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10.0 DEVELOPMENT AND SCREENING OF MEDIA-SPECIFIC
ALTERNATIVES

Remedial action alternatives were developed using the potentially acceptable
technologies and representative process options identified in Section 9.0. The potential
pathways that are addressed in this feasibility study (FS) are as follows:

° Groundwater;
. Seep discharges;
. Soil, and

. Sediment and surface water in the Snowmelt Pond.

The goal of the FS is to evaluate multi-media alternatives (i.e., grouping of actions that,
together, address the three pathways). Even with only a small number of actions that
address each pathway, the number of combinations that would address multi-media impacts
in different parts of the OU would be very large. Therefore, media-specific alternatives are
screened in this section and evaluated in detail in Section 11.0. Multi-media alternatives are
developed in the comparative analysis section of Section 11.0. Since the Snowmelt Pond has
a presumptive remedy of constructed wetlands, the pond is discussed in detail in Section
11.0.

A building block approach was taken to develop alternatives. Process options
were combined into a limited number of alternatives that, based on professional judgement,
are most applicable to the setting and contaminants at OU 5. The five basic general response
actions for water and soil are shown below, with the process options identified for each
action. The alternatives were assembled using different combinations of these process

options.
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Each alternative was evaluated for effectiveness, implementability, and cost, in ‘
a process similar to the evaluation of process options, but evaluating the entire altemative.
Alternatives that passed this screening are analyzed in more detail in Section 11.0 (i.e., that

analysis evaluates the synergy between the combination of different process options).

Containment — Collection —> Treatment — Discharge —> Institutional
: 2 Actions

Process Options for Sofl
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The definition of each evaluation criterion used in this screening is discussed
below.

Effectiveness — The ability of the alternative to protect human heaith and the
environment. "Effectiveness” includes the amount of hazardous material treated and/or
destroyed; the amount remaining on site; the degree of expected reduction in mobility,
toxicity, or volume of contaminants; the short-term reductions of risk during construction and
implementation; and the long-term reduction of risk once the remedial actions are completed.
Alternatives that have been shown to achieve remedial action objectives similar to those at
Elmendorf AFB are considered effective unless the uncertainty involved calls that effective-
ness into question. The judgment of effectiveness is based on literature evaluations of the
alternatives at similar sites and on the technical understanding of the type of contamination
(chemicals, concentrations, and phase), migration routes, and the geologic/physical setting of
OU 5). The alternatives should also protect human health and the environment without
compromising the bluff stability and wetlands environment. The alternative should not create

a potential environmental impact greater than the potential risks if no action were taken.

Implementability — The technical and administrative feasibility of the alterna-
tive, as well as the availability of the various services and materials that would be required.
Technical feasibility generally refers to the ability to construct and reliably operate the pro-
cess until the remedial goal is achieved. The administrative criteria include the ability to
secure necessary approvals from the regulating agencies for construction, operation, and dis-
posal of residuals generated by the alternative. Administrative feasibility also considers the
availability of treatment, storage and disposal facilities, technical specialists, and any special
equipment that may be required. If an alternative requires significant space, piping, or man-
power to implement, its implementability is considered marginal. If significant permitting or
waivers from potential ARARs are needed, the implementability is further reduced because
of the anticipated difficulty or time required to acquire approvals and obtain waivers. For
CERCLA projects, permitting is typically not required as long as substantive requirements
are met. The evaluation of implementability is based on the current state of the technology
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development (obtained from literature sources), and the physical/hydrogeologic setting of OU
5. The most important factors are the groundwater flow direction and rate, the geologic sta-
bility of the OU, and the space available to implement an alternative. Of equal importance is
the permitting required to dispose of waste generated by an alternative.

Cost — Capital and/or lease costs, miscellaneous costs, and annual operations
and maintenance (O&M) costs are considered. These costs are broad, order of magnitude
estimates obtained from literature and from experience with similar alternatives. The costs
are accurate to within 50% less and 100% more than actual costs and are for comparative
purposes only. More detailed costs, based on CORA and RACER computer-based estimates,
are provided in the detailed analysis (Section 11.0). Cost details are provided in
Appendix T.

10.1 Alternatives for Water

The alternatives for water are described and evaluated below. Rationale for
both retaining and dropping alternatives is discussed in Section 10.3.

10.1.1 Natural Attenuation

Containment —> Collection — Treatment — Discharge —> Institutional
¢ Amns

Shurry Walis ;

Natural Attenuation
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Description — Natural attenuation would take no action at the site and would
leave basewide groundwater, seeps and surface water in their current state. Dilution, adsorp-
tion, volatilization, and biological breakdown of the contaminant concentration wouid occur
in seeps, natural wetlands, and in the groundwater. In seeps, volatilization and biological
breakdown are the primary mechanisms reducing concentrations of organic contaminants.
Natural wetlands possess aerobic, anaerobic, and eutrophication environments capable of
breaking down aromatic and chlorinated hydrocarbons, and precipitating metals. This alter-
native would use natural processes to treat seep water and groundwater discharges to the
wetlands. In groundwater, natural attenuation occurs through adsorption, biological break-
down, volatilization, dispersion, and dilution. Natural attenuation would allow these pro-
cesses to continue. This alternative provides a baseline for comparing other alternatives.

Monitoring would include groundwater, seep water, and the wetlands.

Effectiveness — The effectiveness of the natural attenuation alternative
depends on the contaminant removal rate of the physical, chemical, and biological processes
that are currently occurring. Breakdown rates depend on the temperature, water and soil
chemistry, nutrient supply, flow rate, bacterial colonies/populations, and food supply (conta-
minant concentrations). The rate is generally faster at high concentrations because increased
substrate allows for a higher rate of utilization by organisms. Breakdown rates are slower at
low concentration, lower temperatures, and low organic content of the soil can also slow
natural attenuation. The rate of natural attenuation cannot be accurately predicted at
Elmendorf AFB.

Dispersion may have the greatest effect on the concentrations of COCs in
groundwater; however, adsorption (often referred to as retardation) and biological breakdown
are important factors. It is very difficult to develop any meaningful estimate of the
contribution of each component of natural attenuation to the concentrations of organics
currently seen in the groundwater and predicted for the future. For these reasons, natural

attenuation is best quantified by evaluating concentrations at source areas and the
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concentrations of contaminants at downgradient receptors. This approach considers all
natural attenuation processes affecting groundwater quality.

For groundwater that is expressed as seeps in OU S, prior natural attenuation
processes may have already occurred within the bluff. Even though natural attenuation likely
has occurred to COCs within the bluff, once seeps express themselves into the wetlands as
surface water, further degradation is likely since the natural attenuatinn processes are much
different, e.g., effect of plant uptake, more available oxygen, light, etc.

Although natural degradation rates are difficult to predict, recent studies of the
Beaver Pond area (see Appendix R) indicate that natural attenuation can be effective in the
wetlands environment of OU 5. The Beaver Pond study revealed that the environmental
impacts at the pond are minimal and that Ship Creek is not being affected.

The wetland areas in the western half of OU 5 (in the seep areas) are much
smaller than Beaver Pond. These other wetland areas may not have the water retention time
needed to naturally treat seep water before natural discharge to surface water in drainage
ditches occurs. Environmental impacts at the seeps would not be effectively remediated in
the short term by this alternative.

Without combining this alternative with monitoring of groundwater, seeps, and
surface water, there would be no measure of the success of the natural processes on the con-
taminant concentrations. To provide this measure, a monitoring program has been made a
part of the natural attenuation alternative. The monitoring would allow for observation of the
effectiveness of natural attenuation. If, because of changes in temperature, flow rate, conta-
minant load, or the other factors described above, the effectiveness is not demonstrated,
additional remedial action can be taken.

This alternative would produce no cross-media benefit on soil contamination.

Since no access restrictions would be implemented, human and environmental exposures

Elmendorf AFB OU $ RI/FS Report 10-6




‘ would not be prevented during the time period when contaminant concentrations exceed the
clean-up criteria.

Implementability — This alternative is readily implemented. The processes
for approving natural attenuation are defined and have been implemented at contaminated
sites. For the portion of OU 5 near Beaver Pond, this alternative can be implemented.
However, an potential ARAR variance for water quality in the wetland may be needed so it
can be used to degrade contaminants.

Cost — The monitoring costs associated with natural attenuation would range
from $5,000,000 to $6,000,000 (present value for 30 years of monitoring).

10.1.2 Institutional Action

Containment — Collection —> Treatment — Discharge —> Institutional

Institutional Action

Description — This alternative would implement land use restrictions into the
Elmendorf AFB land use plan. City and county land use plans would have to be consulted
and potentially, restrictions placed on land not owned by Elmendorf AFB. These restrictions
would include prohibiting the extraction and use of groundwater and prohibiting the building
. of residences in areas affected by contamination. The alternative would include a ground-
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water and surface water monitoring program. The water samples would be collected periodi-
cally and analyzed for the contaminants of concern. Plants and animals would be observed
for signs of impact. The data generated would be used to monitor degradation and provide
an early indication of possible impact, allowing for a remedial response to mitigate the
impact.

Effectiveness — Institutional actions would protect human health and the
environment by monitoring the environment and controlling the potential for exposure to con-
taminated water. The access restrictions would help prevent potential human exposures to
contaminated groundwater, seeps, and springs, but they would not reduce exposures to small
terrestrial and burrov :¢ animals. The natural contaminant reduction processes present in
the no action alternative would continue to operate with implementation of institutional
controls. However, the groundwater and surface water monitoring implemented with this
alternative would allow tracking of contaminant reduction rates and concentrations.

Implementability — This alternative is implementable and would cause little
environmental disruption to the existing ecosystem of the proposed alternatives. The pro-
cesses for acquiring deed restrictions and restricting groundwater use are defined. Institu-
tional controls have been implemented at contaminated sites.

Cost — The present value of institutional controls, including monitoring,
would range from $5,000,000 to $6,500,000. Approximately $100,000 of this cost is for
actions such as deed restrictions. The remainder is for monitoring of groundwater, seeps and

surface water.
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10.1.3 Containment

c:ontainmem—> Collection —> Treatment —> Discharge —> Institutional

Containment

Description — Containment could be partially achieved through the use of a
vertical slurry wall barrier that would be keyed into the Bootlegger Cove formation to pre-
vent horizontal migration of contaminated groundwater. The slurry wall would be a mixture
of cement and bentonite. Seep water would be contained by installing pavement or Gunite®
in the seep areas. The monitoring of groundwater, seeps, and surface water would be
needed to document containment of the plume.

Effectiveness — Containment would protect human health and the environment
by reducing the migration of contamination. OU 5 is the area of discharge for basewide
groundwater. Containing groundwater at the point of discharge is only temporarily effective
because groundwater would build up behind the barrier system and eventually bypass the
slurry wall. The pavement over the seep areas is also not likely to be effective in the long
term since water would eventually bypass the barrier. Constructing the barrier could cause
environmental impacts by backing up groundwater and causing flow of impacted water from
the bluff at locations that could not be predicted. Wetlands could be dewatered. Also, the
increase in the water table could create pond pressures that could affect the stability of the
bluff. There would be no cross-media benefit affecting soil contamination.
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Implementability — This alternative is not implementable at QU 5. Con-
taining the large amount of groundwater present at OU 5 would be difficult, because of the
access difficulties in constructing a slurry wall and the difficulty in containing large volumes
of water with these barriers. The railroad, roads, and buildings in the industrial area all
make implementing this alternative difficult.

Cost — The cost of this alternative is estimated to be approximately
$9,000,000 to $12,000,000. Approximately $4,000,000 is for groundwater, seeps, and

surface water monitoring.

10.1.4 Passive Extraction, Treatment Using Constructed Wetlands, and Discharge

Containment —> Collection —> Treatment —> Discharge —» Institutional
R N Ac"ons

%o Traatmong

Reinjection
to Aquiter

Passive Extraction, Treatment Using Constructed
Wetlands, and Discharge

Description — Groundwater and seepage water would be extracted using pas-
sive horizontal drains and collection trenches installed in areas of identified seeps. All
collected water would be directed toward the constructed wetland built at the Snowmelt
Pond. Degradation of organic compounds should occur in the aerobic environment near the
root zones, and the anaerobic environment in the eutrophication zones of the wetland system.
Metals should be precipitated as insoluble salts (typically sulfides) in the eutrophication
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zones. The effluent would be discharged to the existing drainage ditch leading from the
Snowmelt Pond. Monitoring of the wetland would be required to document that clean-up
levels are being attained. Ongoing monitoring of groundwater and surface water would be
needed to monitor the possible reductions in impact from treating seep water, and to monitor
the natural attenuation of these pathways.

Effectiveness — This alternative protects human health and the environment
by eliminating potential for exposures in seep areas, and collects and treats contaminated
water from the seeps. Passive extraction of groundwater would only remove water from the
top of the aquifer near the water table. Therefore, for the bulk of groundwater flow below
the water table this alternative is not effective. However, the alternative would have no
negative impact on the environment if implemented and very little impact on bluff stability
due to installation of passive drains.

The cold climate may limit the effectiveness of the treatment component of this
alternative to the summer months only. Lower temperatures slow biological processes and
will slow the degradation rate of organic contaminants. There would be no cross-media
benefit affecting soil contamination by implementing this alternative.

Implementability — The alternative is implementable. Passive extraction of
groundwater would produce relatively low flows. For the water to be retained in the
wetlands system long enough for degradation to occur, 10 to 15 acres of land would be
needed. This land would have to be located relatively near the seeps so long pumping
distances would not be needed. Since most of the land at the bottom of the bluff south of the
seeps is not owned by the Air Force, the constructed wetlands would have to be located on
top of the bluff.

Cost — The cost estimates for this alternative range from $6,000,000 to
$8,000,000. This includes approximately $4,000,000 for groundwater, seep, and surface
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water monitoring. This assumes no cost for the land since the Air Force maintains

ownership.

10.1.5 Active Extraction, Treatment Using Constructed Wetlands, and Discharge
Containment — Collection — Treatment — Discharge —> Institutional

Active Extraction, Treatment Using Constructed Wetlands,
and Discharge

Description — Extraction wells would be installed in areas of identified seeps
and in areas where the risk caused by exposure exceeds 1 x 10%. Collection trenches would
be used to supplement the wells in some areas. All collected water would be pumped to the
constructed wetlands at the top of the bluff. Degradation of organic compounds should occur
in the aerobic environment near the root zones, and the anaerobic environment in the eutro-
phication zones of the wetland system. Metals should be precipitated as insoluble salts
(typically sulfides) in the eutrophication zones. The effluent would be discharged to a
reinjection well system in the eastern portion of OU 5. Monitoring of groundwater and sur-
face water would be required to document that clean-up levels are being attained. The only
difference between this alternative and the previous one is that substantially more water
would be treated.
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Effectiveness — This alternative protects human health and the environment
by reducing potential for exposures in seep areas, and collects and treats contaminated
groundwater. The cold climate may reduce the effectiveness of this alternative in the winter
months only because cold ambient temperatures reduce degradation rates. There would be
no cross-media benefit affecting soil contamination by implementing this alternative. The
pumping would have a very minor impact on the stability of the bluff; however, the
hydrology of wetlands could be negatively affected because of the large volumes of
groundwater extracted; groundwater that would normally discharge into the Beaver Pond.

