Alternative 4 than Alternative 3, the amount of residual risk is also expected
to be lower. Residual risks resulting from the implementation of Alternatives 1 to 5 are
presented in Appendix F.

3.4.2 Ponds Breached by Alternative 4 Reflood Frequently

The primary drawback to breaching is that ponds would flood more frequently. Breaching
would lower the threshold elevations. This would result in ponds being flooded even
during low tides. Even though the tidal waters would quickly redrain, this periodic
reflooding would result in the slowing of the WP sublimation/oxidation process (Collins,
1997). These processes were demonstrated during the 1997 treatability studies at Bread
Truck Pond (Pond 109) and Area C (Pond 183). During the majority of the summer, the
pond bottom of Pond 183 remained dry after several days of pumping. Pond 109 at Bread
Truck, however, was breached and repeatedly flooded; drying of the pond bottom was
marginal. The tensiometers that were placed in Pond 183 had significantly higher readings
than those placed at Pond 109, indicating that the pond bottom drying process was much
more effective in Pond 183.

Therefore although Alternative 4 may remove the exposure pathway more rapidly than
Alternative 3, sublimation/oxidation processes may be more effective than under
Alternative 3. During low flood years, ponds that are pumped only would experience
longer drying periods than ponds that are breached (because of frequent reflooding). As a
result of the frequent rewetting of breached ponds, pond bottom drying would be slowed,
and it may take more years for cleanup levels to be achieved under Alternative 4 (than
under Alternative 3). However, because these conclusions are preliminary, it was assumed
in the implementation schedule that operation of Alternatives 3 and 4 will require the same
duration of 5 years.

3.5 Performance of Alternative 5: AquaBlok™

Alternative 5 blocks the exposure pathway by preventing dabbling ducks and swans from
feeding from contaminated pond bottoms. The following are factors that affect the success
of AquaBlok™ application:

* Ponds-AquaBlok™ can be applied in either permanently ponded or intermittently
ponded areas.

* Vegetation—-Vegetative cover around the AquaBlok™ helps protect the material from
disruption by tides. The vegetative cover contributed to the success of the treatability
study completed at Racine Island.

* Tides-Areas where tides are slower and more gentle are better suited for AquaBlok™.,
The stronger and faster tides may disturb or move AquaBlok™. Generally, high tides
flow and ebb more slowly in large ponds and quickly in smaller ponds.
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« Craters~The presence of craters may result in uneven distribution of AquaBlok™,
especially if the AquaBlok™ is applied from the air. Reapplication may be needed for
this technology to be effective.

»  Gully recession—Areas that may be drained naturally within the next 10 years may not
be good candidates for AquaBlok™. It is unknown what effect the undercutting caused
by gully recession may have on the stability of the barrier, but it would likely erode and
destroy the cover effectiveness.

» Ice Plucking—-Areas that are very close to the Eagle River and that may experience ice
plucking are not good candidates for AquaBlok™ because the material might be
damaged or dislodged by the ice movement. Ice plucking has been sporadically
observed in ponds away from the Eagle River. However, there are no quantitative
guidelines on what range is too close. Ice plucking can, on occasion, occur in large
ponds when the ice sheet freezes to the bottom of the ponds and is then lifted by a high
tide in the spring before the ice has a chance to melt in place.

» Sedimentation—AquaBlok™ essentially performs like consolidated sedimentation.

AquaBlok™ application generally results in an increase in the pond bottom elevation of
20 to 30 con. While it may not necessarily destroy habitat, it may alter it. Applications of
AquaBlok™ to limited (deeper) pond areas also will result in habitat changes. From a
hydrologic standpoint, water storage capacity will be reduced. The feeding habitat
represented by the bottom sediments covered with AquaBlok™ will also be reduced until
habitat is reestablished. Sedimentation and plant establishment on top of the AquaBlok™
may eventually restore these areas for waterfowl feeding; however the depth will be
permanently altered (Pochop et al., in Racine et al., 1996). The effect of depth changes on
feeding habitat will depend on the initial water depth and the thickness of AquaBlok™
added.

Studies at Racine Island show that AquaBlok™ supports the growth of vegetation, but fills
shallow ponds. It has been demonstrated that within 1 year of initial application vegetative
growth over the barrier becomes lush and is inhibited only in areas where the AquaBlok™
application was thickest. Fish and invertebrates also were observed in ponded areas treated
with AquaBlok™. The new vegetation provides areas where waterfowl can hide or loaf;
however, AquaBlok™ reduces the depth of treated ponds and results in the loss of some
shallow areas where waterfowl can dabble. Conversely, habitat may be created in deeper
ponds if pond bottoms rise to the optimum feeding depth for dabbling ducks. The resulting
depth would be difficult to predict, because it depends on many factors, including existing
pond elevation, tide elevation, flooding cycles, and sedimentation.

After application, the thickness of the AquaBlok™ will be sampled. An 8-cm-diameter
plastic tube will be used to pull up a plug of AquaBlok™ to measure its thickness
(Nauchman, 1997). The number of core samples to be measured will be determined during
remedial design.

The design thickness of the AquaBlok™ will range from 5 to 10 cm over level ground
(Nauchman, 1997). AquaBlok™ may need to be reapplied over craters. Treatability studies
indicate that AquaBlok™ may be unevenly distributed over craters.
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Data on the thickness of the AquaBlok™ barrier applied by air to a test area shows some

reduction from 1993 to 1994. The sedimentation and deposition of organic matter measured {
in 1994 on the test area treated in 1993 was expected. Deposition should not inhibit the

effectiveness of the AquaBlok™ in reducing the movement of WP particles below the

barrier.

Vegetative growth may be inhibited by either scouring by ice breakup or by the physical
characteristics of the area. It is expected that vegetation will recover. Lab tests show that
plants will grow on the AquaBlok™ (Pochop et al., in Racine ef al., 1994).

Two surveys were performed during fall 1996 and summer 1997 to evaluate the
performance of the AquaBlok™ material applied at Racine Island in 1994. During both
visits, thick vegetation was observed growing though the material. Along the perimeter of
the pond, clean, dry gravel was observed underlain by a layer of pure bentonite. The
bentonite appeared to be binding the gravel to the underlying sediment. In the saturated
portion of the pond, the AquaBlok™ cover remained a mixture of gravel within swelled
bentonite. Although the material has moderately low resistive strength and was penetrable,
pen studies performed in 1993 suggest that waterfowl do not prefer dabbling in the
AquaBlok™ material. Waterfowl prefer sifting in sediment, whereas the AquaBlok™
material consists of clean gravel (1/2- to 3/4-inch-diameter) within high plasticity clay
(Cummings, 1997). In addition, if the cover material were stepped on by a large animal such
as a moose, the swelling properties of the saturated bentonite material would likely reseal
the penetration (Pochop, 1997). AquaBlok™ thickness was measured during the 1996
survey and compared to previous measurements. The results are presented in Table C-7.

TABLE C-7
AquaBlok™ Thickness (cm)

1994 1985 1996
Center of AquaBlok™ Drop approx. 30 20.3 20.0
Level Ground 6.2 5.2 9.8
Craters 16.0 14.5 7.4

Notes.
1. Measured from core samples taken at Racine Island, Pond 285.

2. Increased thickness is the result of increased swelling of the bentonite.
Source: Pochop, 1997.

It is currently uncertain how effective AquaBlok™ application by truck will be. Concerns
include uneven settling, accuracy of application, and completeness of hydration. The
accuracy of application and the evenness of layer thickness should be improved with a thick
application on an ice surface rather than summer application by helicopter. It is uncertain
how even settlement of cover will be as ice melts out. A treatability study will be conducted
during winter 1997-1998 to evaluate the implementability of winter application by truck.
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4.0 Implementation of Alternatives

The factors that contribute to the implementation of Alternatives 1 through 5 are presented
in this section. Because Alternatives 3 and 4 are basically two different ways to implement
pond draining, the factors that are common to these two alternatives will be discussed
together in Section 4.3, followed by a discussion of the differences between in the two
alternatives in Section 4.4.

Clearance of unexploded ordnance (UXO) must be considered when implementing any of
the alternatives. Current health and safety rules at Fort Richardson require that pathways at
ERF be visually or electronically (with magnetometers) inspected once during each field
season. UXO clearance has been included in the cost estimates in Appendix E.

An implementation schedule for each of these alternatives is presented in Figure C-7.

4.1 Implementation of Alternative 1

The no action alternative does not include any treatment technology or monitoring
activities.

4.2 Implementation of Alternative 2

The following studies will be performed annually at ERF to determine if and when RAQs
are met:

» Mallard mortality telemetry study
e Aerial bird population surveys

» Aerial photography, to cover gully recession, pond draining, and bird populations.
After two flyovers in the first year, it is assumed that there would be only one flyover
per year.

Verification monitoring using WP composite sampling and particle planting will be done in
any pond group that has been observed to be dry for more than 21 days during the summer.
It is anticipated that sampling will be done only in 1997 and 1998 during the next 5 years
because of the substantial interval of potential pond drying during those 2 years. Water
elevations, temperature, and water saturation also will be monitored. Sedimentation also
will be monitored throughout the flats. The detailed monitoring strategy is discussed in
Appendix G.

4,3 Implementation of Alternative 3

Alternative 3 involves installing a series of pumps to drain an entire pond group or system.
Because some portions of the pond system will not drain or dry, AquaBlok™ will be
applied to certain portions of the hot ponds. This alternative will be implemented in the
following stages:

¢ Detailed topographic survey and baseline monitoring
» Installation of pump and monitoring system after spring breakup
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* Equipment refueling and servicing approximately every 3 weeks, depending on _
infiltration rates and tidal conditions L

* Removal of pump and monitoring system before winter freeze-up
* WP verification sampling after several years of draining and drying
e AquaBlok™ application

A layout of Alternative 3 is presented in Figure C-3. The activities to be performed to
implement Alternative 3 are summarized in this subsection. These activities form the basis
for the cost assumptions presented in Appendix E.

4.3.1 Detailed Topographic Survey and Baseline Monitoring

Each pond group will be surveyed in detail to determine topography and surface-water
flow patterns. Transits, global positioning systems, and/or aerial photographs will be used
to survey the pond group. Information about topography and surface-water flow will be
used to size and site pumps. For example, pumps will be placed in the deepest portion of
each pond. Predictions of the success of drying will be made from the number of
depressions and craters within the pond group. Knowledge about the threshold elevation of
each pond will assist in determining how often a pond system will flood with the flooding
tide. With that information, the length of time to implement the remedy at each pond group
will be estimated.

Baseline monitoring before treatment implementation also will be performed, as discussed
in Appendix G. (

4.3.2 Installation of Pump and Monitoring System after Breakup

The pump and monitoring systems will be installed by helicopter. Deployment will likely
occur within the first week of the first dry period (after breakup). In 1998, the first dry,
warm period is predicted to occur in late April (National Oceanic and Atmospheric
Administration, 1997).

The pump system will be composed of an electrically powered pump, diesel-powered
generator, fuel tank, heavy duty power cord (between the generator and the pump), and
200 to0 1,000 m of discharge piping. The length of discharge piping is dependent on the
distance of the pump system to the Eagle River or one of its gullies. Detailed specifications
of the pump system and the generator are presented in Table C-8.

Each pump and each generator will be mounted on floats. These two components will be
connected by a heavy-duty power cord capable of salt water immersion. The generator will
be located near the pond edge, approximately 67 m away from the pump, for three reasons:

1. Allow for regular refueling in a safe manner by locating the fuel tank on the pond edge.

2. Reduce the extent of equipment loss in the event that live UXO is ingested by the pump
and explodes.

3. Reduce the possibility of spilling fuel and motor oil.
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Component

Specifications

Description/Comment

Pump Specifications

Power Electrically powered Pump separated from the generator to prevent fuel
spills in the unlikely event that the pump detonates
Static discharge head of 8 ft a UXo.
Motor 3-phase, 480 volt, 60 Hz, totally Electrical connections to the pump motor shail be
enclosed/fan cooied through a watemproof quick-disconnect fitting.
Suction Direct Located approximately flush with bottom of floats

(no suction hose or pipe)

Pump discharge

Quick couplers

For attaching the discharge hose

Discharge pumping

Fiexible rubber hose and
polyethylene pipe with mating
galvanized quick coupiers on both
ends

Rubber hose in 50-foot lengths. Polyethylene
piping will come in 5-foot, 10-foot and 20-foot
lengths,

Rubber hose will be used in ponds, and rigid pipe
will run on dry land.

Power cable between
pump and generator

Four-conductor
220 feet long.

Voltage drop of less than 10% at full
load

Withstand sait water immersion.

One conductor to ground motor to generator

Sensors

Float switch {on/off)

Detects water levels and actuates the generator
and pump controls while on automatic mode: Low
level shutoff, high level actuate, and flood level
shutoff.

Sensor cable
between sensors on
pump and automated
controls on generator

Withstand sait water immersion

Waterproof, quick-disconnect fittings
Strapped to power cable

Generator Specifications- - - .

Diesel, with output of 480 volits AC,

Sized to start and continuously operate the pump

Power
3-phase, 60 Hz maotor

Transtormer Two-kVA, 115-volt, single phase Mounted outside of control panel.
One ground-fault protected 115-volt
duplex outlet

Fuel Tank 100 gallons (for 200 gpm system) Provide 48 hours of continuous operation under full

load
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TaBLE C-8 -
Pump and Generator Specifications

Component Specifications Description/Comment
Electrical Switches Manual, automatic, or time powered  Located on generator module. Manual system
and Controls operation

Automatic operation controiled by float switches on
pump or time powered by generator battery. Timer
adjustable to set up to four start times and four
stop times within a 24-hour period.

In ail operating modes, an adjustable time delay
shall be built to allow the generator to warm up
before energizing the pump motor.

Electrical Meters Voltage, current and frequency

Engine indicators Tachometer, hour meter, engine Engine protection shutdown system during low
temperature gauge, fuel pressure coolant (high temperature), low fuel, low oil
gauge, oil pressure gauge, pressure. Shutdown will include provisions for
temperature, fuel, and pressure operator to determine cause of shutdown.

indicator lights.

Other Circuit breakers, ground fault All wire into enclosure shall be routed through
protection, waterproof NEMA 4 waterproof strain-relief fittings.
enclosures

Notes:

1. Specifications for 500, 1,000, 2,000, 3,000, and 5,000 gpm pumps.
2. Source: Walsh, 1995.

C-24
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Because of human safety concerns, the pumping system should be capable of automatic
operation. Once the system is initially turned on after installation, the pump will continue
operating until the pond is pumped dry. The system will then automatically shut down.

There will likely be limited continuous water flow into the pond from the surrounding high
water table. A detection system will sense when the water depth reaches a desired level and
automatically start the system to again pump out the water.

The pump system will be sling-loaded from a Blackhawk helicopter. It is estimated that
three helicopter trips will be needed to mobilize a 2,000-gallons-per-minute (gpm) pump
system. Because the sling-load capacity of the Blackhawk is 8,000 pounds (Ibs), no single
component of the pump system can be greater than 8,000 Ibs. Three personnel will be
needed to install a 2,000-gpm pump system. More helicopter sling-load trips and more
personnel may be needed to install larger pump systems because of the weight of discharge
piping for larger-diameter pump systems.

Monitoring stations with data loggers will be installed after installation of the pump
system. An average of three stations will be placed in each hot pond to be drained. All
systems will have sediment temperature and moisture probes. A water-level indicator will
be placed in the deepest portion of each pond. A more detailed discussion of the monitoring
stations is presented in Appendix G, Monitoring Plan.

4.3.3 Operation and Maintenance of the Pump Systems

The pumps will have to be refueled approximately 3 days after each flooding tide. The
threshold elevation of each pond will determine the height of tide that will flood the pond
system, and subsequently the frequency of refueling and servicing. The threshold elevation
will be higher for Alternative 3 than for Alternative 4. Refueling frequency is also based on
the frequency of high tides.

For cost estimating purposes, it was assumed that refueling will be needed every 3 weeks. It
was also assumed that refueling will be performed with a UH-1 helicopter and that the
open burning/open detonation pad (OB/OD Pad) will be used as a staging area. A
fiberglass tank will be sling-loaded to each pump location. Refueling costs may be reduced
by transporting fuel by truck/and or hovercraft to some of the Northern C and C /D ponds,
as well as Pond 183 and Pond 146. It was also assumed that two CRREL personnel (one
mechanic and one junior engineer) will be required to refuel and maintain each pump
system, at a rate of 4 hours per pump per person per fueling.

4.3.4 Removal of Pump and Monitoring System Before Freeze-up

On average, freeze-up at ERF occurs in October. The pump system and monitoring system
will need to be removed before freeze-up occurs. Equipment will be stored at Fort
Richardson. For cost estimating purposes, it was assumed that it would take as much
manpower and helicopter time to remove equipment as it did to install it.

4.3.5 Monitoring

For ERF as a whole, the following studies will be performed annually as described in detail
in Appendix G:

* Mallard mortality telemetry study
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e Aenal bird population surveys

* Aerial photography, to cover gully recession, pond draining, and bird populations. o
After two flyovers in the first year, it is assumed that there would be only one flyover
per year.

Baseline WP monitoring will be conducted before each pond group is treated by draining,
and WP verification sampling will take place after treatment. Water elevations,
temperature, and water saturation of sediment also will be monitored using data loggers
and probes during this period.

4.3.6 AquaBlok™ Application

AquaBlok™ will be applied to portions of ponds where water levels do not decline or
sediment does not dry. Sublimation/oxidation monitoring and verification sampling will be
performed to determine those areas.

For the area that receives AquaBlok™, integrity monitoring will begin the following year
and the area will not be sampled for WP.

4.4 Implementation of Alternative 4

Alternative 4 will include all the components of Alternative 3. In addition, it will include
the breaching of each pond system, with a minimum of one ditch per pond system. A
discussion of how pond breaching will be conducted is presented in this subsection,
followed by a presentation of the differences in implementation between Alternatives 3
and 4. Deploying pump systems would be the same under Alternative 4 as Alternative 3.

4.4.1 Implementation of Breaching

The following summary is based on the description of the breaching in 1996 of Bread Truck
Pond (Pond 109) (Collins et al., in Collins et al., 1997).

Because ERF is an artillery impact range, there is a possibility of encountering UXO if
digging or ditching is done with standard mechanical excavation equipment. To minimize
the risk from UXO, explosives will be used to excavate the drainage ditch connecting the
pond system with nearby guilies or the Eagle River. Military engineer units that train to use
explosives to excavate such features as tank trap ditches and breaches across roadbeds will
set the explosives.

Perform Detailed Survey. Surveys will be completed at each pond group to determine
preferential flow paths, areas of potential recharge, threshold elevations, and optimum
ditch locations. The shortest distance between ponds to discharge will be selected to
minimize effects on the habitat. In addition, where possible, gullies that are predicted to
breach a pond system will be extended. The surveying will be conducted in the fall.

Conduct Breaching When Flats are Frozen. Breaching will be conducted in early spring,
before the ice covering the ponds and the surrounding area thaws. The ice cover will
facilitate access to the area, keeping personnel from having to wade through water as they
place explosive charges. The ground would then be seasonally frozen to some unknown
depth, estimated at 60 cm. The soil beneath the frozen layer would be fairly dense but
saturated. Within the pond, normal water depths would vary from zero to 30 cm, with the
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ice frozen to the bottom by spring. Beneath the ice, sediment may be frozen to some
unknown depth or may be unfrozen and saturated.

Perform Blasting on a Clear Day. Fort Richardson is adjacent to the community of Eagle River
and noise from range use is a concern to the Army Command. The presence of a low cloud
cover would reflect and intensify the sound of the explosive blasts, disturbing civilian areas
off post. Therefore, breaching will be conducted only on days with clear skies. OB/OD Pad
will be used as the base of operations.

UXO Clearance. Before breaching, the area to be blasted will be cleared by military personnel
or UXO contractor to ensure that there is no UXO exposed on the surface in the immediate
vicinity that may pose hazards to the personnel carrying out the operation.

Survey Ditches. The ditches will be excavated in two stages. The beginning and endpoint of
the planned ditch will be located and flagged. The beginning point will be the head of the
existing gully system or the Eagle River. The endpoint will be the pond system to be
breached.

Set Charges. Blasting of the ditches will occur in two stages:

Stage 1: Set Shaped Charges. To produce the optimum-sized crater for the amount of
explosive, the cratering charge needs to be placed at depth in a 30-cm-diameter borehole in
the ground. Standard procedures call for either using a drill rig to auger the boreholes or
use standoff shaped-charge explosives to excavate the boreholes. The cratering charges are
then placed in the boreholes and detonated, producing the final crater. Again, because of
the possibility of encountering UXO in ERF, the boreholes needed for the cratering charges
would also have to be excavated using shaped charges. The first stage will use 40-Ib shaped
charges to form boreholes in the sediment. Nominal 1x2-inch wooden boards will be duct-
taped to the shaped charges, forming a stand to hold the shaped charge 0.6 m above the
surface with the charge pointing down. The charges will be spaced every 4 m along the
centerline of the planned ditch. A detonation cord will connect all shaped charges.

Once charges are secured to the detonation cord, ali personnel will depart the area,
returning to OB/OD Pad. Key personnel will board a helicopter and depart the area. The
helicopter will stay airborne, outside the safety zone, until after the blast.

When detonated, the shaped charge will produce a plasma jet that punches a
0.3-m-diameter hole straight down into the ground. The detonation of the shaped charges
will produce a very loud, sharp explosive noise. After the blast, the helicopter will return to
the area, landing away from the explosive blast area. The UXO personnel will again inspect
the area for any possible newly exposed UXO and look for duds. Once the area is cleared,
the remaining personnel will be ferried in by helicopter to begin setting up the cratering
charges.

Stage 2: Set Cratering Charges. In the second stage of the explosive evacuation, cratering
charges will be placed in each of the boreholes created by the shaped charges, with an
attached 1-1b block of trinitrotoluene (TNT). The charges will be wired together similarly to
the way the shaped charges were. For normal soils, 40-1b cratering charges placed every 4 m
along the centerline of the ditch at 1.2-m depths would result in a ditch 6 m wide and 1.8 m
deep.
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Again, once all charges are secured to the detonation cord, all personnel will depart the area
by helicopter, returning to OB/OD Pad. The detonation of the cratering charges will
produce a very loud, deep, rumbling explosive noise that is expected to shake the ground
and a shock wave that may be felt several thousand meters away (Collins ef al., 1996).

o

It was estimated that three staff and one UXO personnel will be needed during the blasting.
To minimize noise impacts to the surrounding community, no more than 120 m of ditch will
be advanced per day.

Following the blasting, the pond system will have to be surveyed to determine topography
and surface-water flow patterns. The blasted ditch should be approximately 6 m wide and
1.8 m deep. The remaining activities described in Section 4.3 will also be implemented
under this alternative.

4.4.2 Differences between Implementation of Alternatives 3 and 4

Pump Sizing. A larger pumping flow rate would be needed for Alternative 3 than for
Alternative 4. Therefore, pumps sized for Alternative 3 may be larger than those needed for
Alternative 4. These larger pumps may require significantly more manpower and helicopter
time to deploy. For example, 15,000 gpm of water would need to be pumped from the pond
in Area D to drain the pond in 36 hours. Such a large single pump system would require a
60-cm-diameter discharge. Six-meter lengths of rigid poly pipe at that diameter may weigh
500 pounds and require 5 to 10 men to move. These problems will be overcome by using
more, smaller pumps. Capital costs will be higher (with more smaller pumps versus one
large pump), but the lower installation costs will compensate. This is discussed further in
Appendix E.

However, breaching under Alternative 4 would likely drain a large portion of Area D. Thus
such a large capacity pump (as in Alternative 3) would not be required. Because hot ponds
have not been identified in Area D, it would not be necessary to dry Area D. Breaching
would be performed only to prevent water flow to the Northern C and C/D pond group.

Refueling. Much more water would be initially moved in Alternative 4 than Alternative 3.
However, the pond system would likely flood more frequently under Alternative 4 than
Alternative 3. Hence more fuel will be needed during refueling in Alternative 3, but there
may be more refueling trips under Alternative 4 because ponds would flood more often
(lowered threshold elevation). Refueling trips may be optimized by using larger fuel tanks
at the pump sites.

Amount of AquaBlok™, Less AquaBlok™ will be needed under Alternative 4 than
Alternative 3, because pond draining is expected to be more successful under Alternative 4
than Alternative 3. This was discussed in Section 3.4.2.

4.4.3 Monitoring

The same monitoring conducted under Alternative 3 will be conducted under Alternative 4.
The only additions would be surveys of the ditches and vegetation changes. The data will
be entered into the ERF Remediation Database. Ditch changes in subsequent years will be
tracked with aerial photos. Aerial photography will also be used to observe vegetation
changes in these areas.
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4.5 Implementation of Alternative 5
AquaBlok™ may be applied in three ways:

e By air in the sumumer
¢ By truck in the winter over frozen flats

» By slurry from OB/OD Pad, using the existing conveyance system from the former
dredge operations

The potential modes of AquaBlok™ application are presented in Table C-9. Air application
is considerably more expensive because of the high cost of the helicopter time. Hence, the
cost estimate in Appendix E presents the cost of application both by truck and by air.
However, there is less uncertainty regarding the success of application by truck in the
winter, as discussed in Section 3.5.

TABLEC-9
Methods of Applying AquaBlok™

Pond Group Mode of Application Comments

Northern A By air or possibly truck If there is space between Otter Creek and the
bluffs, truck may be able to enter the flats by the
road from Cole Point.

Pond 290 By air or possibly truck Same as above.
Pond 183 By air, truck, or slurry Truck could easily enter from QB/QD Pad.

Existing conveyance system can be used to apply
AquaBlok™ as a slurry.

Pond 146 By air, truck, or slurry Same as above.

Northern C and C/D By air or truck, or possibly slurry Hot ponds can be accessed from either OB/QD
Pad or the road along the eastern bluffs.

Existing conveyance system may be expanded to
apply by slurry.

The application of AquaBlok™ by air and by truck is summarized in the following sub-
sections. '

4.5.1 Application by Air

The AquaBlok™ will be produced at OB/OD Pad. Materials (gravel, bentonite, and
polymers) will be purchased locally and mixed using a 8-cubic-meter concrete truck. The
drop bag that will be used for applying the AquaBlok™ is a polyvinyl chloride bulk bag,
model HD 32-36, Springfield Special Products, Springfield, MO. A forklift will be used to
hold the bag while a front end loader fills it with up to 2,500 kilograms of AquaBlok™. The
bag will be rigged approximately 10 m below a Blackhawk helicopter for application. The
AquaBlok™ will be applied in a 1.8-m swath from a height of about 27 m at an airspeed of
approximately 8 kilometers per hour. Rate of application will be about 30 hours per hectare.

ANC/1004064A DOC C-29



ASSEMBLY AND DESCRIPTION OF AL

Volume of material will be approximately 336 tons per hectare. This application method
was used successfully in the aerial application of AquaBlok™ in 1994 (Pochop et al., 1995).

4.5.2 Application by Truck

AquaBlok™ may be applied by truck in the winter, when access to the flats is less restricted.

During a cold winter, sufficient ice thickness on the frozen flats provides a protection for
heavy loads from UXO. Fort Richardson access restriction are less. The material will be
trucked to the flats over existing roads. The following bullets summarize the process of
truck application of AquaBlok™:

* Flag hot ponds. The summer before winter application, all hot ponds or portions of hot
ponds will need to be surveyed and flagged. Flagging will be high enough to be seen
above winter ice and snow.

* Regrade roads. Because of winter conditions, the existing roads leading to ERF would
have to be regraded with scraper and graders.

e UXO clearance. UXO should be cleared from all truck pathways before mobilization.
Winter-time firing would be halted during this implementation period.

* Mix AquaBlok™. AquaBlok™ will be prepared in cement mixers at a staging area at
Fort Richardson.

* Transport AquaBlok™ with trucks. Materials will be loaded into dump trucks and
transported to ERF. It was assumed that three dump trucks could cover 3 hectares per
day. Each truck would carry approximately 10 tons per load at 6 to 8 loads per day.

* Spread materials on ice-covered flats. AquaBlok™ would be spread by the dump
trucks on the ice-covered flats by following the flagging. The material would sink and
hydrate as the ice thaws. During winter, flooding tides slowly saturate snow and ice.
Transport of AquaBlok™ by tides is not expected.

* Check coverage. AquaBlok™ coverage would be checked within 1 month of spring
breakup.

4.5.3 Application by Slurry

AquaBlok™ may be mixed at OB/OD Pad and transported to ponds on the east side of the
river by the existing conveyance system. The AquaBlok™ vendor is currently exploring
AquaBlok™ application by slurry (Nauchman, 1997).

4.5.4 Monitoring

For ERF as a whole, the following studies will be performed annually:
* Mallard mortality telemetry study

* Aerial bird population surveys

* Aerial photography, to cover guily progression, pond draining, and bird populations.
After two flyovers in the first year, it is assumed that there would be only one flyover
per year.
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Pond survey and baseline WP monitoring will also be done for each pond group before it is
treated with AquaBlok™.

Integrity monitoring in the area that receives AquaBlok™ will begin the following year.
Integrity monitoring will involve checking the thickness and cohesiveness of the
AquaBlok™ material. Plant growth and disturbances from wildlife will also be evaluated.
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Figures C-1 to C-6
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Abbreviations

AAC Alaska Administrative Code

ADEC Alaska Department of Environmental Conservation
ARAR applicable or relevant and appropriate requirement
BTAG Biological Technical Assistance Group

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

COC contaminant of concern

COE U.S. Army Corps of Engineers

CWA Clean Water Act

DO dissolved oxygen

EOD explosive ordnance disposal

ERF Eagle River Flats

FS feasibility study

ug/L micrograms per liter

mg/L milligrams per liter

mL milliliter

NTU nephelometric turbidity unit

OB open burning

oD open detonation

oucC Operable Unit C

RA remedial action

RCRA Resource Conservation and Recovery Act

RPM remedial project manager

SARA Superfund Amendments and Reauthorization Act
SWMU solid waste management unit

TAH total aromatic hydrocarbon

TagH total aqueous hydrocarbon

TBC to be considered

TDS total dissolved solids

uUsC United States Code

USEPA U.S. Environmental Protection Agency

USFWS U.S. Fish and Wildlife Service

WP white phosphorus
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APPENDIX D

Applicable or Relevant and Appropriate
Requirements

1.0 Introduction

The analysis of applicable or relevant and appropriate requirements (ARARs) during the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
process is an iterative process. Different ARARs that may apply to a site and its remedial
actions are identified at multiple points. The more information about the site is obtained or
the further the remedial alternatives are developed, the more refined the ARARs analysis
becomes. For Operable Unit C (OUC), the potential ARARs that have been identified to date
have focused primarily on the potential contaminants of concem (COCs) and the
regulations that apply to those constituents and on the regulations that are triggered
because of the geographical location of OUC. The potential ARARs that apply to possible
actions at QUC have been developed to a lesser degree.

This ARARs analysis further refines the requirements that potentiaily apply to OUC and, in
particular, those requirements that are triggered by the remedial alternatives that have been
developed and presented for the Eagle River Flats (ERF) portion of OUC in this feasibility
study (FS).

The open burning/open detonation (OB/OD) Pad within OUC has been identified as a
solid waste management unit (SWMU) under the federal Resource Conservation and
Recovery Act (RCRA). A December 1993 document titled Demolition Area Number One
Closure Guidelines, Fort Richardson, Alaska (EMCON, 1993), outlines investigations and
documentation required for closure of OB/OD Pad in accordance with RCRA. The site
investigation completed at OB/OD Pad was conducted to meet or exceed the intent of
RCRA. Results of the site investigation, discussed in detail in the OUC Remedial Investigation
Report (CH2M HILL, 1997), indicate that OB/OD Pad will meet clean closure according to
the procedures outlined in the 1993 guidelines. Closure of OB/OD Pad under the CERCLA
program and compliance with ARARs will be conducted to meet or exceed the intent of
RCRA.