Implementability — The alternative is implementable on a small scale (i.e.,
treating only water from the seeps), but difficult on a large scale because of the extensive
land requirements. Pumping groundwater would result in large flows (2,400 to 3,400 gpm).
From 100 to 250 acres would be needed to treat this flow. With limited land at the top of
the bluff the flow through the wetland would have to be relatively small, making this
alternative not implementable for these large flows because of space limitations at the
Snowmelt Pond.

Cost — The cost estimates for this alternative range from $15,000,000 to
$18,000,000. This cost is for a wetland on top of the bluff since use of the Snowmelt Pond
would not be feasible. Monitoring costs of $4,000,000 are included for monitoring of
groundwater, seeps, and surface water.
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10.1.6 Passive Extraction, Treatment by Activated Carbon and Discharge .

Containment — Collection —> Treatment — Di: —> Institutional

Passive Extraction, Treatment by Activated Carbon,
and Discharge

Description — Groundwater and seepage water would be extracted by passive .
horizontal drains installed in areas of identified seeps. = Water would be passively collected
and drained to an aqueous activated carbon system at the bottom of the bluff. The activated
carbon would remove the contaminants. The water would then be reinjected in the eastern
portion of OU 5. Monitoring would be needed for groundwater and treatment effluent to
demonstrate that the treatment is effective.

Effectiveness — This alternative protects human health and the environment
by reducing the potential for exposure in seep areas by removing and treating contaminated
water. Only shallow groundwater near the water table would be removed using horizontal
drains. Deeper groundwater would not be captured by a passive system. This alternative
would have a very minor, if any, impact on the stability of the bluff and no impact on the
hydrology of wetlands.

Implementability — The alternative is implementable; the technology is
proven and available. There is sufficient land for this alternative at the bottom of the bluff. .
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Cost — The cost estimates for this alternative range from $7,000,000 to

$8,000,000. The monitoring component for groundwater, seeps, and surface water is
estimated to be $4,000,000.

10.1.7 Active Extraction, Treatment Using Air Stripping and Activated Carbon,
and Discharge

Active Extraction, Treatment Using Air Stripping and
Activated Carbon, and Discharge

Description — This alternative is applicable to groundwater and seeps.
Impacted groundwater would be extracted with wells installed in areas of identified seeps and
where cancer risks posed by exposure to groundwater exceed 1 x 10%. The collected water
would be stripped of volatiles with an air stripper, and the effluent would be discharged via a
reinjection well system as with previous alternatives. Volatiles from the air stripper would
be captured and treated with activated carbon. Monitoring would be needed for ground-
water, surface water, effluent from the treatment system, and air to demonstrate that the
treatment is effective.

Effectiveness — This alternative protects human health and the environment
by reducing the potential for exposure in seep areas by removing and treating contaminated
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groundwater. A system could be designed to control the migration of impacted groundwater.
By controlling the migration, capturing groundwater, and drying up seeps, potential threats to
Ship Creek, human receptors, and the environment are eliminated. Implementing this alter-
native would have an indirect benefit on surface water quality by preventing contaminated
groundwater discharge into the surface water systems. However, decreased volume of water
flow to the wetlands could upset the ecology of the system. There would be no negative
impact on the stability of the bluff.

Implementability — The alternative is implementable; the technology is
proven and available. There is sufficient land for this alternative and systems for controlling
emissions are available.

Cost — The cost estimates for this alternative range from $25,000,000 to
$30,000,000. Monitoring costs of approximately $4,000,000 are included in this estimate.

10.1.8 Permeable Treatment Beds
Containment — Collection —> Treatment —> Discharge —> Institutional

Sturry Walls

Use
Restrictions

Permeable Treatment Beds

Description — This alternative is applicable to groundwater. Seeps could not
be controlled by surface treatment beds, since seeps discharge as surface water. A subsur-
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face flow-through treatment medium would be constructed to treat groundwater in situ.
Treatment beds would be installed through a trench excavated into the saturated zone to
intercept shallow groundwater. The trench would be backfilled with granular activated
carbon (GAC) to just below the water table, and then the backfill completed with clay to the
land surface. The GAC would adsorb any dissolved constituents, and the clay layer should
effectively filter or block any floating product from flowing past the trench. Once the
adsorptive capacity of the bed has been exhausted, the trench could be re-excavated to
remove the spent carbon and any accumulated floating product. The spent GAC could be
regenerated off-site at a carbon regeneration facility and the desorbed contaminants could be
thermally destroyed. The trench could then be re-installed as before with new or regenerated
GAC. Monitoring of groundwater on both the upgradient and downgradient side of the
trench would be needed to document its effectiveness.

Effectiveness — This alternative would protect human health and the environ-
ment by intercepting and treating contaminated groundwater. The potential for affecting Ship
Creek would be reduced. Activated carbon would adsorb most contaminants. Regeneration
of the carbon would destroy the contaminants. This alternative would have no negative
impact on the stability of the bluff, but could negatively affect wildlife habitat and wetlands
(see Implementability).

Implementability — Implementing this alternative would be difficult. The
need to remove and replace the activated carbon periodically would result in this alternative
being implemented more than once over the life of the project. The multiple implementation
could result in damage to the ecology. All flora and fauna and related habitats within the
area treated would be detrimentally affected. The railroad, Post Road, and industrial
buildings would make installation of a continuous trench very difficult. Excavation and
reconstruction will also result in a period of time when groundwater would not be treated.
The space available for construction is limited due to the railroad tracks in the western and
the wetlands in the eastern part of OU §.
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Cost — The estimated cost for this alternative is estimated to range from
$10,000,000, to $15,000,000 per implementation, including excavation, carbon, and

monitoring costs.

10.1.9 Air Sparging Combined With Soil Vapor Extraction

Containment — Collection —> Treatment — Discharge —> Institutional
: : Actions

Air Sparging Combined with Soil Vapor Extraction

Description — This alternative would both volatilize and degrade organic
compounds by injecting air intc the contaminated groundwater to increase the oxygen
content, and thus accelerate the natural degradation processes. Volatized compounds would
enter the vadose zone where they would be removed using soil vapor extraction and treated
using activated carbon. Aromatic contaminants not volatilized would be broken down by the
increase in microbial activity caused by the increased oxygen content of the water. Monitor-
ing of the groundwater, seeps, and surface water would be needed to document the
effectiveness of this alternative. Activated carbon would be used to control emissions from
the soil vapor extraction wells.

This alternative is generally applicable to groundwater and could have bene-
ficial effects on subsurface soil contamination. Its affect on seeps would be less since the
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small size of the seeps would make it difficult to accurately target the same area for both
seeps and groundwater.

Effectiveness — This alternative would protect human health and the environ-
ment by removing volatile contaminants from the groundwater and accelerating the degrada-
tion process. The migration of the contaminants remaining in the groundwater is not
reduced, so the effectiveness depends upon the distance between the point of sparging and the
point of potential exposure. The degradation process would require an unknown period of
time and may not be complete by the time impacted water with unstripped contamination
reaches potential points of exposure. The lithology of the subsurface would effect system
performance as varying migration patterns of air and contaminants in the subsurface could

result in uneven performance.

There is a potential for negative influence on surface water quality caused by
discharging oxygenated water into the wetlands. The extra oxygen could affect the ecology
of the wetland by upsetting the balance between aerobic and anaerobic conditions. This
could change the types and population of organisms in the wetlands. There would be no
impact on the stability of the bluff.

Implementability — This alternative can be implemented. The technology is
proven effective in many environments. Sufficient space is available for air sparging wells.
Sparging wells and the geologic formation can be fouled by bacterial action and chemical
precipitation. This is especially true in waters with high iron content, such as those in QU 5.
Fouled wells may have to be abandoned and new wells constructed.

Cost — The cost is estimated to range from $25,000,000 to $30,000,000. The

monitoring of groundwater, surface water, and seeps accounts for approximately $4,000,000
of this estimate.
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10.2 j iv i

The remedial alternatives for soil are described and evaluated below.
Rationale for both retaining and dropping alternatives is discussed in Section 10.3.

10.2.1 Natural Degradation

Containment — Excavation —> Treatment —-> Disposal — Institutional
. o Actions

Natural Degradation

Description — The natural degradation alternative relies upon natural physical,
chemical, and biological processes to reduce contaminant concentrations until cleanup levels

are met in soil. Aromatic hydrocarbons are a common food source for naturally occurring
bacteria. The bacteria break down the organics to carbon dioxide and water. Hydrocarbons
also are adsorbed to organic and clay minerals in soil. These natural processes would act
slowly, resulting in a remediation time frame whose length is difficult to predict. A site-
specific modeling program would be needed to define degradation rates of contaminants and
estimate the time required to naturally achieve cleanup levels. An ongoing soil monitoring
program, where soil samples are collected periodically, would be required to confirm
predicted degradation rates. This alternative provides a baseline for comparing other
alternatives.
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Effectiveness — Natural degradation does not result in any immediate reduc-
tion in risk; however, the risks associated with exposure to soil are low since the con-
taminated soils are below the surface and not accessible to direct contact. The speed of
remediation depends upon many factors, including temperature, nutrient levels, moisture
content, oxygen content, and bacterial activity. The breakdown rate is not known. The
modeling program could also estimate the reduction in risk over time. There would be no
impact on the stability of the bluff; however, wetlands could be affected in the short term by
discharges of groundwater flowing through impacted soil.

Implementability — The alternative is implementable. The processes for
implementing natural degradation are known and have been used at other waste sites. Public

and regulatory acceptance also must be achieved for this alternative to be implementable.

Cost — The monitoring cost (present value based on 30 years of monitoring)
associated with this alternative would range from $1,000,000 to $1,500,000.

10.2.2 Institutional Action

Institutional Action
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Description — This alternative would involve monitoring soil impacts and
would add land use restrictions to the Elmendorf AFB land use plan. The monitoring
program would be the same as described under the natural degradation alternative. These
restrictions would limit access and prohibit the building of residences and excavations in
areas with contamination exceeding cleanup levels. The restrictions would be included on
the deed for the property and would be incorporated in the Base Comprehensive Use Plan.
The use restriction would be factored into any future decisions to dispose of the property.
Monitoring of the soil would be needed to track the natural degradation of the contaminants
over time. Any future uses of the impacted areas must be evaluated to make certain that the
risk due to these future uses does not exceed acceptable levels.

Effectiveness — This alternative would minimize exposures that could occur
from digging in contaminated soil. Risk from exposure to soil would be reduced since the
chances for human contact would be reduced. Risks to the environment would not be con-
trolled at seep sites. Animals and vegetation would not be protected by the institutional
actions. This alternative is unlikely to affect the stability of the bluff.

Implementability — This alternative is implementable and would cause little
environmental disruption to the existing ecosystem of the proposed alternatives. Fences
could be easily constructed and maintained without disruption of the environment or opera-
tions at Elmendorf AFB. The processes for acquiring deed restrictions and restricting
groundwater use are defined. Public and regulatory acceptance would be required for the
alternative to be implementable.

Cost — The present value cost would range from $1,000,000 to $1,500,000.
This cost includes an estimated cost of $100,000 to implement deed/access restrictions.
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10.2.3 Containment

Containment — Excavation — Treatment — Disposal —> Institutional
e , Actions

Containment

Description — This alternative includes a bentonite and soil cap and sediment
control barriers to contain areas of known surface soil contamination. Capping would also
be applied to soil contaminated by seeps. A 2-foot thick bentonite and soil cap with a
vegetative cover would be constructed over approximately 3.5 acres on top of the bluff. This
design should be adequate to prevent dermal contact with contaminated surface soils and
infiltration of water through contaminated vadose zone soil. The cap in the seep areas would
be small (approximately 0.1 acres each). Silt fences across known drainage ditches would be
constructed to prevent contaminated sediments from washing out into surface water. Periodic
monitoring of soil pore water, using suction-type lysimeters, would be needed to document
the effectiveness of the cap.

Effectiveness — This alternative would be effective in reducing risk from
dermal contact with contaminated soil. However, the risk is currently low. There would be
a cross-media benefit on groundwater water and, indirectly, on surface water by reducing
migration of contaminants through the soil and into groundwater. Reducing the contaminant
load on groundwater will indirectly benefit surface water at the point of discharge. Caps in
seep areas would not be effective, even with the attempt at water extraction, because of
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hydraulic pressure that would build up behind the cap and either rupture the cap or even- .
tually cause water to bypass the cap and contaminate other areas, including surface water and
wetlands. Back pressures caused by a cap could lead to instability of the bluff.

Implementability — Capping has limited implementability. The topography
of the bluff would not allow for construction of a stable cap, so any capping would be
limited to the flat areas at the top of the bluff. The area that would be capped is small, so
the loss of use of the capped area should not have an impact on operations at Elmendorf
AFB. Public and regulatory acceptance must also be achieved for this alternative to be
implementable. The technology is proven and available.

Cost — The cost is estimated to range from $1,000,000 to $2,000,000.

10.2.4 Excavation and Disposal

Containment — Excavation —> Treatment — Disposal —> Institutional .
Actions

Excavation and Disposal

Description — This alternative would be applied only in the areas where soil
contamination exceeds clean up levels for total fuel hydrocarbons (TFH). Natural
degradation would continue to be applied to soils with less than the TFH clean-up levels. A
backhoe or front-end loader would be used to excavate overburden with contamination below .
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clean-up levels. Approximately a 4 foot x 10 foot x 10 foot portion of soi! would be
excavated for disposal (1,500 cubic yards) in each of the two areas being evaluated in this FS
(3,000 cubic yards total). These contaminated soil areas are at depths of approximately
10-12 feet in the western area and 0-2 feet in the central area. The soil would be
temporarily placed on plastic, and samples would be collected to determine the concentration
of TFH in the excavated soil. These data would be used to obtain authorization to dispose of
the soil at an industrial landfill. Samples also would be collected of the sidewall and bottom
soil in the excavation to confirm that the soil with a TFH concentration greater than clean-up
levels was removed. The depth of the contamination will depend upon the depth of
contamination and the technical ability to excavate. The sidewalls would have to be laid
back to permit safe entry into the excavation. Roads, utilities, and buildings would limit the
size of the excavation, since they could interfere with the excavation residuals. The
excavated soil would be transported to an off-site permitted industrial waste landfill. Clean
fill would be imported to the site and the excavation backfilled.

Effectiveness — The potential for dermal exposure to contaminated soil is
eliminated, and the alternative is permanent. There would be a limited cross-media benefit
on groundwater by the removal of near-surface soil with the highest contaminant concentra-
tions. The Air Force would maintain environmental liability after disposal of the soil, since
treatment would not have occurred, even if the soil is disposed at a permitted facility. If the
facility became a CERCLA site, the Air Force could become a responsible party. This
alternative could affect the stability of the bluff if deep excavations were made. Shoring can
minimize this impact. No threzt to wetlands or other ecological receptors is expected by
implementing this alternative.

Implementability — The alternative may not be implementable. Air Force
policy is to not select excavation and off-site disposal as the preferred alternative for
CERCLA soils. The excavation techniques are available and proven. However, this
alternative is limited only to shallow soil (generally less than 10-15 feet). Deeper soil could
only be safely obtained by shoring excavations or using caisson excavation methods.
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Disposal of contaminated soil may be difficult. If the soil is hazardous, an out-of-state .
RCRA landfill would have to be used, and transport of the soil would be difficult. The

waste characterization (hazardous/nonhazardous) would have to be determined during a pilot
excavation. All current data indicate that the soil would not be hazardous. Public and

regulatory acceptance would also be required for this alterative to be implementable.

Cost — Assuming an industrial waste landfill could be used, the cost for this
alternative would range from $800,000 to $1,200,000.

10.2.5 Excavation, Biopiling, and Backfill

Containment —> Excavation —> Treatment — Disposal —> institutional
Actions

HonRoring ‘

Excavation, Biopiling, and Backfill

Description — A backhoe or front-end loader would be used to excavate soil
from the areas of OU 5 where soil contamination exceeds clean-up levels for TFH. The
volume of soil to be treated is estimated to be 3,000 cubic yards. The excavated soil would
be stockpiled and transferred to the Elmendorf AFB biopile cell for treatment. The existing
biopiling area is located at the eastern end of Elmendorf AFB. Clean fill from on base
would be used as backfill in excavated areas. Degradation in the biopile occurs because
oxidation of the soil stimulates microbial activity, which breaks down the contaminants into
carbon dioxide and water. Some volatilization also occurs. .
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Soil in the biopile would be monitored for temperature, soil pH, nutrient, and
contaminant concentrations. Operations would be adjusted for climate to maintain optimal
degradation. Soil samples would be collected from sampling points in the center of the
biopile and analyzed to determine that the contaminated soil had been treated to acceptable
levels.

When cleanup objectives are met, the treated soil would be used on-base as

Effectiveness — The potential for dermal exposure to contaminated soil is
eliminated. There may be a limited cross-media benefit on groundwater by the removal of
near-surface soil with the highest contaminant concentrations. The effectiveness may be
slowed in the winter when degradation rates decrease. The bacterial activity is most effec-
tive in warm ambient temperatures. As with the excavation and disposal alternative, this
alternative is limited only to shallow soil. Deeper soil could only safely be excavated by
shoring excavations or using caisson excavation methods. This alternative creates the same

potential impacts to bluff stability and wetlands as the excavation and disposal alternative.

Implementability — The alternative can be implemented but may be restricted
to the summer months because of the cold winter climate. The excavation and biopiling
techniques are available and a treatability study at Elmendorf AFB is ongoing. Excavation in
the western area may be difficult since the depths of contamination (10-12 feet) approach the
15 foot depth limit for excavation without complex methods. The biopiling could be
coordinated with the existing biopiling study. The land commitment for the duration of
treatment would not affect operations at Elmendorf AFB. Public and regulatory acceptance
are required for this alternate to be implemented. Contaminated soil on the side of the bluff
in the western portion of the OU will be difficult to reach.

Cost — The estimated cost range for this alternative is $150,000 to $300,000.
This includes $30,000 for sampling of soil to document remediation of the soil. Also
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included is excavation and transport to the biopile and backfill (costing in the range of $15 to
$20/cy [$45,000 to $60,000]). The remaining cost is for the biopiling effort.

10.2.6 Soil Vapor Extraction/Soil Venting

Containment — Excavation — Treatment — Disposal —> Institutional
: . Actions

Soil Vapor Extraction/Soil Venting

Description — Soil vapor extraction (SVE) wells would be installed in the
vadose zone and screened in a narrow interval below the soil contamination. The wells
would be connected to a vacuum blower via a common header so that a negative pressure
would induce air flow through the contaminated soil into the SVE wells. Volatile compounds
would partition into the vapor phase where they could be collected by the wells. Activated
carbon would be used to adsorb the contaminants from the vapor phase. Periodic regener-
ation of the carbon would destroy the contaminants. Vapor vacuum monitoring wells would
be used to document the radius of influence of the SVE wells. The concentration of organic
vapor in the extraction and monitoring wells would be measured periodically to document
vapor extraction rates. Soil borings would be drilled to sample the affected soil to confirm
that cleanup levels have been achieved.

Effectiveness — This alternative protects human health and the environment

by reducing the volatile contaminant concentrations in soil. There is a cross-media benefit
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on groundwater by the reduction of contaminants in the soil. Also some induced volatiliza-

tion from the groundwater could occur as a result of the reduced pressure in the vadose zone.

Soil vapor extraction would not be highly effective on the low volatility con-
taminants such as diesel and jet fuel. Since these compounds have low volatility, the relative
vapor phase equilibrium concentration between the vapor and adsorbed/liquid phase is low.
Also, SVE wells would not be highly effective near the bluff face because the vacuum would
be lost as fresh air was drawn in through the bluff, thereby reducing the vacuum induced in
the vadose zone. The radius of influence (and thus the effectiveness) of the wells will
depend upon the permeability of the formation. Radius of influence also affects the number
of wells needed to be effective. The formation is predominantly sand and gravel so the
effectiveness of each well to extract soil vapor is expected to be high. However, heterogen-
eity in the lithology and channeling of air could cause this alternative to be less effective in
some areas. This alternative would not affect the stability of the bluff or affect wetlands.

Implementability — This alternative can be implemented. There is sufficient
land available to install the wells, header system, and treatment systems. The SVE tech-
nology is proven and is available; soil vapor treatment with activated carbon is proven and

available. Approvals from regulatory agencies would be needed to discharge treated offgas.

Cost — The estimated cost range would be $1,000,000 to $2,000,000.
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10.2.7 Bioventing .

Bioventing

Description — Bioventing treats organic contaminants by oxygenating the
vadose zone, increasing microbial activity and increasing microbial breakdown of the con- .
taminants. Air injection wells would be installed in areas where concentrations of soil
contaminants exceed clean-up levels for TFH. The wells would be screened in the vadose
zone in a narrow interval within and below the soil contamination. A blower would be con-
nected to the wells via a common header so that a positive pressure would induce air flow
into the contaminated soil. The increased amount of oxygen available in the vadose zone
would enhance the aerobic biodegradation of organic contaminants by indigenous microor-
ganisms. In addition to oxygen, macronutrients such as nitrogen and phosphorus, in an
atomized phase, could be added to stimulate microbial population growth and contaminant
destruction. Soil sampling would be needed to document that cleanup levels were being
achieved.

Effectiveness — This alternative protects human health and the environment
by reducing the contaminant concentrations in soil. It is effective on aromatic compounds
and TFH, but is less effective on chlorinated compounds that break down faster in anaerobic
environments. There is a cross-media benefit on groundwater and, indirectly, on surface .
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water, by the reduction of the contaminant concentration in the soil. The effectiveness would
depend upon the ambient temperature, moisture content, natural microbial populations, and
the permeability of the soil. Bioventing tests in arctic climates have shown that ambient
temperatures would be increased by the heat of compression of the inlet air. Bioventing can
dry the formation reducing the effectiveness; however, moisture could be added to the inlet
air to counteract this negative effect. Effectiveness would also be negatively affected by
heterogeneity in lithology and channeling effects. This alternative would not affect the
stability of the bluff or wetlands.

Implementability — This alternative can be implemented. The technology is
available, and the space needed for bioventing wells is available. However, the rate of
breakdown caused by bioventing in cold climates is not fully documented. Bioventing tests
are being currently performed at Elmendorf AFB. The results of these tests will demonstrate
the effectiveness of bioventing in cold climates and will provide the data needed. Because
the soil in the bluff is composed mostly of interbedded sands and gravel with some thin,
discontinuous silty zones, the vapors should travel well through the media.

Cost — The estimated cost range would be $150,000 to $300,000.

10.3

Based on the evaluation of alternatives for water and soil, the more promising
alternatives were selected for detailed analysis (Section 11). The alternatives selected are
shown unshaded below.
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Selected Remedial Alternatives for Water

Natural Institutional
Attenuation Action
Passive Extraction, Passive Extraction,
Treatment Using Treatment Using
Constructed Activated Carbon,
Wetlands, and and Discharge
Active Extraction,
Treatment Using Air
Air Stripping and with Soil Vapor
Activated Carbon, Extraction
and Discharge

Selected Remedial Alternatives for Soil

Nsturai Institutional
Degradation Action
Bon, ||
enting

The next four subsections (Section 10.3.1 through 10.3.4) discuss the respective rationales
for the alternatives that are both retained and eliminated.

10.3.1 Rationale for Retained Water Alternatives

Natural Attenuation

This alternative was retained for both seeps and groundwater as a baseline, for
comparison to other alternatives. It is applicable to all areas of OU §, but is more effective
for the main body of groundwater not being expressed as seeps. Natural attenuation can be

combined with other alternatives to form cost-effective mu{ti—media alternatives for the
different impacted areas of QU 5.
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Institutional Action

Institutional action can help prevent exposure for both seeps and groundwater
by limiting access to pathways. The monitoring aspects of institutional actions should be
combined with any alternative that achieves cleanup levels over a period of time to document
the effectiveness of each remedial action.

Passive Extraction With Constructed Wetland Treatment

This alternative was kept for the seeps, but eliminated for groundwater. The
alternative can reduce exposures from the seeps and treat contaminants at reasonable costs.
Snowmelt Pond would be converted into a constructed wetlands under the presumptive
remedy for PCB and sheen contamination. The passive nature of both the extraction and
treatment system is beneficial in that the chance of process upsets due to equipment failure is
minimized. However, treatment of all groundwater by this method is not practical because
the size of the constructed wetlands required to provide adequate retention time for the
extremely large volumes of groundwater that would be extracted would not be

implementable.

Passive Extraction With Activated Carbon Treatment

This alternative was kept for the seeps, but eliminated for groundwater. Acti-
vated carbon is a well-demonstrated technology that can successfully reduce contaminant
levels to below clean-up levels. Exposures during both extraction and treatment would be
minimal, and contaminants would be removed by the carbon for eventual destruction off site
when the carbon is regenerated. The technology can be carried out on minimal space and
would be relatively easy to operate. However, treatment of all groundwater by this method
is not possible because passive extraction methods cannot remove water below the surface.
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Active Extraction With Air Stripping and Activated Carbon Treatment

This alternative was kept for both seeps and groundwater because it involves a
well-understood treatment technology that can effectively treat the contaminants of concem.
The active extraction, while adding cost, has the added advantage over passive extraction of
increasing the amount of contaminated water that can be treated. Contaminants are treated
by the carbon and -.ventually destroyed during carbon regeneration. Chances for exposures

are minimal during operation.

Air Sparging With Soil Vapor Extraction

This alternative was kept for the groundwater, but not for the seeps. Air
sparging can effectively remove contaminants from the groundwater and treat them with car-
bon. The technology can also enhance biodegradation and limit plume migration. Both air
sparging and soil vapor extraction are well understood technologies and would minimize
exposures during treatment. However, this alternative is ineffective on seeps since this water
is already at the surface.

10.3.2 Rationale for Eliminated Water Alternatives

Containment

Containment was eliminated because of the difficulty of containing all affected
groundwater over the long term. This alternative is only effective in the short-term in
preventing exposure by groundwater capture. In the long term, groundwater would bypass
any containment structure. Basewide groundwater discharges to OU § would eventually
overcome any attempt at containment. The environmental costs in the form of damage to the
wetlands and bluffs could outweigh the environmental benefits.
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Active Extraction With Constructed Wetlands Treatment

Active extraction was eliminated because of the difficulty in implementing a
high flow constructed wetlands. The 100 to 250 acres required to construct a high flow
wetlands could affect base operations. Also, the wetland would be more complex, require
more operations and maintenance, and would produce more water than a smaller scale

system.

Permeable Treatment Beds

Because of the need to periodically replace the treatment medium in a perme-
able, in-situ treatment system, this alternative was eliminated from further consideration.
Periodic replacement of the medium would repeatedly disrupt the land, potentially causing
slope stability problems in an area where there is little access for the construction equipment
(between the bluff and the railroad tracks). The lack of available land owned by the Air
Force also makes this alternative undesirable.

The period of treatment would be open-ended because of the potentially large
volume of water that flows through OU 5. The number of replacement episodes cannot be
predicted because the contaminant load that will pass through the treatment bed at any loca-
tion can not be predicted. Breakthrough could happen in some areas of the bed and not at
others. This would require either partial replacement or a wider trench with more carbon
where contaminant loads may be higher. The difficulty in ensuring equal effectiveness
across the bed makes this alternative undesirable.

Eimeadorf AFB OU § RI/FS Report 10-35



10.3.3 Rationale for Retained Soil Alternatives

Natural Degradation

Natural degradation processes are effective on the type of contaminants found
in the soil, i.e., fuel hydrocarbons. While degradation rates must be established by modeling
and monitoring programs, and eventual achievement of cleanup levels is not guaranteed, the
alternative has the advantage of not exposing surface receptors to contaminated soils and
treating soil in place.

Institutional Action

Institutional actions would help reduce exposures to people by reducing poten-
tial present and future exposure to impacted soil. This alternative would not be highly
effective on protecting the environment because animals and vegetation are not protected.
However, institutional controls can be combined with other actions to form multi-media
alternatives that would be effective in some areas of OU 5.

Excavation and Treatment With Biopiling

Biopiling is being tested in a treatability study at Elmendorf AFB. The
technology is proven in other climates, and the treatability study will define the treatment
period needed to achieve cleanup objectives for the contaminants in the soil. Biopiling
permanently destroys contaminants, and minimal chances of exposures during treatment are
expected. Excavation depths (10-12 feet in the western area and 0-2 feet in the central area)
should be shallow enough for excavation to be employed without the use of complex methods
required for depths exceeding 15 feet.
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Bioventing

Bioventing has been demonstrated to achieve cleanup levels for similar con-
taminants at other sites. Permanent destruction of contaminants is achieved and minimum
chances of exposure during treatment are expected. Sufficient space exists at QU 5 to imple-
ment the alternative and vendors are available to supply the needed equipment.

10.3.4 Rationale for Eliminated Soil Alternatives

Containment

Capping would be effective on a small scale at the top of the bluff. However,
caps could not be constructed on the face of the bluff because of slope stability problems and
the hydraulic buildup that would occur under the cap. The greatest potential for exposure to
contaminated soil is near seeps on the bluff, where a cap would be least effective. There-

fore, this alternative was eliminated in favor of the in-situ alternatives and ex-situ treatment.

Soil Vapor Extraction and Soil Venting

This alternative was eliminated because soil vapor extraction is not as effective
on contaminants which have low volatility. Contaminants at OU § such as diesel and jet fuel
have low vapor phase equilibrium concentrations which do not allow for effective removal
under a vacuum. In addition, much of the vacuum induced by the blower equipment could
be lost in the area of the bluff as fresh air from alongside the bluff could be drawn into the
extraction zone.

Excavation and Disposal

This alternative was eliminated because it is in conflict with Air Force policy
that off-site disposal of excavated CERCLA soils is not a preferred remediation technology.
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Additionally, this alternative merely moves the contaminants from Elmendorf AFB to a .
landfill, which forces the base to maintain liability and does not achieve the remedial action
objective of treating contaminants, where possible.
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11.0 DETAILED ANALYSIS OF REMEDIAL ACTION ALTERNATIVES

The objective of the detailed analysis is to identify the best possible remedial
alternatives for the Elmendorf OU § site using Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) remedial action alternative evaluation criteria.
The comparative analysis evaluates the alternatives according to their cost effectiveness. An
alternative is selected in the Record of Decision (ROD) after agency and community
acceptance are evaluated.