2.0 ARARs Analysis Process

Section 121(d) of CERCLA states that remedial actions on CERCILA sites must attain (or
justify the waiver of) any federal or more stringent state environmental standards,
requirements, criteria, or limitations that are determined to be legally applicable or relevant
and appropriate. Applicable requirements are those cleanup standards, criteria, or
limitations promulgated under federal or state law that specifically address the situation at
a CERCLA site. A requirement is applicable if the jurisdictional prerequisites of the
environmental standard show a direct correspondence when objectively compared with the
conditions at the site.

ANC/10040659.00C D-1
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If a requirernent is not legally applicable, the requirement is evaluated to determine
whether it is relevant and appropriate. Relevant and appropriate requirements are those
cleanup standards, standards of control, and other substantive environmental protection
requirements, criteria, or limitations promulgated under federal or state law that, while not
applicable, address problems or situations sufficiently similar to the circumstances of the
proposed response action and are well-suited to the conditions of the site. The criteria for
determining relevance and appropriateness are listed in Title 40, Code of Federal Regulations
(CFR), Section 300.400(g)(2) (40 CFR 300.400(g)(2))-

ARARs are concerned only with substantive, not administrative, requirements of a statute
or regulation. The substantive portions of the regulation are those requirements that pertain
directly to actions or conditions in the environment. Administrative requirements are the
mechanisms that facilitate implementation of the substantive requirements. Administrative
requirements include issuance of permits, documentation, reporting, record keeping, and
enforcement. Thus, in determining the extent to which onsite CERCLA response actions
must comply with environmental laws, a distinction should be made between substantive
requirements, which may be ARARs, and administrative requirements, which are not.

Furthermore, the ARARs provision in CERCLA applies to onsite actions. “Onsite” is
defined as the areal extent of contamination and includes the areas to be remediated.
According to CERCLA Section 121(e), a remedial response action that takes place entirely
onsite may proceed without the obtaining of permits. This permit exemption applies to all
administrative requirements, as well as to permits. Actions taken offsite will need to comply
with the substantive as well as the administrative requirements of all applicable

regulations.

Pursuant to U.S. Environmental Protection Agency (USEPA) guidance, ARARs generally
are classified into three categories: chemical-specific, location-specific, and action-specific
requirements. This classification was developed to help identify ARARs, some of which do
not fall precisely into one group or another. These categories of ARARs are defined below:

» Chemical-specific ARARs include those laws and requirements that regulate the
release to the environment of materials possessing certain chemical or physical
characteristics or containing specified chemical compounds. These requirements
generally set health- or risk-based concentration limits or discharge limitations for
specific hazardous substances. If, in a specific situation, a chemical is subject to more
than one discharge or exposure limit, the more stringent of the requirements should
generally be applied.

* Location-specific ARARs are those requirements that relate to the geographical or
physical position of the site, rather than the nature of the contaminants or the proposed
site remedial actions. These requirements may limit the placement of remedial action
and may impose additional constraints on the cleanup action.

* Action-specific ARARs are requirements that define acceptable handling, treatment,
and disposal procedures for hazardous substances. These ARARs generally set
performance, design, or other similar action-specific controls or restrictions on
particular kinds of activities related to management of hazardous substances or
pollutants. These requirements are triggered by the particular remedial activities that
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are selected to accomplish a remedy. Because a remedial site usually involves several
alternative actions, very different action-specific requirements can apply.

The ARARs presented below focus primarily on the chemical-, Ic cation-, and action-specific
ARARs that apply to the alternatives that have been assembled for ERF. There are five
alternatives presented for ERF in this F5:

» Alternative 1 - No Action

* Alternative 2 - Detailed Monitoring

¢ Alternative 3 - Pumping and AquaBlok™

» Alternative 4 - Breaching, Pumping, and AquaBlok™
e Alternative 5 - AquaBlok™

ARARSs have been included for OB/OD Pad only to address clean closure according to
procedures outlined in the 1993 closure guidelines.

3.0 Chemical-Specific ARARs

The first step in identifying chemical-specific ARARs is identifying the COCs. On the basis
of available information collected to date regarding the COCs associated with past activities
at OUC, white phosphorus (WP) at ERF has been identified as the primary COC and is the.
focus of this FS. Currently, there no promulgated numerical cleanup or discharge limitation
values for WP; therefore, there are no chemical-specific ARARs for potential remedial
actions at OUC.

4.0 Location-Specific ARARs

Location-specific ARARs are those requirements that relate to the geographical or physical
position of the site, rather than the nature of the contaminants or the proposed site remedial
actions. These ARARs may restrict or preclude certain remedial actions because of where
ERF is located. Location-specific factors that may trigger ARARs include sensitive habitats,
floodplains, wetlands, endangered species habitat, locations of faults, historic or
archeological resources, and oceans, rivers, and coastlines. Federal and state location-
specific ARARs for ERF and how implementation of the alternatives may be affected by the
ARARs are presented in Table D-1. Because ERF is a wetland area, the location-specific
ARARs that are intended to protect wetlands, in particular Section 404 of the Clean Water
Act (CWA), are the primary location-specific ARARs. This ARAR, as well as other location-
specific ARARs, are described in more detail below.

4.1 Clean Water Act, Section 404

Section 404 of the CWA authorizes the Army Corps of Engineers (COE) to regulate the
discharge of dredged or fill material into all “waters of the United States (including
wetlands).” The definition of “discharge of dredged material” was revised by USEPA and
the COE (Federal Register, 58:45008) on August 25, 1993. Under the newly defined
“discharge of dredged material,” the COE regulates discharges associated with mechanized
landclearing, ditching, channelization, and other excavation activities that destroy or
degrade wetlands or other waters of the United States under Section 404 of the CWA.

ANG/10040658.00C D-3
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2 Potential Location-Specific ARARs

Location Requirement Prerequisite Citation Applicability
Wetlands Action to prohibit discharge or fill Wetlands as defined in U.S. Army Clean Water Act Section Substantive requirements are applicable to
malerial without permit Corps of Engineers regulations 404; 40 CFR 230, 33 CFR  Alternatives 3, 4, and 5 because breaching
320-330 and depositing AquaBlok™ would cause
permanent impacts to wetlands. Coordination
with COE, BTAG, Natural Resource Trustees,
and cther appropriate agencies may be
required prior to implementation of the
alternative. Impacts will be minimized to the
extent practicable.
Action to avoid adverse efiects, Action involving construction of 40 CFR 6, Appendix A2 Relevant and appropriate to Alternalives 2, 3,
minimize petential harm, and facilities or management of 4, and 5 where construction activities may
preserve and enhance wellands to property in wetlands, as defined by impact wetlands.
the extent possible 40 CFR 6, Appendix A, Section 4(}
Within Action to aveid adverse effects, Action thal will occurin a Protection of floodplains Relevant and appropriate to Alternative 5,
floodplain minimize potential harm, restore floodplain, such as lowlands, and {40 CFR 8, Appendix A); which may permanently alter hydrology.

and preserve natural and beneficial
values

relative flat areas adjeining inland
and coastal waters and other flood-
prone areas

Fish and Wildlite
Coordination Acl

(16 USC 661 ! seq.);
40 CFR 6.302
Executive Order 11988
Executive Order 11990

Actions will be taken during implementation of
the alternalive to minimize impacts to
floodplains.

Area affecting
stream or river

Agction to protect fish or wildlife

Diversion, channeling, or other
activity that modifies a stream or
river and affects fish or wildlite

Fish and Wildlife
Coordination Act

{16 USC 661 e! seq.)

40 CFR 5.302; Rivers and
Harbors Act of 1893,
Section 10 (33 USC 401-
413)

Protection of Fish and
Game AS 16.05.870

5 AAC 95.010

Relevant and appropriate to Alternative 5,
which may permanently modify hydrology.

Oceans and
coastlines

ANC "659.00C

Prevent or strictly limit the dumping
into ocean waters of any material
that would adversely affect human
health, welfare, or amenities, or the
marine environment, ecological
systems, or acenomic potentialifies

Acticn that involves dumping
materials into ocean

Marine Protecticon,
Research and Sanctuaries
Act (33 USC 1401)

Impacts to oceans and coastlines will be
evaluated prior to implementation of the
remedial alternative. Potentially applicable o
Alternatives 3,4, and 5.
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Potential Location-Specific ARARs

Location

Requirement

Prerequisite

Citation

Applicability

Ensure that federal actions are
consistent with state management
plans to protect and preserve the
coastal zone

Protect all marine mammals

Ensure protection for use,
management, restoration, and
enhancement of the overall quality
of the coastal environment

Action that will occur in coastal
Zone

Action that affects marine
mammals

Action occurs within Alaska Coastal
Zone

Coastal Zone Management
Act of 1972 (16 USC 1451)
and relevant Alaska State
Management Plans

Marine Mammal Protection
Act of 1972 (16 USC 1361)

Alaska Coastal
Management Law

{46 AS 40); Alaska Coastal
Management Regulations
{6 AAC 80, 85)

Bird migratory
routes

Protect almost ali species of native
birds in .S, from unregulated
“take,” which can include poisoning
at waste sites

Action that affects migratory birds,
including eagles

Migratory Bird Treaty Act of
1972 {16 USC 703-712)

50 CFR Parts 10, 20, 21
Bald Eagle and Golden
Eagle Protection Act

(16 USC 668-668d)

Applicable to all alternatives. Actions are
required to prevent poisoning of waterfowl at
ERF.

Critical habitat
upon which
endangered
species or
threatened
species
depend

Action to conserve endangered
species or threatened species,
including consulting with the
Depariment of the Interior

Cetermination of endangered or
threatened species

Endangered Species Act
(16 USC 1531 st seq.}
50 CFR Par 200, 50 CFR
Pan 402

Potentially applicable o Alternatives 3, 4, and
5 if endangered species are identified. No
threatened or endangered plant or animal
species are resident en Forl Richardson. The
American peregrine falcon, a threatened
species, is a confirmed transient, and both
bald eagles and golden eagles, singled out for
special attention by the Army in Alaska, are
frequently seen in the Fort Richardson area.

240 CFR 6, Subpart A sets forth USEPA policy for carrying out the provisions of Executive Orders 11988 (Fioodplain Management) and 11990 {Protection of Wetlands).
Executive arders are binding on the level of government (federal or state) for which they are issued.

USGC = United States Code
BTAG = Biclogical Technical Assistance Group

ANCA10040659.00C
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APPUCABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

The substantive requirements of the CWA Section 404 (b)(1) guidelines (hereinafter referred
to as the Guidelines) are applicable to activities conducted in wetlands at ERF. The
Guidelines were promulgated as regulations in 40 CFR 230.10 and they describe the
authority of the COE to deny permits as follows (USEPA, 1994):

o 40 CFR 230.10(a) states that no discharge of dredged or fill material shall be permitted if
a practicable alternative exists to the proposed discharge that would have less impact on
the aquatic ecosystem, as long as the alternative does not have other significant adverse
environmental consequences.

e 40 CFR 230.10(b) states that no discharge of dredged or fill material shall be permitted if
it causes or contributes to violations of any applicable State water quality standard;
violates any applicable toxic effluent standard or discharge prohibition under CWA
Section 307; jeopardizes endangered or threatened species or their habitat designated as
critical habitat under the Endangered Species Act of 1973; or violates requirements to
protect any marine sanctuary designated under Title IIl of the Marine Protection,
Research, and Sanctuaries Act of 1972.

» 40 CFR 230.10(c) prohibits discharges (or activities) that will cause or contribute to
significant degradation of the waters of the U.S.

= 40 CFR 230.10(d) states that when a discharge (or activity) would degrade the waters of
the U.S. and there are no practicable alternatives to the discharge, compliance with the
Guidelines can be achieved generally through the use of appropriate and practicable
mitigation measures to minimize or compensate for potential adverse impacts of the
discharge (or activity) on the aquatic ecosystem.

In applying the Guidelines, the COE requires a hierarchical approach to wetland mitigation
measures: (1) impact avoidance; (2) impact minimization; and (3) compensatory mitigation.
Before undertaking any remedial alternative that may affect the ERF wetlands, the potential
wetland impacts would need to be discussed with Biological Technical Assistance Group
(BTAG) members and representatives of the Natural Resource Trustees associated with
wetland regulation in Alaska (including Federal and State agencies). Agreements will need
to be in place between the regulatory agencies and the remedial project managers (RPMs)
that will set the conditions for implementing activities such as breaching or AquaBlok™
application at ERF in accordance with the substantive requirements of the CWA.

4.2 Other Location-Specific ARARs

The Fish and Wildlife Coordination Act requires that the U.S. Fish and Wildlife Service
(USFWS) and the National Marine Fisheries Service be consulted regarding any action that
modifies a stream or river or other water of the United States. The intent of this regulation is
to protect fish and wildlife that may be adversely affected by changes in the quality or
quantity of water in a river, stream, or other water body. USFWS is currently a member of
the ERF BTAG and is an active participant in studies and decisions affecting ERF.
Coordination with USFWS will occur before implementation of remedial actions.

According to the Endangered Species Act (16 USC 1531 et seq.), habitat upon which
endangered or threatened species depend must be protected. The Fort Richardson Natural
Resource Plan (Gossweiler, 1984) and the Draft Integrated Natural Resources Plan, 1997-2001,
U.S. Army Alaska Vol. 2, Fort Richardson (Center for Ecological Management of Military
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APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

Lands and Gene Stout and Associates, 1996) were reviewed for preliminary information
pertaining to threatened or endangered species and habitat. No threatened or endangered
plant or animal species are resident on Fort Richardson. The American peregrine falcon, a
threatened species, is a confirmed transient, and both bald eagles and golden eagles, singled
out for special attention by the Army in Alaska, are frequently seen in the Fort Richardson
area. The Endangered Species Act would be considered an ARAR if endangered or
threatened species habitat is identified at ERF.

Remedial actions that take place in a floodplain (100 year or otherwise) will be subject to
Executive Order 11988, “Protection of Floodplains.” This order requires that actions in
floodplains avoid adverse effects, minimize potential harm, and restore and preserve
natural and beneficial values.

5.0 Action-Specific ARARs

The federal and state action-specific ARARs for the remedial alternatives generally set
performance, design, or other similar action-specific controls or restrictions on certain
activities related to management of hazardous substances or pollutants. Action-specific
ARARs for QUC are summarized in Table D-2 and include requirements described below
that may apply during or as a result of implementation of the remedial alternatives:

e Alaska Qil Pollution Regulations (Title 18, Alaska Administrative Code, Chapter 75
[18 AAC 75))-These regulations set requirements for discharge reporting, cleanup, and
disposal of hazardous substances for spills of hazardous substances to Alaska’s land or
water within specified time frames. The Alaska Department of Environmental
Conservation’s (ADEC’s) broad definition of “hazardous substance” includes
constituents such as oil and other petroleum products. Implementation of Alternatives 3
or 4 will involve the use of diesel generators to power the pump systems. Discovery and
cleanup of spills of diesel fuel or other hazardous substances at OUC that are regulated
by the State of Alaska will need to consider these regulations as ARARs.

e Alaska Water Quality Standards (18 AAC 70)-In general, these standards apply to
groundwater and surface water and establish criteria for protected classes of water use.
General water-quality criteria potentially applicable to OUC are summarized in
Table D-2. Where water is used for more than one purpose, the most stringent water-
quality criteria ARARs shall be used. Eagle River is protected for all water use classes.
Specific criteria applicable to Eagle River will depend on the parameter being evaluated
and the potential impact or discharge that may occur as a result of implementation of
the remedial alternative. In most cases the “Criteria for Growth, Propagation of Fish,
Shellfish, other Aquatic Life and Wildlife” are the most stringent and, therefore,
applicable to OUC. Because breaching and AquaBlok™ application may impact surface
water (for example, breaching may increase the sediment loading in Eagle River), these
ARARs will need to be considered before implementation of the alternative.

Requirements for compliance with closure for SWMUs under RCRA for OB/OD Pad are
included in Table D-3.
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TaBLE D-2

Action-Specific ARARs for ERF
Alaska Water Quality Standards (18 AAC 70.020)

Class (1)(B)(ii)

Class (1}(A)(i) Class (1)(A)(iD) Water Recreation Class (1)(C)
Water Supply Water Supply (Secondary Aquatic Life
(Drinking) (Agriculture) Recreation) and Wildlife
Dissolved DO 2 4 mg/l. (surface DO = 3 mg/l (surface water 202z 4 mg/lL DO =7 mg/L
oxygen (DO) water only) only) Total not to exceed
110% of saturation at
any sampling point.

PH 6.0<pH=<85 5.0<pH <9.0 50<pH<9.0 65<pH=<9.0
Shall not vary by more Shall not vary more
than 0.5 pH units from than 0.5 pH units from
natural natural.

Turbidity Shall not exceed 5 NTU Shall not cause detrimental Shall not exceed Shall not exceed
above natural when the effects 10 NTU above natural 25 NTU above natural
natural <50 NTU and no when the natural conditions.
more than 10% increase <50 NTU and no more
when the natural is than 20% increase
=50 NTU, not to exceed when the natural is
a maximum increase of >30 NTU. Notto
25 NTU axceed an increase of

15 NTU.
Dissolved TDS shall not exceed TDS shali not exceed Not applicable TDS shall not exceed
inorganic 500 mg/L chlorides or 1,000 mg/L 1,500 mg/L. Increase
substances sulfates shall not exceed Sadium absorption ration shall not exceed one-
200 mg/L <25 third of the natural.
Sodium percentage less
than 60%
Residual carbonate
<1.25 mg/L.
Boron <0.3 mg/L

Sediment No measurabie increase Shall not exceed 200 mg/L Shall not pose hazards Sediment loads shall

above natural not cause adverse
effects on aguatic
animal or plant life,
their reproduction, or
habitat

Petroleumn Shall not cause a visible Shall not cause a visible Shall not cause a film, TaqH in water column

hydrocarbons, sheen or impart odor or sheen on the surface sheen, or discoloration

oil, and grease

taste

on the surface or floor
of the water body or
adjoining shoreline

may not exceed 15
ug/L; TAH may not
exceed 10 pgl; no
deleterious effects to
aquatic life; no sheens
or discoloration to
surface waters.

Notes:
mL = Milliliter.

mg/L = Milligrams per liter.
NTU = Nephelometric turbidity units.

Taq

H = Total aqueous hydrocarbon.

TAH = Total aromatic hydrocarbon.
TDS = Total dissolved solids.
pg/L = Micrograms per liter.

D-8
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6.0 To Be Considered Criteria or Guidance

Although ARARs are promulgated, enforceable requirements, other types of information
may be useful for designing remedies or may be necessary for determining what is
protective at a specific contaminated area. In some instances, for example, because of
multiple contaminants or pathways, compliance with ARARs will not achieve an acceptable
degree of protection from the contaminants. In such cases, nonpromulgated criteria,
advisories, and other guidance need to be considered.

Examples of to-be-considered criteria or guidelines (TBCs) include guidance or policy
documents developed to implement regulations. If no ARARs address a particular situation
identified during the remediation process at OUC, or if existing ARARs do not provide
protection, TBCs may be used to set cleanup targets.

Information available from several acute and chronic toxicity studies that have been
conducted for waterfowl as part of past investigations at ERF may also be used as TBCs.
Acute toxicity tests on mallards in 1993 and 1994 (Sparling et al., in Racine et al., 1994;
Sparling et al., in Racine et al., 1995) estimated that the lethal particulate WP dose for 50
percent mortality (LD50) in male mallards was 4 mg/kg. An average weight of mallards has
been estimated at 1.25 kg. (Racine et al., 1996). Studies of WP particle size and distribution at
ERF conducted by CRREL in 1994 concluded that for a 1.25 mg. adult male mallard, WP
particles ranging from 1.4 mm (cube) to 1.7 mm (sphere) would represent the LD50 (5 mg.)
As a generalization, CRREL research indicates that the ingestion of a single WP particle
approximately 1 mm or greater in length represents serious risk to waterfowl. (M.E. Walsh
et al., in Racine et al., 1996). Verification sampling for WP particle size, in addition to
distribution, may be TBCs for determining a cleanup level for WP in ERF sediments.

Military activities are currently conducted at OUC; therefore, all future investigations,
treatability studies, and remedial activities will need to be coordinated with local U.S. Army
activities, such as ongoing operations with firings of test weapons and other related EOD
practices and activities. Personnel access into the OUC areas is restricted by the U.S. Army
because of active firing of munitions and the existence of old, unexploded ordnance. The
status of ERF as an active firing range and the restricted entry to the OUC areas represent
additional TBCs for the EREF site.

Table D-4 summarizes potential TBCs for OUC areas.

7.0 ARAR Waivers

Section 121 of CERCLA /Superfund Amendments and Reauthorization Act (SARA)
provides that under certain circumstances ARARs may be waived. These waivers apply
only to meeting ARARs with respect to remedial actions at the contaminated area; other
statutes requiring remedies that protect human health and the environment cannot be
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TaBLE D4
Potential Other Criteria or Guidelines to be Considered

Federal

»  Drinking Water Health Advisories.

» Toxic Substances Control Act Chemical Advisories.

 USEPA Water Quality Advisories.

« Applicable USEPA RCRA and CERCLA Guidance Documents

» DEMO 1 RCRA Closure Guidelines, December 1993

« Applicable U.S. Army intemal policies, directives, and facility regulations for Fort Richardson

« Cooperative Agreement for Management of Fish and Wildlife Resources on Army Lands in Alaska (U.S.
Army, 1986)

s Drait Integrated Naturai Resources Plan, 1997-2001, Volume 2-Fort Richardson. (U.S. Army Alaska, 1996).

State of Alaska

o - - e w4 meat T i PR B T L TT

« Alaska Department of Environmental Conservation. Guidance for Storage, Remediation, and Disposal of
Non-UST Petroleurn Contaminated Soils, July 29, 1991.

« Alaska Department of Environmental Conservation. Interim Guidance for Non-UST Contaminated Soil
Cleanup Levels, July 17, 1991.

e Alaska Department of Environmental Conservation. Underground Storage Tanks Procedures Manual,
September 22, 1995.

« Alaska Department of Environmental Conseryation. Guidance for Storage, Remediation and Disposal of
Petroleum Contaminated Soils (UST), March 15, 1991.

»  Alaska Department of Environmental Conservation, Interim Guidance for Surface and Groundwater
Cleanup Levels, September 26, 1990.

= Alaska Department of Environmental Conservation. Draft Water Quality Standards Revision and Oil and
Hazardous Substances Cleanup Standards, December 18, 1936.

« Alaska Department of Environmental Conservation. Draft 18 AAC 75 Cleanup Standards, December 18,
1996.

+ Alaska Department of Environmental Conservation. Draft revisions to 18 AAC 78 UST regulations and UST
Procedures Manual, March 13, 1997. .

waived. A waiver must be invoked for each ARAR that will not be attained or achieved.
Waivers of ARARs may include the following:

e Interim measures-The remedial action (RA) selected is only part of a total RA that will
meet the ARAR when completed; it may apply to sites where a final remedy is divided
into several smaller actions.

» Greater risk-Compliance with the ARAR will result in greater risk to human health or
the environment; magnitude, duration, and reversibility of adverse effects are
considered.

ANC/10040659.00C D-11
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¢ Technically impracticable-Compliance is technically impracticable from an
engineering perspective; engineering feasibility and reliability are considered.

» Equivalent to other standard—The selected action would attain a standard of
performance equivalent to the standard required by the ARAR; it may be used where
the ARAR specifies design, or where operating standards by equivalent or better results
are available from an alternative design or method of operation.

» Inconsistent application~The standard may not be applied consistently in similar
circumstances; sirmularity of sites or response circumstances is considered.

» Fund balancing—For action under CERCLA Section 104, if the need to balance Trust
Fund across many sites requires another remedy; consider cost of remedy, availability of
Fund, and significant threats that may not be addressed if ARAR is met (USEPA, 1988).
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APPENDIX E

Cost Estimate

This appendix provides the cost estimates for the alternatives developed to address white
phosphorus (WP)-contaminated pond sediments at Eagle River Flats (ERF). There are five
alternatives:

» Alternative 1-No Action

s Alternative 2—Detailed Monitoring

» Alternative 3-Pumping and AquaBlok™

e Alternative 4-Breaching, Pumping, and AquaBlok™
» Alternative 5-AquaBlok™

Cost estimates are provided in the tables attached to this appendix for each alternative at
each of the five pond groups at ERF:

« Northern A Ponds

s Pond 290
e Pond 183
o Pond 146

» Northern C and C/D Ponds

1.0 ERF-Wide Activities

In addition to the costs of the five alternatives at each of the five pond groups for this
feasibility study (FS), several ERF-wide activities will be conducted in Alternatives 2
through 5. The costs of these studies are not directly associated with any specific pond
group, but will be a direct project cost. Therefore, the cost of the ERF-wide studies will be in
addition to the costs of the alternatives. The studies include a mallard mortality telemetry
study, an aerial bird population survey, and aerial photography. Additional costs will also
be incurred for maintenance of the ERF remediation data base.

1.1 Telemetry Study

The costs of conducting annual telemetry studies are based on a previous study conducted
in 1996. Mallards will initially be tracked in a baseline study for about 2 months. A second,
more intensive, study will be conducted 24 hours per day, for a 2-week period, in
approximately early September. One week of a laboratory sdentist’s time will be required
to confirm WP in the banded ducks that die and are recovered. Telemetry studies will be
conducted annually for the duration of Alternative 2.

1.2 Aerial Bird Population Survey

Aerial bird population surveys will be conducted within the Upper Cook Inlet (UCI) and at
ERF. Within the UCI, 25 surveys will be conducted each year. Forty annual surveys will be
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conducted at ERF. The annual costs for the surveys are $31,000 per year in the UCI and
$16,000 per year at ERF.

1.3 Aerial Photography

Annual aerial photography will be conducted at ERF to support assessments of topographic
relief, vegetation changes, and gully recession. Topographic maps will not be developed
from the aerial photography. An initial flight will be made at the beginning of the baseline
year to provide a comparison to later flights. Subsequently, annual photography will be
conducted in the spring and fall of each year.

1.4 ERF Remediation Database

The annual cost of maintaining the ERF database is estimated at $114,000. This cost assumes
that the database users already have the recommended hardware and software (described
in Appendix G) and no purchase of additional equipment is required. Appropriate
equipment already exists at the U.S. Army Cold Regions Research and Engineering
Laboratory (CRREL) facility in Hanover, New Hampshire, and at Fort Richardson.

1.5 Hazing

Hazing will also be performed in Alternatives 2 through 5 as an interim measure during
critical migration periods during the first 5 years of remedy implementation. The costs for
hazing are presented as an annual lump sum of $30,000.

2.0 ERF Alternatives

The following sections describe the basic assumptions used in developing cost estimates for
each alternative and pond group. Specific details regarding quantities, implementation
rates, and unit costs are shown in the cost estimate tables provided at the end of this
appendix. Additional information regarding the implementation of the alternatives is
provided in Section 4.

Key staff for implementing each alternative will be provided by CRREL. The raw labor rates
for all CRREL labor classifications are multiplied by 56.25 percent to account for overhead
costs. The burdened labor rates of field staff working at ERF are multiplied by an additional
25 percent for hazardous duty pay. AquaBlok™ vendor labor rates and unexploded
ordnance (UXO) clearance staff labor rates are provided in the cost estimate tables.

Bid and scope contingencies are applied to the direct costs of each alternative at rates of 15
and 20 percent, respectively.

Administration costs for the U.S. Army Corps of Engineers are estimated at 10 percent of

the direct costs plus contingencies subtotal. Similarly, reporting and permitting and legal

costs are each estimated at 5 percent of the subtotal. Bonding and insurance is assumed to
be 3 percent of the subtotal. A discount rate of 5 percent was used to calculate the present
worth value of the long-term operations and maintenance.
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2.1 Alternative 1—-No Action

Under Alternative 1, no action is taken and no costs are incurred.

2.2 Alternative 2-Detailed Monitoring

Under Alternative 2, monitoring conducted at each of the five pond groups includes pond
surveys (topographic), baseline and verification WP sampling, sublimation/oxidation
conditions monitoring, and sedimentation analyses.

2.2.1 Pond Surveys

Each pond group will be surveyed to determine topography and surface-water flow
patterns. Personnel required to conduct the detailed surveys of the ponds will include one
CRREL field engineer, one CRREL junior engineer, one CRREL technician, and one UXO
clearance technician. Transportation of personnel and equipment to each pond group will
be by UH-1 helicopter.

2.2.2 Baseline and Verification WP Sampling

A comprehensive evaluation of the distribution of WP in the pond groups at ERF has not
yet been conducted. A baseline WP sampling of the ponds will be conducted to characterize
WP concentrations and distribution. Baseline WP sampling will include the collection of
composite sediment samples from each pond group. The number of samples collected at
each pond group will vary. Sample quantities are listed by pond group in Table E-1. The
samples will be collected by one CRREL field engineer and one CRREL junior engineer. The
sampling effort will be coordinated and supported by an offsite CRREL engineer and junior
engineer. Each sample will be analyzed for WP content by an offsite CRREL engineer.

In addition to baseline WP sampling, it is assumed that WP verification sampling will be
performed after 5 years to confirm that WP has been lost after implementing the alternative.

TABLE E-1
Baseline WP Samples by Pond Group
Alternative 2-Detailed Monitoring

Pond Group Number of Baseline WP Monitoring Samples
Northern A 16
Pond 290 4
Pond 183 7
Pond 146 8
Northern C and C/D 17

Note: Samples are composite samples.
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2.2.3 Sublimation/oxidation Conditions Monitoring

Sublimation/oxidation conditions will be monitored at each pond group to collect data
about the conditions that will promote sublimation/oxidation of WP particles. These data
include water elevation, time between flooding tides, sediment tempecrature, and water
saturation. The equipment used to conduct sublimation/oxidation ccnditions monitoring
includes a sonic sounder for water depth with associated air temperature sensor, radiation
shield (one each per area in a permanently ponded region), data logger, tripod, enclosure,
solar panel, two thermistors, two moisture sensors, recording tensiometer, and data storage
module. The number of sublimation/oxidation monitoring stations at each of the pond
groups is summarized in Table E-2.

TABLE E-2
Sublimation/Oxidation Monitoring Stations by Pond Group
Altemative 2-Detailed Monitoring

Pond Group Number of Sublimation/oxidation
Monitoring Stations

Northem A 2
Pond 290 1
Pond 183 1
Pond 146 1
Northern C and C/D Ponds 2

Note: Monitoring equipment will be installed after the breakup of ice in the spring and be
removed before pond freeze-up in the fall.

2.2.4 Sedimentation Monitoring

Sedimentation monitoring will be conducted at representative ponds within each pond
group. The cost of conducting sedimentation monitoring at each pond group are provided
in the cost estimate tables. The cost includes equipment, materials, and CRREL labor.

2.3 Alternative 3-Pumping and AquaBlok™

Under Alternative 3, pond systems will be dewatered to the maximum practical extent by -
dedicated pump/generator systems. The systems will be operational for approximately

5 months of each year. Pumps and generators will be installed on floating platforms after
the breakup of ice in about mid-May and removed before the ponds are frozen in about
mid-September. Five years of seasonal pumping will be conducted until cleanup goals are
achieved. After five pumping cycles, the contaminated portion of each pond not remediated
by dewatering will be covered with AquaBlok™.

Capital costs associated with Alternative 3 will include the following:

e Pond surveys—Each pond group will be surveyed to determine topography and surface-
water flow patterns. Personnel required to conduct the detailed surveys of the ponds
will include one CRREL field engineer, one CRREL junior engineer, one CRREL

E4 ANC/10040653.D0C



OUC 0030192

COST ESTIMATE

technician, and one UXO clearance technician. Transportation of personnel and
equipment to each pond group will be by UH-1 helicopter.

» Baseline WP sampling-Similarly to Alternative 2, composite sediment samples will be
collected from each pond group and analyzed for WP content. The number of samples
collected from each pond group under Alternative 3 is summarized in Table E-3.