To complete the detailed analysis, several important technical assumptions had
to be made; these assumptions are discussed in Section 11.1. Three potential pathways had
to be evaluated at OU 5: seeps, the main body of groundwater, and soil. Even with a small
number of media-based alternatives, the number of plausible multi-media alternatives is
large. The technical approach taken to streamline the analysis, and still evaluate a large
number of multi-media alternatives according to the nine CERCLA criteria, is discussed in
Section 11.2. The body of the detailed analysis is provided in Section 11.3.

Section 11.5 provides a comparative analysis of multi-media alternatives; this
analysis relies on the detailed single-media analysis in Section 11.3. These subjective
analyses separate the better alternative combinations from those that are likely to be less
successful using the CERCLA criteria. However, the results of the comparisons are limited
by the analysis’s assumptions discussed in Section 11.1, the subjective nature of the analyses,
and other factors discussed in Section 11.5. A precise, objective ranking of multi-media
alternatives cannot be determined from the analyses. The "best" alternative may be one that
does not receive the highest score when the input from regulatory agencies and the public are
incorporated into the selection process.

Since some of the assumptions made in the detailed analysis could affect the effec-

tiveness, implementability, and cost of the alternatives, a sensitivity analysis that varied
several parameters was performed (Section 11.4). This analysis identified those evaluation
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criteria that will be most affected for each alternative by changes in the assumed quantities of
water and soil potentially requiring remediation, or the level or type of contamination
present, and the use of different human health risk objectives.

11.1 Assumptions

Throughout the detailed analysis, it was necessary to make several assumptions
about the effects of future contamination on response action, the time it will take to
remediate contamination, and the discharge of treated water. The fundamental assumptions
that shaped the approach to this analysis are discussed below.

11.1.1 Presence of Upgradient Groundwater Impacts/Affected Media

Investigations of upgradient groundwater contaminant sources and levels of con-
tamination are still ongoing. Therefore, the assumption was made that future or continued
upgradient contaminant discharge at OU 5 will occur in the same locations where current
groundwater impacts are found and at the concentrations currently found. It was also
assumed that the chemicals of concern (COCs) would not change and that there would be no
phase change (no soil gas, volatilization/air emissions, free product, or surface water
requiring remediation).

11.1.2 Upgradient Response Actions

It was assumed that any upgradient response actions in other OUs would have
a beneficial affect on remediation at OU 5. However, the cost reduction that would be
associated with any upgradient remedial actions cannot be estimated at this time and was not
included in alternative cost estimates. The primary benefit of those actions would be to
shorten the time required to achieve remedial action objectives.

Elmeadorf AFB OU 5 RUFS Report 11-2




11.1.3 Remediation Timeframe/Short-Term Effectiveness

An assumption was made about the estimation of remediation times and the
evaluation of an alternative’s potential for complying with the chemical-specific ARARs.
The assumption has three component factors. First, CERCLA maximum allowable period
for remediation of groundwater (30 years) was used because the period of remediation for
groundwater cannot be determined as part of this effort. Groundwater from throughout most
of Elmendorf AFB will be remediated at QU 5, and the total mass of contaminants to be
removed and their rate of migration to QU 5 are not known at this time. For soil, estimates
of the time to achieve remediation were made based on the volume or contaminant load.

The second component factor concerns short-term effectiveness. The short-
term effectiveness of an alternative depends upon several factors, the three most important of
which are as follows:

o The alternative does not create a secondary hazard during
implementation;

° An environmental benefit and a reduction in risk are realized during
implementation; and

° The remedial action objectives are achieved quickly.

The speed at which remedial action objectives are attained depends upon the
mass of contamination to be removed. Since basewide groundwater is to be managed at OU
5, the timeframe for groundwater remediation is assumed to be 30 years. Given a 30-year
window for remediation, all groundwater alternatives would receive a low ranking for short-
term effectiveness, when timeframe alone is considered. Because the timeframe is equal for
all groundwater alternatives, it was not considered in the detailed analysis. The other two
factors of short-term effectiveness are the differentiating factors.
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Depending on findings and selected remediation strategies at OU S and .
upgradient operable units, groundwater remediation may be achieved in less than 30 years.
A cost sensitivity analysis of shorter remediation timeframes is discussed in Section 11.4.

The third component factor relates to the timeframe in which potential expo-
sures are possible. Remedial response actions that require a long time to achieve remedial
action objectives are generally considered to have less short-term effectiveness than alter-
natives that achieve objectives quickly. This is because the period of potential exposure to
humans and the environment is longer with alternatives that require more time. This
negative aspect can be offset if the alternative eliminates the exposure potential during

remediation.
11.1.4 Discharge of Treated Water

The discharge options for treated water include discharge to Ship Creek, ‘
discharge to wetlands, and reinjection. The alternatives involving extraction assumed
discharge of groundwater via reinjection. This process option was selected as being
representative in lieu of site-specific treatability studies that could show direct discharge is
possible to surface water bodies. In actuality, the appropriate discharge method is often
dictated by the effectiveness of the treatment and the ability to obtain permits. Reinjection is
also preferable to discharge to surface water because several of the key remedial action
objectives stress the importance of protecting the water quality of the wetlands areas and Ship
Creek. Some discharge of treated water to the beaver pond may be beneficial, to maintain a
constant water level.

Treatability studies would be needed to determine achievable cleanup levels for
each alternative. If it were determined that an on-site treatment system could be designed to
reduce contaminant concentrations to levels allowing direct discharge to Ship Creek or the
wetlands, then the costs for alternatives with a discharge component would be reduced.
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11.1.5 Presumptive Remedy for Snowmelt Pond

As discussed in Section 9.0, converting Snowmelt Pond into a constructed
wetland is the presumptive remedy for sediment contamination and surface sheens. The
presumptive remedy is considered an element of every multi-media alternative, not just the
one involving constructed wetlands. Its cost are included in the total costs that appear in
Section 11.5.

11.2

The first part of this section describes the approach taken to develop and
evaluate multi-media alternatives for OU 5. The criteria and the numerical weighting system
used to evaluate the alternatives is discussed in the second part of the section.

11.2.1 Development and Analysis of Multi-Media Alternatives

The six water and four soil remedial action alternatives selected for detailed
analysis are shown on Table 11-1. However, any remedial action alternative evaluated in the
Feasibility Study (FS) must address all of the contamination in the operable unit. In the case
of OU 5, that means developing multi-media alternatives that each address the main body of
impacted groundwater, seeps, and soil. Seeps include the discharges of impacted ground-
water along the bluff. Small surface water channels and ditches along the bluff are not
considered as part of the seeps because, if the seeps are remediated, there will be no impact
to these face features. As conditions exist now, the main body of groundwater refers to the
groundwater flowing under OU § that does not discharge as seéps. This includes all
groundwater that discharges into the wetlands and Ship Creek. Even with only a few
remedial alternatives for each medium, the potential plausible combinations of multi-media
alternatives is very large. Examples of two assembled multi-media alternatives are:
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Table 11-1

Media-Specific and Applicable Pathway
Remedial Action Alternatives for OU §

WATER TREATMENT ALTERNATIVES Groundwater  Seeps § SOIL TREATMENT ALTERNATIVES
Alternative #1 Natural Attenustion 4 4 Alternative #7 —  Natural Degradation
Alternative 2 Institutional Controls 4 Alternative #8 —  Institutional Controls
Alternative #3 Passive Extraction with Con- 4 Alternative #9 —  Excavation, Biopiling and
structed Wetlands Treatment Backfilling
Alternative #4 Passive Extraction with Carbon 7/ Alternative #10 —  Bioventing
Treatmeat
Alternative #5 Air Sparging with Soil Vapor 4 4
Extraction
Alternative #6 Active Extraction with Air 4 7/
Stripping and Carbon Treatment
__
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Multi-Media Alternative #1

MEDIUM  ALTERNATIVE
Groundwater Natural attenuation combined with institutional controls

Seeps Passive extraction with activated carbon treatment
Soil Natural degradation combined with institutional controls
Multi-Media Alternative #2

MEDIUM  ALTERNATIVE

Groundwater Natural attenuation combined with institutional controls
Seeps Passive extraction with activated carbon treatment

Soil Bioventing

As can be seen, the differences between alternatives can be subtle and
descriptions of the multi-media alternatives would be very repetitive. It is important to
evaluate all realistic combinations of the 10 media-specific alternatives for different areas
within QU 5. To reduce the number of repetitive alternative descriptions, an approach was
developed where the media-based alternatives were evaluated individually according to the
niize CERCLA criteria using a numerical scoring system. Multi-media alternatives were then
developed; the multi-media scores for each CERCLA criterion were calculated from the
individual component scores for a total comparative score.

Each media-specific alternative was first individually subjected to detailed
analysis before plausible multi-media combinations were defined and analyzed. The protec-
tion provided to human health and the environment, compliance with the remedial action
objectives and potential ARARs, the effectiveness, and the implementability of each media-
specific alternative were evaluated in detail. This way, only 10 alternative descriptions were
needed. Multi-media alternatives were then developed. The scores for each CERCLA
criterion for each component of the alternative was averaged, for a total comparative score.
The relative synergy achieved by different combinations of seep, groundwater, and soil

alternatives is not accounted for by averaging the individual component scores. However,
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synergistic affects are expected to be minimal because the primary contaminants vary
between media, e.g., groundwater with VOCs, soil with relatively nonvolatile total fuel
hydrocarbons (TFH). For example, a combined multi-media alternative might be:

. Passive extraction and activated carbon treatment for seeps;
. Bioventing for soil; and
. Natural attenuation with institutional controls for groundwater.

If the long-term effectiveness scores for these components are 4, 5, and 3 the average score
for the long-term effectiveness of this multi-media alternative would be 4 (12 + 3). The
average scores for the multi-media alternatives are evaluated in the comparative analysis
section of this report. This approach streamlines the detailed analysis effort by not creating
repetitive analyses for similar combinations of alternatives.

11.2.2 Evaluation Criteria and Scoring System

Criteria

The evaluation criteria used in the detailed analysis are divided into three
categories: threshold factors, balancing factors, and modifying considerations. Threshold
factors are those conditions that must be met for the alternative to be viable and relate
directly to statutory findings that will be made in the Record of Decision (ROD); these
criteria must be met. Balancing factors are the conditions that are the primary basis for
comparing alternatives; these criteria relate the alternative to the site-specific conditions.
Modifying considerations factor in agency and community concerns: an alternative could be
effective and technically implementable, but not viable based on these considerations. The
nine evaluation criteria used in the detailed analyses, and brief definitions of each are shown
on Table 11-2. The detailed evaluations focus on the threshold and balancing factors. Cost
depends upon the assembly of media-specific alternatives; therefore, cost is evaluated in the
comparative analysis portion of the detailed analysis, where multi-media alternatives are
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Table 11-2

Remedial Alternative Evaluation Criteria

TR
Evaluation Criterion Definition
Threshold Protective of human health | Protection of both human health and the environment is
Factors and the eavironment* achieved through the elimination, reduction, or control of
contaminated media. All migration pathways must be
addressed.

Compliance with Complies with applicable or relevant and appropriate

appropriate ARARs" requirements of RCRA, CWA, SDWA, TSCA, state and
local regulations and codes, and TBCs.

Balancing Long-term effectiveness Protects human health and the environment afier the
Factors and permanence® remedial objectives have been met.

Reduction in toxicity, Treats the media and reduces the toxicity, mobility, and/or

mobility, and volume volume of the contaminated media.

through treatment®

Short-term effectiveness® Protects human health and the environment during con-
struction and implementation. Degree of threat and the i
time period to achieve remedial action objectives are also
considered.

Implementability There are no administrative barriers (no permits, zoning
limitations). The availability of materials and personnel,
site features such as available space and topography, and
impacts upon on-going operations are considered. The
technical status of alternatives is also considered; theoreti-
cal technologies with only limited bench-scale evaluation
are considered less implementable than fully proven
processes.

Cost Costs include design, construction, start-up, monitoring,
and maintenance. Accuracy to within -30% and +50%.

Modifying State acceptance The state’s (or other regulatory agency’s) preference among
Considerations or concern about alternatives.

Community acceptance The community’s apparent preferences among or concems

about alternatives.

* Effectivencss criteria used 1o determine the effectiveness-tocost quotient.
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developed and compared. Costs are calculated to an accuracy of -30% to +50%.
Modifying considerations (agency and community acceptance) will be evaluated in the
Proposed Plan.

Scoring System

To measure the degree that the alternatives fulfill each evaluation criterion, a
relative numerical rating system was used (see Table 11-3). The numerical values reflect the
relative completeness that a criterion is fulfilled by the alternative. As shown, the rating can
be one of three possibilities: the criterion is fully met, partially met, or is not met. Table
11-3 describes subjective factors used to evaluate how well the evaluation criteria are met by
the alternatives. The number assigned (5, 3, or 0) does not necessarily reflect the degree of
meeting the criterion. For example, an alternative which scores a "3" on "implementability”
is not necessarily 60% as implementable as an alternative that scores a "5." However, the
assigning of these numerical rankings can serve to provide a preliminary ranking of sites that
can be used in the comparative analysis. It is difficult to always fully meet a criterion. For
the cost criterion, one of four scores was selected, depending on the total present worth of
costs associated with the alternative. The selection of an alternative in the ROD is based on
an evaluation of the trade-offs between the costs, benefits, and impacts of any remedial
response. The scoring system is designed to numerically represent the trade-offs between the
different alternatives. Another assumption is that this rating system assumes that each of the
CERCLA criteria are equally important, since each are numerically weighted the same.
Again, this is not always representative in that certain criteria can have more importance,
depending on circumstances. For example, threshold factors must be achieved and therefore
might be seen as more important than a balancing factor, such as implementability, that
might be of less importance. This scoring system was selected as a reasonable compromise
to reflect the inclusion of all applicable CERCLA criteria.
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Table 11-3

Remedial Alternative Evaluation Criteria Rating System

Protective of Human Health and
the Environment

Is protective

Potentially or contingent protection

Is not protective

mﬁm with appropriate

Complies with appropriate ARARs

Complies with most appropriate ARARS or waivers needed

Does not comply

Long-Term Effectiveness and
Permanence

Once cleanup is completed, there is no recurrence potential

Contaminants transferred, future re-release possible

Contaminants not removed or destroyed

Reduction in Toxicity, Mobility,
and Volume through Treatment

Eliminates toxicity, mobility, and volume

Reduces toxicity, mobility, and volume

No reduction or no treatment

Short-Term Effectiveness

Short-term environmental improvement protects human health
and the eanvironment. memalndmcmtedbyxmplemu
tion

-
wlolvwlwlclwlnlo|lw wle v in |

Limited short-term improvement in environmeat. Limited
risks created by implementation of alternative

No short-term environment improvement. Risks created by
implementation

Implementability

Alternative proven, all materials and personnel available,
permitting av. uble or in place, little effect on operations in
OU 5 or surrounding area

Alternative requires significant space, some action-specific
ARAR compliance issues, some effect on ions in QU §
or surrounding ares, or slope stability may limit application.

Uncertain permitting, major impact on operations in OU § or
surrounding area

<$1.5 million

$1.5 to § million

$5 to 10 million

>$10 million

To be determined

*  These final two criteria are typically evaluated following comment on the RUFS report and the proposed plan. They will be sddressed
when the Record of Decision (ROD) is prepared.
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11.3 Detailed Evaluation

11.3.1 Detailed Assessment of Remedial Alternatives for Water

Alternative #1 — Natural Attenuation

For the natural attenuation alternative, the water medium was divided into the
seeps along the bluff north of Ship Creek (seeps) and the bulk of the groundwater above the
Bootlegger Cove formation (groundwater). The effectiveness of this alternative depends on
whether seeps or groundwater are being evaluated.

Description — Natural attenuation uses natural processes to treat contaminant
concentrations to cleanup levels. Schematic representations of this alternative in elevation
and plan view are shown on Figures 11-1 and 11-2. Natural attenuation would occur in
wetland areas, within the groundwater body, and as seeps are exposed to the atmosphere.
Wetlands commonly are anaerobic with aerobic environments in the root zone. In wetlands,
natural attenuation consists of volatilization and the indigenous breaking down of contami-
nants by microbial species and common chemical mechanisms. Adsorption of fuel hydro-
carbons, halogenated solvents, and metals also occurs. Filtration, dispersion, and dilution
also are important mechanisms of natural attenuation in wetland environments.

In groundwater, the primary natural attenuation processes are adsorption/
retardation, dispersion, microbial breakdown, dilution, and volatilization. This option would
continue to use these processes for groundwater. Organic constituents have been shown to
naturallv attenuate in groundwater. Factors affecting the rate of natural attenuation include
the groundwater discharge/recharge balance, flow rate, temperature, areas of recharge, the
mineralogy of the soil (silt and clay soil having greater adsorption and retardation effects),
the concentration of the contaminants, and the type of contaminants. Metals and aromatic
hydrocarbons tend to adsorb relatively quickly, and aromatics are typically broken down by
microbial action relatively fast. Chlorinated organics are more mobile and adsorb to a lesser
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degree. They also are broken down biologically at a slower rate than aromatic hydrocar-
bons.

Natural attenuation processes in seeps include volatilization, oxidation, and
microbial breakdown. Groundwater discharging as seeps becomes oxygenated when exposed
to the atmosphere. The microbial activity would increase degradation of the aromatic hydro-
carbons. Exposure to the atmosphere and sunlight would increase the volatilization of
aromatic and halogenated hydrocarbons.

The effectiveness of natural attenuation would be monitored by collecting and
analyzing samples of groundwater and seep water on a regular basis. Monitoring may
include sampling the outfalls from the wetlands into Ship Creek, and continued evaluation of
stressed vegetation and monitoring of terrestrial and aquatic wildlife.

Effectiveness

CERCLA CRITERIA SCORING RESULTS
NATURAL ATTENUATION

Protection of Human Health and the Environment

Compliance with appropriate ARARs

Long-Term Effectiveness and Permanence

Reduction in Toxicity, Mobility, and Volume through Treatment

Short-Term Effectiveness
, Implementability

Protection of Human Health and the Environment. This alternative is con-
sidered partially protective of human health and the environment. While there is no current
threat and natural attenuation to date has been effective, the potential exists for impacts to
occur if current conditions change. If groundwater use changed or there were an unattenu-
ated discharge to a human receptor pathway, this alternative could not be adjusted to provide
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protection of human health and the environment under the changing conditions. Currently, ‘
there is no potential for human exposure to groundwater because all known wells in the

upper aquifer have been capped. Animal and plant life are not currently exposed to

groundwater. The monitoring will provide a mechanism to ensure that action can be taken

before potential impacts to human health and the environment occur from changes in condi-

tions.

For seeps, natural attenuation does not reduce the risk to environmental
receptors (there are no known current human receptors). Vegetation is stressed and the
potential for impact to surface and aquatic animals exist from the seeps. Natural attenuation
of the seeps, once the water is discharged, will not protect environmental receptors. Since
this is the "no action" alternative, no comparison between the health and environmental risks
is necessary if no action were taken and no potential impacts were caused by response
actions.

Compliance with Appropriate ARARs. This alternative does not presently
comply with potential contaminant-specific ARARs, including Maximum Contaminant
Levels (MCLs) (for benzene and TCE) and the Alaska Surface Water Quality Standard of no
visible oil sheens. Potential action-specific ARARS are not applicable since no action is
taken. The potential location-specific ARAR for wetlands is not achieved since contaminated
groundwater naturally discharges into Beaver Pond. However, current chemical analysis of
outflow from the wetlands indicate that water quality standards are being met, so this
potential location-specific ARAR is partially met. In the long term, contaminant
concentrations should decline and, potentially, MCLs or other potential water quality
standard ARARs could be achieved. M .. lling of the breakdown rate, taking into account site-
specific and upgradient conditions, would be needed to determine if potential ARARs could
be achieved in the 30-year time period for remediation.
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It may be necessary to obtain a waiver from the National Primary Drinking
Water Regulations and the Alaska State Drinking Water Standards to permit natural
attenuation of the groundwater to continue.

Long-Term Effectiveness and Permanence. This alternative is considered to
be partially effective in the long term given the uncertainty of achieving cleanup levels. For
groundwater, indigenous aerobic and anaerobic organisms usually break down organic
species and naturally occurring geochemical reactions typically degrade organic constituents.
The time required to attenuate contaminant concentrations naturally and to achieve final concen-
trations are not known (for the 30-year period). The monitoring component of the alternative
is designed to determine the effectiveness. The monitoring would provide a measure of protec-
tion of human health and the environment, allowing action to be taken if conditions change

or if cleanup levels are not being achieved.

Reduction in Toxicity, Mobility, and Volume Through Treatment. There
is no active treatment performed; therefore, according to the CERCLA guidance, the

toxicity, mobility, and volume of organic contamination in groundwater and seepage are not
reduced.

Short-Term Effectiveness. This alternative would be effective for
groundwater in the short term if the following conditions remain:

o No use of the shallow aquifer;
. No increase in migration rate; and

° No significant increase in contaminant concentrations.

Because of the conditional nature of the effectiveness a score of partially effective was
assigned.
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For seeps, this alternative is not effective in the short term since there is no .
action taken to restore stressed vegetation and restrict access and contact with contamination
by humans and animals.

Implementability. This alternative is implementable for both seeps and
groundwater and will not affect operations at Elmendorf AFB. However, administrative
implementability may be complicated by the need to obtain potential ARAR waivers.

Alternative #2 — Institutional Controls

This alternative involves access controls in the areas where groundwater
discharges (the Beaver Pond) and in the seep areas, and groundwater use restrictions.

Description — Access restrictions could include fences with notices posted
indicating potentially hazardous contaminants. Deed restrictions may include prohibition of
the use of shallow groundwater for domestic purposes (drinking, bathing, cooking etc.) and

restrictions on the use of the land. Restrictions on the use of groundwater will eliminate one
potential pathway of potential exposure. Restrictions on land use would be needed to ensure
that exposure to groundwater did not occur during excavation or construction projects. Con-
struction projects could require dewatering local areas within the lower bluff area. Disposal
of the discharged water would have to be controlled so inadvertent discharge to surface water
or ditches did not occur.

The monitoring of water and seeps would be performed as part of this alter-
native. An elevation and plan schematic of this alternative is shown on Figures 11-3 and
114,
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Effectiveness

CERCLA CRITERIA SCORING RESULTS
INSTITUTIONAL CONTROLS

Protection of Human Health and the Environment

Compliance with appropriate ARARs

Long-Term Effectiveness and Permanence

Reduction in Toxicity, Mobility, and Volume through Treatment

Short-Term Effectiveness

N WO W |\ |w

Implementability

Protection of Human Health and the Environment. This alternative was con-
sidered partially protective of human health and the environment because of the potential for
environmental impact. The environment is not fully protected because institutional controls
will not prevent the stressed vegetation in the seep areas (there are no known current human
receptors). Also, access restriction would not prevent small terrestrial animals and birds
from coming in contact with the seep water. However, this alternative is protective of
human health because potential exposure pathways are removed and monitored.

This alternative will not prevent exposures to groundwater; animal and plant
life are not currently exposed to groundwater. Overall, the risk to human health is small
because major exposure is unlikely. This alternative achieves minor reductions in human
health risk while potentially restricting access of some wildlife to wetlands habitat. Bluff
stability is unlikely to be compromised by this alternative.

Compliance with Appropriate ARARs. By removing groundwater as a
potential drinking water supply, this alternative will comply with water quality potential
ARARs. Potential action-specific ARARs protecting workers during construction of fences
would apply.
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Long-Term Effectiveness and Permanence. This alternative was given a
score of partially effective for this criterion because of the conditional nature of the
effectiveness. If conditions remain constant, the institutional controls will be effective in the
long term for protecting human health. Since the Air Force is a branch of the federal
government, the permanence of maintaining institutional controls is assumed (compared to a
relatively small commercial operation that may move or go out of business). Institutional
controls are not effective in the long term for the environment since the environment has
been affected in the seep areas, and little environmental protection is provided by institutional
controls in these areas.

Reduction in Toxicity, Mobility, and Volume Through Treatment. There
is no active treatment performed; therefore, according to the CERCLA guidance, the

toxicity, mobility, and volume of organic contamination in groundwater and seepage are not
reduced.

Short-Term Effectiveness. This alternative was given a score of being
partially effective for this criterion. The short-term effectiveness analysis is similar to the
long term analysis. This alternative is effective in the short term since institutional controls
remove the groundwater from the exposure pathways, thereby protecting human health.
However, little environmental protection is provided.

Implementability. Institutional controls can be easily implemented at QU 5.
There are no current uses of shallow groundwater so implementing groundwater use restric-
tions would not require finding alternative water sources. Deed restrictions can be prepared
and enforced. If Elmendorf AFB were to close, Air Force policy requires that seconded
parcels be remediated to cleanup levels appropriate for intended future use. Any deed

restrictions would be considered when planning reuse of the parcels.
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Implementing access controls would not be significantly affected by
topography or physical access to the seep or Beaver Pond area. There are no known mission-
related obstacles related to restricting access to these areas.

Alternative #3 — Passive Extraction with Constructed Wetlands

This alternative would consist of eliminating the seeps by intercepting the
groundwater before it emerges on the face of the bluff and treating the diverted flow in a
constructed wetland. Constructed wetlands use the same mechanisms as natural wetlands to
reduce contamination. The difference is the parameters affecting treatment can be more
effectively controlled within a constructed wetland. This alternative is only applicable to
seeps since passive extraction would capture a much smaller percentage of the overall
groundwater flow. The bulk of the groundwater would continue to be affected by natural
attenuation (Alternative #1).

Description — Water would be collected in horizontal drains installed in the
face of the bluff and pumped into the constructed wetland. Schematics of the alternative in
elevation and plan view are provided on Figures 11-5 and 11-6. Wetlands are commonly
anaerobic environments with an aerobic environment near the root zone. The constructed
wetland would contain both anaerobic and aerobic zones to mimic the natural wetland
environment. The constructed wetland may have to be covered with netting to prevent
wildlife from entering. The Snowmelt Pond area is proposed as the location for the
constructed wetlands. A detailed analysis of the wetland treatment portion of this alternative
is provided in Section 11.3.3.
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Effectiveness .

CERCLA CRITERIA SCORING RESULTS
PASSIVE EXTRACTION WITH CONSTRUCTED WETLANDS TREATMENT

Compliance with appropriate ARARs
| Long-Term Effectivencss and Permanence
§ Reduction in Toxicity, Mobility, and Volume through Treatment

| Short-Term Effectiveness
| Implemeatability

Wlwnlwla]lw]lawl

Protection of Human Health and the Environment. This alternative is
protective of human health and the environment by eliminating the seeps, thereby eliminating
the potential for human, animal, and plant exposure. The installation of the drains would
eliminate the exposure routes for the seeps to animal and plant receptors. .

The bulk of the groundwater would continue to be affected by natural
attenuation. Groundwater, which would not be treated, is not currently a route for exposure
to plants, animals, or human receptors. The system can be installed without damaging the
wetland environment and with only minor damage to the bluff stability. However, damage to
bluff stability is more than offset by the overall risk reduction resulting from this alternative.

Compliance with Appropriate ARARs. This alternative complies with poten-
tial chemical- and location-specific ARARs for the seepage. Potential action-specific ARARs
may result in the need for a permit or approval for discharge from the wetlands, depending
upon the attainable cleanup levels. An NPDES permit or waivers may be needed, depending
on the level of residual contaminants in the effluent. Currently, it is assumed that waivers
will not be needed and approvals can be obtained. This assumption is based on the low concen-
trations of COCs expected in the treated effluent. A treatability study would be needed to
confirm this assumption. Potential action-specific ARARs designed to protect workers ‘
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drilling the extraction wells and operating the wetland would have to be complied with.
Some volatilization of organics would occur, and they would enter the atmosphere. Volatile
loading would be very small, so emissions should be low. A treatability study would be
needed to see if potential air quality ARARs apply.

Long-Term Effectiveness and Permanence. This approach would reduce
contaminant levels in the seepage. Once all contamination is removed, seepage concerns
should be permanently eliminated. The time required for treatment cannot be determined,
but was assumed to be 30 years. When the treatment is complete, there would be no threat
to either human health or the environment from the seeps.

Reduction in Toxicity, Mobility, and Volume Through Treatment. For
seeps, the toxicity and volume of contamination are reduced by treatment in the constructed

wetland. There is no active treatment of the groundwater, so there is no reduction in these

parameters.

Short-Term Effectiveness. This alternative is effective in the short term. All
seeping groundwater would be collected, removing any short-term exposure concerns. To
document the effectiveness of the treatment system, monitoring of the effluent would be
performed.

Emissions to the air are expected to be small, posing little risk to workers near
the wetland or pedestrians. A treatability study would be necessary to confirm this

assumption.
The potential occupational exposure to workers constructing the wells in the

seep area is expected to be small. Risks can be managed by taking appropriate health and
safety measures.
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Implementability. Though this alternative is implementable, treatability tests
would be required to determine biological and physical requirements and the effects of winter
climate. However, in the eastern area, it would be difficult to install passive extraction
systems because the pond is located close to the bluff. Access for equipment will also be
limited. This difficulty in the eastern area will be considered when evaluating preferred multi-
media alternatives for that area.

Alternative #4 — Passive Extraction with Activated Carbon Treatment

This alternative uses passive horizontal drains and pumps the extracted water
to an activated carbon treatment system. Effluent from the treatment facility would be rein-
jected into the shallow aquifer upgradient from Ship Creek. The fuel hydrocarbons or VOCs
are adsorbed onto the carbon and destroyed during regeneration of the carbon. Schematics
of this alternative in elevation and plan view are shown on Figures 11-7 and 11-8. This
alternative will not affect the bulk of the groundwater flow, which will continue to be
affected by natural attenuation.