TABLE E-3
Baseline WP Samples by Pond Group
Altemative 3-Pumping and AquaBlok™

Pond Group Number of Baseline WP Monitoring Samples
Northern A 16
Pond 290 4
Pond 183 7
Pond 146 8
Northern C and C/D 17

Note: Samples are composite samples.

» Pump/generator/monitoring systems—Electric pump and diesel generator systems will
be used to dewater pond groups. Depending on the volume to be pumped, the pump
capacities will range from 500 to 3,000 gallons per minute (gpm). Water will be
discharged though polyethylene pipe and flexible hose with adequate flow capacities
(6 to 12 inches in diameter). A diesel generator mounted on a separate floating platform
will provide power to each floating electric pump. A 150-gallon diesel tank has been
assumed to supply fuel to each generator. However, during remedy implementation,
the fuel capacity of the system will be sized to take into account the pump /generator
capacity, the volume of water to be pumped, and the anticipated run time between
fuelings.

» Initial systems startup and shakedown-Following the initial installation of the
pump/generator/monitoring systems, 1 or 2 days will be required to assess the
performance of the various systems and to resolve any operational problems. A CRREL
engineer, a CRREL junior engineer, and a CRREL technician will perform this phase of
work in the field. An offsite CRREL engineer will provide technical support and
troubleshoot with equipment vendors. A UH-1 helicopter will be used to ferry
personnel and equipment to each pond area.

e Application and testing of AquaBlok™-After five seasonal cycles of pumping, the
areas of ponds that remained saturated and are still contaminated will be covered with
AquaBlok™. One CRREL engineer and two AquaBlok™ vendor personnel will direct the
aerial application of AquaBlok™ with drop bags suspended from a UH-60 Blackhawk
helicopter. The AquaBlok™ material will be applied at a rate of 336 tons per hectare.
About 30 hours will be required for each hectare treated (labor and helicopter time).
Following approximately 5 days of hydration, the areal distribution and thickness of the
applied AquaBlok™ will be evaluated. One CRREL engineer, two AquaBlok™ vendor
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personnel, and one UXO clearance technician will be required to conduct this
evaluation. A UH-1 helicopter will be used to ferry personnel and equipment to each
pond group. Approximately 0.25 hours of UH-1 helicopter time will be required for
each pond. One initial application of AquaBlok™ is assumed to be sufficient and no
costs for additional applications will be incurred.

Over the duration of the alternative, recurring annual operations and maintenance (O&M)
costs will include the following:

¢ Annual pump/generator system installation-Each pump/generator system will be
positioned using a UH-60 Blackhawk helicopter. Approximately 1.5 hours of helicopter
time will be required for each system. The installations will be directed by two CRREL
engineers and one CRREL junior engineer. Ten hours of labor will be required for each
system. UXO clearance will be provided by one vendor personnel at a rate of 3 hours
per system. Pipe and hose deployment with a UH-1 Huey would take approximately
2 hours.

e Annual setup of monitoring equipment-Following the annual installations of pump
systems following the breakup of ice, monitoring equipment will be re-installed at the
pond groups. Two CRREL engineers and a CRREL junior engineer will perform the
setups. About 4 hours per system will be required for each labor classification. A UH-1
helicopter will be used to ferry personnel and equipment to each pond area.
Approximately 0.25 hours of helicopter time will be required for each system.

» Annual system startup/shakedown-Following the annual installation of the
pump/generator /monitoring systems, 1 or 2 days will be required to assess the
performance of the various systems and to resolve any operational problems. A CRREL
engineer, a CRREL junior engineer, and a CRREL technician will perform this phase of
work in the field. An offsite CRREL engineer will provide technical support and
troubleshoot with equipment vendors. Less time will required to perform this task than
for the initial startup/shakedown. One hour per system will be required for each field
labor classification. A UH-1 helicopter will be used to ferry personnel and equipment to
each pond area. Approximately 1 hour of helicopter time will be required for each
pump/ generator/monitoring system.

* Routine maintenance and refueling-Pump/generator/ monitoring systems will require
regular refueling and maintenance. Six routine maintenance checks and generator
refueling trips will required. The personnel during each of these trips will include a
CRREL engineer, a CRREL junior engineer, and a CRREL technician. One hour per
system for each field labor classification will be required. A UH-1 helicopter will be
used to ferry personnel, equipment, and fuel during each of the maintenance/refueling
trips. Approximately 1.5 hours of helicopter time will be required for each
pump/ generator/monitoring system.

* Annual pump/generator system removal-At the onset of freezing temperatures (about
October), the pump/generator systems will be removed from each pond group using a
UH-60 Blackhawk helicopter. CRREL staff during this phase will include 1 engineer, 1
junior engineer, and 1 technician. The effort required to remove the pump /generator
systems will be similar to that required to install the systems. Pipe and hose removal
with a UH-1 Huey would take approximately 2 hours.
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Annual removal of monitoring equipment-Monitoring equipment associated with
pump/generator systems will be removed from each pond group before winter freeze-
up. The removal will be conducted by two CRREL engineers and one CRREL junior
engineer. Approximately 4 hours per system will be required. A UH-1 helicopter will
ferry personnel and equipment into each pond area. Approximately 0.25 hours of
helicopter time will be required for each system.

Annual monitoring-Annual monitoring of each pond group will be conducted to assess
the integrity of AquaBlok™ cover and to verify that sublimation/oxidation of WP is
occurring in dewatered areas. AquaBlok™ integrity monitoring will require only a
partial day of labor for a CRREL engineer and junior engineer. A UH-1 helicopter will
ferry personnel and equipment into each pond area. Approximately 0.25 to 0.5 hours of
helicopter time will be required for each system. No reapplication of AquaBlok™ is
assumed. A detailed discussion of the WP monitoring conducted under Alternative 3 is
provided in Appendix G. The number of WP verification samples for each pond group
is the same as listed for Baseline WP samples in Table E-3.

Annual monitoring for habitat changes.

2.4 Alternative 4-Breaching, Pumping, and AquaBlok™

Alternative 4 is similar to Alternative 3, except that the draining of pond systems is
accomplished through a combination of excavated drainage channels to breach the ponds
and pumping the water that doesn’t drain through the breach. Explosives will be used to
excavate the drainage channels. Dedicated pump/generator systems are then used to
dewater the remainder of each pond to the maximum practical extent. The portion of each
pond that cannot be effectively remediated by dewatering is covered with AquaBlok™.

Capital costs associated with Alternative 4 are similar to those of Alternative 3, except for
the costs associated with blasting drainage ditches. Military explosive munitions will be
used to excavate drainage ditches for each of the pond groups. Military personnel trained in
the use of explosives will set the explosives. Before blasting operations begin, UXO
clearance will be obtained and the centerline of the ditch surveyed. Two CRREL engineers
will determine the alignment of the ditch and perform the surveying. Estimates of the ditch
lengths at each pond group are provided in the cost estimate tables. Ditch blasting will be
implemented at a rate of about 120 meters (m) per day. Assuming a 4-m spacing of
explosives, the cost of explosive munitions will be about $116 per meter of ditch. No labor
costs are assumed to be associated with the Army explosives demolition teamn setting the
explosives. Following excavation, a second UXO clearance will be conducted and the length
of the ditch will be inspected by the two CRREL engineers. A UH-1 helicopter will be used
to ferry personnel and equipment to each blasting location. About 3 hours of helicopter time
per blast will be required.

The O&M costs associated with Alternative 4 are similar to those of Alternative 3.
Following ditch blasting, pump/generator systems will be installed and operated in a
manner similar to that described for Alternative 3. The criteria for application and testing of
AquaBlok™ material in the ponds will also be similar to those for Alternative 3.
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2.5 Alternative 5-AquaBlok™

Under Alternative 5, contaminated pond sediments are covered with AquaBlok™. No
dewatering of the ponds by pumping or use of explosives to excavate drainage channels is
conducted. The capital costs of implementing this alternative are associated with
conducting WP sampling, pond surveys, applying AquaBlok™, and initially testing the
application. Similarly to Alternatives 3 and 4, the AquaBlok™ material is aerially applied to
each contaminated pond by UH-60 helicopter as directed by CRREL and vendor staff. The
O&M costs of Alternative 5 are limited to annual monitoring of the pond groups to assess
the integrity of the AquaBlok™ cover and the costs of annually assessing potential habitat
changes.

A cost estimate for truck application of AquaBlok™ also has been prepared. One CRREL
engineer and two AquaBlok™ vendor personnel will direct truck application. AquaBlok™
would be prepared and mixed a staging area on Fort Richardson. The material will be
applied at a rate of 0.5 ha per day with dump trucks and front end loaders. Roads to ERF
will be graded with heavy equipment.

A summary of AquaBlok™ truck application costs for each pond group is presented in
Table E-4.

TaBLE E-4
Summary of Costs of Application of AquaBlok™ by Truck

Capital 10-yr Present Worth 20-yr Present Worth
Northern A (5) (s) (%)
Northern A 697,000 743,000 754,000
Pond 290 117,000 130,000 133,000
Pond 183 348,000 361,000 364,000
Pond 146 584,000 597,000 600,000
Northern C/CD 463,000 509,000 520,000

Note: A discount rate of 5 percent was used.
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APPENDIX F

Detailed Analysis of Alternatives

1.0 Introduction

The detailed analysis of alternatives presents the relevant information needed to compare
the remedial alternatives assembled for Eagle River Flats (ERF) at Operable Unit C (QUC).
The detailed analysis follows the development of alternatives. The extent to which
alternatives are fully evaluated is influenced by the available data and the number and
types of alternatives being analyzed. The detailed analysis provides the basis for identifying
a preferred alternative and preparing the proposed plan, and consists of the following
components:

* Anassessment and summary profile of each alternative against the evaluation criteria

* A comparative analysis among the alternatives to assess the relative performance of
each alternative with respect to each evaluation criterion

2.0 Detailed Evaluation Criteria

Provisions of the National Contingency Plan (NCP) require each alternative to be evaluated
against nine criteria listed in the Code of Federal Regulations (CFR) under

40 CFR 300.430(e)(9). These criteria provide grounds for comparison of the relative
performance of the alternatives and identify their advantages and disadvantages. This
approach is intended to provide sufficient information to adequately compare the
alternatives and to eventually select the most appropriate alternative for implementation at
the site. There are nine evaluation criteria considered in the detailed evaluation phase:

State acceptance
Community acceptance

1. Overall protection of human health and the environment

2. Compliance with applicable or relevant and appropriate requirements (ARARs)
3. Long-term effectiveness and permanence

4. Reduction of toxicity, mobility, and volume through treatment

5. Short-term effectiveness

6. Implementability

7. Cost

8.

9.

The nine criteria are divided into three categories: threshold, balancing, and modifying
criteria. Threshold criteria must be met by a particular alternative for it to be eligible for
selection as a remedial action. The two threshold criteria are overall protection of human
health and the environment and compliance with ARARs.

Unlike the threshold criteria, the five balancing criteria weigh the trade-offs between
alternatives. A low rating on one balancing criterion can be compensated for by a high

ANG/1004064C.00C F-1
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rating on another. The five balancing criteria are long-term effectiveness and permanence;
reduction of toxicity, mobility, and volume through treatment; short-term effectiveness;
implementability; and cost.

The two modifying criteria are state acceptance and community acceptance. These criteria
will be evaluated following receipt of comments on the feasibility study (FS) and the
proposed plan and will be addressed in the Record of Decision (ROD). These two criteria
will not be considered further in this FS. A summary of the nine evaluation criteria is
presented in Figure F-1.

The following sections provide descriptions of the first seven evaluation criteria. A list of
issues that will need to be considered to evaluate the alternatives against each criterion has
been developed. These considerations are presented in the tables in the following sections.

2.1 Criterion 1-Overall Protection of Human Health and the Environment

This evaluation criterion assesses how each alternative provides and maintains adequate
protection of human health and the environment. Alternatives are assessed to determine
whether they can adequately protect human health and the environment from unacceptable
risks posed by contaminants present at the site, in both the short and long term. This
criterion is also used to evaluate how risks posed by each pathway would be eliminated,
reduced, or controlled through treatment, engineering, controls, or other remedial activities.
The considerations evaluated during the analysis of each alternative for overall protection
of human health and the environment at OUC are presented in Table F-1.

TABLE F-1
Qverall Protection of Human Health and the Environment

Analysis Factor Considerations
Human health protection Likelihood that the attemative reduces risk to human heaith.
Environmental protection Likelihood that the altemative reduces risk to ecological receptors by preventing

incidental ingestion of WP particles contained in hot pend sediments.

Likelihood that the altemative reduces risk to receptors by reducing or eliminating
WP particles contained in hot pond sediments.

Degree to which the altemnative poses unacceptable impacts on the ERF
wetlands.

WP = White phosphorus

2.2 Criterion 2-Compliance with ARARs

This evaluation criterion is used to determine if each alternative would attain federal and
state ARARs, or whether invoking waivers to specific ARARs is adequately justified. Other
information, such as advisories, criteria, or guidance, is considered, where appropriate,
during the ARARs analysis. The considerations evaluated during the analysis of the ARARs
applicable to each alternative are presented in Table F-2.
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1. Overall Protection of Human
Health and the Environment
Addresses wnemer a remedy
provioes acequate protecton of
human nealth anad
ermaronment and describes how
risks are eimninated, recuced, or
contredled thraugh reatment,
encaneenng controls, or
IRSMUtONAl controls,

Ll

Compliance with Applicable
or Relevant and Appropriate
Requirements (ARARS)
Addresses whether a remedy
will meet all ARARs or federal
ang s1ate environmental

statutes and/or provide grounds

for invoking a warver.

3. Long-term Effectiveness
and Permanence

Refers 10 the abiitty of a remedy

10 mantain reiiable protection
of human heatth and the
envirphment over time, onge
clean up goais have been met.

4. Reduction of Toxicity,
Mobility, and Volume (TMV)
Through Treatmant

Relers 10 the antcipated ability
of a remedy 10 reduce the TMV

af the hazardpus componeants
presert at the sne,

5. Shornt-term Effectiveness
Addresses the penod of time

needed to complete the remedy.

and any adverse impacs on
human heatth and the
enwvironment that may be posed
during the constuchon and
implementabon penod. untd the
dean up goals are achieved.

6. Implementability
Refers to the technical and
adminstrative feasibity of a

remedy. including the avaiabity
of matenals and services neaded

to cany ot @ parbciar option.

7. Cost

Evaluates the estmated capral
and operation and mainienance

costs of each altematrve.

8. State Acceptance

Indicates wheather, based on its

review of the inlormation, the

state concures with, is opposed

to. or has no comment on the
preferred altemative.

9. Community Acceptance
Indicates whether comi

concems are addressed by the

remedy and whether the

commuruty has a preferenca for

a remedy. Atthough pubic

comment is an impormant part of

the final decision. EPAis
compelled by law 10 balance
community concems with all of
the previously mentioned
criteria.

Figure F-1
Nine Evaluation Criteria

Operable Unit C
Feasibility Study
Fort Richardson, Alaska

NOTE

The nine criteria are from the Guidance for Conducting Remedial
Investigations and Feasibility Studies (U.S. EPA, 1988) and provide
support for the Remedial Alternative.

CHMHILL
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TABLEF-2
Compliance with ARARs

Analysis Factor Considerations

Chemical-specific ARARs Likelihood that the alternative wilt achieve compliance with chemical-
specific ARARs

Evaluation of whether a waiver is appropriate if it appears that
compliance with chemical-specific ARARs will not be achieved

Location-specific ARARs Likelihood that the alternative will achieve compliance with the
location-specific ARAR

Evaluation of whether a waiver is appropriate if the location-specific
ARAR cannot be met

Action-specific ARARs Likelihood that the alternative will achieve compliance with action-
specific ARARs

Evaluation of whether a waiver is appropriate if the action-specific
ARAR cannot be met

Other criteria and guidance Likelihood that the alternative will achieve compliance with other
criteria, such as risk-based criteria

2.3 Criterion 3-Long-Term Effectiveness and Permanence

This evaluation criterion reflects the emphasis of the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) on implementing remedies that will
ensure protection of human health and the environment in the long term as well as the
short term. The primary components of this criterion are the magnitude of residual risk
remaining at the site after remedial objectives have been met and the extent and
effectiveness of controls that may be required to manage the risk posed by treatment
residuals and/or untreated wastes. The considerations evaluated during the analysis of
each alternative for long-term effectiveness and permanence at ERF are presented in

Table F-3. The components addressed for each alternative are described in more detail in
the following subsections.

2.3.1 Magnitude of Residual Risk

The magnitude of residual risk at the end of remedial activities is measured by numerical
standards such as risk levels or the volume or concentration of contaminants remaining on
the site. The characteristics of the WP residuals remaining onsite also are evaluated,
considering their volume, toxicity, mobility, and propensity to bioaccumulate.

2.3.2 Adequacy and Reliability of Controls

The adequacy and reliability of controls that are used to manage either treatment residuals
or untreated materials that remain at the site after preliminary remedial goals are attained
are evaluated. This criterion includes an assessment of containment systems and
institutional controls to evaluate the degree of confidence that they adequately handle
potential problems and provide sufficient protection. The criterion also addresses long-term
reliability, the need for long-term management and monitoring of the site, and the potential
need to replace technical components of the alternative.

F-4 ANC/1004064C.D0C
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TABLEF-3
Long-Term Effectiveness And Permanence
Analysis Factor Considerations
Magnitude of residual risks Magnitude of remaining risks from untreated residual WP

contamination in sediments at the conclusion of the remedial action

Characteristics (i.e., toxicity, mobility) of residual contamination
Adequacy and reliability of controls Likelihood that the technologies will meet required process efficiencies

: or performance specifications

Type and degree of long-term management required

Long-term monitoring requirements

Operations and maintenance (O&M) functions that must be performed

Difficulties and uncertainties associated with long-term O&M functions

Potential need for replacement of technical components

Magnitude of threats or risks should the remedial action need
replacement

Degree of confidence that controls can verify that exposure of human

and environmental receptors to untreated WP sediments is within
protective levels

2.4 Criterion 4-Reduction of Toxicity, Mobility, or Volume Through Treatment

This evaluation criterion addresses how well the alternative’s treatment technologies may
permanently and significantly reduce toxicity, mobility, and/or volume (TMV) of
hazardous materials at the site. The NCP prefers remedial actions where treatment is used
to reduce the principal threats at a site by destroying toxic contaminants, irreversibly
reducing contaminant mobility, or reducing the total volume of contaminated media. The
considerations evaluated during the analysis of each alternative for reduction of toxicity,
mobility, or volume of white phosphorus (WP) at ERF are presented in Table F-4.

2.5 Criterion 5-Short-Term Effectiveness

This evaluation criterion addresses the effects of each remedial alternative on the protection
of human health and the environment during the construction and implementation process.
The evaluation of the short-term effectiveness criterion involves only the protection aspect
before meeting the response objectives. The considerations evaluated during the analysis of
each alternative for short-term effectiveness are presented in Table F-5. '

2.6 Criterion 6-Implementability

This criterion evaluates the technical feasibility and administrative feasibility (that is, the
ease or difficulty) of implementing each alternative and the availability of required services
and materials during its implementation. The considerations evaluated during the analysis
of each alternative for implementability are presented in Table F-6.

ANC/1004064¢.00C F-5
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TABLE F-4
Reduction Of Toxicity, Mobility, Or Volume

Analysis Factor

Considerations

Treatment process and remedy

Amount of hazardous material destroyed or treated

Reduction in toxicity, mobility, or volume through
treatment

Irreversibility of treatment
Type and quantity of treatment residual

Statutory preference for treatment as a principal
element

Likelihood that the treatment process addresses the
principal threat (i.e., WP in sediment)

Special requirements for the treatment process

Portion of contaminated material (sediment
contaminated with WP) that is treated (measured by
number of hectares treated and reduction in WP)

Extent that the toxicity from WP particles in sediment is
reduced by treatment

Extent that the mobility of WP particles is reduced by
treatment

Extent that the volume (hectares contaminated with WP)
is reduced by treatment

Extent that the effects of the treatment are irreversible
Type and quantity of treatment residuals that will remain
Risk posed by the treatment residuals

Extent to which the scope of the action covers the
principal threats

Extent to which the scope of the action reduces the
inherent hazards posed by the principal threats at the
site

TaABLE F-5
Short-term Effectiveness

Analysis Factors

Considerations

Protection of the community during the remedial
action

Protection of workers during remedial actions

Environmental impacts

Time until remedial action objectives are achieved

Identify risks posed to the community during the
remedial action

How the risks will be addressed and mitigated
Remaining risks that cannot be readily controlled
Risks to the workers that must be addressed
How the risks will be addressed and mitigated
Remaining risks that cannot be readily controlled

Environmental impacts to ERF that are expected with the
construction and implementation of the alternative

Mitigation measures that are available and their reliability
to minimize potential impacts

Impacts that cannot be avoided, should the alternative
be implemented

Time to achieve protection against the threats posed by
WP in sediment

Time untit any remaining threats posed by WP in
sediment are addressed

Time until remedial action objectives are achieved

F-6
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TABLE F-6
Implementability

Analysis Factors

Considerations

Technical Feasibility

Ability to construct and operate the technology
Reliability of the technology

Ease of undertaking additional remedial action

Monitoring considerations

Difficulties and uncertainties associated with the
construction

Likelihood that technical problems will lead to
schedule delays

Likely future remedial actions that may be anticipated
Difficulty implementing additional remedial actions

Existence of migration or exposure pathways that
cannot be adequately monitored

Risks of exposure, should the monitoring be
insufficient to detect failure

Administrative Feasibility

Coordination with other agencies

Steps required to coordinate with regulatory agencies

Steps required to establish long-term or future
coordination among agencies

Ease of obtaining permits for offsite activities, if
required

Availability of Services and Materials

Availability of treatment, storage capacity, and
disposal services

Availability of necessary equipment and specialists

Availability of prospective technologies

Adequacy of available of adequate treatment, storage
capacity, and disposal services

Additional capacity that is necessary
Whether lack of capacity prevents implementation

Additional provisions required to ensure that additional
capacity is available

Availability of necessary equipment and specialists
Additional equipment or specialists that are required

Whether lack of equipment or specialists prevents
implementation

Additional provisions required to ensure that
equipment and specialists are available

r

Whether technologies under consideration are
generally available and sufficiently demonstrated

Further development that may be necessary before
the technologies may be applied full scale to the type
of waste at the site

When technology should be available for full scale use

Whether more than one vendor will be availabie to
provide a competitive bid

ANC/1004084C.00C
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2.7 Criterion 7-Cost

This criterion evaluates the cost of implementing each alternative. The cost of an alternative
encompasses all engineering, construction, and operations and maintenance (O&M) costs
incurred over the life of the project. The assessment against this criterion is based on the
estimated present worth of these costs for each alternative. Present worth is a method for
evaluating expenditures such as construction and O&M that occur over different lengths of
time. This allows costs for remedial alternatives to be compared by discounting all costs to
the year that the alternative is implemented.

The present worth of a project represents the amount of money which, if invested in the
initial year of the remedy and disbursed as needed, would be sufficient to cover all costs
associated with the remedial action. As stated in the remedial investigation/ feasibility
study guidance (U.S. Environmental Protection Agency, 1988), these estimated costs are
expected to provide an accuracy of plus 50 percent to minus 30 percent.

3.0 Detailed Analysis of Alternatives

Because of the complexity of ERF and the number of pond groups that are being evaluated,
the detailed analysis of the alternative is summarized in Tables F-7 through F-12 (which are
attached at the end of this appendix). In general, the detailed analysis of the alternatives was
performed by pond group. The ponds in each group have similar physical characteristics and
are expected to respond similarly to the remedial actions. In some cases, however, the
evaluation of a criterion did not vary from one pond group to another. For instance, under
Criterion 5, Short-term Effectiveness, the risks to workers and the community during
implementation of the alternative did not vary by pond group.

The detailed analysis is presented in table format to facilitate the comparative analysis,
presented in Section 4. These tables, which are provided in the attachment to this Appendix,
are as follows:

* Table F-7-Detailed analysis against criteria that are generally applicable to all pond
groups.

* Table F-8-Detailed analysis of alternatives for the Northern A pond group

* Table F-9-Detailed analysis of alternatives for the Pond 290 pond group

* Table F-10-Detailed analysis of alternatives for the Pond 183 pond group

* Table F-11-Detailed analysis of alternatives for the Pond 146 pond group

* Table F-12-Detailed analysis of alternatives for the Northemn C and C/D pond group

The characteristics of each pond group and each alternative that supports this detailed
analysis were presented in the following previous appendices:

* Appendix A-Natural restoration processes that would occur throughout Alternatives 1
and 2, and in later years (>5 years) of Alternatives 3, 4, and 5

F8 ANC/1004064¢.D0C
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* Appendix C-Performance and implementation of altermatives 1, 2, 3, 4, and 5. Physical
characteristics of each pond group are also presented in this appendix

» Appendix D-ARARs

* Appendix E-Budget level cost estimates of Alternatives 1, 2, 3, 4, and 5 for all pond
groups

3.1 Assumptions

When performing the detailed evaluation for the criteria that address treatment (for example,
reduction of TMV through treatment) and treatment technologies at ERF, some assumptions
were made as to what constitutes treatment. These evaluation criteria address the anticipated
performance of the altemative’s treatment technologies in permanently and significantly
reducing toxicity, mobility, and /or volume of hazardous materials at the site. The alternatives
that have been developed for ERF do not employ traditional treatment techniques in that
contaminants are not extracted from the environment and placed in a treatment unit where
the contaminants are destroyed or entrained. However, breaching and pumping do constitute
treatment because they employ processes that permanently and significantly reduce toxicity,
mobility and volume. For the purposes of the detailed analysis, natural processes that may
occur under Alternative 1 (No Action), Alternative 2 (Detailed Monitoring), and Alternative 5 _
(AquaBlok™) do not constitute treatment and do not employ treatment technologies.

3.2 Environmental Impacts

Under the short-term effectiveness criteria, the environmental impacts that are expected as
a result of implementing the alternatives at each pond group have been evaluated and are
summarized in the Tables F-8 through F-12 (Attachment). The information in the tables
focuses on the specific environmental impacts that are anticipated because of the size or

physical features of the pond group as a result of the alternative (such as hectares of open-
water habitat that are lost).

Because impacts to habitat play a critical role in the analysis of alternatives, the relative -
values of different habitats at ERF are presented in this subsection. In determining the
potential environmental impacts that are anticipated at each pond group as a result of the
alternative, the overall value of the habitat that would be affected or lost was considered.
This is followed by a discussion of the effects of the alternatives. The subsection concludes
with a discussion of the potential restoration of breached ditches.

3.2.1 Effects on Relative Habitat Value at ERF

Eagle River Flats support a diverse community of waterfowl and shorebirds, some of which
serve as primary ecological receptors for WP exposure. Field studies have shown that
waterfowl (especially the dabbling ducks such as mallards, northern pintail, and green-
winged teal) have accounted for most of the bird mortality encountered at ERF. Although
field studies have focused primarily on habitat use by waterfowl, it has been suggested that
ERF may also serve as an important staging area for shorebirds (Steele and Reitsma, in
Racine et al., 1996). A detailed analysis of remediation alternatives requires an evaluation of
the expected changes in habitat characteristics that may favor or adversely affect use by
particular bird species.
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Relatively little fieldwork (other than aerial census and limited telemetry work) has been
done to characterize shorebird use at ERF. However, field studies conducted on waterfowl
provide information that can be used to infer the relative importance of different habitat
types for waterfowl at ERF. Observations of waterfowl behavior were recorded and
summarized by the New England Institute of Landscape Ecology (NEILE) (Reitsma and
Steele, in Racine et al., 1995). Additional information can be derived from the summary of
telemetry observations collected during the non-hazing periods from 1993 through 1996.
The information makes it possible to determine the different types of waterfowl uses that a
particular habitat type might support and the relative proportion of time the birds spend in
an area.

During the 1994 field season, NEILE conducted waterfowl species distribution and behavior
surveys (WSDABS). These field observations were recorded into the geographical
information system (GIS) database and summarized in their annual report (Reitsma and
Steele, in Racine et al., 1995). The WSDABS were conducted during two hazing-free periods
in 1994 (April 18 to May 3 and August 12 to September 5) for mallards, northern pintail, and
green-winged teal. Field observers also recorded use by shorebirds and swans in the
WSDABS areas.

During WSDABS, each duck was categorized as feeding, loafing, preening, or swimming
(Reitsma and Steele, in Racine et al., 1995). Specific duck behavior was summarized by ERF
area rather than by habitat type; this limits the use of this information to relate habitat type
to types and quantity of bird use. The study did show, however, that the ducks spent most
of their time feeding, with the proportion of time ranging from 85 percent in the spring to

74 percent in the fall. Some different feeding area preferences were described for the three
observed duck species.

The telemetry studies (Cummings et al., in Racine et al., 1993, 1994, 1995, 1996; and in
Collins et al., 1997) were summarized to estimate the relative proportions of use for different
waterfowl habitat cover types. The data collected during non-hazing periods from 1993
through 1996 indicated the following proportions of duck use: sedge marsh (28.7 percent);
permanent ponds (11.4 percent); and intermittent ponds (7.4 percent). It is assumed that the
proportion of telemetry hits in these habitat types is representative of the overall duck use
at ERF. These proportions can also be used to rank the relative habitat importance for
waterfowl use.

The potential impacts of remedial alternatives were incorporated into the detailed
evaluation of remedial alternatives by pond group shown in Tables F-8 through F-12
(Attachment). It should be noted, however, that the evaluation of remedial alternatives ‘was
focused on the impacts that could be predicted most reasonably, such as areal extent and
habitat types that would be drained. Comparison of habitat types to each other (relative
ranking) was based primarily on the estimated proportion of waterfow! use as indicated by
the telemetry studies.

Other potential changes to habitat value, such as increased exposure of shorebirds because
of pond draining or changes in plant community composition, cannot be accurately
predicted. Information on these impacts would be revealed through subsequent monitoring
and periodic reporting of changes. The information on these potential impacts may
necessitate future actions by remedial project managers as regards the remedial alternative
chosen for a particular area.
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3.2.2 Impacts to Habitat

Remedial Alternatives 3 and 4 involve draining the selected pond or pond groups by
pumping alone (Alternative 3) or by pumping and breaching the ponds (Alternative 4).
Both of these alternatives will use AquaBlok™ applied to areas that cannot be adequately
dried by pond draining. These remedjal alternatives are expected to modify ERF habitat to
varying degrees.

If the ponds are breached by extending the natural gullies back into the ponds by blasting,
the ponds will likely be permanently changed because of the difficulty in restoring the pond
to its original hydrologic condition. Pond draining by pumping would be expected to have
short-term effects similar to the pond breaching, but conditions should return to normal
after the tidal flooding has replenished water in the ponds. To fully remediate a particular
pond, it may be necessary to pump the pond over multiple drying cycles. Nevertheless, it is
expected that no permanent change will result in habitat quality from pumping alone.

Pond draining by breaching will result in immediate habitat changes because the open-
water ponded areas will be reduced, effectively reducing the area in which dabbling ducks
might feed. (This would, however, result in more mud flat habitat becoming available to
shorebirds.) As the sediments in the newly-drained pond dry, other changes may occur in
the established vegetative communities around the pond margins. If the amount of water in
the root zone becomes insufficient to support the hydrophytic vegetation, these
communities may become water-stressed or die. Species replacement with plants requiring -
less saturated conditions also could occur. The fine-textured soils in the ponded areas of
ERF have high water retention capacities; therefore, substantial, permanent changes in
vegetation are not expected in the course of one drying cycle. Changes in plant species
composition will modify the habitat quality for selected bird species, especially those that
use certain plants for food or shelter.

3.2.3 Restoration of Breached Ditches

Perhaps the greatest difference between Alternatives 3 and 4 is the long-term effect on
habitat. In the short term, both Alternatives 3 and 4 would remove submerged feeding
habitat for waterfowl. This would be protective, because the waterfowl would be
discouraged from feeding in these areas and therefore would not ingest lethal WP particles
from the hot ponds. However, pond breaching under Alternative 4 would potentially result
in the long-term destruction of waterfowl habitat. It is assumed that the sedge marsh,
intermittent ponds, and permanent ponds adjacent to hot ponds would be drained under
Alternatives 3 and 4. The areas of vegetation that would be affected by draining are
presented in Figure F-2.

It is unlikely that breached ditches can be restored. The erosion patterns that would be
created over time reduce the feasibility of reversing the process and restoring the ponds (as
permanent or intermittent ponds) once remediation of ponds is completed. It probably is
not feasible to redirect the erosional pattern once the pond has been breached, especially if
the pond remains breached for 2 or 3 years or more. Water flowing into and out of the pond
along the ditch blasted for drainage is likely to extend the gully into which it drains. Once
established, such a drainage pathway is likely to persist unless a substantial structure is
built to redirect the water flow. Construction of that kind of structure is not considered
practical on the flats, where there is no solid substrate to which to anchor the structure. In
addition, concerns about unexploded ordnance (UXO) severely limit construction in the
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flats. Tidal flows onto and off of the flats would tend to scour under or around the edges of
erosion-control materials (such as gabions) that might be used in attempts to restore a pond.

In addition to needing to control erosion of the channel that had become established,
restoration of the pond habitat would require replacement of eroded materials around the
pond and revegetation of the habitat. This also would be difficult, and perhaps not feasible.

A literature search will be conducted during 1997 to determine whether restoration of
coastal wetlands has been performed under other programs.

3.3 Risk and Residual Risk

Figures F-3 through F-7 have been developed to show the differences between the
alternatives of the magnitude and type of risk during the period of implementation. These
figures will be used in the detailed analysis to determine protectiveness and residual risk of
each alternative in each pond group. These figures should be considered semi-quantitative,
and they represent only an index of risk because the true risk cannot be determined. The
figures include the following key elements:

* Type of risk. The environmental risk to dabbling ducks and swans from WP exposure
exists only if the WP is bioavailable to these species. If the WP is covered by sufficient
clean sediment to prevent exposure, then the exposure pathway is incomplete and there
is no risk. On the other hand, physical forces may act to remove the overlying sediment,
exposing the waterfowl to WP. There remains a “potential residual risk” in the sense
that it is possible that the existing WP, although covered now, may lead to exposure in
the future. Thus, covering with clean sediment reduces the risk but not the potential
residual risk. In contrast, sublimation/oxidation of WP reduces both the risk and the
potential residual risk because the lost WP cannot expose waterfowl in the future.

* Magnitude of risk. In areas where craters are visible, high crater densities are located in
and around the pond groups. WP has been detected in at least one pond of every pond
group. Walsh et al., in Collins et al. (1997) have stated that any detection of WP is
suggestive that larger quantities may be nearby. The characterization of a heterogeneous
contaminant such as the particulate WP at ERF is very difficult; therefore, there is
uncertainty about the relative risks between pond groups. These figures, however, have
been based on the assumption that for a single pond the relative risk is proportional to
the area of the pond group that is unprotected from either a covering by sediment or
AquaBlok™ or the loss of WP from sublimation/oxidation. Although with increasing

uncertainty, these figures also suggest a relative risk between ponds in the comparison
of exposed areas.

* Time frame. The figures all have time zero as the start of a remedial action. In actuality,
different alternatives may be implemented in different years, but these figures have
normalized time as years since start of remedy. The maximum time of 20 years was
chosen because that is the time frame of the primary remedial action objectives (RAQs)
(discussed in Appendix G).
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» Changes in risk. Table A-4 (Appendix A) summarizes the potential effects of natural
processes on the WP conditions during the 20-year time frame. The natural processes of
sedimentation and sublimation/oxidation may cause changes in the WP risks to
waterfowl over this time. Remedial alternatives also change the magnitude of risk and
potential residual risk. Pond draining, because its goal is to reduce the quantity of WP,
and the natural process of sublimation/oxidation reduce both the risk and potential
residual risk. Sedimentation and the application of AquaBlok™, because they act to
reduce WP exposure to dabbling waterfowl by blocking access to the contaminated

sediment, reduce risk, but not potential residual risk.

* Uncertainty. It is difficult to forecast the effects of natural processes, including the
consequences of pond draining. Appendix A summarizes what is known to affect these
processes, and there are substantial uncertainties. Judgment has been used in
determining the effectiveness of different alternatives on the pond groups in these
figures, and this is subject to uncertainty. This is represented in these figures, again
semi-quantitatively, by wide lines, which indicate that the risk outcome covers a large
risk region. On the other hand, the success of the application of AquaBlok™ can be
tested fairly quickly, and more AquaBlok™ may be applied in areas where the depth is
insufficient for protection. The monitoring program (discussed in Appendix G)
describes an annual inspection that will be performed to maintain the AquaBlok™ as a
highly effective WP exposure block. Therefore, the effects of AquaBlok™ on risk and
potential residual risk have been represented by comparatively narrow lines.

With this background, the risk consequences of the remedial alternatives for the individual
pond groups can now be examined. Figure F-3 shows the risk index for the Northern A
ponds. Table A-4 describes that sedimentation may cover one of the ponds in the group,
Pond 258, sufficiently for natural restoration within 20 years. Thus, Alternatives 1 and 2,
which only use natural processes, show a decline in risk, with a wide line spread
representing uncertainty in the risk diagram (Part A). The potential residual risk (Part B)
shows no decline over this time because the WP has only been covered but is still
potentially available, depending on the future physical forces. Alternatives 3 and 4 show a
more rapid, but still uncertain, decline in the risk (Part A) during pond draining because
active measures are being taken to enhance the WP sublimation/oxidation through
pumping and the presumed resulting pond drying. It is believed that Alternative 4 will be
more effective than Alternative 3 in drying the ponds; therefore, the risk of this alternative
is shown as lower than that of Alternative 3. The pond risk (Part A) drops abruptly when
AquaBlok™ is applied, which is assumed to occur in year 5. Once again, the potential .
residual risk (Part B) does not decline when the AquaBlok™ is applied, because the WP is
still present in the environment.

In comparing the alternatives for Northern A ponds, it can be seen that Alternatives 3 and 4
reduce the risk and potential residual risk faster than Alternatives 1 and 2. Alternative 5 can
reduce the risk rapidly, but leaves the pond group with a higher potential residual risk than
Alternatives 3 and 4. The potential residual risk for Alternatives 1, 2, and 5 are
approximately the same because the dominant force reducing the risk in Alternatives 1 and
2 is sedimentation, which does not reduce the potential residual risk.

The pattern of risk is similar in Pond 290 (Figure F-4), although it is believed with higher
certainty that the pond can be drained and WP losses will be more complete. Thus, the
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potential residual risks of Alternatives 3 and 4 are lower than those in Alternatives 1, 2,
and 5.

The pattern is somewhat different for Pond 183 (Figure F-5). In this case, it is believed there
is some chance that the ponds may dry to a limited degree on their own; therefore, some
WP loss may occur. This is represented by the decline shown for risk and potential residual
risk for Alternatives 1 and 2.

4.0 Comparative Analysis

A comparative analysis for each pond group has been conducted to evaluate the relative
performance of each alternative in relation to the seven evaluation criteria. This is in
contrast to the preceding analysis, in which each alternative was analyzed independently
without consideration of other alternatives. The purpose of this comparative analysis is to
identify the advantages and disadvantages of each alternative relative to one another so
that the key tradeoffs can be balanced and identified.

Each subsection begins with a table summarizing the comparative analysis, followed by a
discussion comparing all alternatives to each criterion.

4.1 Northern A Pond Group

The expected performance of each alternative as implemented in the Northern A pond
group is presented in Table F-13. This assessment is based on pond group characteristics
and alternative properties presented in Appendix C. This information supports the
comparative analysis of alternatives presented in this subsection.

4.1.1 Qverall Protection of Human Health and the Environment

Alternatives 3, 4, and 5 are all equally protective of public health and the environment but
result in varying degrees of residual risk, depending on the level of WP
sublimation/oxidation. WP is treated and removed in Alternatives 3 and 4. Alternative 5 is
protective in that it blocks exposure of dabbling ducks to WP, but does not remove WP. All
three alternatives involve application of AquaBlok™ in areas where WP is not treated.

Alternative 3 would result in short-term habitat removal. Open water habitat would be
temporarily removed, thus reducing WP exposure. Alternative 4 would result in permanent
effect on waterfowl] habitats. There is uncertainty as to the technical implementability of -
Alternatives 3 and 4, given the hummaocky topography. ’

Alternatives 1 and 2 will not be protective of the environment. The sedimentation rate is
expected to be low in the Northern A pond group. Hence, waterfowl would continue to be
exposed to WP. Measurement of progress would be possible only with Alternative 2.

4.1.2 ARARs

No chemical-specific ARARs apply to ERF. Alternatives 3, 4, and 5 meet all action- and
location-specific ARARs. Alternatives 1 and 2 do not meet location-specific ARARs.
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TABLE F-13
Performance of Alternatives, Northern A Pond Group
Alt 1 &2: Alt 3: Alt 4:
No Action Pumping Breaching,
and/or Detailed and Pumping, and Alt 5:
Monitoring AquaBlok™  AquaBlok™  AquaBiok™
Area of residual risk (ha) 55 35 2.3 5.8
Area of sediment treated by 03 23 3.5 0
sublimation/oxidation (ha)
Area of habitat covered by AquaBlok™ (ha) -a 3.5 23 5.8
Area of habitat covered by AquaBlok™ as a - 8.3 55 13.8
percentage of water-bearing habitat in this
pond group (%)?
Area of habitat removed by draining (ha) - 42 42 -
(temporary) (permanent)
Cenainty of performance success within Low Moderate Moderate High
5 years of implementation
Cost ($) ‘
Capital 45,0004 1,469,000 1,175,000 1,368,000
10 Year Present Worth 207.000¢ 2,142,000 1,792,000 1,413,000
20 Year Present Worth 270.000° 2,147,000 1,798,000 1,424,000

au

~-" indicates that the technology is not a component of the alternative.

b The total area of water-bearing habitat in this pond group is 42 ha.
¢ Costs are based on aerial application of AquaBlok™

d For Alternative 2 only; Alternative 1 has no associated costs.

4.1.3 Long-term Effectiveness and Permanence

Magnitude of Residual Risk. The amount of residual risk would be lowest under
Alternative 4 (2.3 hectares [ha]) and highest under Alternative 3 (5.8 ha), as presented in
Table F-13. Alternative 5 only provides a barrier between WP and dabbling ducks. Residual
risk from Alternatives 3 and 4 would equal the drying performance of each alternative.
Alternative 3 would result in slightly lower performance effectiveness. It is assumed that
the combination of breaching and pumping in Alternative 4 would be more effective in -
lowering water levels, promoting drying and, thus, fostering WP sublimation/oxidation.

Alternatives 1 and 2 would likely result in high amounts of residual risk (5.5 ha). Protection
under these alternatives would be through sedimentation and minimal
sublimation/oxidation at the perimeters of the ponds. Residual risk resulting from each

alternative is presented in Figure F-3.

Adequacy and Reliability of Controls. With the exception of Alternative 1, all alternatives

have adequate controls and monitoring requirements. ERF-wide activities such as

telemetry, aerial surveys, and aerial photography would determine whether Alternatives 2,
3, 4, or 5 meet the mortality RAO. Sedimentation stations would be established under
Alternative 2 to determine the rate of natural restoration achieved. Water level indicators
would be installed under Alternatives 3 and 4 to determine the amount of water level
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decline. Sublimation/oxidation stations would be installed to evaluate WP
sublimation/oxidation. AquaBlok™ integrity monitoring would be conducted regularly
under Alternatives 3, 4, and 5. No monitoring is scheduled under Alternative 1.

4.1.4 Reduction in Toxicity, Mobility, and Volume

Likelihood that Treatment Process Addresses Principal Threat. Within 5 years, Alternatives 3,
4, and 5 would reduce risk of exposure to WP. Risk reduction would occur most quickly
under Alternative 5. Drainage in Alteratives 3 and 4 would lower water levels and remove
feeding habitat, so waterfowl would be less likely to be exposed. Under these alternatives,
WP would sublimate/oxidize in areas that do dry. WP contaminated sediment that does
not dry under Alternatives 3 and 4 would be covered with AquaBlok™. It is very uncertain
when natural restoration processes would occur under Alternatives 1 and 2. Sedimentation
is the most likely natural restoration process, but rate of deposition in the Northern A pond
group is currently not known.

Amount of Hazardous Material Destroyed through Treatment. Alternatives 3 and 4 would treat
the largest area of WP-contaminated sediment (2.3 ha and 3.5 ha, respectively), through
water level reduction, pond sediment drying, and sublimation/oxidation. A very small area
of WP-contaminated sediment would be treated through perimeter sublimation/oxidation
under Alternatives 1 and 2. No treatment would occur in Alternative 5. Estimates of
treatment are presented in Table F-13.

Irreversibility. WP sublimation/oxidation under Alternatives 3 and 4 would be irreversible.
AquaBlok™ application under Alternatives 3, 4, and 5 would be reversible if the
AquaBlok™ cover is degraded or damaged as a result of weather, tidal action, or
earthquakes. The protection of sedimentation, a natural process under Alternatives 1 and 2,
would also be reversed as a result of damage to the sedimentation layer or from
earthquakes.

Quantity of Risk and Residual Risk. No treatment residuals would be produced by any of the
alternatives.

Statutory Preference for Treatment. Alternatives 3 and 4 meet the statutory preference for
treatment. Altermatives 1,2, and 5 do not.

4.1.5 Short-term Effectiveness

Protection of the Community during Remedial Action. There are no significant short-term ,
effects to the community under Alternatives 1, 2, 3, and 5.

Pond breaching under Alternative 4 may affect the community of Eagle River. Loud blasts
may result in complaints of noise and vibration. Range Control regulations require that
blasting be conducted on clear days to reduce sound and pressure impacts. A rigorous
community relations program would be conducted to alert the community of upcoming
blasting activities.

Protection of Workers during Remedial Action. Alternative 1 poses no risks to workers
because it involves no activity. Alternative 2 requires only WP sampling and sedimentation
studies. Alternatives 3, 4, and 5 would require baseline sampling for WP. Alternative 5
involves minimal risks because AquaBlok™ application would be applied either aerially or
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in the winter over the frozen flats. In addition, monitoring requirements under Alternative
5 are low. Alternatives 3 and 4 would require high access to the flats for the installation,
removal, and maintenance of pump systems and sublimation/oxidation monitoring
systems, as well as verification monitoring. All areas where workers would be exposed
would be cleared visually and/or electronically of UXO.

Environmental Impacts. No new environmental impacts would result from Altematives 1
and 2. Alternative 2 would be limited to WP sampling and installation of
sublimation/oxidation and sedimentation monitoring stations. Environmental impacts
resulting from Alternative 3 would be short term. Temporary draining under Alternative 3
would result in the temporary removal of 42 ha of habitat and thus reduced exposure of
waterfowl to WP. Pond habitat would likely reestablish after pump systems are removed
and ponds refill from flooding tides and precipitation. The 42 ha of habitat removal under
Alternative 4 would likely be permanent. There is low certainty regarding feasibility and
practicality of restoring a ditch after it has been breached. Pond bottom elevations and
open-water feeding habitat would be altered by application of AquaBlok™ under
Alternatives 3, 4, and 5. Under Alternatives 3, 4, and 5, 3.5 ha, 2.3 ha, and 5.8 ha,
respectively, of AquaBlok™ would be applied (as presented in Table F-13). Waterfowl food
sources would be reduced in the short term, but it is expected that they will reestablish.
AquaBlok™ application may significantly raise pond bottom elevations in the Northern A
pond group.

Time Until Remedial Action Objectives Are Met. Protection of waterfowl, as measured by
RAOQOs, would be achieved under Alternatives 3, 4, and 5. The 5-year RAO of 50 percent
mortality reduction would not be achieved under Alternatives 1 and 2, and it is unlikely
that the 20-year RAO of 1 percent mortality would be achieved.

4.1.6 Implementability

Technical Feasibility. Alternatives 1, 2, and 5 could be easily implemented; however, only
Alternative 5 would result in protection. After a summer 1997 aerial and land survey, it
appears that several ponds in the Northern A pond group can be drained and dried with
pumps. The hydraulic system of the Northern A pond group is not well understood. The
ponds in this group are interconnected, with varying pond bottom elevations. Pumps may
need to be rearranged once the deepest portion of the pond system is exposed. Breaching
under Alternative 4 would lower threshold elevations and result in more frequent flooding
but more rapid draining. The certainty of performance success of each alternative is
presented in Table F-13.

Administrative Feasibility. No agency coordination difficulties are anticipated under
Alternatives 2, 3, 4, and 5. Coordination of the US. Army with U.S. Environmental
Protection Agency (USEPA), and Alaska Department of Environmental Conservation
(ADEC), and the Biological Technical Assistance Group (BTAG) would be conducted before
implementing alternatives. There would be no coordination needed under Alternative 1.

Availability of Services and Materials. No services are required for Alternative 1. Lack of
commercial laboratories to perform WP sampling affects Alternatives 2, 3, 4, and 5 equally.
Alternatives 3, 4, and 5 all require a specialist firm to coordinate application of AquaBlok™.
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Although the pump system designed for Alternatives 3 and 4 is highly specialized, the
technology is readily available.

4.1.7 Cost

Capital cost and 10- and 20-year present worth analyses are presented in Table F-13.
AquaBlok™ application under Alternative 3 is the least expensive. The costs of
Alternatives 3 and 4 are approximately 50 and 25 percent more, respectively, than
Alternative 5. Cost assumptions are provided in Appendix E.

4.1.8 Summary

Alternative 5 meets all criteria and would achieve RAOs. This alternative can easily be
implemented by air. Alternative 5 would result in AquaBlok™ coverage over 13.8 percent of
the water-bearing habitat in the Northern A pond group. It is expected to be successful in
blocking waterfowl exposure to WP-contaminated sediment. However, because it blocks
exposure by providing a barrier over WP-contaminated sediment, Alternative 5 would
result in the highest amount of residual risk, followed by Alternative 3, then Alternative 4.
Of the three treatment alternatives, the 10- and 20-year present worth costs of Alternative 5
are lowest. Costs presented in Table F-15 are of aerial application of AquaBlok™. Capital
costs of Alternative 5 may be reduced by as much as 50 percent by truck application, as
presented in Appendix G.

Alternatives 3 and 4 meet all criteria. The topography of the Northern A pond group is
hummocky and drying of the hot ponds would also involve the drainage of 10.6 ha of
intermittent ponds, 6 ha of uncontaminated permanent ponds, and 25.2 ha of sedge marsh.
Alternative 4 would result in permanent removal of this habitat, while the impacts to
habitat under Alternative 3 would be temporary. Because of the large volume of water to
drain, it may not be possible to dry WP-contaminated sediment in these hot ponds.
Regardless of drying performance, Alternatives 3 and 4 would still be protective because
AquaBlok™ would be applied to all areas of hot ponds that do not dry.

Alternatives 1 and 2 do not meet threshold criteria. They are neither protective of the
environment, nor do they achieve location-specific ARARS.

Table F-14 shows the ranking of the alternatives for the Northern A pond group. The
alternatives are ranked according to how well they meet the criteria; the highest ranking
alternatives are the best at meeting each individual criterion.

4.2 Pond 290

The expected performance of each alternative as implemented in Pond 290 is presented in
Table F-15. This assessment is based on pond group characteristics and alternative
properties that are described in Appendix C. This information supports the comparative
analysis of alternatives in this subsection.

4.2.1 Overall Protection of Human Health and the Environment

Alternatives 3, 4, and 5 are all equally protective of public health and the environment, but
result in varying degrees of residual risk, depending on the level of WP
sublimation/oxidation. WP is expected to be successfully treated and removed under
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TABLE F-14

Ranking of Alternatives for the Northern A Pond Group

Meeting Criteria

Criteria Best Worst
Overall protection of human health 5 4 1,2
and the environment
Compliance with ARARs 34,5 1,2
Long-term effectiveness and 3.4 5 2 1
permanence
Reduction of TMV 3.4 5 1,2
Shont-term effectiveness 5 1.2,4
Implementability 1,2,5 4 3
Cost 2 4,5 3
Notes:

1. Each number represents an alternative.

2. The ranking refers to performance under each criterion. High ranking indicates that the
alternative performed well under the individual criterion.

TABLE F-15
Performance of Alternatives, Pond 290

Alt 1 &2: Alt 3: Alt 4;
No Action Pumping Breaching,
and/or Detailed and Pumping, and Alt 5:
Monitoring AquaBlok™ AquaBlok™ AquaBlok™
Area of residual risk (ha) 0.85 0.14 0.10 0.90
Area of sediment treated by 0.05 0.76 0.80 0
sublimation/oxidation (ha)
Area of habitat covered by AquaBlok™ (ha) - 0.14 0.10 0.90
Area of habitat covered by AquaBlok™ as a - 2.0 1.5 13.0
percentage of water-bearing habitat in this
pond group (%)
Area of habitat removed by draining (ha) - 6.9 6.9 .
(temporary) (permanent) R
Certainty of performance success within Low High High High
5 years of implementation
Cost’ ($)
ital
Capita 17,000° 199,000 180,000 220,000
P
10 Year Present Worth 91,000° 397,000 370,000 233,000
Year P

20 Year Present Worth 122,000° 400,000 372,000 236,000

a

“—"indicates that the technology is not a component of the alternative.

b The total area of water-bearing habitat in this pond group is 6.9 ha.
¢ Costs are based on aerial application of AquaBlok™,
d For Alternative 2 only; Alternative 1 has no associated costs.
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Alternatives 3 and 4. Alternative 5 is protective in that it blocks exposure of dabbling ducks
to WP, but does not remove WP. All three alternatives involve application of AquaBlok™ in
areas where WP is not treated.

Alternative 3 would result in short-term habitat removal. Open-water habitat would be
temporarily removed, thus reducing WP exposure. Alternative 4 would result in permanent
effect on waterfowl feeding habitats in Pond 290 and the surrounding water-bearing
vegetation. Alternatives 3 and 4 are expected to be successful at Pond 290 because of the
relatively isolated nature of this pond.

Alternatives 1 and 2 will not be protective of the environment. Sedimentation rates are
expected to be low in Pond 290. Hence, waterfowl would continue to be exposed to WP.
Measurement of progress would be possible only with Alternative 2. Protection would
likely be achieved by sublimation/oxidation.

4.2.2 ARARs

No chemical-specific ARARs apply at ERF. Alternatives 3, 4, and 5 meet all action- and
location-specific ARARs. Alternatives 1 and 2 do not meet location-specific ARARs.

4.2.3 Long-term Effectiveness and Permanence

Magnitude of Residual Risk. Residual risk reduction would be greatest under Alternative 4,
followed by Alternative 3, and then Alternative 5. The amount of remaining residual risk
under Alternatives 4, 3, and 5 would be 0.10 ha, 0.14 ha, and 0.90 ha, respectively. Residual
risk from Alternative 3 and 4 would equal the drying performance of each alternatives. It is
expected that Alternative 4 would be slightly more successful in drying than Alternative 3.
The combination of breaching and pumping in Alternative 4 would be more effective in
lowering water levels, promoting drying and thus fostering WP sublimation/oxidation
than under Alternative 4 (which involves only pumping). Draining and drying in Pond 290
are expected to be successful in removing WP from contaminated sediment because of the

relative isolated nature of this pond. Therefore, residual risk under Alternatives 3 and 4 will
still be low.

Residual risk would be highest under Alternative 5. Alternative 3 only provides a barrier
between WP and dabbling ducks and does not treat WP-contaminated sediment.

Alternatives 1 and 2 would likely result in high amounts of residual risk (0.85 ha).
Protection under these alternatives would be through sedimentation and minimal
sublimation/oxidation at the perimeters of the ponds. Residual risk will exist in areas tHat
experience sedimentation. Residual risk as a result of each alternative is presented in
Figure F-4.

Adequacy and Reliability of Controls. With the exception of Alternative 1, all alternatives
have adequate controls and monitoring requirements. ERF-wide activities such as
telemetry, aerial surveys, and aerial photography would determine whether Alternatives 2,
3, 4, or 5 meet the mortality RAO. Sedimentation stations would be established under
Alternative 2 to determine the rate of natural restoration achieved. Sedimentation is the
most likely natural restoration process to occur in Pond 290. Water level indicators would
be installed under Alternatives 3 and 4 to determine the amount of water level decline.
Sublimation/oxidation stations would be installed to evaluate WP sublimation/oxidation.
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AquaBlok™ integrity monitoring would be conducted regularly under Alternatives 3, 4,
and 5. No monitoring is scheduled under Alternative 1.

4.2.4 Reduction in Toxicity, Mobility, and Volume

Likelihood that Treatment Process Addresses Principal Threat, Within 5 years, Alternatives 3,
4, and 5 would reduce risk of exposure to WP. Drainage in Alternatives 3 and 4 would
lower water levels and remove feeding habitat, so waterfowl would be less likely to be
exposed. Drying under Alternatives 3 and 4 is expected to be successful, leaving a small
area of WP-contaminated sediment to be covered with AquaBlok™. It is uncertain when
natural restoration processes would occur under Alternatives 1 and 2. Sedimentation and
perimeter sublimation/oxidation are the most likely natural restoration process.

Amount of Hazardous Material Destroyed through Treatment. Alternatives 3 and 4 would treat
a largest area of WP-contaminated sediment, through water level reduction, pond sediment
drying, and sublimation/oxidation. Alternatives 3 and 4 would result in 0.76 ha and 0.80 ha
of treated sediment, respectively. A very small area of WP-contaminated sediment would
be treated through perimeter sublimation/oxidation under Alternatives 1 and 2 (0.05 ha).
No treatment would occur in Alternative 5. Estimates of treatment are presented in Table F-
13.

Irreversibility. WP sublimation /oxidation under Alternatives 3 and 4 would be irreversible. ,
AquaBlok™ application under Alternatives 3, 4, and 5 would be reversible if the
AquaBlok™ cover is degraded or damaged as a result of weather, tidal action, or
earthquakes. The protection of sedimentation, a natural process under Alternatives 1 and 2,
would also be reversed as a result of damage to the sedimentation layer or from
earthquakes.

Quantity of Risk and Residual Risk. No treatment residuals would be produced by any of the
alternatives.

Statutory Preference for Treatment. Alternatives 3 and 4 meet the statutory preference for
treatment. Alternatives 1, 2, and 5 do not.

4.2.5 Short-term Effectiveness

Protection of the Community during Remedial Action. There are no significant short-term
effects to the community under Alternatives 1, 2, 3, and 5. Pond breaching under
Alternative 4 may affect the community of Eagle River. Loud blasts may result in
complaints of noise and vibration. Range Control regulations require that blasting be
conducted on clear days to reduce sound and pressure impacts. A rigorous community
relations program would be conducted to alert the community of upcoming blasting
activities.

Protection of Workers during Remedial Action. Alternative 1 poses no risks to workers
because it involves no activity. Alternative 2 requires only WP sampling and sedimentation
studies. Alternatives 3, 4, and 5 would require baseline sampling for WP. Alternative 5
involves minimal risks because AquaBlok™ application would be applied either aerially or
in the winter over the frozen flats. In addition, monitoring requirements under Alternative
5 are low. Alternatives 3 and 4 would require high access to the flats for the installation,
removal, and maintenance of pump systems and sublimation/oxidation monitoring
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systems, as well as verification monitoring. All areas where workers would be exposed
would be cleared visually and /or electronically of UXO.

Environmental Impacts. No new environmental impacts would result from Alternatives 1
and 2. Alternative 2 would be limited to WP sampling and installation of
sublimation/oxidation and sedimentation monitoring stations. Environmental impacts
resulting from Alternative 3 would be short term. Temporary draining under Alternative 3
would result in the temporary removal of 6.9 ha of habitat and thus reduced exposure of
waterfowl to WP. Pond habitat would likely reestablish after pump systems are removed
and ponds refill from flooding tides and precipitation. The 6.9 ha of habitat removed under
Alternative 4 would likely be permanent. There is low certainty regarding feasibility and
practicality of restoring a ditch after it has been breached. Pond bottom elevations and
open-water feeding habitat would be altered by application of AquaBlok™ under
Alternatives 3, 4, and 5. Waterfow] food sources would be reduced in the short term, but it
is expected that they will reestablish. AquaBlok™ application may raise pond bottom
elevation. Although no depth measurements have been made specifically at Pond 290,
measurements at the Northern A pond group suggest that Pond 290 is deep. Under
Alternatives 3, 4, and 5, 0.14 ha, 0.10 ha, and 0.90 ha of AquaBlok™ would be applied (as
presented in Table F-15). AquaBlok™ applications under Alternatives 3, 4, and 5 are not
expected to remove all water storage.

Time Until Remedial Action Objectives are Met. Protection of waterfowl, as measured by
RAOs, would be achieved under Alternatives 3, 4, and 5. RAOs would be achieved even if
pond draining is not successful under Alternatives 3 and 4 because pond bottom sediment
that does not dry would be covered with AquaBlok™. The S-year RAO of 50 percent
mortality reduction would not be achieved under Alternatives 1 and 2, and it is unlikely
that the 20-year RAO of 1 percent mortality would be achjeved. These estimates are
presented in Figure F-4.

4.2.6 Implementability

Technical Feasibility. Alternatives 1, 2, 3, 4, and 5 could be easily implemented. Draining

and drying under Alternatives 3 and 4 are expected to be successful at Pond 290 because of
its relatively isolated nature. Pumps may need to be rearranged once the deepest portion of
Pond 290 is exposed, but that should occur within the first 24 hours of pumping. Breaching
under Alternative 4 would lower threshold elevations and result in more frequent flooding.

Administrative Feasibility. No agency coordination difficulties are anticipated under
Alternatives 2, 3, 4, and 5. Coordination of the U.S. Army with the USEPA, ADEC, and
BTAG would be conducted before implementing alternatives. There would be no
coordination needed under Alternative 1.

Availability of Services and Materials. No services are required for Alternative 1. Lack of
commercial laboratories to perform WP sampling affect Alternatives 2, 3, 4, and 5 equally.
Alternatives 3, 4, and 5 all require a specialist firm to coordinate application of AquaBlokT™.
Although the pump system designed for Alternatives 3 and 4 is highly specialized, the
technology is readily available.
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4.2.7 Cost

Capital cost and 10- and 20-year present worth analyses are presented in Table F-15. The
cost of Alternative 4 is less than that of Alternative 3 because the savings from breaching
and purchasing a smaller pump are greater than the cost of a larger pump system. Although
the capital cost of Alternative 5 is greater than that of Alternative 4, the lower O&M costs

under Alternative 5 result in lower present worth costs. Cost assumptions are provided in
Appendix E.

4.2.8 Summary

Alternatives 3, 4, and 5 meet all criteria and would achieve RAOs. All three alternatives can
easily be implemented. The 10- and 20-year present worth costs of Alternative 5 are clearly
less than Alternatives 3 and 4. However, Alternative 5 results in significantly higher
residual risk (0.90 ha). Alternative 4 is the least expensive of the remediation-oriented
alternatives, and would treat the largest quantity of WP. However, this altemative would
result in the permanent removal of 6.9 ha of habitat.

Alternative 3 is the most expensive of all alternatives, but would result in only a small
amount of residual risk. Alternative 3 is expected to perform well at Pond 290 because of
the relative isolated nature of the pond. In addition, waterfowl feeding habitat would not be
permanently removed under Altemative 3; vegetation would likely be restored following
pump removal.

Alternatives 1 and 2 do not meet threshold criteria. They are neither protective of the
environment nor do they achieve location-specific ARARs.

Table F-16 shows the ranking of the alternatives for Pond 290. The alternatives are ranked
according to how well they meet the criteria; the highest ranking alternatives are the best at
meeting each individual criterion.