Description — Passive drains would be installed into the bluff where there are
seeps. The seep water would be drained by gravity from the bluff into a flow control
holding tank. A particulate filter would prevent sediment accumulation in the tank. The
water would be treated using aqueous-phase carbon adsorption. A single treatment system
was used as the basis for evaluation of this alternative (see Figure 11-8). The effluent would
be discharged to a flow control tank and into a reinjection system. In general, iron and
manganese concentrations are low and unlikely to cause significant fouling of the carbon
system. However, if periodic monitoring of the treatment system suggests metals would
reduce the efficiency of the carbon system, some method of pretreatment could be
considered, depending on the additional costs versus higher carbon replacement rates. The
determining variable is the average concentration of iron and manganese in the seep water
before carbon treatment. The extraction wells would be monitored to determine the extent of
mineral precipitation in the extraction system.
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Effectiveness

CERCLA CRITERIA SCORING RESULTS
PASSIVE EXTRACTION WITH CARBON TREATMENT

| Protection of Human Health and the Environment

ﬂ Compliance with appropriate ARARs
Long-Term Effectiveness and Permaneace

Reduction in Toxicity, Mobility, and Volume through Treatment

Short-Term Effectiveness
Implementability

Protection of Human Health and the Environment. This alternative is
protective because it eliminates potential exposure to contamination. The installation of the

[MMMMMM

drains and treatment system would eliminate the exposure routes for the seeps to animal and
plant receptors. The seepage would be fully contained until contamination is removed.

There would be no exposures to either humans or wildlife. The bulk of the groundwater
would continue to be affected by natural attenuation; however, there is currently not an
exposure pathway for groundwater to human, plant, or animal receptors. Installing the
passive extraction wells could cause some slope instability. Overall, the risk to human health
and the environment from seeps would be eliminated with minor, if any, damage to the

environment,

Compliance with Appropriate ARARs. This alternative complies with
potential ARARS for the seeps. Treatment with activated carbon can remove all the
contaminants detected in OU 5 groundwater to levels below those listed in the National and
Alaska State Drinking Water Standards. Compliance with potential ARARs for effluent
disposal will be dependent on locating suitable reinjection well sites. Carbon regeneration
facilities are not available in the Anchorage area. Therefore, spent carbon would be
transported out of state for regeneration. Analysis of the spent carbon would be required

before shipment to determine manifest requirements.
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Long-Term Effectiveness and Permanence. This alternative is effective for
seeps because contaminants are removed and destroyed. The timeframe for remediation
cannot be determined, but is assumed to be 30 years. Once remediation goals are achieved
there would be no threat to human health and the environment from seeps.

Reduction in Toxicity, Mobility, and Volume Through Treatment. The
activated carbon treatment will reduce the toxicity, mobility, and volume of contaminant
concentrations in seeps, by adsorption onto activated carbon. Contaminants would later be
destroyed by thermal regeneration of the carbon.

Short-Term Effectiveness. This alternative is effective in the short term. All
seeping groundwater would be collected, removing any short-term exposure concerns. To
document the effectiveness of the treatment system, monitoring of the effluent would be
performed.

Operation of the treatment system should pose littie risk to human health and
the environment. The treatment system should have no by-product that could affect people
or wildlife. The potential occupational exposure to workers installing the drains and
treatment system is expected to be small. Risks can be managed by taking appropriate health
and safety measures.

During operation, the carbon would have to be changed out approximately
once a year. The facility would be taken off line for no more than eight hours during
changeout, so there would be little down time.

Implementability. Activated carbon treatment of seepage is both technically
and administratively feasible. The system would have to be designed to handle seasonal
variation in flows as well as winter conditions. Activated carbon has been used extensively
in similar applications and has achieved the necessary cleanup levels. The treatment system
would require little space (approximately 400 square feet, depending upon flow and contami-
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nant loading). The small land commitment should not interfere with operations at Elmendorf
AFB. If care is taken when installing the extraction wells, slope stability will not be
compromised. However, in the eastern area installation of passive extraction systems may be
difficult in that area as discussed under Alternative #3.

Alternative #5 — Air Sparging and Soil Vapor Extraction (SVE)

In this alternative, compressed air would be injected into the subsurface to
strip contaminants from soil and groundwater. The resulting vapor would be extracted and
treated prior to discharge to the atmosphere. When air is injected below the surface of con-
taminated groundwater (air sparging), it strips VOCs from the water and the adsorbed
contaminants from the soil by volatilization. The volatilized compounds are carried up into
the unsaturated soil where they can be captured by soil vapor extraction. In addition, the air
supplies oxygen to indigenous microbes in the saturated and vadose zones, resulting in
increased biological degradation of groundwater and soil contaminants. From the injection
point the air tends to move upward and outward, and influences a large area. The combina-
tion of SVE and air sparging can provide several advantages over air sparging or SVE alone,
including the ability to act as a barrier to limit plume migration, enhanced biodegradation,
better control of air flow through the soil resulting in more concentrated offgas for treatment,
and reduced remediation time.

Description — At OU S several air sparging and SVE wells would be installed
in the areas where the excess cancer risk from exposure to groundwater is greater than
1 x 10°. The wells would be horizontal to maximize their effectiveness. Horizontal wells
have been shown to be more effective than vertical wells because of the greater screen
surface area per horizontal well and the resulting influence in the subsurface soils and
groundwater. A schematic of the alternative in elevation and plan view is shown on Figures
11-9 and 11-10.
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The sparging wells would be connected to a blower, capable of injecting air
into the aquifer. The SVE wells would be connected to a vacuum pump that discharges
vapor to activated carbon canisters to remove contaminants prior to discharge to the
atmosphere. Pilot testing would be needed to determine design flows, determine radius of

influence, and to size carbon canisters.

Effectiveness

CERCLA CRITERIA SCORING RESULTS

Protection of Human Health and the Environment

Compliance with appropriate ARARs

Long-Term Effectiveness and Permanence

il Reduction in Toxicity, Mobility, and Volume

I Short-Term Effectiveness
I Implementability

W W v | Ja T

Protection of Human Health and the Environment. This alternative is
protective of both human health and the environment for all groundwater. Stripping volatiles
would remove both aromatic and chlorinated compounds from the shallow groundwater,
including water that is discharged as seepage along the bluff. Therefore, clean water would
be discharged in the seeps, which would protect the plants and animals that are exposed to

these seeps.

Groundwater deeper in the shallow aquifer would also be treated; however,
groundwater is currently not a pathway for human, plant, or animal contact. The units can
be installed in a variety of sites below the bluff with a minimum disruption of the
environment. They can be installed above the bluff without compromising slope stability.




Overall, there is little potential for additional damage to the environment that would offset
this alternative’s risk reduction.

Compliance with Appropriate ARARs. Air sparging in conjunction with soil
vapor extraction and activated carbon treatment would be in compliance with potential
ARARs. Air sparging in conjunction with soil vapor extraction has been proven effective in
the removal of volatile organics from groundwater and enhancing biodegradation of fuel
hydrocarbons and VOCs, thus complying with potential chemical-specific ARARs. Potential action-
specific ARARSs include control of air emissions and waste disposal. Potential ARARs for
air emissions would be met by activated carbon treatment of extracted vapor. Carbon

regeneration off site would require a manifest.

Long-Term Effectiveness and Permanence. This alternative would be
effective in treating the groundwater over the long term. Contaminants would be removed
from the groundwater and soil, and then would be destroyed during regeneration of the
activated carbon. The timeframe for remediation is not known, but is assumed to be 30

years.

Reduction in Toxicity, Mobility, and Volume Through Treatment.
Reduction in the toxicity, mobility, and volume of contaminants in the groundwater would be
achieved. This alternative would also aid in reducing VOC and fuel hydrocarbon
contamination in the vadose zone through increased biodegradation and soil vapor extraction.

Short-Term Effectiveness. This alternative would be effective in the short
term for treating groundwater in the upper bluff area. The effectiveness of SVE may be
limited in the lower bluff area. The shallow groundwater (< 10 feet) could result in
breakthrough of the vacuum from the land surface, requiring a large number of closely
spaced vapor extraction wells. Incomplete capture of contaminants stripped from the
groundwater could result in a short-term increase in fugitive VOC emissions.
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Problems with preferential air pathways, biofouling of wells, and mineral ‘
precipitation have been encountered during sparging tests at other sites both in Alaska and
the continental United States. Preferential air pathways could lessen the effectiveness of this
alternative by allowing the possibility that groundwater might pass by the sparging well
untreated or contaminated air may not be captured by the SVE extraction well(s). Both
biofouling and mineral precipitation could lead to inefficient system operation, which would
also lessen the effectiveness of this alternative. Efficient system operation is dependent on
the performance of routine maintenance of the air sparging, soil vapor extraction, and carbon
treatment systems, including regeneration of the carbon. Periodic monitoring of the
groundwater and carbon treatment system effluent would be necessary to determine system
efficiency and effectiveness.

Oxygenation of groundwater could affect biosystems in wetland areas that
receive groundwater discharge. The effect an increase in oxygen would have on the current
habitat balance in the wetland is not known. Increased oxygen in the water could shift the
wetland environment away from an anaerobic environment towards an increased aerobic environ- .
ment. Relatively small increases in oxygen could influence the wetland by creating more
plant/animal diversity that could increase the effectiveness of the systems that naturally
attenuate groundwater impacts in area of the wetland. If there were large changes in the
nutrient balance, excessive plant growth could occur, potentially impacting the environment.

Implementability. This alternative can be easily implemented in the upper
bluff area at OU 5. Because the soil in the bluff is composed mostly of interbedded sands
and gravel with some thin, discontinuous silty zones, the vapors should travel well through
the media. The alluvial deposits should serve as an adequate medium for this alternative. In
the lower bluff area, the implementability is reduced because some of the land is not owned
by the Air Force and barriers to siting wells. Constructing the additional wells would be
affected by existing buildings, roads, utilities, and wetlands in the lower bluff area. Also,
because of potential vacuum breakthrough, SVE well placement would need to be evaluated

to assure capture of sparged vapors. .
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More than one system would be needed for OU § to reduce the amount of
piping that would be required. Additiona! equipment or chemical additives may be necessary
to ensure that biofouling or mineral precipitation does not occur. A treatability study is
recommended before implementation to determine viability of this technology and if the
increased oxygen content in the groundwater due to air sparging would have an adverse
effect on down gradient ecology.

Alternative #6 — Active Extraction with Air Stripping and Carbon
Treatment

This alternative would involve installation of groundwater extraction wells and
construction of an air stripper with activated carbon treating the off gases. Figures 11-11

and 11-12 show a schematic of this alternative in elevation and plan view.

Description — The evaluation of this alternative is based on three extraction
and treatment systems. Three systems are considered because the groundwater plume areas
where the contaminant concentrations pose an excess lifetime cancer risk of greater than
1 x 10 are located in three areas approximately 2,500 feet apart. Five wells with a
combined flow of 400 to 1,000 gallons per minute (gpm) are estimated to be needed in the
western portion of the OU. Four wells with a combined flow of 1,900 to 2,300 gpm would
be needed in the eastern portion of the OU. Three additional extraction wells with a
combined flow of 80 to 100 gpm and a low flow (50 to 100 gpm) extraction system would be
located in the center of OU § (Figure 11-12). The low flow extraction system would be
located near seeps that are not associated with a groundwater impact with an excess cancer
risk of 1 x 10°. These flow rates have been assumed (based on preliminary calculations) to
capture the entire leading edge of the plumes and to drain the seeps. Contaminated
groundwater which has already passed the bluff area would not be captured in this
alternative.
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In each of the plume areas, groundwater would be pumped from the wells and ‘
fed, through a header system, to a flow control holding tank. From the tank the water would
be pumped through an air stripper. Volatiles would be stripped from groundwater and the
effluent would be discharged to horizontal reinjection wells located at the base of the bluff.
Because the groundwater is shallow in the reinjection area (<10 feet), there is little vadose
zone storage capacity. Therefore, horizontal reinjection wells are best suited for this
alternative. A hydrogeologic model would be needed to locate reinjection wells followed by

close flow monitoring to ensure that there is no adverse effect.

Offgases from the stripper would be treated with activated carbon. At least
two canisters would be used so one could be changed out without shutting down the system.

Effectiveness

CERCLA CRITERIA SCORING RESULTS
ACTIVE EXTRACTION WITH AIR STRIPPING AND CARBON TREATMENT ‘

Protection of Human Health and the Environment 3 3

I Compliance with appropriste ARARs 5 5
Long-Term Effectiveness and Permanence 5 5 '1
Reduction in Toxicity, Mobility, and Volume 5 5
Short-Term Effectiveness 3 3
Implementability 3 3

Protection of Human Health and the Environment. This alternative protects
human health and the environment from exposure to groundwater impacts. Migration of the
plumes is stopped, preventing additional groundwater impact in the lower bluff area (the
cancer risk in the lower bluff area is currently less that 1 x 10%). The seeps would be
stopped, depressing the groundwater below their exit points to the surface. Removal of the
seeps would protect receptors.
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In the eastern portion of QU 5, the removal of the seeps and possible local
lowering of the water table could upset the hydrology of the wetlands environment. In the
west and central portions of OU §, the effect of drying up the seeps would be small because
there are fewer wetlands environments. Water for the wetlands in OU 5 comes from a
combination of precipitation, runoff, seeps, and groundwater. Compared to the "no action"
alternative, this alternative imposes significant environmental costs to achieve risk reduction
in some portions of QU §.

Compliance with Appropriate ARARs. This alternative meets potential chemical-
specific ARARs. Potential action-specific ARARs affect air emissions and the discharge of
treated water. The alternative complies with potential emission-related ARARS by treating
the offgases. Compliance with potential ARARs for reinjection is dependent on the treatment
system efficiency and identification of an appropriate reinjection site. A treatability study
would be needed to determine organic concentrations in the effluent. Groundwater modelling
would be needed to locate the reinjection sites.

Long-Term Effectiveness and Permanence. Groundwater extraction and treat-
ment is an effective long-term solution to groundwater contamination. The timeframe for
treatment is not known. It was assumed to be 30 years. Once cleanup levels have been
achieved at OU 5 and upgradient, the remediation is permanent. Contaminants are destroyed
when the carbon is regenerated. This alternative will not produce toxic by-products.

Reduction in Toxicity, Mobility, and Volume Through Treatment. Reduc-
tion in the toxicity, mobility, and volume of contaminants in the groundwater would be
achieved with this alternative. The contaminants would be removed from the groundwater
through the air stripper and carbon adsorption units and destroyed during carbon regenera-

tion.

Short-Term Effectiveness. This type of system would be effective in the
short term. Efficient operation is dependent on the performance of routine maintenance,
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including the regeneration of the activated carbon. Monitoring of the groundwater would be
necessary to determine the systems efficiency and effectiveness.

Possible adverse effects on the natural ecology may result downstream from
the reinjection wells due to increased oxygen content in the water. The Beaver Pond is fed
by water from Ship Creek and groundwater. Extracting up to 2,300 gallons per minute
upgradient from the Beaver Pond area could affect the water balance in the pond. However,
this balance would be restored by the reinjection of treated water. Additionally, the treated
water would be oxygenated. As with the other alternatives that potentially aerate the
groundwater, reinjection may alter the natural ecology where groundwater discharges into
wetlands. Modelling would be needed to determine if the water balance in the wetlands is
adversely affected.

Implementability. This alternative can be implemented. The technology is
proven for the contaminants found in the groundwater at OU 5 and the necessary equipment
is readily available. The pipes leading from the seeps in the center of OU 5 to the treatment
system at the top of the bluff would be required. This is also true for the pipes leading from
the air stripper to the reinjection system. The slopes of the bluff have shown signs of failure
in the past, and are considered unstable. Slope failure in the future could sever pipes.
Special engineering would be needed to ensure system shutdown in the event of a pipeline
failure.

The implementability score was reduced because reinjection of 2,500 to 3,500
gpm into the aquifer in the lower bluff area would be difficult. The shallow aquifer allows
for little vadose zone storage capacity. Therefore, reinjection would have to be done over a
wide area to accommodate the flow. Constructing such a large injection system would be
complicated by roads, utilities, and buildings. Also, the current and future use of the land
may be limited, because of the reinjection system. Nothing could be constructed that would
interfere with the flow (large buildings requiring deep foundations etc.).

Elmeadorf AFB OU S RUFS Report 11-44




11.3.2 Detailed Assessment of Soil Remedial Alternatives

Alternative #7 — Natural Degradation

Description — This alternative provides a baseline for comparing other
alternatives. Natural degradation relies upon natural physical, chemical, and biological
processes to reduce contaminant concentrations to cleanup levels. The remediation time is
not known. A site-specific modeling program would be needed to define degradation rates
and estimate the time required to achieve cleanup levels. Monitoring of the soil, vegetation,
and animals affected by contamination of soil in the seep areas would be part of this alterna-
tive. A schematic of this alternative in elevation and plan view is shown on Figures 11-13
and 11-14,

Effectiveness

CERCLA CRITERIA SCORING RESULTS
NATURAL DEGRADATION

kbt

Protection of Human Health and the Environment

Compliance with appropriate ARARs
Long-Term Effectiveness and Permanence
Reduction in Toxicity, Mobility, and Volume through Treatment

Short-Term Effectiveness

]uoou«wu

‘ Implementability

Protection of Human Health and the Environment. This alternative is
considereti to be partially protective of human health and the environment. Currently, there
are no known human impacts from soil contamination, so this alternative is protective of
human health in the short-term. For most of QU S, natural degradation is also protective of
the environment; however, surface contamination is present in two isolated areas in the seep

zones. It is thought that the contamination is from the seeps. In these areas, vegetation is
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stressed and human and animal exposure to soil contamination is possible. Natural
degradation may ultimately provide protection to receptors, but only if the degradation
processes can be proven to be effective. Since this is the no action alternative, no
comparison between the health and environmental risks is necessary if no action were taken

and no potential impacts were caused by response actions.

Compliance with Appropriate ARARs. This alternative may not compiy
with potential ARAR:s if soil cleanup levels cannot be achieved. Also, soil contamination
could contribute to groundwater contamination. While the contaminarts of concern from the
sites with OU 5 (mainly diesel and jet fuel) are known to degrade naturally over time; the
achievable cleanup levels via natural degradation are not known. Monitoring of the soil in
the seep areas would help establish a degradation rate and achievable cleanup levels could be
estimated.

Long-Term Effectiveness and Permanence. This alternative may be
effective in the long term. Natural degradation processes are known to effectively reduce
fuel hydrocarbon contamination over time; however, the length of time required to comply
with potential ARARs has not been determined. Eventually, the contaminants would break

down and the remediation would be permanent.

Reduction in Toxicity, Mobility, and Volume through Treatment. This alter-
native does not achieve any reduction in toxicity, mobility, and volume through treatment.
However, some reduction in toxicity and volume through natural biological degradation is
provided. CERCLA does not consider natural reduction to fulfill this criterion.

Short-Term Effectiveness. This alternative is not effective in the short term.
The exposure of vegetation and animals to the contaminated soil in the seep areas would con-
tinue in the short term. Although no additional risk of exposure will occur as a result of
implementation, the contaminated soil near the water table could serve as a source of ground-
water contamination.
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Implementability. This alternative is implementable. The processes for
implementing natural degradation are known and have been used at other sites. A waiver of
some potential ARARs may be required for implementation. The implementability may be compli-
cated by the need to acquire waivers and may negatively affect the implementability of this
alternative.

Alternative #8 — Institutional Controls

Institutional controls including fencing, administrative, limiting access, and
deed restrictions would be implemented.

Description — Cyclone fencing, a minimum of 6 feet high with locked gates,
would be installed around areas with contaminated surface soils. Signs would be posted to
alert personnel of threats to their health and safety and to the environment. In addition, administra-
tive controls would limit access to these sites to authorized personnel only. Deed restrictions
would limit future development including excavation and earthwork. A schematic of this
alternative is shown on Figures 11-15 and 11-16.

Effectiveness

CERCLA CRITERIA SCORING RESULTS
INSTITUTIONAL CONTROLS

S

Protection of Human Health and the Environment
§ Compliance with sppropriate ARARs

Long-Term Effectivences and Permanence
Reduction in Toxicity, Mobility, and Volume through Treatment
Short-Term Effectivencss

Implementability

wiwlojwlwlw
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Protection of Human Health and the Environment. Because of the potential ‘
for environmental impact this alternative was considered partially protective of human health
and the environment. This alternative is partially protective of human health because direct
potential exposure pathways are removed and monitored. However, migration of
contaminants to groundwater may occur, which could impact human and environmental
pathways. Additionally, the environment is not fully protected because institutional controls
will not prevent the stressed vegetation in the seep areas. Also, access restriction would not
prevent small terrestrial animals and birds from coming in contact with soil in the seep areas.
The only potential environmental damage associated with this alternative would be minor
potential for slope stability problems when fencing is installed on the bluff face. Overall,
risk reduction is achieved with little offsetting impacts on the environment.

Compliance with Appropriate ARARs. This alternative may not comply
with soils clean-up levels for hydrocarbons. The only potential action-related ARAR would
be worker health and safety for the construction of the fences. .

Long-Term Effectiveness and Permanence. The long-term effectiveness of insti-
tutional controls depends upon conditions not changing. If conditions do not change, the
institutional controls will be effective in the long term for protecting human health. Since
the Air Force is a branch of the federal government, the permanence of maintaining institu-
tional controls is assumed (compared to a relatively small commercial operation that may
move or go out of business). Institutional controls are not effective in the long term for the
environment since vegetation and animal impacts from exposure to soil in the seep areas is
not eliminated by institutional controls. Because of the conditional nature of the effec-
tiveness, this alternative was given a score of being partially effective for this criterion.

Reduction in Toxicity, Mobility, and Volume Through Treatment. There
is no active treatment performed; therefore, by the CERCLA guidance, the toxicity,
mobility, and volume of organic contamination in soil is not reduced.
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Short-Term Effectiveness. This alternative was given a score of being par-
tially effective for this criterion. The analysis of short-term effectiveness is similar to the long-
term analysis. This alternative is effective in the short term since institutional controls
remove pathways thereby protecting human health. However, little environmental protection
is provided.

Implementability. Institutional controls can be easily implemented at OU 5,
but only if the base maintains control over land use. Contaminated soil is close to base
property boundaries. Implementation of off-base institutional controls will require coordina-
tion with private parties and legal issues could be involved. Although this requirement could
be met, it reduces the implementability of this alternative. If Eimendorf AFB were to close,
Air Force policy requires that parcels that are to be sold or otherwise divided be remediated
to cleanup levels appropriate for intended future use. Any deed restrictions would be
considered when planning reuse of the parcels.

Implementing access controls would not be significantly affected by
topography. There are no known mission related obstacles related to restricting access to
these areas.

Alternative #9 — Excavation, Biopiling, and Backfilling

This alternative would be applied to areas where contamination in shallow soils
exceeded clean-up levels for hydrocarbons. This alternative would not be applicable to soils
that could not be easily excavated, i.e., below depths of 10-12 feet. This is not a problem
for the presently identified soil area in the central area, which is very close to the surface,
but may be a problem in the soil identified in the western area, which, at 10-12 feet below
the surface, may be difficult to excavate. A schematic of this alternative in elevation and
plan view is shown on Figure 11-17 and 11-18.
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Description — A backhoe, front-end loader, or other equipment would be
used to excavate soils. Each of the two soil volumes to be remediated are estimated to have
dimensions of 100 feet by 100 feet by 4 feet deep, for a volume of 1,500 cubic yards each.
The excavated areas would be backfilled with treated soil or available clean soil from on
base. The excavated soil would be transported to an existing biopiling area at the eastern
end of Elmendorf AFB. A new biopiling system would be constructed, consisting of two
lifts of 4 feet each, over a 100-square-foot area. Each lift would have piping to supply air
and any required nutrients. The soil would be stockpiled until it can be transferred to the
treatment cells. Degradation of contaminants would be monitored to document the
breakdown rate and confirm that clean-up levels are being met. Monitored parameters would
include temperature, soil, pH, nutrients, and contaminant concentrations. The treated soil
would be used on base for fill after clean-up levels are achieved.

Effectiveness

CERCLA CRITERIA SCORING RESULTS
EXCAVATION, BIOPILING, AND BACKFILLING

| Protection of Human Health and the Environment
rComplimce with appropriate ARARs

Long-Term Effectiveness and Permanence

Reduction in Toxicity, Mobility, and Volume through Treatment
rShort-Tetm Effectiveness

I Implementability

Protection of Human Health and the Environment. This alternative is
partially protective of the human health and the environment for shallow soil. This alterna-
tive will reduce surface contamination to less than the remedial action objectives and the risk

W W |[Ww [tk [Ww

of exposure to contaminated soil where surface contamination is present. However, this alter-
native does not address contaminated soil near the water table which will remain and
continue to pose a risk to downgradient environmental receptors via groundwater flow and
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seeps. Removal of these deep soils may be difficult because of the need to excavate on the
bluff in the western area, which may require expensive shoring to prevent slope failure.
Small land animals and birds could be exposed to contamination in the soil. Furthermore,
the risk of slope stability problems while excavating along the bluff face may be greater than
the risks associated with the "no action” alternative.

Compliance with Appropriate ARARs. This alternative has been given a
score of partially compliant. It will likely comply with clean-up levels for hydrocarbons for
the soil excavated for treatment. The only potential action-specific ARARs are for worker
protection and air emissions. Worker protection can be provided by accepted health and
safety practices. Air emissions are expected to be low because the principal contaminants,
diesel and jet fuel, are not highly volatile. The rate of treatment can be varied to minimize
volatilization, so potential air-related ARARs are complied with.

Long-Term Effectiveness and Permanence. This alternative is considered effec-
tive and permanent in the long term for the soils that are excavated and treated because
contaminants are destroyed. For the deep contamination near the seeps, the potential exists
for media cross contamination between the soil and groundwater. Therefore, to be effective
in the long term, this alternative will have to be combined with a seep remediation alterna-
tive. While this alternative is not effective in the long term, the potential impacts are
considered to be low. In the long term, the contaminants should degrade naturally; however,
the time required to meet cleanup goals is not known.

Reduction in Toxicity, Mobility, and Volume Through Treatment. This alterna-
tive reduces the toxicity, mobility, and volume of contaminants through treatment for the
excavated soil. In this alternative, un-excavated soils are not affected by this treatment.

However, natural degradation should reduce the toxicity and volume of the unexcavated conta-

mination.
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Short-Term Effectiveness. This alternative is partially effective in the short- ‘
term. Technologies for safely excavating and handling hydrocarbon contaminated soils are
well established and result in minimal exposure risk during implementation. Potential
impacts for the biopiling can be managed by using liners and controlling emissions and sur-
face water drainage from the pile. The alternative would only be at maximum effectiveness
in the summer months. Cold temperatures will reduce the effectiveness in the winter by
reducing the biological activity.

Excavation of the shallow soil is quick so the potential window for exposure is
very short. The alternative does not address contaminated soil near the water table, which

will continue to serve as a source of groundwater contamination in the short term.

Implementability. This alternative is partially implementable. The excava-
tion and soil handling techniques required are available and proven. The land commitment is
small and should not affect base operations. Processes for implementing biopiling of contami-
nated soil are known and have been used at Elmendorf AFB and other sites. However, the altema—‘
tive would be limited to shallow soils, and slope stability concerns in the vicinity of the bluff
may reduce the overall quantity of soil which can be excavated. In addition, the treatment
would be limited to the summer months because of the cold winter climate, which would
increase the implementation period. Care must be taken when excavating soils near the
groundwater table since excavation could cause releases to the groundwater. A waiver of

some potential ARARs may be required for those soils which remain in place.
Alternative #10 — Bioventing

Description — Bioventing adds oxygen to the soil pore space, enhancing the
growth of natural microbial populations and increasing the breakdown rate of organic con-
taminants. Air injection wells would be installed in areas'where concentration of soil
contaminants are above clean-up levels. The wells would be screened in the vadose zone in
a narrow interval below the soil contamination. A blower would be connected to the wells .
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via a common header so that a positive pre..ure would induce air flow into the contaminated
soil. The increased amount of oxygen available in the vadose zone would enhance the aero-
bic biodegradation of organic contaminants by indigenous microorganisms. In addition to
oxygen, macronutrients, such as nitrogen and phosphorus, could be added in an atomized
phase to stimulate prpulation growth and contaminant destruction or nutrients and water
could be added at the surface and allowed to percolate down to the contaminated soil. Soil
sampling would be needed to document that cleanup levels were being achieved. Schematics
of this alternative in elevation and plan view are shown in Figures 11-19 and 11-20.

Effectiveness

CERCLA CRITERIA SCORING RESULTS
BIOVENTING

Protection of Human Health and the Environment

Compliance with appropriate ARARs
rbong-'l‘enn Effectiveness and Permanence
I Reduction in Toxicity, Mobility, and Volume through Treatment

Short-Term Effectiveness
Implementability

Protection of Human Health and the Environment. The alternative is
protective of human health and the environment by reducing the contaminant concentrations
in both surface and deep soils. By treating surface soil, the potential exposures to animals,

|u w W [ (V] W

plants, and humans through direct contact are eliminated. Vegetation and animal impacts
from soil in the seep areas would be eliminated. Deep soil would be treated, eliminating the
potential for future migration of VOCs to the groundwater and the seeps. These seeps could
impact receptors, such as plants and small animals. Short-term effectiveness may be limited
until the system can be properly adjusted for the climate and media. This alternative
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achieves major risk reduction when compared to the "no action” alternative without adding .
major risk of slope instability and damage to the wetlands.

Compliance with Appropriate ARARs. This alternative will comply with
potential contaminant-specific ARARs for soil and protect groundwater where soil
contamination is present. The only potential action-specitic ARARs would affect workers
installing the bioventing wells. Accepted health and safety practices can be followed to
comply with this potential action-specific ARAR.

Long-Term Effectiveness and Permanence. Bioventing has been shown to

reduce contaminants to clean-up levels. The remediation is permanent.

Reduction in Toxicity, Mobility, and Volume Through Treatment. This
alternative will reduce the toxicity, mobility, and volume through treatment. The technology
reduces the toxicity and volume of contamination by enhancing the biodegradation of the
contaminants by aerobic soil microorganisms. With proper implementation of this alter-
native, the mobility of contaminants will also be reduced. However, while the byproducts of
microbial degradation may be more mobile than the original hydrocarbons; their toxicity will
be reduced and should not represent a risk to human health or the environment.

Short-Term Effectiveness. This alternative was considered partially effective.
Bioventing will not result in an adverse short-term impact because the technology will not
result in increased emissions of contaminated dust, fugitive volatile emissions, and transfer of
contaminants to the groundwater. There will be very limited exposure to construction
workers during well installation.