TABLE F-16
Rariking of Alternatives for Pond 290

Meeting Criteria

Criteria Best Worst
Overall protection of hurnan health 3 5 4 1,2
and the environment
Compliance with ARARs 3,45 1,2 .
Long-term effectiveness and 3,4 52 1
permanence
Reduction of TMV 3,4 5 1,2
Short-term effectiveness 3 5 1,2,4
Implementability 1,2,3,4,5
Cost 1 2 S 4,3
Notes:

1. Each number represents an alternative.
2. The ranking refers to the performance of each altemative under each criterion, High ranking
indicates that the alternative performed well under the individual criterion.
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4.3 Pond 183

The expected performance of each alternative as implemented in Pond 183 is presented in
Table F-17. This assessment is based on pond group characteristics and alternative
properties that are described in Appendix C. This information supports the comparative
analysis of alternatives in this subsection.

4.3.1 Overall Protection of Human Health and the Environment

Alternatives 3, 4, and 5 are all equally protective of public health and the environment, but
result in varying degrees of residual risk, depending on the level of WP
sublimation/oxidation. WP is treated and removed in Alternative 3 and 4. Alternative 5 is
protective in that it blocks exposure of dabbling ducks to WP, but does not remove WP. All
three alternatives involve application of AquaBlok™ in areas where WP is not treated.

TABLE F-17
Performance of Alternatives, Pond 183

Alt 1 &2: Alt 3: Alt 4:
No Action Pumping Breaching,
and/or Detailed and Pumping, and Alt 5:

Monitoring AquaBlok™ AquaBlok™ AquaBlok™
Area of residual risk (ha) 1.0 0.9 0.4 2.9
Area of sediment treated by 1.9 2.0 2.5 -
sublimation/oxidation (ha)
Area of habitat covered by AquaBlok™ -a 0.9 0.4 2.9
(ha)
Area of habitat covered by AquaBlok™ as 0 8.0 3.4 25.0

a percentage of water-bearing habitat in
this pond group (%)

Area of habitat removed by draining (ha) - 11.7 1.7 -
(temporary) (permanent)

Certainty of performance success within low® Moderate Moderate High
5 years of implementation
Costd ($)
Capital

22 000° 397,000 332,000 683,000
10 Year Present Worth 152,0008 635,000 580,000 696,000
20 Year Present Worth 215,000¢8 638,000 582,000 698,000

4 “—"indicates that the technology is not a component of the alternative.
® The total area of water-bearing habitat in this pond group is 11.7 ha.

€ Very low residual risk if guily recession to Pond 183 occurs. However, there is high uncertainty regarding whether
natural breaching would occur.

d Costs are based on aerial application of AquaBlok™.
€ For Alternative 2 only; Altemative 1 has no associated costs.
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Alternative 3 would result in short-term habitat removal. Open-water habitat would be
temporarily removed, thus reducing WP exposure. Alternative 4 would result in permanent
effect on waterfowl feeding habitats in Pond 183. Because the northwest portion of 183 has
contributed to a large percentage of duck deaths at ERF, removal of habitat would achieve
reduction in mortality. There is uncertainty as to the technical implementability of
Alternatives 3 and 4, given the likely hydraulic interconnections between Pond 183 and
Pond 146.

Alternatives 1 and 2 may be protective of the environment, but risk reduction may take
more than 10 to 20 years. During that time, waterfowl would continue to be exposed to WP.
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Measurement of progress would be possible only with Alternative 2. Protection would
likely be achieved by sublimation/oxidation and natural gully recession.

4.3.2 ARARs

No chemical-specific ARARs apply to ERF. Alternatives 3, 4, and 5 meet all action- and
location-specific ARARs. Alternatives 1 and 2 do not meet location-specific ARARs.

4.3.3 Long-term Effectiveness and Permanence

Magnitude of Residual Risk. Residual risk reduction would be greatest under Alternative 4
(0.4 ha remaining), followed by Alternatives 1 and 2 (1.0 ha remaining), followed by
Alternative 3 (0.9 ha remaining), and then Alternative 5 (2.9 ha remaining). Residual risk as -
a result of each alternative is presented in Figure F-5.

Residual risk from Altematives 3 and 4 would equal the drying performance of each
alternative. It is expected that the combination of breaching and pumping in Alternative 4
would be slightly more effective in lowering water levels, promoting drying and thus
fostering WP sublimation/oxidation than under Alternative 3, which involves only
pumping. The summer 1997 pond draining study indicates that Pond 183 can be drained
and dried by pumping regardless of the interconnectiveness between Pond 183 and 146. A
large amount of residual risk may be removed from a small decrease in water levels in Pond
183. High WP contamination has been detected in the pond bottom sediment of the shallow
northwestern portion of Pond 183. Draining may expose this area to promote the
sublimation/oxidation of a large portion of the WP in Pond 183. Although it is unknown if
complete drying and sublimation/oxidation of pond bottom sediments would occur, a large
amount of residual risk could potentially be removed with a small decrease in water level
elevation under Alternatives 3 and 4.

Alternative 5 only provides a barrier between WP and dabbling ducks. ’
Alternatives 1 and 2 may result in high amounts of residual risk, depending on whether
natural gully recession would occur. Protection under these alternatives would, at a
minimum, be through sedimentation and minimal sublimation/oxidation at the perimeter
of Pond 183. There is a potential that gully recession would breach Pond 183 within the next
10 to 15 years, resulting in drainage and possible sublimation/oxidation. Residual risk
would exist in areas that experience sedimentation, but would decrease substantially if
Pond 183 were breached naturally. It was assumed in Figure F-5 that natural gully recession
would not be as successful in fostering sublimation/oxidation as Alternatives 3 and 4.
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Adequacy and Reliability of Controls. With the exception of Alternative 1, all alternatives
have adequate controls and monitoring requirements. ERF-wide activities such as
telemetry, aerial surveys, and aerial photography would determine whether Alternatives 2,
3,4, or 5 meet the mortality RAO. Sedimentation stations would be established under
Alternative 2 to determine the rate of natural restoration achieved. Aerial photographs
would be examined to determine the rate of gully recession. Natural pond breaching and
sedimentation are the most likely natural restoration process to occur in Pond 183. Water
level indicators would be installed under Alternatives 3 and 4 to determine the amount of
water level decline. Sublimation/oxidation stations would be installed to evaluate WP
sublimation/oxidation. AquaBlok™ integrity monitoring would be conducted regularly
under Alternatives 3, 4, and 5. No monitoring is scheduled under Alternative 1.

4.3.4 Reduction in Toxicity, Mobility, and Volume

Likelihood that Treatment Process Addresses Principal Threat. Alternatives 3, 4, and 5 would
block the exposure of waterfowl to WP. Drainage in Alternatives 3 and 4 would lower water
levels and remove feeding habitat, so waterfowl would be less likely to be exposed.
Although there is a high degree of uncertainty regarding whether sediment drying would
be successful under Alternatives 3 and 4, all WP-contaminated sediment that is not treated
would be covered with AquaBlok™. It is very uncertain when natural restoration processes
would occur under Alternatives 1 and 2. Gully recession and sedimentation are the most
likely natural restoration processes; however, the likelihood of gully recession occurring is
currently not known.

Amount of Hazardous Material Destroyed through Treatment. Alternatives 3 and 4 would treat
the largest area of WP-contaminated sediment (2.0 ha and 2.5 ha, respectively) through
water level reduction, pond sediment drying, and sublimation/oxidation. A very small area
of WP-contaminated sediment would be treated by perimeter sublimation/oxidation under
Alternatives 1 and 2, although 2.9 ha of WP-contaminated sediment would be treated if
gully recession were to breach Pond 183. No treatment would occur in Alternative 5.
Estimates of treatment are presented in Table F-17.

Irreversibility. WP sublimation/oxidation under Alternatives 3 and 4 would be irreversible.
AquaBlok™ application under Alternatives 3, 4, and 5 is possibly reversible if the
AquaBlok™ cover is degraded or damaged as a result of weather, tidal action, or
earthquakes. The protection of sedimentation, a natural process under Alternatives 1 and 2,

would also be reversed as a result of damage to the sedimentation layer or from
earthquakes.

Quantity of Risk and Residual Risk. No treatment residuals would be produced by any of the
alternatives.

Statutory Preference for Treatment. Alternatives 3 and 4 meet the statutory preference for
treatment. Alternatives 1, 2, and 5 do not.

4.3.5 Short-term Effectiveness

Protection of the Community during Remedial Action. There are no significant short-term
effects to the community under Alternatives 1, 2, 3, and 5.
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Pond breaching under Alternative 4 may affect the community of Eagle River. Loud blasts
may result in complaints of noise and vibration. Range Control regulations require that
blasting be conducted on clear days to reduce sound and pressure impacts. A rigorous
community relations program would be conducted to alert the community of upcoming
blasting activities.

Protection of Workers during Remedial Action. Alternative 1 poses no risks to workers
because it involves no activity. Altemative 2 requires only WP sampling and sedimentation
studies. Alternatives 3, 4, and 5 would require baseline sampling for WP. Alternative 5
involves minimal risks because AquaBlok™ application would be applied either aerially or
in the winter over the frozen flats. In addition, monitoring requirements under Alternative
5 are low. Alternatives 3 and 4 would require high access to the flats for the installation,
removal, and maintenance of pump systems and sublimation/oxidation monitoring
systems, as well as verification monitoring. Pond 183 may be accessed via the open
burning/open detonation (OB/OD) pad. In addition to helicopter travel, workers may enter
and perform work by foot or boat. All areas where workers would be exposed would be
cleared visually and/or electronically of UXO.

Environmental Impacts. No new environmental impacts would result from Alternatives 1
and 2. Alternative 2 would be limited to WP sampling and installation of
sublimation/oxidation and sedimentation monitoring stations. Environmental impacts
resulting from Alternative 3 would be short term. Temporary draining under Alternative 3 -
would result in the temporary removal of 11.7 ha of habitat and thus reduced exposure of
waterfowl to WP. Pond habitat would likely reestablish after pump systems are removed
and ponds refill from flooding tides and precipitation. The 11.7 ha of habitat removal under
Alternative 4 would be permanent. There is low certainty regarding feasibility and
practicality of restoring a ditch after it has been breached. Pond bottom elevations and
open-water feeding habitat would be altered by application of AquaBlok™ under
Alternatives 3, 4, and 5 (0.9 ha, 0.4 ha, and 2.9 ha, respectively). Waterfowl food sources
would be reduced in the short term, but it is expected that they will reestablish. AquaBlok™
application may significantly raise pond bottom elevations in the western portion of Pond
183, where the pond is more shallow, but adequate water storage would be available in the
eastern portion.

Time Until Remedial Action Objectives are Met. Protection of waterfowl, as measured by
RAOs, would be achieved under Alternatives 3, 4, and 5. RAOs would be achieved even if
pond draining is not successful under Alternatives 3 and 4, because pond bottom sediment
that does not dry would be covered with AquaBlok™. The 5-year RAO of 50 percent
mortality reduction would not be achieved under Alternatives 1 and 2. Because Pond 183
may naturally drain by gully recession, there is a chance that the 20-year RAO of 1 percent
mortality would be achieved. These estimates are presented in Figure F-5.

4.3.6 Implementability

Technical Feasibility. Alternatives 1,2, and 5 could be easily implemented, however only
Alternative 5 would result in protection. The summer 1997 pond draining study indicates
that Pond 183 can be drained and dried by pumping, regardless of the interconnectiveness
between Pond 183 and Pond 146. The hydraulic system of this area is not well understood.
The ponds were connected by a dredged channel in 1996. The certainty of performance
success of each alternative is presented in Table F-13.
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However, because of the topography of the pond bottom, there is a likelihood that a small
lowering of water levels in Pond 183 may result in a large residual risk reduction. The
highest concentrations of WP in Pond 183 are at the northwest portion. This area is also
much shallower than the western portion. Lowering water levels by a small amount may
expose this area sufficiently to promote WP sublimation/oxidation. Pumps may need to be
rearranged once the deepest portion of the pond system is exposed. Breaching under
Alternative 4 would lower threshold elevations and result in more frequent flooding.

Administrative Feasibility. No agency coordination difficulties are anticipated under
Alternatives 2, 3, 4, and 5. Coordination of the U.S. Army with USEPA, ADEC, and BTAG
would be conducted before implementing alternatives. There would be no coordination
needed under Alternative 1.

Availability of Services and Materials. No services are required for Alternative 1. Lack of
commercial laboratories to perform WP sampling affect Alternatives 2, 3, 4, and 5 equally.
Alternatives 3, 4, and 5 all require a specialist firm to coordinate application of AquaBlok™.
Although the pump system designed for Alternatives 3 and 4 is highly specialized, the
technology is readily available.

4.3.7 Cost

Capital cost and 10- and 20-year present worth analyses are presented in Table F-17. The
capital costs of Alternatives 3 and 4 are nearly half the capital cost of Alternative 5.
However, the present worth costs of Alternatives 3, 4, and 5 are comparable. Cost
assumptions are provided in Appendix E.

4.3.8 Summary

Alternatives 3, 4, and 5 meet all criteria and would achieve RAOs. All three alternatives can
be easily implemented. The 10- and 20-year present worth costs of all three alternatives are
comparable. Alternative 4 is least expensive and would result the least amount of residual
risk. However, implementation of Alternative 4 also would result in permanent removal of
11.7 ha of habitat. Alternative 5 is the most expensive technology-oriented alternative, and
implementation of this alternative would result in significantly higher residual risk.

Alternative 3 is the second most expensive of all alternatives, but would result in a small
amount of residual risk. In addition, waterfowl feeding habitat would not be permanently

removed under Alternative 3. Vegetation would likely be restored following pump
removal.

There is a high degree of confidence that Pond 183 could be dried successfully under
Alternative 3. A field-scale pumping treatability study was performed at this pond in
summer 1997 that determined that the hydraulic interconnectiveness between Pond 183 and
adjacent areas was controllable.

Alternatives 1 and 2 do not meet threshold criteria. They are neither protective of the
environment nor do they achieve location-specific ARARs.

Table F-18 shows the ranking of the alternatives for Pond 183. The alternatives are ranked

according to how well they meet the criteria; the highest ranking alternatives are the best at
meeting each individual criterion.
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TABLE F-18
Ranking of Alternatives for Pond 183

Meeting Criteria

Criteria Best Worst

Overall protection of human heaith 3 5 4 1,2
and the environment

Compliance with ARARs 34,5 1,2
Long-term effectiveness and 3 4 52 1
permanence

Reduction of TMV 3,4 5 1,2
Short-term effectiveness 3 5 1,2,4
Implementability 1,2,5 3.4

Cost 1,2 4 3 5
Notes:

1. Each number represents an alternative.
2. The ranking refers to performance under each criterion. High ranking indicates that the
alternative performed well under the individual criterion.

4.4 Pond 146

The expected performance of each alternative as implemented in Pond 146 is presented in
Table F-19. This assessment is based on pond group characteristics and alternative
properties that are described in Appendix C. This information supports the comparative
analysis of alternatives in this subsection.

4.4.1 Overall Protection of Human Health and the Environment

Alternatives 3, 4, and 5 are all equally protective of public health and the environment, but
result in varying degrees of residual risk, depending on the level of WP
sublimation/oxidation. WP is may be treated and removed in Alternative 3 and 4.
Alternative 5 is protective in that it blocks exposure of dabbling ducks to WP, but does not

remove WP. All three alternatives involve application of AquaBlok™ in areas where WP is
not treated. '

Alternative 3 would result in short-term habitat removal. Open-water habitat would be
temporarily removed, thus reducing WP exposure. Alternative 4 would result in permanent
effect on waterfowl feeding habitats in Pond 146. There is high uncertainty as to the
technical implementability of Alternatives 3 and 4, given the hydraulic interconnections
between Pond 183, the Northern C and C/D pond group, and recharge from Clunie Creek.

Alternatives 1 and 2 may be protective of the environment, but risk reduction may take
more than 10 to 20 years. During that time, waterfowl would continue to be exposed to WP.
Measurement of progress would be possible only with Alternative 2. Protection would
likely be achieved by sedimentation.
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TABLE F-19
Performance of Alternatives, Pond 146

Alt 1 &2: Alt 3: Alt 4:
No Action Pumping Breaching,
and/or Detailed and Pumping, and Alt 5:
Monitoring AguaBlok™ AquaBlok™ AquaBlok™
Area of residual risk (ha) 5.0 2.8 1.7 5.0
Area of sediment treated by 0.2 2.4 35 -
sublimation/oxidation (ha)
Area of habitat covered by AquaBlok™ —a 28 1.7 5.0
(ha)
Area of habitat covered by AquaBlok™ as - 17.6 10.7 32.7
a percentage of water-bearing habitat in
this pond group (%)?
Area of habitat removed by draining (ha) - 15.9 15.9
Certainty of performance success within Moderate Low Low High
5 years of implementation
Cost® ($) .
Capital 23,0009 1,422,000 879,000 1,218,000
10 Year Present Worth 155,0009 1,926,000 1,275,000 1,231,000
20 Year Present Worth 218,0004 1,929,000 1,278,000 1,234,000

a

“—" indicates that the technology is not a component of the aiternative.

b The total area of water-bearing habitat in this pond group is 15.9 ha.
¢ Costs are based on aerial application of AquaBlok™.
4 For Alternative 2 only; Alternative 1 has no associated costs.

4.4.2 ARARs

No chemical-specific ARARs apply to ERF. Alternatives 3, 4, and 5 meet all action- and

location-specific ARARs. Alternatives 1 and 2 do not meet location—specific ARARs.

4.4.3 Long-term Effectiveness and Permanence

Magnitude of Residual Risk. Residual risk reduction would be greatest under Alternative 4,
followed by Alternative 3 and then Alternative 5. Remaining residual risk under
Alternatives 3, 4, and 5 are 2.8 ha, 1.7 ha, and 5.0 ha, respectively. Residual risk as a result of
each alternative is presented in Figure F-6.

Residual risk from Alternatives 3 and 4 would equal the drying performance of each
alternative. It is expected that the combination of breaching and pumping in Alternative 4
would be slightly more effective in lowering water levels, promoting drying and thus

fostering WP sublimation/ oxidation, than under Alternative 3, which involves only

pumping. However, the success of draining and drying in Pond 146 is highly questionable.
There is a high degree of uncertainty regarding whether Alternatives 3 and 4 would be
capable of drying pond bottom sediment, because of the interconnectiveness between
Pond 183 and the Northern C and C/D pond group and recharge from Clunie Creek.
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Application of AquaBlok™ under Alternative 5 onlv provides a barrier between WP and
dabbling ducks. Residual risks would not be not be reduced.

Alternatives 1 and 2 may result in high amounts of residual risk (5.0 ha). Protection under
these alternatives would be through sedimentation and minimal sublimation/oxidation at
the perimeter of Pond 146. Residual risk will exist in areas that experience sedimentation.

Adequacy and Reliability of Controls. With the exception of Alternative 1, all alternatives
have adequate controls and monitoring requirements. ERF-wide activities such as
telemetry, aerial surveys, and aerial photography would determine whether Alternatives 2,
3, 4, or 5 meet the mortality RAO. Sedimentation stations would be established under
Alternative 2 to determine the rate of natural restoration achieved. Water level indicators
would be installed under Alternatives 3 and 4 to determine the amount of water level
decline. Sublimation/oxidation stations would be installed to evaluate WP
sublimation/oxidation. AquaBlok™ integrity monitoring would be conducted regularly
under Alternatives 3, 4, and 5. No monitoring is scheduled under Alternative 1.

4.4.4 Reduction in Toxicity, Mobility, and Volume

Likelihood that Treatment Process Addresses Principal Threat. Altemnatives 3, 4, and 5 would
reduce risk of waterfowl exposure to WP. Drainage in Alternatives 3 and 4 would lower
water levels and remove feeding habitat, so waterfowl would be less likely to be exposed.
WP would sublimate /oxidize in areas that do dry. Although there is a high degree of
uncertainty regarding whether sediment drying would be successful under Alternatives 3
and 4, all WP- contaminated sediment that is not treated would be covered with
AquaBlok™. It is very uncertain when natural restoration processes would occur under
Alternatives 1 and 2. Sedimentation is the most likely natural restoration process. The rate
of deposition is currently not known.

Amount of Hazardous Material Destroyed through Treatment. Alternatives 3 and 4 would treat
the largest area of WP-contaminated sediment (2.4 ha and 3.5 ha, respectively), through
water level reduction, pond sediment drying, and sublimation/oxidation. A very small area
of WP-contaminated sediment would be treated by perimeter sublimation/oxidation under
Alternatives 1 and 2. No treatment would occur in Alternative 5. Estimates of treatment are
presented in Table F-19.

Irreversibility, WP sublimation/oxidation under Alternatives 3 and 4 would be irreversible.
AquaBlok™ application under Alternatives 3, 4, and 5 would be reversible if the
AquaBlok™ cover is degraded damaged as a result of weather, tidal action, or earthquakes.
The protection of sedimentation, a natural process under Alternatives 1 and 2, would be
reversed as a result of damage to the sedimentation layer or from earthquakes.

Quantity of Risk and Residual Risk. No treatment residuals would be produced by any of the
alternatives.

Statutory Preference for Treatment. Alternatives 3 and 4 meet the statutory preference for
treatment. Alternatives 1, 2, and 5 do not.
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4.4.5 Short-term Effectiveness

Protection of the Community during Remedial Action. There are no significant short-term
effects to the community under Alternatives 1, 2, 3, and 5. Pond breaching under
Alternative 4 may affect the community of Eagle River. Loud blasts may result in
complaints of noise and vibration. Range Control regulations require that blasting be
conducted on clear days to reduce sound and pressure impacts. A rigorous community
relations program would be conducted to alert the community of upcoming blasting
activities.

Protection of Workers during Remedial Action. Alternative 1 poses no risks to workers
because it involves no activity. Alternative 2 requires only WP sampling and sedimentation
studies. Alternatives 3, 4, and 5 would require baseline sampling for WP. Alternative 5
involves minimal risks because AquaBlok™ application would be applied either aerially or
in the winter over the frozen flats. In addition, monitoring requirements under Alternative
5 are low. Alternatives 3 and 4 would require high access to the flats for the installation,
removal, and maintenance of pump systems and sublimation/oxidation monitoring
systems, as well as verification monitoring. Pond 146 may be accessed via OB/OD pad. In
addition to helicopter travel, workers may enter and perform work by foot or boat. All areas
where workers would be exposed would be cleared visually and/or electronically of UXO.

Environmental Impacts. No new environmental impacts would result from Alternatives 1
and 2. Alternative 2 would be limited to WP sampling and installation of
sublimation/oxidation and sedimentation monitoring stations. Environmental impacts
resulting from Alternative 3 would be short term. Temporary draining under Alternative 3
would result in the temporary removal of 15.9 ha of habitat and thus reduced exposure of
waterfowl to WP, Pond habitat would likely reestablish after pump systems are removed
and ponds refill from flooding tides and precipitation. The 15.9 ha of habitat removal under
Alternative 4 would be permanent. In addition, breaching of Pond 146 would have a
significant effect on the whole eastern side of ERF because of the interconnectiveness of the
ponds, especially along shore. It will also affect flooding of ERF. There is low certainty
regarding feasibility and practicality of restoring a ditch after it has been breached. Pond
bottom elevations and open-water feeding habitat would be altered by application of
AquaBlok™ under Alternatives 3, 4, and 5. Under Alternatives 3, 4, and 5, 2.8 ha, 1.7 ha,
and 5.2 ha, respectively, of AquaBlok™ would be applied, as presented in Table F-19.
Waterfowl food sources would be reduced in the short term, but it is expected that they will
reestablish. AquaBlok™ application may significantly raise pond bottom elevations in the
western portion of Pond 146, where the pond is more shallow. Water storage and feedihg
habitats are not expected to be altered significantly in the eastern portion of Pond 146,
where pond depth is approximately 0.7 m.

Time Until Remedial Action Objectives are Met. Protection of waterfowl, as measured by
RAOs, would be achieved under Alternatives 3, 4, and 5. RAOs would be achieved even if
pond draining is not successful under Alternatives 3 and 4 because pond bottom sediment
that does not dry would be covered with AquaBlok™. The 5-year RAO of 50 percent
mortality reduction would not be achieved under Alternatives 1 and 2. Because of
sedimentation, there is potential that the 20-year RAO of 1 percent mortality would be
achieved. The estimates are presented in Figure F-6.
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4.4.6 Implementability

Technical Feasibility. Alternatives 1, 2, and 5 could be easily implemented; however, only
Alternative 5 would result in protection. It is uncertain whether pond draining and drying
under Alternatives 3 and 4 would be would be successful in Pond 146 because of the
interconnectiveness between Pond 183 and the Northern C and C/D pond group. In
addition, recharge from Clunie Creek may impede the drying process even if water levels
decline through drainage. The hydraulic system of this area is not well understood. Pumps
may need to be rearranged once the deepest portion of the pond system is exposed.
Breaching under Alternative 4 would lower threshold elevations and result in more

frequent flooding. The certainty of alternative performance success is presented in
Table F-19.

Administrative Feasibility. No agency coordination difficulties are anticipated under
Alternatives 2, 3, 4, and 5. Coordination of the U.S. Army with USEPA, ADEC, and BTAG
would be conducted before implementing alternatives. There would be no coordination
needed under Alternative 1.

Availability of Services and Materials. No services are required for Alternative 1. Lack of
commercial laboratories to perform WP sampling affect Alternatives 2, 3, 4, and 5 equally.
Alternatives 3, 4, and 5 all require a specialist firm to coordinate application of AquaBlok™.
Although the pump system designed for Alteratives 3 and 4 is highly specialized, the
technology is readily available.

44.7 Cost

Capital cost and 10- and 20-year present worth analyses are presented in Table F-19. The
capital cost of Alternative 4 is less than Alternatives 3 and 5. However, the low O&M costs

of Alternative 5 make it comparable with Alternative 4. Cost assumptions are provided in
Appendix E.

4.4.8 Summary

Alternative 5 meets all criteria and would achieve RAOs. This alternative can easily be
implemented by air or truck. Alternative 5 would result in AquaBlok™ coverage of

33 percent of the water-bearing habitat in this pond group. However, because of the natural
topography and previous dredge operations, Pond 146 is deep (>0.7 m) in certain sections
and water-storage capacity is not expected to be severely impeded. AquaBlok™ application
is expected to be successful in blocking waterfowl exposure to WP-contaminated sediment.
However, by providing a barrier over WP-contaminated sediment, Alternative 5 also would
result in the highest amount of remaining residual risk. Alternative 5 is the second most
expensive alternative. Air application costs are presented in Table F-19. Because of the
proximity of Pond 146 to OB/OB pad, it is likely that AquaBlok™ may be also applied by
slurry with the existing retention basin and conveyance system. Slurry application has not
been evaluated in this FS because of lack of implementation information. However, slurry
application is worth investigating.

Alternatives 3 and 4 meet all criteria. However, drying under these alternatives is not
expected to be successful because of interconnectiveness between adjacent water bodies and
recharge from Clunie Creek. Alternative 4 is the least expensive of the three treatment
alternatives and it may reduce the most amount of residual risk, but it would result in the
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permanent drainage of a minimum of 15.9 ha of water-bearing landcover. Depending on the
hydraulic interconnectiveness, areas of the Northern C and C/D pond group may also
drain. Alternative 3 would affect habitat the least, but is the most expensive option and
there is a very strong possibility that water level reduction and drying would not be
successful. Regardless of drying performance, Alternatives 3 and 4 would stll be protective
because AquaBlok™ would be applied to all areas of hot ponds that do not dry.

Alternatives 1 and 2 do not meet threshold criteria. They are neither protective of the
environment nor do they achieve location-specific ARARs.

Table F-20 shows the ranking of the alternatives for Pond 146. The alternatives are ranked
according to how well they meet the criteria; the highest ranking alternatives are the best at
meeting each individual criterion.

TABLE F-20
Ranking of Alternatives for Pond 146

Meeting Criteria

Criteria ' Best Worst
Overall protection of human health 3 5 4 1,2
and the environment
Compliance with ARARs 3.4,5 1,2
Long-term effectiveness and 3.4, 52 1
permanence
Reduction of TMV 3.4 5 1,2
Short-term effectiveness 3.5 12,4
Implementability 1,25 3.4
Cost 1,2 5 4 3
Notes:

1. Each number represents an alternative.
2. The ranking refers to performance under each criterion. High ranking indicates that the
alternative performed well under the individual criterion,

4.5 Northern C and C/D Pond Group

The expected performance of each alternative as implemented in the Northern C and C/D
group is presented in Table F-21. This assessment is based on pond group characteristics
and alternative properties that are described in Appendix C. This information supports the
comparative analysis of alternatives in this subsection.

4.5.1 Overall Protection of Human Health and the Environment

Altematives 3, 4, and 5 are all equally protective of public health and the environment, but
result in varying degrees of residual risk, depending on the level of WP
sublimation/oxidation. WP is treated and removed in Alternatives 3 and 4. Alternative 5 is
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TaBLE F-21

Performance of Alternatives, Northern C and C/D Pond Group

Alt1 &2: Alt 3: Alt 4:
No Action Pumping Breaching,
and/or Detailed and Pumping, and Alt 5;
Monitoring AgquaBlok™ AquaBlok™ AquaBlok™
Area of residual risk (ha) 3.5 2.2 1.5 37
Area of sediment treated by 0.2 15 2.2 -
sublimation/oxidation (ha)
Area of habitat covered by AquaBlok™ —a 2.2 1.5 3.7
(ha)
Area of habitat covered by AquaBlok™ as - 29 10.1 49
a percentage of water-bearing habitat in
this pond group (%)P
Area of habitat removed by draining (ha) - 74.9 749 -
(temporary) (permanent)
Certainty of perfformance success within Moderate Low Low High
5 years of implementation
Cost® ($)
Capital 52,0009 3,618,000 2,432,000 896,000
10 Year Present Worth 268,000 5,338,000 3,761,000 941,000
20 Year Present Worth 362,000 5,346,000 3,765,000 952,000

4 “—*indicates that the technology is not a component of the alternative.

b The total area of water-bearing habitat in this pond group is 74.9 ha.
¢ Costs are based on aerial application of AquaBlok™.
d For Alternative 2 only; Alternative 1 has no associated costs.

protective in that it blocks exposure of dabbling ducks to WP, but does not remove WP. All
three alternatives involve application of AquaBlok™ in areas where WP is not treated.

Alternative 3 would result in short-term habitat removal. Open-water habitat would be
temporarily removed, thus reducing WP exposure. Alternative 4 would result in permanent
effect on waterfowl feeding habitats in a large area of uncontaminated ponds. There is -
uncertainty as to the technical implementability of Alternatives 3 and 4, given the
hummocky topography and recharge from the eastern bluffs.

Alternatives 1 and 2 may be protective of the environment, but risk reduction may take
more than 10 to 20 years. During that time, waterfowl would continue to be exposed to WP.
Measurement of progress would be possible only with Alternative 2. Protection would
likely be achieved by sublimation/oxidation.

4.5.2 ARARs

No chemical-specific ARARs apply to ERF. Alternatives 3, 4, and 5 meet all action- and
location-specific ARARs. Alternatives 1 and 2 do not meet location-specific ARARs.
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4.5.3 Long-term Effectiveness and Permanence

N

Magnitude of Residual Risk. Residual risk reduction would be greatest under Alternative 4, b
followed by Alternative 3 and then Alternative 5. Remaining residual risk under
Alternatives 3, 4, and 5, would be 2.2 ha, 1.5 ha, and 3.7 ha, respectively. Residual risk as a

result of each alternative is presented in Figure F-7.

Residual risk from Alternatives 3 and 4 would equal the drying performance of each
alternative. It is expected that the combination of breaching and pumping in Alternative 4
would be more effective in lowering water levels, promoting drying and thus fostering WP
sublimation/oxidation than Altemative 3, which involves only pumping. However,
draining and drying in the Northern C and C/D pond group are not expected to be very
successful under Alternatives 3 and 4 because of the high level of pond interconnectiveness
and recharge from the eastern bluffs. Therefore, residual risk under Alternatives 3 and 4
will still be high, but not as high as under Alternative 5. Alternative 5 only provides a
barrier between WP and dabbling ducks.

Alternatives 1 and 2 would likely result in high amounts of residual risk (3.5 ha). Protection
under these alternatives would be through sedimentation and minimal
sublimation/oxidation at the perimeters of the ponds. Residual risk will exist in areas that
experience sedimentation.

Adequacy and Reliability of Controls. With the exception of Alternative 1, all alternatives
have adequate controls and monitoring requirements. ERF-wide monitoring such as
telemetry, aerial surveys, and aerial photography would determine whether Alternatives 2,
3, 4, or 5 meet the mortality RAO. Sedimentation stations would be established under
Alternative 2 to determine the rate of natural restoration achieved. Sedimentation is the
most likely natural restoration process to occur in the Northern C and C/D pond group.
Water level indicators would be installed under Alternatives 3 and 4 to determine the
amount of water level decline. Sublimation/oxidation stations would be installed to
evaluate WP sublimation/oxidation. AquaBlok™ integrity monitoring would be conducted
regularly under Alternatives 3, 4, and 5. No monitoring is scheduled under Alternative 1.

4.5.4 Reduction in Toxicity, Mobility, and Volume

Likelihood that Treatment Process Addresses Principal Threat. Alternatives 3, 4, and 5 would
block the exposure of waterfowl to WP. Drainage in Alternatives 3 and 4 would lower water
levels and remove feeding habitat, so waterfowl would be less likely to be exposed. WP
would sublimate/oxidize in areas that dry. Although drying under Alternatives 3 and 4 is
expected to be marginal, all WP-contaminated sediment that is not treated would be
covered with AquaBlok™. It is very uncertain when natural restoration processes would
occur under Alternatives 1 and 2. Sedimentation is the most likely natural restoration
process. Deposition is expected to be high in the Northern C and C/D pond group;
however the rate of deposition is currently not known.

Amount of Hazardous Material Destroyed through Treatment. Alternatives 3 and 4 would treat
the largest area of WP-contaminated sediment (1.5 ha and 2.2 ha, respectively), through
water level reduction, pond sediment drying, and sublimation/oxidation. A very small area
of WP-contaminated sediment would be treated by perimeter sublimation/oxidation under
Alternatives 1 and 2. No treatment would occur in Alternative 5. Estimates of treatment are
presented in Table F-21.
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Irreversibility, WP sublimation/oxidation under Alternatives 3 and 4 would be irreversible.
AquaBlok™ application under Alternatives 3, 4, and 5 is possibly reversible if the
AquaBlok™ cover is degraded or damaged as a result of weather, tidal action, or
earthquakes. Sedimentation, a natural process under Alternatives 1 and 2, would also be
reversed as a result of damage to the sedimentation layer or from earthquakes.

Quantity of Risk and Residual Risk. No treatment residuals would be produced by any of the
alternatives.

Statutory Preference for Treatment. Alternatives 3 and 4 meet the sta
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treatment. Alternatives 1,2, and 5 do not.

4.5.5 Short-term Effectiveness

Protection of the Community during Remedial Action. There are no significant short-term
effects to the community under Alternatives 1, 2, 3, and 5. Pond breaching under
Alternative 4 may affect the community of Eagle River. More than 800 meters of blasted
ditch would be required under this alternative. Loud blasts may result in complaints of
noise and vibration. Range Control regulations require that blasting be conducted on clear
days to reduce sound and pressure impacts. Blasting would also be conducted over a series
of 7 to 8 days to minimize the extent of daily nuisance. A rigorous community relations
program would be conducted to alert the community of upcoming blasting activities.

Protection of Workers during Remedial Action. Alternative 1 poses no risks to workers
because it involves no activity. Alternative 2 requires only WP sampling and sedimentation
studies. Alternatives 3, 4, and 5 would require baseline sampling for WP. Alternative 5
involves minimal risks because AquaBlok™ application would be applied either aerially or
in the winter over the frozen flats. In addition, monitoring requirements under Alternative
5 are low. Alternatives 3 and 4 would require frequent access to the flats for the installation,
removal, and maintenance of pump systems and sublimation/oxidation monitoring
systems, as well as verification monitoring. Access to some ponds may be eased by truck
travel on the road that leads to the eastern bluffs. All areas where workers would be
exposed would be cleared visually and/or electronically of UXO.

Environmental Impacts. No new environmental impacts would result from Alternatives 1
and 2. Alternative 2 would be limited to WP sampling and installation of
sublimation/oxidation and sedimentation monitoring stations. Environmental impacts
resulting from Alternative 3 would be short term. Temporary draining under Alternative 3
would result in the temporary removal of 74.9 ha of habitat and thus reduced exposure 6f
waterfowl to WP. Pond habitat would likely reestablish after pump systems are removed
and ponds refill from flooding tides and precipitation. The 74.9 ha of habitat removal under
Alternative 4 would likely be permanent. A large area of uncontamjnated open water and
sedge marsh in Areas C, C/D, and D would be permanently removed as habitat under
Alternative 4. There is low certainty regarding feasibility and practicality of restoring a
ditch after it has been breached. Pond bottom elevations and open-water feeding habitat
would be altered by application of AquaBlok™ under Alternatives 3, 4, and 5. Under
Alternatives 3, 4, and 5, 2.2 ha, 1.5 ha, and 3.7 ha, respectively, of AquaBlok™ would be
applied (as presented in Table F-21). Waterfowl food sources would be reduced in the short
term, but it is expected that they will reestablish. AquaBlok™ application may significantly
raise pond bottom elevations in the western ponds in the Northern C and C/D pond group.
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Ponds along the bluff are deep, and feeding habits of waterfowl in these ponds would not
likely be affected by the application of AquaBlok™. Under Alternative 5, only 10 percent of
the water-bearing habitat in this portion of ERF would be covered with AquaBlok™.

Time Until Remedial Action Objectives are Met. Protection of waterfowl, as measured by
RAOs, would be achieved under Alternatives 3, 4, and 5. Under Alternatives 3 and 4, RAOs
would be achieved even if pond draining were not successful because pond bottom
sediment that does not dry would be covered with AquaBlok™. The 5-year RAO of 50-
percent mortality reduction would not be achieved under Alternatives 1 and 2. Because of
the expected high sedimentation rates in the Northern C and C/D pond group, there is a
chance that the 20-year RAO of 1 percent mortality would be achieved. These estimates are
presented in Figure F-7.

4.5.6 Implementability

Technical Feasibility. Alternatives 1, 2, and 5 could be easily implemented; however, only
Alternative 5 would result in protection. It is uncertain whether pond draining and drying
under Alternatives 3 and 4 would be successful in the Northern C and C/D pond group
because of the hummocky topography and recharge from the eastern ERF bluffs. The
hydraulic system of the Northern C and C/D pond group is not well understood. The
ponds in this group are interconnected, with large areas of open water and sedge marsh in
Areas C, C/D, and D. Ponds in these areas have varying pond bottom elevations. Some
ponds may contain water despite continued pumping. As mentioned previously, draining
this pond group would require the draining of large areas of clean ponds. Alternative 4 may
be more successful than Alternative 3 in reducing water levels in the hot ponds because of
the breaching and quick water level reduction of the Area D Pond. Pumps may need to be
rearranged once the deepest portion of the pond system is exposed. Breaching under
Alternative 4 would lower threshold elevations and result in more frequent flooding.

Administrative Feasibility. No agency coordination difficulties are anticipated under
Alternatives 2, 3, 4, and 5. Coordination of the U.S. Army with the USEPA, ADEC, and
BTAG would be conducted before implementing alternatives. There would be no
coordination needed under Alternative 1.

Availability of Services and Materials. No services are required for Alternative 1. Lack of
commercial laboratories to perform WP sampling affect Alternatives 2, 3,4, and 5 equally.
Alternatives 3, 4, and 5 all require a specialist firm to coordinate application of AquaBlok™.
Although the pump system designed for Alternatives 3 and 4 is highly specialized, the
technology is readily available.

45,7 Cost

Capital cost and 10- and 20-year present worth analyses are presented in Table F-21. The
costs of Alternative 4 is less than that of Alternative 3 because breaching of the Area D Pond
would result in fewer pump systems to purchase, install, and maintain. However,
Alternative 5 is clearly the least costly. Cost assumptions are provided in Appendix E.

4.5.8 Summary

Alternative 5 meets all criteria and would achieve RAOs. This alternative can be easily
implemented by air or truck. Alternative 5 would result in AquaBlok™ coverage of only
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5 percent of the water-bearing habitat in this pond group. AquaBlok™ application is
expected to be successtul in blocking waterfow] exposure to WP-contaminated sediment.
However, by providing a barrier over WP-contaminated sediment, Alternative 5 would also
result in the highest amounts of remaining residual risk. Alternative 5 is the least expensive
alternative of all three remediation-oriented alternatives. Aerial application costs are
presented in Table F-19.

Alternative 3 and 4 meet all criteria. However, drying under these alternatives is not
expected to be successful because of the large area of open water around the Northern C
and C/D hot ponds and recharge from the eastern bluffs. Draining under Alternative 4 may
be marginally successful. Breaching of the Area D pond may limit inflow from Area D, but
this also would result in the permanent removal of 74.9 ha of habitat (most of which is not
contaminated). Because of the large volume of water to be removed, Alternatives 3 and 4

Alternatives 1 and 2 do not meet threshold criteria. They are neither protective of the
environment nor do they achieve location-specific ARARs.

Table F-22 shows the ranking of the alternatives for the Northern C and C/D pond group.
The alternatives are ranked according to how well they meet the criteria; the highest
ranking alternatives are the best at meeting each individual criterion.

TABLE F-22
Ranking of Alternatives for the Northern C and C/D Pond Group

Meeting Criteria

Criteria Best Worst
Overall protection of human health 5 3,4 1.2
and the environment
Compliance with ARARs 3,45 1,2
Long-term effectiveness and 3.4, 52 1
permanence
Reduction of TMV 3.4 5 1,2
Short-term effectiveness 3 5 1,2,4
Implementability 1,2,5 4 3 .
Cost 1.2 5 4 3
Notes:

1. Each number represents an altemative.

2. The ranking refers to performance under each criterion. High ranking indicates that the
alternative performed well under the individual criterion.
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Monitoring Strategy and Implementation

Eagle River Flats (ERF) is a large and dynamic environment. The proposed remedial
alternatives (discussed in Appendix C) achieve protection of the environment by acting on
different parts of the exposure pathway (for example, reduction in the amount of white
phosphorus [WP] or blocking access to the contaminant). The monitoring strategy also
anticipates that the remediation of ERF will take several years. This appendix describes the
monitoring program for observing specific changes at ERF over time and outlines how data
will be collected and analyzed to determine when remediation activities can conclude
because the remediation objectives have been achieved.

The first section of this appendix describes the remedial action objectives (RAQs). Section 2
describes how the achievement of the RAOs will be monitored and assessed for each
remedial alternative. Section 3 describes the components of the ERF Remediation
Geographical Information Systern (RGIS), which will be used to store and retrieve
information to analyze progress toward the attainment of the RAOs. The appendix
concludes with a summary of the overall monitoring program. The attachment provides an
overview of the monitoring methods applied in this appendix.

1.0 Remedial Action Objectives

As introduced in the Operable Unit C (OUC) remedial investigation (RI) report (CH2ZM
HILL, 1997), the overall remedial objective at ERF is the protection of the environment and
human health. There are three specific RAOs (Figure G-1):

1. Reduce dabbling duck mortality. This RAO addresses the single most important issue
associated with WP contamination. Because dabbling ducks have been the most
affected, their mortality rate will be assessed specifically in support of the achievement
of this goal. The specific objective in 5 years is to reduce the mallard mortality rate by
50 percent compared to the value in 1996. The objective in 20 years is to reduce that
mortality rate to no more than 1 percent above the reference value.

2. Reduce hot zones. This RAO supplements the RAO for duck mortality. The number of
hectares (ha) characterized as “hot” (that is, areas believed to have relatively high
environmental risk) will be used to measure this objective. In general, a hot zone will be
determined by a combination of duck mortality, WP concentrations or quantity, duck
usage, and crater density. The specific objective is to reduce hot zones by 50 percent in

5 years and by 99 percent in 20 years compared to the hectares of hot ponds in January
1996.

3. Reduce WP exposure pathway. This RAO will measure the success of remedial actions.
It is technology specific and designed to provide near-term feedback on the success of a
specific remedial action performed at a specific area. The specific objective is no
bioavailable WP for dabbling ducks and swans.
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The achievement of the RAOs is assessed independently because the specific objectives are
not necessarily correlated. For example, it is unknown whether a certain percentage decline
in the area of the hot zones will result in a corresponding decrease in the dabbling duck
mortality. Thus, RAO number 1 is of primary importance because its achievement provides
the desired long-term protection of the environment and it also covers the entire ERF. If the
dabbling duck mortality is reduced to 1 percent above the reference value (which is the
20-year objective in RAO number 1), and at least 50 percent of the currently identified hot
zones have been treated (which is the minimum level of the 5-year objective in RAO
number 2), then remediation may be terminated. It is then unnecessary to meet the
remaining objectives of RAO numbers 2 and 3. It is possible that RAO numbers 2 and 3 will
be achieved even if RAO number 1 has not been met. This possibility identifies the potential
need to reconsider areas defined as hot zones (see Section 2.2). Because dabbling duck
mortality in RAO number 1 is used as an indicator of the overall protection of the
environment, additional species and effects will be considered as additional indicators for a
remediation goal following the achievement of RAO number 1.

2.0 Monitoring Strategies

The following sections discuss the monitoring strategies to be used to measure progress
toward achieving each RAQO.

2.1 Monitoring of Dabbling Duck Mortality

Monitoring described in this section will be performed for Altemnatives 2 through 5. The
achievement of the first RAO will be measured by using radio telemetry of duck activity,
based on the methods and conditions previously described (Cummings, ef al., in Collins et
al., 1997; and Cummings et al. in Racine ef al., 1996). Mallards have been chosen as the
indicator species because they are one of the dominant species of dabbling ducks present
during the fall and are susceptible to WP toxicity.

Radio telemetry devices will be attached to 100 to 150 mallards during the fall migration
season. Depending on the specific study objectives each year, mortality transmitters can be
used to record only mortality, and activity transmitters can be used to record daily
movements of the birds. Although it requires more personnel time per bird, activity :
transmitters can show what areas the birds prefer, and possibly also where they were when
they ingested a lethal dose of WP. The mortality transmitters emit a signal only when the
bird has remained motionless for a set period of time, indicating that it has died.-Activity
transmitters also can track bird mortality because recordings of their positions will show a
lack of movement over a few days, indicating that death has probably occurred. The birds
will be released in the same areas in which they were captured. The positions of the birds
will be recorded each day, or only as needed for those with mortality transmitters. The
mortality rate will be determined by dividing the number of mallards that die from WP
exposure during the measurement intervals (typically about 2 months) by the number of
mallards in the study.

The current estimates of the ERF mallard and reference mortality rates are 35 and 3 percent,
respectively. The confidence limit on the mortality rate is about +8 percentage points. These
values may be revised as new data become available. Injuries and deaths to the mallards
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during handling and deaths of tagged birds from non-WP causes also should be recorded to
improve the understanding of the reference mortality rate.

Ducks are susceptible to other diseases that also may cause a high mortality rate. Necropsy
and laboratory analyses will be used to confirm the cause of deah. An attempt will be made
to locate the tagged birds that die at ERF and ship them to an analytical lab for sampling
and WP analysis of the gastrointestinal tract. If WP is detected ir- this tissue, it will be
assumed that the duck died from WP toxicity.

Because the mortality rate may be highly variable from year to year, an annual change may
or may not be significant. Several years of data may be necessary to detect a significant
effect and to confirm that the RAO has been met. Trends and appropriate statistical
analyses will be necessary to determine whether any changes are significant.

An annual report will discuss the methods and observed mortality during that year’s study
(including birds lost from handling and predation); turnover rate; and results of the WP
analysis of tissue samples. The report also will include a discussion of the implications of
numbers and trends of birds observed in aerial surveys and photographs, and compare the
results with previous years.

The 1996 telemetry data in the ERF RGIS for the 49 mallards with activity transmitters
showed that 2,258 locations were determined for the birds over 2 months. The intervals
between location records of individual birds are shown in Table G-1. The 3-day and 4-day
intervals between locations are because no data were collected over weekends, including
the long Labor Day weekend.

TABLE G-1
1996 Telemetry Data for 49 Mallards with Activity Transmitters

Approximate Number of Telemetry Locations for

Days Between Location Determinations Individual Birds (%)
<1 43
1 43
3 10
4 2
Other 2 ’

These long periods between determinations have negated the ability to use the data to
determine where ducks that die during the telemetry study were just before death, which
might represent the location where they received the lethal dose. An intensive, 24-hour-per-
day observation period for 2 weeks in September is proposed to try to identify areas
contributing lethal doses.

Aenal surveys of bird populations are also proposed at ERF. The objective of these surveys
is to monitor the magnitude and changes in the size and timing of the bird migration. This
will assist in understanding the context of the telemetry results within ERF and the Upper
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Cook Inlet (UCI). The methods for the aerial bird population survey have been described by
Eldridge (in Racine et al., 1995, 1996).

2.2 Evaluating Hot Zones

The evaluation described in this section will be performed for Alternatives 2 through 5.
Twenty-two hot ponds were identified in the OUC RI report (CH2M HILL, 1997). These
were identified on the basis of information available on duck mortality, WP concentrations,
craters, pond type (currently, only permanent ponds have been chosen), and usage by
ducks. They are shown in Figure G-2 and the characteristics of the ponds that are subjects of
this feasibility study (FS) are summarized by pond groups in Table G-2.

In the Northermn A Ponds, the greatest number of WP sample locations are around Ponds
246, 256, and 258, but only 5 of the 42 locations (12 percent) have detected concentrations of
WP, and they are scattered across the three ponds. Pond 226 has 12 sediment sample
locations, mostly in the northern half, and only 1 had a detected concentration of WP. The
pond sediment samples were at an elevation of 3.75 to 4.67 meters (m) mean sea level (msl).

Pond 290, which also is in Area A, has a pond area of only 0.9 ha. Of the six WP sediment
sample locations, only one (17 percent) had a detected concentration of WP, located in the
northwestern part of the pond. No sediment elevation data are available.

Pond 183, which is in Area C, has a pond area of 2.9 ha. Of the 219 sediment sample
locations, 166 (76 percent) had detected WP. Most of the sample locations are in the
northern half of the pond. The detected concentrations are scattered around the northern
half, and there are a few in the southern half. Sediment sample elevations range from 4.39 to
4.91 m (msl).

Pond 146 also is in Area C and has an area of 5.5 ha. Itis a long, generally narrow pond
with its southern section having an eastern border with the open burning/open detonation
pad (OB/OD Pad). Most of the sampling has been in the southern and middle parts of the
pond. Of the 68 sample locations, 20 (30 percent) had detected WP. The sediment sample
elevations were at elevations of 4.06 to 4.65 m (msl).

The Northem C and C/D Pond group consists of eight ponds with a total area of 3.6 ha.
Only Pond 40 has had WP sediment sampling. Of the 30 sample locations, only

4 (13 percent) had detectable WP, and these are located in the northwestern and
southwestern parts of the pond. The available sediment elevation data for the pond group
come from this pond, and the range was from 3.95 to 5 m (msl).

Because sediment sampling and WP analysis have not been performed in all hot ponds and
available data often suggest low WP concentrations, it is possible that some identified hot
ponds may not have significant quantities of WP. Baseline WP sampling (discussed in
Attachment 1) before treatment may determine that WP is not present at significant levels,
and therefore no further action is required.

A few of the 22 hot ponds already have undergone some treatment. The total area of the
22 hot ponds is 23 ha, based on data from early 1995. The total area of ponds treated as of
early 1997 includes Pond 285 (0.4 ha), treated with AquaBlok™ in 1994; Pond 109 (3.3 ha),
which was breached in 1996; portions (0.3 to 0.6 ha) of Pond 146 that were dredged in 1995
and 1996; Pond 183 (2.9 ha), which was pumped in 1997; and Ponds 293 and 297
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TABLE G-2
Summary of Hot Pond Groups
Number of WP Number of Range of
Sediment Sediment Sample Detected WP Elevation
Size Sample Locations with Concentrations Range

Pond Group Pond ID (ha) Locations Detected WP (ng/g) (msl, m)
Northern A 138 0.9 0

208 0.8 1 0

226 0.5 12 1 0.0002

228 0.7 2 0

246 0.8 8 0

256 0.4 5 1 0.00617

258 1.7 29 4 0.00057-0.00109
Pond Group 7 ponds 5.8 57 6 0.0002 - 0.00617 3.75 - 4.67
Total
Pond 290 0.9 6 1 0.00075 no data
Pond 183 2.9 219 166 0.0002-58 4.39 - 4.9
Pond 146 5.5 68 20 0.0008-70,12 4.06 - 4.65
Northern C 0
and C/D 129 0.3

145 0.1 0

155 0.4 0

40 1.8 30 4 0.003-0.01208

49 0.4 0

85 0.4 0

93 0.09 0

12 02 0
Pond Group 8 ponds 36 30 4 0.003-0.01208 395-5

Total

3Before dredging.
Notes:
1D = identification

ug/g = micrograms per gram

G6
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(0.63 ha), which were breached in 1997. The total treated area is about 8 ha. Although
treatment verification studies have not been performed at some of these ponds, treatment
actions taken since early 1996 potentially may have reduced the area of the hot ponds by
16 percent.

Progress toward achieving the objective of reducing hot zones by 50 percent in 5 years and
by 99 percent in 20 years is accepted when verification sampling demonstrates that
treatment goals have been reached at treated hot ponds. The area of the identified hot pond
with demonstrated achievement of the treatment objective is no longer added into the total
area of hot ponds.

Additional sampling to discover additional hot ponds may be necessary if the hot zone
RAQ is achieved but the dabbling duck mortality RAQ is not. This would mean that there
are additional areas contributing substantial WP exposure to dabbling ducks and swans.
Current candidates for potential future designation as hot ponds are the intermittent ponds
identified in Table 10-6 of the OUC RI report (CH2M HILL, 1997). The identification
numbers and size of these intermittent ponds are summarized in Table G-3. These ponds
have characteristics similar to the hot ponds, except that it is currently believed likely that
detectable WP is not present because intermittent ponds have been frequently dry, leading
to conditions appropriate for the sublimation/oxidation of WP. This hypothesis has not
been verified, but could be by using the baseline WP sampling method discussed in the
Attachment. Extensive sampling in new areas at ERF has not been justified yet because of
the high cost and the presence of unexploded ordnance (UXO).

Another source of potential hot spot ponds is the many very small ponds and open pools
within the bulrush-sedge marsh area of Northern C and especially C/D. Most of these
ponds are less than 0.1 ha in size and have not been sampled for WP. These small ponds are
favorite loafing areas and, to a lesser degree, feeding areas, especially for mallards (Walsh,
1997).

TABLE G-3
Summary of Intermittent Ponds with Characteristics Similar o Hot Ponds

ERF Area Pond ID Size (ha) ERF Area Pond ID Size (ha)

A 187 27 C 158 0.7
190 0.55 164 5.5
199 25 205 33
204 29 Bread Truck 88 0.71
243 3.2 99 5.4
282 D2 Total 12 ponds 28
291 0.2
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2.3 Monitoring of WP Exposure Pathways

Monitoring programs vary with the remedial alternative; therefore, they are discussed
individually below. The monitoring methods are summarized in the Attachment.

2.3.1 Alternative 1: No Action

Under this alternative, only natural processes (such as sublimation/oxidation, gully
recession, and sedimentation) are assumed to be active. Consistent with the definition of
this alternative, no monitoring will be performed.

2.3.2 Alternative 2: Detailed Monitoring

In this alternative, it is assumed that only natural processes are active, as with the no-action
alternative, but WP quantity, gully recession, and sedimentation will be monitored each
year. Aerial photographs from annual overflights also will be used to monitor physical
changes in and around each pond group. The elevations of the pond groups also will be
surveyed.

WP Quantity. Because many areas of pond groups Northern A, Pond 290, and Northern C
and C/D have had little sediment sampling and WP analysis, these pond groups will first
be evaluated for WP concentrations using the baseline WP monitoring method discussed in
the Attachment. In general, the number of monitoring sites for this evaluation was chosen
based on elevation changes in the pond bottom. The time period between flooding tides,
which is the major factor in determining time available for sediment drying and therefore
WP sublimation/oxidation, is dependent generaily on the bottom sediment elevation. For
all pond groups except Pond 290, a 10-centimeter (cm) change in elevation was used to
determine the number of monitoring sites. Because of its small size (and therefore lower
overall potential remediation cost), the frequency of stations was reduced to one per 30 cm
of elevation change for Pond 290. With these criteria, the number of sampling sites is shown
in Table G-4. As long as the pond is wet (that is, it is a permanent pond), no further WP
sampling will be performed, as no WP loss is expected until a pond has remained
sufficiently dry. During this wet period, only one station per pond group will be established
to monitor sublimation/oxidation conditions (discussed in the Attachment). Temperature
and water saturation sensors do not need to be included, although the costs saved by
omitting them are minimal.

Following an interval when the pond surface has been below much of the sediment surface
for at least 30 days (equivalent to approximately 40 days between tidal floodings, with no
heavy rainfall or groundwater upwelling), WP sampling may be initiated using WP
treatment verification monitoring and the monitoring of sublimation/oxidation conditions
at the same number of sites as shown in Table G-4. This monitoring will continue until it is
confirmed that WP is not detectable.

Gully Recession. Gully recession will be monitored by observing changes in gully positions
from aerial photographs. The photography program is discussed in the Attachment.

Sedimentation. The sediment monitoring program is described in the Attachment.
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TaBLE G4 .
Number of Monitoring Sites for Sublimation/Oxidation Conditions and WP Sampling

Pond Group Elevation Change? (cm) Number of Sites
Northern A 100 16
Pond 290 8ob 4
Pond 183 60 7
Pond 146 70 8
Northern C & C/D 110 17

2Rounded up to the next 10 cm,

bAssumed similar to Pond 258.

Notes: Sites were assumed to be placed at every 10-cm elevation change, except for Pond 290, where a
30-cm elevation change was used. Five additional sites are included for each pond group having multiple
ponds to cover the geographical distribution of sites across the ponds.

2.3.3 Alternative 3: Pumping and AquaBlok™

Aerial photographs from annual overflights will be used to monitor physical changes in
and around each pond group. The pond groups will be surveyed for elevation. Before the
alternative is applied, baseline WP sampling will be performed as described in the
Attachment. The number of sampling sites is shown in Table G-4.

After the pumping has begun and water is removed from the pond, an aerial photograph of
the pond group will be taken and the stations to monitor sublimation/oxidation conditions
established. The number of sampling sites is shown in Table G-4. Following an interval
when much of the pond group surface has remained dry for at least 30 days (equivalent to
approximately 40 days between tidal floodings, with no heavy rainfall or groundwater
upwelling), WP sampling may be initiated using the treatment verification method
described in the Attachment. The verification sampling will be continued annually until it
becomes more cost-effective to just cover the remaining contaminated area with
AquaBlok™.

It is assumed in this alternative that AquaBlok™ will be applied to those areas that still
contain detectable levels of WP based on the WP treatment verification monitoring using
the method described in the Attachment. Beginning 1 year after application, AquaBlok™
will be monitored for integrity on an annual basis for 2 years after application and
thereafter at an appropriate rate dependent on the observations of the first 3 years. The
method for assessing AquaBlok™ integrity is discussed in the Attachment. Because it is
assumed that pond draining by pumping will be a short-term activity, it is not expected that
the pond vegetation will be negatively affected. Therefore, it is assumed that no assessment
for habitat change will be performed.

2.3.4 Alternative 4: Breaching, Pumping, and AquaBlok™

The monitoring program includes the activities described for Alternative 3 (Section 2.3.3). In
addition, the size of the blasted channel and annual gully recession into the pond will be
analyzed using aerial photographs as discussed in the Attachment.
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It is anticipated that pond breaching may lead to long-term changes in pond vegetation;
therefore, ponds that are breached will be monitored for changes with aerial photography.
This method is discussed in the aerial photography section in the Attachment.

2.3.5 Alternative 5: AquaBlok™

Aerial photographs will be used to monitor physical changes in and around the pond
group. The elevation of the pond will be surveyed. Before the alternative is applied,
baseline WP sampling will be performed as described in the Attachment.

Beginning 1 year after the AquaBlok™ application, the AquaBlok™ integrity will be
checked annually as described in the Attachment. Habitat changes also will be monitored as
discussed in the Attachment.

3.0 ERF Remediation Database

The objective of the ERF Remediation Geographical Information System (ERF RGIS) is to
assist the integration of the variety of monitoring information that will assess the
attainment of the RAOs at ERF. This may require evaluating conditions over the next 10 to
20 years as remedial actions are taken to reduce waterfowl mortality. The recommended
system has the following components:

¢ Hardware, including a workstation and peripherals (Pentium Pro® 200 processor,
5 gigabyte online storage, 128 megabyte RAM, CD drive, 1.44 megabyte diskette drive,
large-capacity diskette drive, and network controller are recommended)

s Software, including GIS and various personal computer applications packages
(recommended are Windows NT Revision 4.0 operating system, ARC/INFO NT
Revision 7.1 with ArcPress and GRID modules, Microsoft Office Suite, Internet access
and file transfer protocol server, and networking software)

¢ Database, derived from the ERF RGIS database and augmented by the additional
monitoring data discussed in this appendix

» Staff to manage and run the system (senior GIS manager and technician)

Miscellaneous office supplies

Note that the recommendations for hardware and software are general, and do not include
all components that may be required for the functioning ERF RGIS. The information
technology manager of the host organization should be consulted before system
configuration and purchase.

The first phase of activity is to set up the system and establish the procedures for
subsequent annual activities. It is assumed that the system will be located at either Fort
Richardson or the U.S. Army Cold Regions Research and Engineering Laboratory (CRREL)
and will be maintained by staff at those respective organizations. This phase includes
acquiring and installing hardware and software, if needed, and establishing written
protocols for the data center (such as data management plan, GIS data dictionary, system
for organizing paper and electronic documents, quality control procedures on information
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exchanges with the monitoring data collectors). For this FS, it is assumed that the hardware
and software are already available.

Annual activities will be required to maintain the system, add data, perform analyses, and
produce maps and reports in support of ERF site remediation. Information likely to be
added to the system and analyses to be performed include the following:

» Existing baseline information about ERF (such as ponds, WP, elevations)

o Telemetry surveys

e Aerial surveys of bird populations for different areas of ERF and the UCI

¢ Pond group analyses before and after application of a remediation alternative
» Surveys on habitat changes

» Integrity of AquaBlok™

e Sampling other areas to find whether WP is present

» Aerial photographs

4.0 Summary of ERF Monitoring Program

This appendix describes a multi-faceted monitoring program to evaluate the attainment of
the RAOs for ERF and the potential for negative effects from treatment (that is, habitat
changes). The key elements in the monitoring program are summarized in Table G-5.
Although no specific RAO on minimizing negative effects has been developed, monitoring
for changes in habitat has been included. Note that individual monitoring studies will be
performed in different areas during different parts of the field season, providing a broad
scale of data, geographical and temporal, for the assessment of ERF. Some activities will be
performed at a flats-wide level and others are specific to particular pond groups, depending
on the remedial action chosen. Coordination of activities in the program will be important.
The monitoring program schedule is summarized by remedial alternative in Figure G-3. As
can be seen, many of the monitoring activities are similar between remedial alternatives and
occur at similar times when time zero is defined as the start of the remedial action. The ERF

RGIS provides the tool to integrate the information for the assessment of the attainment of
the RAO:s.
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TaBLE G-5
Elements of the Monitoring Program
Monitoring Geographical Assessment
Endpoint Objective Area Method Schedule Data Test Method
Mallard 50% mortality ERF Aenal Fall Area and Aerial surveys
mortality reduction in 5 population pond duck show duck
years. 1% survey populations populations.
above
reference Telemetry Mortality Telemetry shows
mortality in lack of movermnent
20 years and radio collar
recovered from a
carcass or feather
pile.
Hot zones 50% reduction Hot ponds WP quantity, Everyfall WP particles WP sampling
of hot pond duck usage and duck
areain 5 usage Telemetry
years and 1%
above Aerial bird
reference in population surveys
20 years
WP exposure No Treated area  Sedimentation Before Sedimentation Net sedimentation
pathway bicavailable and after  rate
WP for treatment
dabbling application
ducks and
swans
Sublimation/  After Pond water Probes
oxidation treatment  elevation,
conditions sediment
maonitoring moisture,
temperature
Guily After Gully Photointerpretation
recession treatment  recession rate
WP: After WP particles  Composite
Verification treatment sampling
sampling
compares Planted WP
conditions to particles after
baseline WP treatrnent
monitoring
Areas treated  AquaBlok™ Depth of Cores
with integrity AgquaBlok™.  Visual inspection
AgquaBlok™ Absence of
cracks
Negative Habitat Blasted areas Observed Fall Vegetation Photo interpretation
impacts changes conditions changes
Areas treated Field surveys
with
AquaBlok™
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Monitoring Methods

Monitoring of Sublimation/Oxidation Conditions

This type of monitoring includes measurement of water depth, sediment temperature, and
water saturation with a data logger. Activities include installing the equipment at the
beginning of the season, recording the information, and removing the equipment at the end
of the season. These methods have been described by Walsh and Collins (in Racine et al.,
1995).

Baseline WP Monitoring

The baseline white phosphorus (WP) monitoring provides the initial WP particle
concentrations before the area is treated. The WP treatment verification method is used after
treatment (for Alternatives 2 through 4) to verify that WP has been removed.

For the baseline WP monitoring, the washed composite sediment sampling method (Walsh
et al., in Collins et al., 1997) is used. Monitoring sites are located on a transect across the site
for every elevation change of 10 centimeters (cm) or more, depending on the size of the
pond. This sampling is done from a boat or hovercraft if the area is still covered with water,
or on foot if the area is not covered with water. At each monitoring site, sediment
subsamples (50 milliliters [mL]) are collected perpendicular to the transect at every 2 meters
(m) up to 20 m on either side, depending on the size of the monitoring area. These
subsamples are composited and sieved (0.59 millimeter [mm] mesh sieve) to remove the
smaller sediment particles and retain the WP particles. Duplicate composites are collected.
Samples are sent to a laboratory for particle counting. Quality control samples also are
analyzed.

WP Treatment Verification

The sampling sites and WP composite sampling method are the same as in the baseline WP
method except the method is now applied after treatment. In addition, five WP particles of
known size are implanted in the spring, at the beginning of the potential drying season, into
the top 5 cm of the sediment at each monitoring site. The implanted particles, if still present,
are removed and measured in the fall. This method has been described in Walsh and
Collins (in Racine et al., 1995).

Sedimentation

Monitoring techniques for net sedimentation have been described by Lawson et al. (in
Racine et al., 1994, 1995, 1996). This assessment focuses on the pond groups. Transects to
measure net sedimentation will be established across representative ponds from each pond
group. The scope of the sedimentation monitoring program encompasses only those ponds
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that have not been treated (that is, those areas that have not yet implemented Altematives 3
through 5).

AquaBlok™ Integrity

This method includes visually inspecting the AquaBlok™ application and taking
representative sample plugs of the material to measure the cover’s thickness (Pochop et al.,
in Racine et al., 1996).

Aerial Photography

At Eagle River Flats (ERF), the presence of unexploded ordnance (UXO) poses a significant
threat for personnel on most portions of the site. This danger underlines the importance of
finding alternate, safer means to gather information for remedial decisionmaking. Remote
sensing methods allow the collection and interpretation of data from target areas without
being in physical contact with them.

Aerial photographs can be acquired with a variety of cameras, films, and filters. Two types
of film photography, color film and infrared color film, have potential uses for monitoring
remediation activities at ERF. Multispectral scanning is another technique that produces
images of the target area instead of photographs.

Conventional color film is sensitized to all visible colors and can provide positive
transparencies (slides) with natural color rendition. Slides are viewed on a light table and
provide more detailed information than color prints, which lose some of their resolution in
the transfer process. Color film has good qualities for water penetrability and can be used to
identify subsurface and shoreline features. Color film needs the correct exposure and
proper filter to produce high quality photography. This requirement for adequate light
conditions means that overflights should be scheduled accordingly (for example, mid- to
late morning).

Infrared color photography is also referred to as false color photography. The emulsion for
this type of film is sensitive to green, red, and infrared radiation. A yellow filter is used to
absorb blue wavelengths of radiation. The resulting transparencies display colors that are
false for most natural features. Although infrared film was originally developed to detect
camouflaged military targets, it has also proved useful in specialized interpretations for
early detection of plant stress, once the typical spectral reflectance of normal, healthy -
vegetation has been established. For example, healthy deciduous or evergreen vegetation
may appear red/magenta or bluish-purple, respectively. Deciduous or evergreen vegetation
that is dead or dying usually photographs as bright green because the vegetation has lost its
infrared reflectivity. Normally aging deciduous vegetation that has turned yellow or red
will appear white or yellow, respectively, on infrared photographs because some of the
infrared reflectivity of the leaves is retained.

Multispectral scanning imagery focuses on specific electromagnetic bandwidths that also
can allow interpretation of stressed vegetation. The cost of obtaining multispectral imagery
is roughly equal to that of obtaining aerial photography; however, post-processing costs are
higher. It is probable that infrared color photography will be sufficient for interpretation of
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vegetation stress; therefore, it is assumed that multispectral imagery will not be required.
The following discusses potential uses of aerial photography at ERF.

Topography. Currently, there is no detailed topographic map of ERF. Topographic
information is critical to an engineering study of the feasibility of pond draining. The more
detailed and accurate the topographic information is, the more useful it will be for the
design of realistic pond draining systems. Aerial photography in conjunction with ground
control can be used to develop topographic maps. Useable topographic information could
provide an important basis for a number of the remedial evaluations at ERF such as tidal
flooding, surface water movement, and pond draining.

Orthophotographs are aerial photographs that have been corrected for parallax (actual
position displacement error). In 1993, color and color infrared photography of ERF was
controlled for orthophotograph production. The result was a set of six sheets of
monochromatic orthophotographs at 1 inch (in.) = 200 foot (ft) scale. This controlled: _
photography is suitable for producing a 1 in. = 400 ft scale topographic map of ERF with a
10-ft contour interval. A topographic map of this scale is not sufficient for predicting pond
drainage and interconnectivity.

More precise topographic mapping of ERF (2-ft or even 0.25-ft contour interval) is possible.
To obtain the more precise topographic mapping would require additional aerial
photography (ortho-controlled) and ground control. This work should be scheduled when
ground conditions are most visible (early spring, after iceout). Photographic methods
should be chosen to obtain the most information about topography in shallow water areas.
Because of the cost of the mapping for these smaller contour intervals (discussed in
Appendix E), it is assumed in this feasibility study (FS) that the details will be obtained by
surveying of the individual pond groups rather than through the detailed mapping of the
entire ERF through aerial photography.

Gully Recession. Using high quality, small-scale aerial photography, it should be possible to
identify the locations of gully headwalls in the prominent drainages on ERF. Initially, it
may be necessary to conduct limited field missions by helicopter overflight to verify the
headwall locations and establish ground control where needed. Global Positioning System
(GPS) can be used to record gully headwall locations for geographical information system
(GIS) mapping. Field verification can be eliminated when an acceptable degree of
correlation has been established.

In gullies where headwall recession is proceeding at a significant rate, it should be possible
to see this movement in photographs taken of the same area over time. The periodic rate of
gully headwall erosion can estimated by measuring the scaled distance between the
headwall locations shown on two successive photographs. This method can be used to
identify gullies that are eroding quickly enough to naturally intercept and drain ponds that
would otherwise require pumping for remediation. The method also may be useful for
predicting the time that it will take for a gully to intercept and drain a pond.

In most cases, vegetation cover should not significantly obscure the ground surface,
although this may become problematic as the camera angle varies from the vertical. The
photography used for this evaluation should not be done at a time when the gullies are in
spate (overflowing) because the water itself may obscure microtopographic changes. Again,
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MONITORING METHODS

photographic method and filters should be chosen to optimize the usefulness of the
photographs for this particular application.

Habitat Changes. Aerial photography can be used to gather information about habitat
changes caused by remedial activities. In the first year of remediation, baseline aerial
photography can be used to record existing conditions before startup of the remedial
activities. This baseline photography can be used to quantify pond areas, identify
depositional/erosional areas, and establish gully headwall locations. It is recommended
that the baseline photographs be taken when ground conditions are least obscured (spring,
after iceout).

A second round of aerial photography would be used to monitor conditions soon after
pond draining. This photography could be used to quantify the reductions of pond surface
areas, map potentially affected pond areas, and document conditions within selected gullies
(especially if blasting has been used). The photographs will document habitat conditions at
the remediation startup (that is, at time zero). If the second set of aerial photographs is
taken immediately after pond draining when the vegetation is in full growth (mid-
summer), they may also provide a record of spectral reflectance for healthy vegetation.

A final set of aerial photographs should be collected toward the end of the field season. The
last overflight should be made before any anticipated snowfall or tidal flooding events.
These photographs would serve to document the periodic changes in habitat conditions that
occurred through the remedial activities conducted during the field season. After the first
year, aerial photography overflights could be limited to two per year by eliminating the
baseline photography.

Quantitative habitat changes that could be monitored by aerial photography include areas
where vegetation is stressed or dying or gullies have been modified. These areas could be

spatially located for inclusion in the ERF RGIS. Some field verification may be required to

correlate actual conditions to the photographic interpretations.

AquaBlok™. Aerial photography can be used to qualitatively monitor applications of
AquaBlok™, Aerial photographs should be taken immediately after the AquaBlok™ is
applied to document the initial condition of the application and determine the location and
areal extent of the application. Subsequent aerial photography could be used qualitatively
to document changes in treated areas.

If the contrast between the color of AquaBlok™ and the color of the pond bottom sediments
is not sufficient to distinguish easily on aerial photographs, it may be possible to enhance
the contrast by adding some inert coloring agent to the AquaBlok™ before application. The
coloring agent may be distinctive enough to also help identify areas where AquaBlok™
may be eroded and transported by surface water.
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RESPONSES TO COMMENTS ON DRAFT FINAL FEASIBILITY STUDY REPORT,

OPERABLE UNIT C,
FORT RICHARDSON, ALASKA

Reviewer: Howard Orlean/U.S. EPA

paragraph, last
sentence

ltem
No. Page Comment CH2M HILL Response
1 1-5. Sec. 1.3 This paragraph describes the conditions The discussion has been modified to siate that if RAOs are achieved,
bottorn of pag':;e remediation may be terminated after 3 to 5 years of verification monitoring.
2 3-1, Sec. 3.1, AquaBlok™ is still listed as a separale... AquaBlok™ was listed separately because its sweliing properties and ability
Screening of to hold vegetation make it very different from traditional cap and fill using
Technelogies gravel. However, the following sentence has been added to the shor
summary of AquaBlok™: "AquaBlok™ is a cap and fill technology that has
been tested at EAF." AquaBlok™ was selected as the representative process
opticn for the cap and fill technology.
q 4-2 Table 3 As stated in EPA’s commenis on the Draft The term “natural protecticn" has been revised throughout the document to
“"Conclusion” column " | read "natural restoration.”
4 5-2. second full This sentence states that monitoring for. The discussion has been modified to state that monitering for negalive

impacts from habitat changes wili be performed throughout remedy
implementation.

Reviewer: Matt McAtee/CHPPM

l:\le: Page Comment CH2M HILL Response
1 General The U.S. Army Center for Health... Comment noted.
2 General The responses to our comments on the... The comment is appreciated.
3 General Because the primary weakness of the... The comment will be considered in preparing the monitoring program.
4 General Our reviewing scientist and point of contact.., | Comment noted.
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Reviewer: Bruce Duncan/BTAG

Commenis

I;f: Page Comment CH2M HILL Response
1 Tables 25, 27, stc. Suggest deleting the part of the footnote... The portion of the footnote has been deleled
2 Figures such as A-2 | The label “Coastal East” overlaps into... No change has been made per this comment.
3 Response to generally should proof it for typos such as:... These response to comments have been proofed.

1nm
nein
No Page Comment CH2M HILL Response
General Comments
1 General The FS Draft Final is very much... The results of the Pond 183 pumping have been more consistently integrated
into the FS
2 | General Much betler job in documenting the source... the comment 15 appreciated
3 General 1 feel there is still an overemphasis on the... Additional text regarding the significance of sediment consalidation has bean
added to the FS text, as well as to Appendix A.
Fl o~ oy | 1} I ai r fal) I'fl" a TM i i i i ili
4 General I also feel thal AquaBlok™ is overraled as a... AgquaBlok was selected begause of |_l swelling properllies and its _abil!ty to
support vegetative growth. It is recognized that sublimation and oxidation
processes will not occur in sediment covered by AquabBlok™,
5 General Preliminary tensiometer data from pumping... The increased effeciiveness of pumping vs. breaching hae bven yiewissed in
i pumping Section 4.4: Performance Differences between Alternatives 3 and 4. An
explanation of the tradeolfs between the rapid removal of exposure pathway
and achievement of cleanup levels has also been added. The discussion of
residual risk has not been rewsed
6 General Great maps! Unfortunately, the review... Color maps have been provided in the Final FS.
7 General Thera still is some confusion over discrefe. Ali discussion of contamination rates and discrete versus composite sampling
has been deleted from the text.
8 General There Is some confusion in nomenciaiure. .. The guidance provided in the comment has been used in the Proposed Plan
and will be used in the Record of Decision. Howaver, in the FS; only the
distinction between gully (natural) and ditch {exploded) has been made
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Reviewer: Michael R. Walsh/CRREL and Charles M. Collins/CRREL
Item
No. Page Comment CH2M HILL Response
Specific Comments
1 | Vi, Abbreviations | CEREAL = > CERCLA The typo has been corrected.
2 1-5, Para. 1 Swans were also quite hard hit in the - The sentence*No cther species has such a major cbservable effect as the
9 ar pas dabbling ducks” has bee replaced with the sentence, “Monitoring for mallards
is considered protective of other waterfowl species, such as swans.”
3 Para. 2 The 1996 daia used as basseline data for Text has been added to the FS explaining that RAOs will be reevaluated if
mortality rates do not decline after several years of treatment implementalion.
4 2.1 Sec. 2.1, 2nd WP was never used for ground troop cover The lext has been revised to state that the WP smoke was used for marking
Para. ' " | targets.
5 2.8, Table 1 Under Pond 146 & Northern C and C/D... The recharge rates in the table have been revised.
6 2.9, Figure 3 Use a fold-out map like Figure C-1. Print The up-front FS report was intentionally made an 8.5 by 11 document to make
' ' it easier to manage. Enlarged versions of the figures are provided in the
appendices.
7 | 2410, Table 2 Northern C and C/D. Change lo "moderate”... The text has been revised.
8 3.4, Geosynthetics K. Henry did work on usi ravel and... There is concern that it would be very difficult to place large pieces of
Y v 1 using gravel an geosynthetics. Although AquaBlok™ was highlighted in the FS, the proposed
plan does net rule out any cover or cap and fill options.
g 3.4 Para. 1 No work was done to investigale the... The text about investigating redistribution of WP has been revised.
10 | 3-6, 2. Detailed Where will the elevation survey data be The following sentence has been added to the text: “The elevation survey of
Monitoring ground surface and pond bottoms will be used to determine pond
interconnectiveness and flooding potential.”
11 | 3-13, Figure 9 Aerial photography appears twice under The figure has been revised to show the activity “Aerial Photography” as
Alterlnative 3 ' appearing only once under Alternatives 3, 4 and 5. In addition, aerial
photography has been added as an activity to Years 6 and beyond.
12 {314 See above. Alts. 4 & 5. See above response.
13 | 4-2, Table 3 ...opportunity... < ...opportunities... The typo has been corrected.
14 | 42 Need at Jeast 4” of consalidated. ., The following sentence has been added to Table 3: “Sedimentation would
ciigate have to be deep and consolidated to prevent duck feeding in WP-
contaminated sediment.”
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Reviewer: Michael R. Walsh/CRREL and Charles M. Collins/CRREL
item
No. Page Comment CH2M HILL Response
15 | 4-2 Based on eight years of observations, The sentence regarding perimeter drying of 146 has been deleted.
16 | 4-2 Anv drvina in these ponds will probably... Because intermitient ponds have the potential te dry naturally, intermitient
y alying in these ponas Wi probasly ponds were not selected as hot ponds. No change has been made to the FS
lext as a result of this comment.
17 | 4-3 Need to emphasize the frequent flooding The problems concerning frequent reflooding have been added to section 4.4
18 | 4-5 Extensive surveying may not be possibie... The phrase "in detail” has been deleted.
19 4-5 Permeable vs. impermeable argument is The loliowing sentence has been added: “In some cases, small, low, ponded
' impermeable areas may be dried through evaporation.”
20 | 4-6, Para. 3 The term “breached” as used elsewhere The senience has been revised to read “The ponds were connected by a
' dredged channel in 1996."
21 | 4-7, Para. 1 Add "contaminated” before “areas.” The word has been addod.
22 | 4-7,Para. 3 Each Alternative also has a different... The comment has been incorporated into the 1ex!.
23 | 4-7 Para. 4 ...area = > ...areas The paragraph has been deleted and thus the changs was not incorporated.
24 | 4-8 Table 5 Under Northern C & C/D. Change high The table has been revised to state “moderate” recharge.
25 | 4-10, Para. 1 Breaching and pumping probably will not... The text has been revised to state that Alternative 4 may be more effective.
9 pumping p Y e However, Section 4.4 also discussed the tradeofis between Alternative 3 and
4,
26 | 4-10, Para. 2 intake location of pumps is irrelevant dus... The discussion of intakes has been deleted.
27 | 4-10, Para. 3 Conlradicts paragraph 1. The text in this section has been revised.
28 | 4-11, Sedimentation | AquaBlok™ performs like consolidated. .. The text has been revised per the comment.
29 | 4-11 Was there really 30 cm of AquaBlok™ The data presented in Table 8 were provided by Denver Wildlife,
30 | 4-12, Para. 1 I don'l think that ice block transport of... The discussion cf scouring of ice has been deleted per the comment.
31 | &-1, Telemstry “..birds that die during...” = > *...birds that... | e text has been revised per the comment.
32 | 541, Aerial bird “Annual population surveys” Currently, The text has been revised 1o state that surveys will be performed biweekly
population surveys T between April and Cctober.

ANG,
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Reviewer: Michael R. Walsh/CRREL and Charles M. Collins/CRREL

item
No. Page Comment CH2M HILL Response
33 | 5-2, Aerial Aerial photography has not been used in... The di;,cussion of using aeriat photography to count birds has been deleted
Photography from the text.
34 | 5-3, Table9 Baseline monitoring - Sampling is... The table has been revised per the comment.
35 | 5-3, Table 9 Sedimentation - Net sedimentation is not... The table has been revised to state that net consolidated sediment will be
monitored.
36 | 5-3, Table 9 WP Monitoring - Pore pressure is also... The table has been revised revised per the comment.
37 |53, Table 9 Habitat - Would monitoring of vegetation. .. Monitoring for_\:'egetation was not intended to be a methad for assessing
physical conditions. However the possibility should not be ruled out.
38 | 6-5, Para. 4 Water retention capability is more... The discussion of fine-textured sediments has been deleted from the text.
39 | 6-6, Top of page No impac! on shorebird mortality has been... The following sentence was added to the text: "However, dunng the 1997 pond
pumping study, no impact to shorebird mortality was observed.
40 | 6-6, Sec.6.2.2 Change gully to ditch as per generai... The change has been made.
; : The residual risk assessment was not revised in the FS, but may be revised
4 Figures 13-17 M :
1 lgures 1 ay want lo reassess the contaminated for the ROD, depending on the chemical sampling resulls of the 1997
breaching and pumping tesls.
42 | 6-14, Long-term 1 am still having difficulties seeing. .. The Fiilffarence between a no action allemgtive and an alternative invol_ving
affectivenass menitoring stems from the long-term effectiveness and permanence criteria
and 1he implementability criteria. The former criteria stipulate the need 1o verify
protection with reliable controls, and the latter considers monitoring. The
difference between no action and monitoring is the knowledge that exposure
pathways do or do not exist.
43 | 8-27, long = > large The typo has been corrected.
Implementability/
Alt. 3
44 | 7-2, Para. 2 Adding affected area { get 51/1 ha, as. .. The areas in the text have been revised.
45 | 7-4, Para. 2 There may be some problems with... The effects of organic content is discussed in Section 4.3.6. No change 1o the
text has been made per the comment.
46 | 7-6, Para. 1 Removal of 5.7 ha or habitat differs from... The text has been revised to be consistent with the table.
47 | 7-6, Para. 3 Only applies fo Para. 3. No need to breech... | Heferenceto Alterative 4 has been deleted.
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Reviewer: Michael R. Walsh/CRREL and Charles M. Collins/CRREL
ltem
No. Page Comment CH2M HILL Response
48 | 7-7,LT May wan! to move Option 3 to “Best.” The change has been made.
Effectiveness
49 | 8-1 Some inconsistencies in reference citations. The text and references have been reviewed by an editor and where possible
citations have been revised following the format presented in the comment.
50 | A-1. 1st Para. The term "receding from the river” is a The text has been revised per the comment. However the term “receding from
' the river” was retained in parentheses for those who do not know that
*headward erosion” means.
51 A-2, 1st Para. Again “headward srosion of gullies” The text has been revised per the comment.
52 | A-4. Para, 1 Gully connections to ponds feads to The content of the comment has been incorporated inlo the text.
53 | A-5 Para. 1 Using the tidal sedimentation rate of The text has been revised 1o state that {idally dominated sedimentation rates
' are up to 20 mm/yr in ponds.
54 | A-7, Sec. 2.5, A much higher, unmeasured, peak. .. The llow rates and reference provided in the comment have been used fo
2nd Para. ' ) update the text. The infermation provided in the comment is appreciated.
55 | A-6, Figure A-1 Can axes be labeled with °C and mm to The units of the axes have been converted to the metric system.
56 | A-9, Figure A-2 There are two arrows for Coastal 6 gully. The two arrows are intentional.
57 1{ B-4 Para. 5 Unit cost vs. Length applies only to The text has been revised to clarity that unit costs apply only to breaching.
58 | B-4,2.1.2 Need to include cost of biasting sump for. The following statement was added: "Cost of blasting a sump for the pump
was not included.”
59 | B-6, 2nd it was assumed that only one operation Agreed. Only ons drying season was assumed for the order-of-magnitude cost
estimate. However, it was stated in the text that it is likely that longer seasons
will be needed. Therefore, in the budget-level cost eslimates in Appendix E, a
five-year implementation period was assumed for Alternatives 3 and 4.
60 | B-6, 2.2 Do not see the cost of measuring thickness For the order-of-magnitude cost estimate presented in Appendix B,
AquaBlok™ integrity was not considered. However, this monitoring was
included in the budget-level cost estimate presented in Appendix E.
61 |B-7 3.0 Where did data for distribution of WP come Discussion of WP distribution has been deleted from the text.
62 | B-7,3.1 Include 1996 in observalions No change was made per this comment because it was not ciear what
’ observations the comment was referring to.
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Reviewer: Michael R. Walsh/CRREL and Charles M. Collins/CRREL
item
No. Page Comment CH2M HILL Response
; : ; Ali text regarding contamination rates and comparisons between composite
63 | B-8, Top of D f d ) ) ; . :
°pclpage 0 not directly compare different sampling and discrete sampling have been deleted. Information provided in the
comments regarding the differences between these two sampling methods is
appreciated.
64 | B-9, Para. 4, last Delete “with.” The typo has been corrected.
line
65 | B-10, 3.4, Para, 2 Colloidal particles are not considered a... Thelfollowing semenc_e has been added to the text: "However, colloidal
paficles are not considered a threat to waterfowl.”
66 | B-10, Para. 3 Although the area was not dredged lo... Comment noted. No change to the text has been made per the comment.
67 | ATT-4 Some technologies have been duplicated... The duplicate technologies have been deleted.
66 | B Table B-2, pg. 3 Can't compare discrele to composite... The text comparing the sampling methods has been deleted.
Under effectiveness
6% | B Table B-2, pg. 3 Dredging has been dropped, not retained. The table has been corrected.
Under Screening
Result
- ; Under pond draining by breaching, the following sentence has been deleted:
70 | B Table B-2, pg. 86, Desctiption - Habital has also b d... ! ;
P9 pio abilal has also been remove “Dabbling duck habitat would be removed.”
Treatment
{By Breaching)
71 | B Table B-2, pg. 6, Add Racine Istand ditch in 1997 to... Relerences to Racine island have been added to the text.
Treatment
(By Breaching)
72 | B Table B-2, pg. 6, Effectiveness - Some measurement of WP... The text has been revised to state: “WP rEmovaI has been measured at Bread
Treatment Truek but the results are not available yet.
{By Breaching)
73 | B Table B-2, pq. &, Descriplion - Replace "Presumably...would...” The text has been revised per the comment.
Treatment
(By Pumping)
74 | B Table B-2, pg. 8, Effectiveness- Remove first paragraph, Add... The recommended text has been added to Table B-2.
Treatment
(By Pumping)
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Reviewer: Michael R. Walsh/CRREL and Charfes M. Collins/CRREL

Item

No. Page Comment

CH2M HILL Response

75 | C-1,1.0, Para. 2 This year's work shows that pumping alone...

The text has been revised to stale that there is some uncertainty about how
certain pond systems would respond to pond draining. An example given is
ihe ponds in Area C/D.

76 C-3, Table C-1 Pond 146 & Northern C and C/D Ponds.

The recommended changes have been made.

77 C-4, Table C-2 Northern C and C/D Ponds. Replace “high...

The recommended change has been made.

78 | C-6/C-7 Sediments only need fo be desaturated, not...

Agreed. However, the rale of sublimation increases with decreasing water
content. The text does say that sublimation occurs when sediments are
altowed to dry below saturalion. The text was revised to state that WP will not
subiimate in sediment that does not desaturate.

79 | C-15, Table C-6 Nole 2 - *... drained within 36 hours of post...

The note has been revised per the comment.

80 | C-15, Para. 3 Breaching may be more effective in...

The text has been revised to reflect the comment.

81 C-23, Table C-8,
Discharge Pumping

Rubber hose in 50" lengths, pipe in 5, 10, ...

The lengths of hose have been rovisod.

82 C-24, Tabls C-8,

PR

[y | I o, UL T iy T,
Cigeincal owilcrnes

Change “swilch” to “swilches” under desc.

The recommended change has been made.

C-26 Use "ditch” instead of "guily™ as per...

o
Lo

84 | C-26/C-27 Based on resulls from last year and this...

85 | C-27 Pump sizing Won't necessarily need more manpower,..

he text has been revised to state that more manpower may be needed. |
context of this FS, manpower refers both to number of people and the time
needed to depioy the pump system.

86 | E-t,1.1 Delote first "be” in fine 2. The typo has been corrected.
87 | E-6, Annual Change “installed” to “positioned.” Add pips... | '@ recommended changes have been made.

pump/...
. . _ Tha tavt hac lhaan rawvicnd ta atata that sharane will ha nlacrad avans A m
88 t'Tr 2-4| Para. 2 Crafﬂr SpaC."ng - Use one nUmber. THD AUAL TGO WU ITVIODU LU 0wl Uial ViidiyGo vhn wo piaviaud OVory ol
89 | F-11,3.2.2 Para.2 | ...ponds will fikely be permanently changed... | 11 word "likely” has been added

90 | F-11,3.2.3, Para. 2 | Change "channei" to “dilch”

The recommended changes have been made to the texi.

N F-21, Para. 1 You may want to change the assumption...

Please see response to CRREL comment 41,

AN BD.DOC
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Reviewer: Michael R. Walsh/CRREL and Charles M. Collins/CRREL

item
No. | Page Comment CH2M HILL Response
92 | F-33 436 Again, the term ‘breached” as used The text has been revised to read “The ponds were connected by a dredged
3rd sentence ' channel in 1996.”
a3 | Ea4 438 bl wenrding fire The wording has been revised to state that there is a high degree of
93 [ F-34,4.3 , first paragraph. Not much , .
woE e R S PEESTEE confidence that Pond 183 could be dried.
94 | F-38, Environmental | Breaching of 146 would have a significant... The content of this comment has been incorporated into the text.
Impacts
95 | Table F-7, pg. 2 I can't imagine anybody’s windows be The reference of broken windows has been deleted. The following sentence
ST Effectiveness has been added to the text; “Range Control regulations require blasting be
Ait ‘4 ' conducted on clear days to reduce the seund and pressure of the blast.”
96 | G-9, Para. 1 Total dredged area is closer {0 0.6 ha, hatf... | 1n® 1oXthas been modified to reflect the comment.
97 | G-9 Para.3 Ancther source of potential hot spot ponds The content of the comment has been incorporated into the text.

Reviewer: W. Ferrell/COE

Item
No. Page Comment CH2M HILL Response
1 1-5, 1.3.1 The second paragraph seems to consider. .. The sentence relating dabbling ducks to a species has been deleted. ‘1
2 6-2, builet Under the first bullet magnitude of risk. The heterogeneous disiribution of WF is partly the result of the method by
which it was discharged (i.e., smoke markers for targets). The comment
slating that sublimation of WP does not take place does not agree with the
extensive research performed on WP. WP can exist as a gas, and only when
it is a gas will it oxidize.
3 B-11 The afteration of waterfow! habitat may be... | The content of this comment has been incorporated inte the text in Section
3.5
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Reviewer: Mellema/COE
ltem
No. Page Comment CH2M HILL Response
1 General In general, the report is well written and...

The following sentence has been added to Section 1.0 of Appendix B:
“AquaBlok™ was selected because of its cohesive properties and its ability tc

S ty to
support vegetative growth.” However, difierent cover materials may be
performed during winter 1997/8 treatability studies. In addition, the drait
proposed plan does not currently specify the type of cap and fill materfai thal

will be used.
Reviewer: Osborn/COE
ltem
No. Page Comment CH2M HILL Response

1 General The cost estimales shown for the... The information provided in the comment is appreciated.

2 General The unit of measure of cosls for Bulldozer... | The different rates wore used for two separate cost estimates thal were
performed at different stages of the FS preparation. More detalled information
was available during later stages of the project, which resull in diflerent unit
cost values.
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g N7 g UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
%, S REGION 10

A pROTE 1200 Sixth Avenue

Seattle, Washington 98101
September 2, 1997

Reply to

Attn of, ECL-113

W. A. Gossweiler

Department of the Army

Directorate of Public Works

600 Richardson Drive #6500

Attn: APVR-RPW-EV

Fort Richardson, Alaska 99505-6500

Re:  Operable Unit C/Eagle River Flats
Draft Final Feasibility Study Report

Dear Bill;

The U.S. Environmental Protection Agency (EPA) has completed our review of the

OuUC 0030284

document entitled Operable Unit C Draft Final Feasibility Study Report (Draft Final FS). EPA

received this document on July 14, 1997, EPA informally presented these comments at our

meeting in Seattle on August 12, 1997,

The Draft Final FS has adequately addressed the vast majority of EPA’s previous

comments. EPA concurs on the Remedial Action Objectives (RAOs) for Eagle River Flats (ERF)
as appropriate for measuring remedial success. For the most part the specific comments which

are attached are for clarification purposes.
If you have any questions, please call me at 206-553-6903.

Sincerely,

bhuaed Ol

Howard Orlean

Superfund Project Manager

cc: Bruce Duncan, ES-098
/J ennifer Roberts, ADEC
/ Joann Walls, Army Engineer District, Alaska

6 Printed on Recycled Paper
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EPA Comments on ERF Draft Final FS
September 2, 1997

Specific Comments
1. Page 1-5, Section 1.3, Bottom of Page -

This paragraph describes the conditions under which the RAOs would be considered to
have been achieved. While EPA agrees with the concept of using mortality rate as the primary
RAO, some additional provision should be included which allows for verification monitoring over
a specified period of time should physical conditions at ERF change which would potentially re-

expose waterfowl to white phosphorus (WP) contamination.

2. Page 3-1, Section 3.1, Screening of Technologies -

Aquablok™ is still listed as a separate technology. EPA believes that Aquablok™ is a
form of “cap and fill” technology, and should not be listed separately,

3. Page 4-2, Table 3, “Conclusion” Column --
As stated in EPA’s comments on the Draft FS, the term “natural protection” is confusing,
While EPA understands that natural processes can aid in reducing or eliminating exposure to WP,

natural processes such as erosion can also act to potentially re-expose WP contamination to
waterfowl.

4. Page 5-2, Second Full Paragraph, Last Sentence -

This sentence states that monitoring for negative impacts from habitat changes will be
performed. This monitoring should somehow be tied into a “long-term” monitoring program to
ensure that the remedial actions are achieving the RAOs. (See specific comment 1.)

5. Section 7, Tahles 7-19, 7-21, 7-23 & 7-25 -

EPA suggests deleting the portion of the footnote reading “higher rank is better than a
lower rank™ since the numbers presented correspond to alternatives and not ranks.

6. Page A-9, Figure A-2 —-

The label “Coastal East” overlaps into Area D. Is Area D part of Coastal East?
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DEPARTMENT OF THE ARMY
U.5. ARMY CENTER FOR HEALTH PROMOTION AND PREVENTIVE MEDICINE
5168 BLACKHAWX ROAD
ABERDEEN PROVING GAOUND. MARYLAND 21010-5422

REPLY YO
ATTEMTION QF

MCHB-DC-EHR  (40) 11 AUG 537

195

MEMORANDUM FOR Commander, U.S. Army Engineer District, Alaska,
ATTN: CENPA-EN-EE-Al/Ms. Joann Walls, P.O. Box 898,
Anchorage, AK 99506-0898

SUBJECT: Draft Final Feasibility Study Report, Operable Unit C, Fort Richardson, Alaska,
July 1997

1. The U.S. Army Center for Health Promotion and Preventive Medicine (USACHPPM)
reviewed the subject document on behalf of the Office of The Surgeon General. Our review
consisted of a cursory review of the report text and a review of the response to comments.

2. The responses to our comments on the previous draft are acceptable and we concur with the
approach to be taken on each of those issues. The text added to Section 1.3 (Remedial Action
Objectives) has gone a long ways toward satisfying our primary concern regarding the long-
term remediation goals and their role in the decision making process.

3. Because the primary weakness of the current Jong-term PRGs is that the necessary data and
analysis are not yet completed to justify an aggressive hot spot removal of 99%, we urge the
risk managers to request an outline of the techniques and data quality objectives needed to link
the preliminary long-term mortality and hot-zone goals. In order to provide the necessary
information to refine the long-term goals of the project we strongly recommend that each
year’s monitoring report include the biometric and physiochemical data needed to refine and
justify the long-term remediation goals.

4. Our reviewing scientist and point of contact for questions or consultations is Mr. McAtee
and he can be reached at DSN 584-2953 or commercial (410) 671-2953 and via the Intemet at
Matthew McAtee@chppm-cemail.apgea.atmy.mil. :

FOR THE COMMANDER:

g iy & Dt

DENNIS E. DRUCK
Acting Program Manager, Environmental Health
Risk Assessment and Risk Communication

Readiness thru Health



QuC 0030287

MCHB-DC-EHR
SUBJECT: Draft Final Feasibility Study Report, Operable Unit C, Fort Richardson, Alaska,
July 1997

CF:

HQDA(DASG-HS-PE)

CDR, USAMEDCOM, ATTN: MCHO-CL-W

CDR, USAPAC, ATTN: APVR-RPW-EV

CDR, USAMC, ATTN: AMCEN-A/Mr. Pete Cunanan
CDR, USAEC, ATTN: SFIM-AEC-RPO

CDR, CEMRD, ATTN: CEMRD-ET-EH
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T : OUC 0030288

From: BRUCE DUNCAN

To: WASTE.ORLEAN-HOWARD, ERF-BTRG

Data: 8/6/97 2:10pm

Subject: QU-C Draft Final FS Report -~ July 1377

ERF RPMs,

I have reviewed the report and have only very minor comments. As mentioned

before, I am keenly interested in how the F5 information will be used in
developing the ROD.

Thanks,

Tables 25, 27, etc.: Suggest deleting the part of the footnote reading
vhigher rank is better than lower" since the numbers are not ranks.

Figures such as A-2: The label "Coastal East" overlaps into area D.
Response to Comments - generally should proof it for typos such as:
P6-No.34 - typo, should read "suitable for blasting”

P15-No. 15 - should read "submit it for *

P16-No. 30 - "et al."

cC: CIRONE-PATRICIA
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CECRL-GL 11 August 1997

MEMORANDUM TO CEPOA-EN-EE, JoAnn Walls

SUBJECT: Comments on Draft Final Feasibility Study Report (CH2M Hill: 7/97)

Reviewers: Michael R. Walsh, PE  USA CECRL-TE (MRW)
Charles M. Collins USA CECRL-GL (CMQ)

1. General Comments

The FS Draft Final is very much up to date, reflecting recent and ongoing
work at the Flats. This is a very significant improvement over previous
documents, but has led to some inconsistencies in the FS Report. Most notably
are the contradictions between the reported performance of the pumping work
being conducted in Pond 183 and the projected performance of the pumping
system, also in the F5. These contradictions, which appear throughout the
report, need to be reconciled to make the report consistent. These results,
although preliminary, are quite significant, and CH2 is right in trying to
integrate them into the report

Much better job in documenting the source materials for the information
contained within this document.

I feel there is still an overemphasis on the role of unconsolidated
sedimentation in breaking the pathway to the ducks. Unless this sediment is
allowed to dewater, it will prove to be only a minor hindrance to dabbling
waterfowl. (MRW)

I also feel that AquaBlok is overrated as a remediation method. Field
observances (undocumented) indicate that the upper portion of bentonite
washes away from the gravel, and that in areas where AquaBlok is applied that
have dried, the surface covered by this material remains wet, thus inhibiting the
attenuation of the WP. I would also be worried about ice plucking, as this
material is quite cohesive and pulling up a bit may result in the removal of
larger areas. (MRW)

Preliminary tensiometer data from pumping and breaching tests at Pond
183 and Bread Truck Pond respectively, indicate that pumping is more effective
in creating conditions conducive to the sublimation of WP. This is a limited
observation due to the small amount of data available, but the difference is
quite clear. The more frequent flooding of BT Pond versus the long, dry period
in Pond 183 clearly demonstrates that the residual risk for pumping is likely to
be less than that for breaching. If you can incorporate this into the report, it
would be helpful in the analysis of alternatives.
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SUBJECT: Comments on Draft Final FS

Great mapé! Unfortunately, the review copies were all B&W and thus a
bit harder to read. (MRW)

There still is some confusion over discrete vs. composite sampling of the
dredged area. These numbers can not be compared in ény way, and should not
appear as if they are related in any way. A more detailed explanation is given
under Specific Comments, B-8. (MRW)

There is some confusion in nomenclature regarding drainage features.
We have gullies, channels, sloughs, and ditches all being used, sometimes
interchangeably. This needs to be sorted out. T would suggest the following
protocol: “channel” be used for natural river or stream channels; “gully” be use
for natural tidal distributary and drainage gullies; and “ditch” be used for
explosively excavated drainage ditches. (CMC)

Due to the short time I had to review this document, I did not do as
careful a job as I would have liked. However, I think CH2 has done a very good
job, and their willingness to incorporate changes and include current work is an
indication of their seriousness doing a good job. (MRW)

I also commend CH2M Hill on the good job they have done on pulling
together a very detailed and complex document. (CMC)

2. Specific Comments
VII: Abbreviations. CEREAL => CERCLA.

p. 1-5: Para. 1: Swans were also quite hard hit in the past, especially in areas not
normally used by ducks for dabbling. (MRW)

Para. 2: The 1996 data used as baseline data for comparison is, I assume,
the telemetry data. The deaths recorded as attributable to WP were never backed
up by chemical analysis, to my knowledge. At the December 1996 meeting, it
was even admitted that one of the birds that died as a result of capture was
included in the WP-attributed death total.- From a legal standpoint, I think the
use of this data is suspect if not confirmed analytically. (MRW)

p. 2-1 Sec. 2.1, 2nd para. WP was never used for ground troop cover in ERF. It
was uscd for marking targets. (CiviC)

p- 2-8 Table 1. Under Pond 146 & Northern C and C/D: These values for rate of
recharge are off by an order of magnitude. As reported in the FY95 work we did
(Collins et al. in Cate and Racine, 1996) the maximum estimated influx of fresh
water in the C/D area was approximately 100 gpm (530 m*/day). We would
estimate approximately the same order of magnitude for freshwater inflow for

the C area. Our experience in pumping pond #183 this tends to confirm this.
(CMCQ)

Pumping of pond 183 this summer has been shown to affect the water
levels in ponds 129, 145, and 155, as well as lowering the level of 146 to the point
of no more infiltration into 183.

2-9  Figure 3: Use a fold-out map like Figure C-1. Print is too small to read.
2
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SUBJECT: Comments on Draft Final FS

2-10 Table 2: Northern C and C/D. Change to “moderate” rate of recharge
from eastern bluffs. See comment for p. 2-8 above. (CMC)

3-4  Geosynthetics. K. Henry did work on using gravel and geosynthetic
combination to provide a stable liner and anchor system. Test cells in Pond 183

were inspected this summer, three years after their installation, and are still in
good shape. (CMC)

3-4 Para 1: No work was done to investigate the redistribution of WP after
dredging. Post-dredging composite sampling was done only to determine the
extent of residual WP contamination after cessation of dredging. (MRW)

3-6 2. Detailed Monitoring: Where will the elevation survey data be used,
and what is being measured? (MRW)

3-13 Figure 9, Alternative 3: Aerial photography appears twice under Activity.
It should only be under ERF-WIDE Activities. Also, under Year 6..., I think at

least one aerial photo should be taken each year for documentation purposes.
(MRW)

3-14 See above. Alts. 4 & 5.
4-2  Table 3: ..opportunity... => ...opportunities...

Need at least 4” of consolidated sedimentation to be an effective barrier
(MRW)

Based on eight years of observations, pond 146 is not likely to dry up
much in 1997 or 1998. (CMCQ)

Any drying in these ponds will probably only occur along the edges of the
ponds, in the intermittent mudflats.

4-3  Need to emphasize the frequent flooding of breached ponds as
problematic to the remediation process.

4-5  Extensive surveying may not be possible due to the presence of UXOs and
the current (and justifiable) range safety restrictions.

Permeable vs. unpermeable argument is confusing. I feel that an
impermeable area is better, as evaporative drying in low area is more likely
without the influx of water. (MRW) ’

4-6  Para. 3: The term “breached” as used elsewhere in FS implies pond is
connected to a drainage system. Iwould suggest rewording to “ The ponds were
connected via a dredged channel in 1996.” The dredged channel in 183 ends in a
shallow part of the pond so water flows between the ponds only during higher
water levels. During part of the summer, no transfer of water from 146 to 183
was observed, indicating either a reduction of influx into 146 or an evaporation/
evapotranspiration rate in excess of the influx. (CMC, MRW)

4-7  Para.1l: Add “contaminated” before “areas”.
Para. 3: Each also has a different impact on the environment.

Para. 4: ...area => ...areas
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p.4-8 Table 5. Under Northern C & C/D. Change high amount of recharge to
moderate amount. See comments on p. 2-8 above. (CMC)

4-10 Para. 1: Breaching and pumping probably will not be more effective in
remediating the WP in most cases, as 1997 field studies have demonstrated.
(MRW)

Para. 2: Intake location of pumps is irrelevant due to the use of blasted
sumps for the pumps. (MRW)

Para. 3: Contradicts paragraph 1. (MRW)

4-11 e Sedimentation: AquaBlok performs like consolidated sedimentation,
but is not like sedimentation. (MRW)

Was there really 30 cm of AquaBlok applied? This seems very thick.
(MRW)

4-12  Para. 1: I don’t think that ice block transport of AquaBlok is a reliable
means of covering contaminated areas. This should probably be taken out, as it
points out that the application of this material is not a thorough means of
remediation. (MRW)

5-1  » Telemetry: “... birds that die during...” => ”... birds that die from WP
poisoning during...”.

* Aerial bird population surveys: “Annual population surveys”
Currently, aerial bird surveys are repeated biweekly throughout the season.
This repeated survey technique is necessary because of the variability of
numbers of birds on the flats throughout the season and year to year variability
of arrival and departure dates of large numbers of migrating birds. An annual
survey as implied in this paragraph would do little to quantify numbers of birds
using ERF. (CMC)

5-2 e Aerial Photography: Aerial photography has not been used in the past
in ERF for bird census data. The proper scale of photography would have to be
determined. Aerial photography is also very useful for determining the impact
of various remedial alternatives on the environment, as well as confirming
physical dynamics predictors. Whether the same scale photography can be used
for both missions would have to be addressed. (CMC, MRW)

5-3  Table 9: Baseline monitoring - Sampling is composite sampling. (MRW)

Sedimentation - Net sedimentation is not as useful as net
consolidated sedimentation. (MRW)

WP Monitoring - Pore pressure is also measured (tensiometers).
(MRW)

Habitat - Would monitoring of vegetation be a method of
determining physical conditions, i.e. Hippuris = wet? (MRW)

6-5  Para. 4: Water retention capability is more related to organic content than
grain size. In 183, the Hippuris is taking a beating because the sediments are
drying so well. (MRW)
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6-6  Top of page: No impact on shorebird mortality has been observed to date
at Pond 183, although this is only an observation and not a study. We were,
however, specifically looking at shorebird behavior and the possibility of
mortality at the time of initial pond draining, when we felt the risk would be
highest. One Pectoral Sandpiper (Calidris melanotos)was found dead on the
newly drained mudflat of 183 in June. Laboratory analysis of the gizzard
confirmed that it did not die of WP poisoning (M.E. Walsh, pers.
communication). (CMC, MRW)

6-6  Sec 6.2.2. change gully to ditch as per general comments at beginning of
this memo. (CMC)

Figures 13-17: May want to reassess the contaminated areas and residual risks
based on this season’s work to date. (MRW)

6-14 o Long-term effectiveness: I am still having difficulties seeing how
monitoring will differ from doing nothing. Neither of these will “produce”
long term effectiveness, although some of the physical dynamics occurring will
have some impact on the availability of the contaminant. (MRW)

6-27 Implementability / Alt. 3: long => large

72 Para.2: Adding affected area I get51/1 ha, as opposed to the 42 ha in Table
18. (MRW)

7-4  Para. 2: There may be some problems with effectiveness of pumping or
breaching in Pond 290 if the bottom sediment is highly organic. We have not
analyzed organic content of bottom sediment. However, based on strictly visual
observations, the bottom sediments appear similar to 183. (MRW, CMC)

7-6  Para. 1: Removal of 5.7 ha of habitat differs from that in Table 22. (MRW)
Para. 3: Only applies to Para. 3. No need to breach. (MRW)
7-7 LT Effectiveness: May want to move Option 3 to “Best”. (MRW)

p 8-1. Some inconsistencies in reference citations. Also applies to references in
the Appendixes. This is how we have cited the referenced reports:

Collins, CM. and D. Cate (Eds.) (1997) Interagency Expanded 5ite Investigation: Evaluation of
White Phosphorus Contamination and Potential Treatability at Eagle River Flats, Alaska. FY96
Final Report. CRREL Centract Report to US Army, Alaska, Directorate of Public Works-July 1997.

Individual sections within report are cited as:

Collins, C.M., M.T. Meeks, M.R. Walsh, M.E. Walsh, and R.N. Bailey (1997) Pond draining treatability:
1996 studies-the draining of Bread Truck Pond. In Collins, CM. and D. Cate (Eds.) (1597) ...pp- 51-71.

Racine, C.H. and D. Cate (Eds.) (1996) Interagency Expanded Site Investigation: Evaluation of
White Phosphorus Contamination and Potential Treatability at Eagle River Flats, Alaska. FY95
Final Report. CRREL Contract Report to US Army, Alaska, Directorate of Public Works.
September 1996.

Racine, C.H. and D. Cate (Eds.) (1995) Interagency Expanded Site Investigation: Evaluation of
White Phosphorus Contamination and Potential Treatability at Eagle River Flats, Alaska. FY94

Final Report. CRREL Contract Report to US Army, Alaska, Directorate of Public Works. May
1995. Vol. 1&2.

5
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A-1  1st para. The term “receding from the river” is a little confusing. I would
suggest using headward erosion of the gully. (CMC)

A-2 1st para. Again “headward erosion of guilies” instead of “erosion and
recession.” (CMCQ)

A-4 Para. 1: Gully connections to ponds leads to more frequent flooding and
wetting, not necessarily longer drying periods. More of the ex-ponded area has
an opportunity to dry between flooding events, however. (MRW)

A-5 Para. 1: Using the tidal sedimentation rate of 0.4 mm/event, and
multiplying by the maximum number of events (14), I get 5.6 mm/year of
sedimentation, not 20 to 40 mm. Again, the sediment needs to be consolidated
to be effective. (MRW)

A-7  Sec. 2.5, 2nd para. A much higher, unmeasured, peak discharge occurred
in September 1995. The resulting flood event washed out the bridge across the
river at the head of ERF and the CRREL gauging station at the bridge. The
USGS gauging station further upstream at the town of Eagle River measured
the peak discharge at 291 m’/sec. (CMC)

Dr. Lew Hunter, CRREL prepared the following summary that may be useful: _

Mean annual discharge of the Eagle River at a gauging station in the
town of Eagle River is about 528 ft*/s (14.95 m>/s), with a peak discharge
of 10,300 ft*/s (291.67 m*/s) during the >500 year flood event of September
1995 (Kemper et al., 1995; Brabets, 1996).

Brabets, T.P. (1996) Evaluation of the streamflow-gaging network of
Alaskain providing regional streamflow information. Anchorage,
Alaska: U.5. Geological Survey, Water-Resources Investigations
Report 96-4001.

Kemper, J.E., L.A. Rundquist, D.B. Goldstein, ].E. Perry and J.N.
Marchbanks (1995) Flood Report: South Central Alaska Floods,
September 19-October 2, 1995. Anchorage, Alaska: National Oceanic
and Atmospheric Administration.

A-6  Fig. A-1. Can Axes be labeled with °C and mm to match text? (CMC)
A-9 Figure A-2: There are two arrows for Coastal 6 gully. (MRW)
B-4  Para. 5: Unit cost vs. Length applies only to breaching (Alt. 4). (MRW)

2.1.2: Need to include cost of blasting sump for pump (2 x 40# shape
charges., 2 x 40# cratering charges. Required). (MRW)

B-6  2nd « It was assumed that only one operation season... Two operating
seasons may be a better, more conservative estimate for amount of time needed
to dry sediments to achieve sublimation of WP. We will know better in
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September how effective pumping was in 183. We had almost ideal drying
conditions in June and July, which may not be repeated in future years. (CMC)

2.2: Do not see the cost of measuring thickness, uniformity, and
completeness of AquaBlok cover in estimate. (MRW)

B-7 3.0: Where did the data for distribution of WP come from? (MRW)
3.1: Include 1996 in observations. (MRW)

B-8 Top of page: Do not directly compare different sampling methods (30%
vs. 10%). The explanation does not remove the link between the two. (MRW)

Para. 3: of the three samples testing positive, one was a .C. duplicate.
Therefore, only two positives were actually found. This lowers the composite
positive rate to about 8% (2 of 24). (MRW)

The contamination rate would probably have been significantly lower if
discrete sampling had been performed. During the course of collecting our
composite subsamples, 98 discrete sub-samples were taken to make up the 24
composite samples. If only one of each of the composite sample’s subsamples
was positive, this leads to a hit rate of about 2%. (MRW)

B-9 Para 4, last line: Delete “with”.
B-10 3.4, Para.2: Colloidal particles are not considered a threat. (MRW)

Para. 3: Although the area was not dredged to specification, it is of
sufficient depth to prevent dabbling by ducks. (MRW)

ATT-4 Some technologies have been duplicated under the
Treatability Studies.

B Table B-2, Pg. 3, Under effectiveness: Can’t compare discrete to composite
detections and detection levels.

Under Screening Result: Dredging has been dropped, not retained.

B Table B-2, Pg. 6, Treatment (By Breaching): Description - Habitat has also
been removed from the targeted species: Not enough water to dabble.

Add Racine Island ditch in 1997 to implementability.

Effectiveness - Some measurement of WP removal has been done illw
1997, although the data may not yet be available.

B Table B-2, Pg. 6, Treatment (By Pumping): Description - Replace
“Presumably...would...” with “._.will...”.

Effectiveness - Remove first paragraph. Add something like... Testing of
the pumping system in Pond 183 in 1997 has proven the effectiveness of the
pump in dewatering a large pond with some interconnectivity with large water-
bearing areas. Extensive drying of previously permanent-ponded sediments has
been demonstrated”. Also, remove likely from second paragraph, based on
observations this Spring, Also, add something about the increased shorebird

activity which has been observed, without the resultant predicted mortality due
to WP. (MRW)
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C-1 1.0, Para. 2: This year’s work shows that pumping alone can dry out an
extensive pond system. See Table C-1, under Pond 183.

C-3  Table C-1. Pond 146 & Northern C and C/D Ponds. Replace (200 to 1000
gpm) with maximum 100 gpm. See comments for p. 2-8 above. (CMC)

C-4  Table C-2. Northern C and C/D Ponds. Replace “high amount” with
“moderate amount.” Reference previous comment above.

C-6/C7 Sediments only need to be desaturated, not dry, for sublimation to
initiate. (MRW)

C-15 Table C-6: Note 2 - “..drained within 36 hours of post-flooding-tide pond
level stabilization.” (MRW)

Para.3: Breaching may be more effective in draining, but it isn’t more
effective in drying the sediments due to more frequent flooding. (MRW)

C-23 Table C-8, Discharge pumping: Rubber hose in 50" lengths, pipe in 5,10,
and 20" lengths. (MRW)

Sensors: Add subcategories Low level shutoff, High level actuate, and
Flood level shutoff. (MRW)

C-24 Table C-8, Electrical Switches.... Change “switch” to “switches” under
desc. (MRW)

Engine.... Temperature, fuel, and pressure indicator lights.
Other: Pump hour meter.

C-26 Use “ditch” instead of “gully” as per discussion in general comments.
(CMQO)

C-26 / C-27: Based on results from last year and this spring, optimum crater
charge spacing is 4 to 4.5 m. That is predicated on the charges being tamped with
sandbags to confine the explosion to maximize the crater size. Refer to spacing
of 4 m in Stage 1 and 3.5 m in Stage 2. Use one number. (CMC).

C-27 Pump sizing: Won't necessarily need more manpower, although
deployment times may differ somewhat. (MRW)

Refueling: Dependent on tank size.
E-1  1.1: Delete first “be” in line 2.

E-6  * Annual pump/.... Change “installed” to “positioned”. Add pipe and
hose deployment via UH-1 Huey, approximately 2 hours (Also add to removal).

E-7 24, Para. 2: Crater spacing - Use one number. (CMC).

F-11 3.2.2, Para. 2: ..ponds will likely be permanently changed... We still
haven’t given up hope on BT! (MRW)

3.2.3, Para. 2: Change “channel” to “ditch” (CMC)

F-21 Para 1: You may want to change the assumption of residual risk based on
the results of Pond 183 pumping vs. 109 breaching this year. (MRW)

8
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F-33 43.6 3rd sentence. Again, the term “breached” as used elsewhere in FS
implies pond is connected to a drainage system. Iwould suggest rewording to “
the ponds were connected via a dredged channel in 1996.” (CMC)

F-34 4.3.8: Check wording, first paragraph. Not much uncertainty regarding
183 drying anymore in para. 3.

F-38 Environmental Impacts: Breaching of 146 would have a significant
impact on the whole eastern side of the Flats, due to the interconnectiveness of
the ponds, especially along shore. It will also affect flooding of the Flats. (MRW)

Table F-7  Pg. 2, S.T. Effectiveness, Alt. 4 I can’t imagine anybody’s windows
be broken by a detonation at the Flats. (MRW) Range Control regulation
require blasting only on clear days because of concern of low cloud cover
reflecting and magnifying sound of blasting. You may want to modify
paragraph to reflex this regulation. (CMC)

G-9 Para1: Total dredged area is closer to 0.6 ha, half of which was done in
1995. Also, you may want to include the draining of Pond 183 and the

surrounding area in 1997. Not sure the extent, but probably around 15 ha.
(MRW)

Para 3. Another source of potential hot spot ponds are the many very
small ponds and open pools within the bulrush sedge marsh area of Northern
C and especially C/D. Most of these ponds are less than 0.1 ha in size and have
not been sampled for WP. These small ponds are favorite loafing areas and to a
lessor degree feeding areas, especially for mallards. I think it is more likely that
these many small permanent ponds are a greater potential source of WP
poisoning than the intermittent ponds (CMC)

i
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{ + 'Michael R. Walsh, PE Charles M. Collins -
Mechanical Engineer - Research Physical Scientist
Engineering Resources Branch Geological Sciences Division
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CEPQOA-EN-G-MI (200-c¢) 20 aug 97

MEMORANDUM FOR CEPQA-EN-EE-AI
SUBJECT: Contract Number DACA85-95-D-0015, Order Number 1, Draft
Final Feasibility Study, Operable Unit C, Fort Richardson, Alaska

1. Reference Memorandum CEPCA-EN-EE-AI dated 15 Jul 97, subject
as above.

2. Review comments are enclosed.

3. Questions should be addressed to Willard Ferrell, x-2691.

encl DE£5;§%E7 THOMAS

Chief, Geotechnical Branch
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D-0015 DO#1: ERF OPU C at FORT RICHARDSON. ALASKA - Draft Final
File: 0015ERF.DBF Page: 1
Temp ID Last Name Office Symbol Discipline Page/Sheet Room DtI Post IT

r 7063481-54ﬂ ERRELL ] [EN-G-MI ] LINH | @m -5 E.3.1 l E ]
The second paragraph seemns to consider dabbling ducks as a species. Dabbling refers or to feeding habits of several

waterfowl species. Species is a biological term referring to genetics of interbreeding groups. Mallard is name of one from
many duck/waterfowl species that induige in the practice of dabbling.

r 7068481-5@ [@RRELL j [EN—G-M! j [INH _] Ez A] [Punet ] B j

Editorial

Under the first bullet magnitude of risk. Heterogenous White Phosphorus seermns like a misnomer. White phosphorous is
basically one "breedof” contaminant. The White Posphorus variability of contaminant level and location seems to be the
problem for characterization.

Most chemistry books define sublimination as the changing of phase directely from solid to gas without formation of Jiquid
from melting. White/yellow phosphorous (P4) is considered a flammable solid. The molecule (P4) does not exist as a gas.
Sublimation / volatilization does not take place.

L 7068481-546] FERRELL —l EN-G-M1 j INH ] [Ell j L 1 [3 : ‘]

The alteration of waterfowl habitat may be exarbated by the fact that the vegetation growing season is the same as the most
significant drying season. Significant loss of vegetative growth, if such occurs, will be for essentially a full growing season.
The greatest waterfow] impact will be during the fall usage period because need for, use of, availability of food, and resting

area follows the drying/growing. Loss of the short growing season may cause significant, probably temporary, loss of
suitable waterfowl habitat.

Printed 8/14/97 10:34:40 AM
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-district's execution, please provide this office a copy of annotated responses to
comments made by your office, other agencies and interested parties.

HTRW-CX COMMENT TRANSMITTAL 08111197
Comments Transmitted to Commander, Alaska District
Attention CEPOA, Joann Walls
Submittal # 004770 - 64967
Action Comments are transmitted with this record.
Location Fort Richardson
Site Eagle River Flats
Project Project Operable Unit C
Information Doc Title Draft Final Feasibility Study Report, July 1997, Operable Unit C (QU-C), Eagle River Flats (ERF),
Fort Richardson, AK.
Phase Draft Final
Designed by Chzm Hill, Anchorage
DISCIPLINE ACTION' SIGNIFICANT OR UNRESOLVED TECHNICAL COMMENTS
Chemistry NC
Compliance RC
Cost Engineering RCA
Geotechnical RCA
Health & Safety NC
Health Physaics NT
Innovative Tech RC
1. process Englneer RC
Risk Assessment NC
REQUESTED ACTION HTRW-CX Point of Contact
To further our understanding of the issues that affect this project and your i

I_é‘f‘rfé‘é(ﬁtﬂ(}(achek

" Telephone: (402) 697-2630

Transmittal of comments approved by:

Ken L. Gregg, P. E. (j EJ

Chief, Environmental Studies
and Liaison Branch

'NC = Reviewed; No Comments

X]  CEPOA-EN-EE-Al Joann Walls
-1 POD

" CENWO-HX-S Kellieann Kachek

CENWO-HX-S (Files)

NT = No tech involviment
RCA = Reviewed, Comments Attached

CT = Conferred/Deferred to District Counterpart
SCA = Reviewed w/Significant Comments attached
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64967: Operable Unit C at Fort Richardson, AK. - Draft _ ..__..
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In general. the report 1s well written and documented. However, the report is fairly biased regarding the use of "Aquablok.”
"Aquablok™ 1s primarily used to line pond bottoms to prevent leakage through the underlying soils, by sealing the pond
bottom with bentonite. The répon states that the objective s to reduce exposure pathways for the waterfow! which may
ingest WP A plan to install a horizontal blanket of sand or gravel was brietly locked at (Table B-2), and appears promising,
less expensive, etc., but was rejected only because it has not been tested at ERF, and because "Aquablok” had been

selected. -~ Highly recommend that this alternative be looked at again in further detatl.

1531067-130 | MELLEMA | [CENWO-HX-G| [GEO ~]lcenera [ [

Printed 8/13/97 8:59:54 AM



QUC 0030302

64967: OU-C at FT Richardson, AK - Draft Final FS

File: 64967RLO.DBF Page: 1
Temp ID Last Name Office Symbol Discipline Page/Sheet Room Dtl Post IT
= — |

[ 8599854-246 | [OSBORN | [CEMRO-BX-T] [EST | [General || i |

1.) The cost estimates shown for the alternatives are adequate for "order of magnitude” type estimates in that
notes and assumptions for costs are documented. In the event that Altermative 2,3.4 or 5 is chosen, a detailed
cost estimate for the project needs to done using the HTRW Work Breakdown Structure (WBS). ER
1110-1301, dated 15 April 94, requires in paragraph 8.b.(1), "Cost estimates for HTRW remedial action
shall use the latest HTRW remedial action work breakdown structure (RA-WBS)..." The latest HTRW
RA-WBS and O&M WBS was distributed to USACE offices in February 96. Structuring cost estimates
using these documents helps to insure that remedial action and operation and maintenance cost estimates are
standardized, complete and that cost engineering offices are involved in the preparation or review of the
estimates.

2.) The unit of measure of costs for Bulldozer, Front-end Loader and Dump truck shown in the list of
equipment differ from that used in the estimate. The list shows "per hour” and the estimnates shows "per day”.
Considering the rate used for each it seems that the "per day” unit of measure is correct as per the estimate
details. For future estimates the list should be changed to match the detail estimates.
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