However, in the short term, the contaminants break down effectiveness is not
fully demonstrated for cold climates. The effectiveness depends upon the temperature and site-
specific conditions such as microbial population, moisture content, and available nutrients.
Field tests of bioventing have been done in Alaska, and the technology looks promising. The '
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heat of compression of the inlet air does help offset the cold ambient temperatures in the soil.
Treatability tests are being done at Elmendorf AFB to determine the effectiveness of this
technology. The data generated will help determine if this alternative will be effective at

ou s.

Implementability. This technology can be implemented. The procedures for
implementing bioventing are known and the technology has been implemented at other sites.
There is sufficient space available to implement the technology and equipment is available
from several vendors. Inlet air heating may be required to sustain bioventing during winter
months. The air should travel well through the soil to the contaminants because the bluff is
composed mostly of gravels and embedded sands. Implementation may not be possible for
some soils below the water table without first dewatering those zones. This alternative can
be implemented without endangering slope stability because the wells would be placed at the
top of the bluff.

11.3.3 Constructed Wetland at Snowmelt Pond

Description — This alternative would isolate PCB sediment from potential
receptors by adding a layer of gravel across the bottom of the pond. The water level would
be controlled to allow growth of wetland vegetation across the whole Snowmelt Pond area.
The wetland would be channelized to ensure retention time and to allow for monitoring
effectiveness across the wetland.

The location for the proposed wetland system includes Snowmelt Pond and the
adjoining marsh area. The seeps would be intercepted and contained at their point of
occurrence by a passive collection system and conveyed to the inlet of the treatment system.
A wetland treatment system will use physical, chemical, and biological mechanisms to
degrade hydrocarbons dissolved in the seep flow.
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The wetland would be used to treat seep water collected in the passive extrac- .
tion alternative. An inlet would be constructed somewhere along the bluff. The inlet would
also be of wetland-type construction with gravel and wetland vegetation. Cascades and pools
may be needed to increase treatment and retention time. Discharge from the wetland would
enter existing drainage ditches.

The constructed wetland is a single presumptive remedy for PCBs in the
Snowmelt Pond and would clearly be effective in isolating the sediment. However, the
wetland is also to be used to possibly treat seep water. The treatment of seep water by a
wetland is not fully proven for this application in the Anchorage climate; therefore, an
evaluation of its technical effectiveness was done. The Snowmelt Pond area is appropriate
for a constructed wetland due its location, site hydrology, and proven ability to support
aquatic plants and a wetland environment. The location of the proposed wetland system
includes roughly 1.5 acres of open water and 1 acre of marsh, and is relatively secluded
from other Base activities. This would allow the wetland system to develop and treat water
without being disturbed or interfering with other land uses. The site is close to many of the .
contaminated seeps, which allows conveyance of seep water to the treatment system. The low-
lying site and existing open water appear to indicate a high water table that is capable of
maintaining hydric soils and moist conditions necessary for wetland development. The
existing topography and availability of a receiving stream make the discharge of treated
effluent possible. The emergent vegetation suggests the presence of sufficient soil nutrients
and climate conditions to support aquatic plants that are typical to a wetland environment.

Wetlands often act as sediment sinks. Wetland plants tend to filter out
sediment, and the relatively low flow velocities through wetlands allow suspended particles to
settle out. As new sediments are deposited, they will bury and stabilize the existing
contamination. Additionally, aquatic plants often have an extensive root system that can also
stabilize the sediments.
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Aerobic and anaerobic zones exist in wetland soils, providing areas for the
potential degradation of hydrocarbon-contaminated sediments. The rhizomes, or roots, of
wetland plants transmit oxygen to the root tips. This oxygen can be used by aerobic bacteria
for degradational processes. Anaerobic zones create reducing conditions that have a ten-
dency to facilitate sorption reactions and thus stabilize contaminants. Additionally, anaerobic
bacteria are capable of hydrocarbon degradation.

The analysis of constructed wetland treatment capacity is based on work
performed by Gelb, 1992. Gelb studied an overland flow and wetland system used for the
treatment of oilfield-produced water. The overland flow component consisted of a treatment
cell 50 feet wide by 100 feet long, excavated to a 3% grade, covered with 1 to 3 inches of
gravel, and included four 12-inch high cascades. The wetland component followed the
overland flow cell and covered approximately 0.75 acres. Flow channels were approximately
35 feet wide and included sedges, rushes, and cattails.

Gelb examined the removal of many produced water compounds. Those
examined in this report include BTEX and total phenolics. Influent flow rates to the
overland flow/wetland system ranged from 29 to 232 GPM. Influent concentrations averaged
28.5 ug/L benzene, 48.2 ug/L toluene, 17.5 ug/L ethylbenzene, 36.0 ug/L xylenes, and
0.131 mg/L total phenolics. Gelb observed 68 to 100% removal of all BTEX compounds in
the overland flow cell and 100% BTEX removal in the wetland.

Total phenolics concentrations were measured through the system to model the
removal of more persistent hydrocarbons. Zero to 15% of the total phenolics were removed
in the overland flow cell and 9 to 100% were removed in the wetland. The average removal
through the wetland was 40% and the average wetland influent concentration was 0.079
mg/L. Phenolics mass removal through the wetland ranged from 6.4 to 47.7 g/day.

Gelb developed a treatment system design method based on the results of his
study. The method determines the system area required for a desired contaminant
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concentration reduction, given a flow rate and influent contaminant concentration. The
design method includes a procedure for total phenolics treatment, and is used here to
conservatively model BTEX and TCE removal from seep flows. No design method was
available for BTEX compounds.

The following assumptions were used to perform design calculations and
estimate the effectiveness of the system:

. A single wetland component was selected as the system type;
. The area available for the system is 2 acres or 87,120 ft%;
L The influent flow rates considered are 10, 50, and 100 GPM; and

° The contaminant concentrations considered are 0.01, 0.1, and
1.0 mg/L.

The design method was applied in two ways. First, the area required for
100% contaminant removal at the three flow rates specified was determined. The second
approach predicted the percent contaminant removed when the treatment system area was
conservatively estimated to be 2 acres. The first application of the design method yielded a
required system area of 1.6 acres at an influent flow rate of 10 GPM, 7.7 acres at 50 GPM,
and 15.7 acres at 100 GPM. The areas calculated were the same for all three influent
concentrations examined. The results of the second design approach, assuming a 2-acre
system, indicate 90% contaminant removal at 10 GPM, 40% removal at 50 GPM, and 28%
removal at 100 GPM.

These results indicate that substantial contaminant removal can result from a
constructed wetland of modest size. Since the design method was performed for total
phenolics, the results should be viewed as conservative for lcss persistent hydrocarbons. As
explained by Gelb, treatment of BTEX compounds using a system designed with total
phenolics data would result in substantially greater contaminant removal. Also, the design
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evaluated here considered only wetland treatment. Gelb observed greater contaminant
removal when both overland flow and wetland treatment components were applied together.

Many system features and configurations may be used to enhance treatment
system performance. Systems can be designed with open water surface flow, subsurface
flow, or a combination of both. The particular strategy used will depend on whether aerobic
or anaerobic reactions will facilitate the greatest contaminant removal.

Flow conditions through the system can be manipulated by the excavation of
the site. Excavated baffles and wide channels cause flow to move in a sinuous pattern at low
velocity, thus increasing hydraulic residence time. Narrow, rock-lined channels cause high
flow velocities and turbulent mixing for gas transfer and contaminant stripping.

An overland flow component can be included to increase the dissolved oxygen
content of the water or air strip volatile contaminants. The overland flow might take place
upstream of the wetland to potentially remove toxic compounds, in the middle of the wetland
to boost depleted dissolved oxygen levels, or prior to discharge to polish the effluent.

Soil amendments can be added at the time of construction to supplement
deficient nutrients or encourage particular chemical reactions. Native plant species,
appropriate for the regional climate and providing the best treatment environment, should be
used to establish the wetland vegetation. Beaver Pond and the marsh area at Snowmelt Pond
may be potential sources for acclimated transplants.

Based on site conditions and expected treatment performance, a constructed
wetland is a feasible alternative for the treatment of hydrocarbon contamination present in the
groundwater seeps of OU 5 and would be effective if the flow were limited. The exact flow
and the number of seeps that could be effectively treated could only be estimated based on a
treatability study.
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Further evaluation of the seeps and the Snowmelt Pond site are recommended .
to better understand the application of this treatment method. The flow rates and
contaminant concentrations of the seeps must be identified. Potential climate effects on a
constructed wetland could be monitored at Beaver Pond. The particular plant species and
microbes best suited for this application should be determined. Regulatory concerns and
applicable permitting requirements for this site should be investigated. Additional work
should be performed to evaluate the feasibility of intercepting and transporting seep flow to
the treatment system.

Effectiveness

CERCLA CRITERIA SCORING RESULTS
CONSTRUCTED WETLANDS AT SNOWMELT POND

TR

i Protection of Human Health and the Environment
Fomplimce with appropriate ARARs

Long-Term Effectiveness and Permanence

I Reduction in Toxicity, Mobility, and Volume through Treatment
Short-Term Effectiveness
Implementability

Protection of Human Health and the Environment. This alternative would
be protective of human health and the environment. Seep water would be collected, thus
reducing the potential for ecological impacts, and PCBs are isolated, which reduces the
potential for exposure. Implementing this alternative would not impact the bluff stability.
Some natural wetland in Snowmelt Pond would be dedicated to treat seep water. Fencing
and netting may be needed to keep animals out of the wetland’s treatment area.

W W W | [wn

I
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Compliance with Appropriate ARARs. This alternative will comply with
potential contaminant and action-specific ARARs. An NPDES permit to discharge water
from the wetland may be needed.

Long-Term Effectiveness and Permanence. For seep water, this alternative
would be effective. However, the PCBs would be degraded very slowly by this alternative.
The alternative would only be effective if the sediments always remained covered.

Reduction in Toxicity, Mobility, and Volume Through Treatment. This
alternative would not actively treat the PCBs. However, the sheens would be actively treated
in the wetland.

Short-Term Effectiveness. The treatment rates would be slower in the
winter; otherwise, this alternative would be effective in the short term. There would be no
secondary impacts from implementing this alternative.

Implementability. The only difficulty in implementation is that the Snowmelt
Pond is not on Air Force property. An agreement will have to be reached with the railroad
to allow access to construct and operate the wetland.

The site proposed is suitable for a constructed wetland. The land is available,
is near the contaminated seeps and a receiving stream, and should remain undisturbed by
other land use activities. The hydrologic setting appears to support hydric soil conditions
and aquatic vegetation. Beaver Pond and the Snowmelt Pond marsh area provide two
potential areas for vegetation transplants. The reported success of the ecosystem at Beaver
Pond indicates that a wetland environment can survive and prosper in this climate and

geographical location.
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114 Sensitivity Analysis .

The scores for the evaluation criteria assigned to each remedial action
alternative are based on assumptions regarding the volume of contaminated soil and water to
be managed, the anticipated type and concentration of contaminants to be controlled or
treated, and the length of time required to implement the alternatives. The actual
circumstances of the remediation can only be determined after treatability studies and pilot
systems are constructed. The ranking of alternatives could change depending upon how
sensitive the alternative is to changes in the assumptions made. This sensitivity analysis
identifies how the effectiveness, implementability, and cost of each alternative is affected by
the following changes:

° 50% increase in volume of soil or water to be treated;
° Order of magnitude increase in TFH concentrations in the soil or

water; .
° Order of magnitude increase in the concentration of chlorinated

compounds in the water;
J Change the significant risk level from 10 to 1073,
. Change the significant risk level from 10 to 10%;

o Change the time required to implement the alternative from 30 years to
5 years; and

o Change the time required to implement the alternative from 30 years to
10 years.

The sensitivity of the alternatives to these factors is shown on Table 11-4. A
discussion of the sensitivity is provided below.
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11.4.1 Sensitivity to a 50% Increase in Volume to be Treated

An increase in the groundwater and seep extraction rates will affect the
treatment and effluent management requirements of alternatives with an extraction com-
ponent. Generally, the effectiveness of the alternatives are not affected because the treatment
technologies can be sized for the increased flow. However, implementability of extraction
alternatives is affected because effluent management becomes more difficult with increased
flows. The implementability of treatment with constructed wetlands is reduced because
approximately 50% more land area would be needed to construct wetlands, and there may
already be insufficient land space available for the anticipated flow. The implementability of
the active extraction alternative is reduced because of the large volume of water that must be
discharged. Reinjection of treated water is also less feasible with larger volumes because the
shallow depth to groundwater downgradient of OU § provides little storage capacity in the
vadose zone. Therefore, reinjection would have to be done over a large area south of QU 5.
The adverse environmental impacts on existing wetlands from increased groundwater
pumping will be increased because less flow will enter these wetlands.

An increase in the volume of contaminated soil should not affect the effective-
ness of the remedial alternatives. An increase in soil volume will generally affect the
implementability of the biopiling alternative because more widespread and potentially deeper
excavation is required. As shown in Sections 9.0 and 10.0, the implementability of the exca-
vation alternative will be affected by slope stability concerns and the potential that buildings,
roads, and utilities will limit the extent of excavations. The implementability of in situ treat-
ment options should not be affected.

Any increase in extraction rate and volume will increase costs for all alterna-
tives other than the natural attenuation/degradation alternatives (it is assured that increased
monitoring will not be required). The active extraction and excavation alternatives are most
sensitive to volume changes because of the large treatment/disposal component of the alterna-
tives.
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11.4.2 Order of Magnitude Increase in TFH Concentrations

Increasing the TFH concentration of the soil or water reduces the effectiveness
of the natural attenuation/degradation alternatives and the constructed wetland treatment alterna-
tive. The natural processes used by these alternatives will be less likely to reduce contami-
nant transport to human and environmental receptors. The natural attenuation and degrada-
tion processes will also require more time to achieve cleanup objectives; therefore, short-
term effectiveness is reduced because the time for potential exposure is increased. The
effectiveness of those alternatives that have an active treatment component should not be
affected because the treatment systems can be designed for the higher concentrations. The
exception is air sparging with SVE, which may not be able to reduce the TFH concentrations
to acceptable levels because of the increase in nonvolatile components.

Only the implementability of the constructed wetland treatment alternatives is
reduced due to an increase in TFH concentration. More land area would be needed for the
constructed wetlands because an increase in the retention time of the water in the wetland
system would be required to achieve the cleanup goals.

An increase in TFH concentrations increases the cost of all alternatives except
the natural attenuation/degradation alternatives. The cost increase is due either to increased
carbon use or longer treatment times required to achieve cleanup levels. The active
extraction alternatives are affected the most by an increase in TFH because of the higher
extraction and treatment volumes.

11.4.3 Order of Magnitude Increase in the Concentration of Chlorinated
Compounds

Chlorinated compounds are not contaminants of concern for the soil and

increases in groundwater concentrations should not affect the soil alternatives.
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An increase in the concentration of chlorinated compounds in the groundwater ‘
or seeps will decrease the effectiveness of the alternatives where biological processes reduce
the concentration of the contaminants of concern. Because chlorinated compounds are
broken down slowly by biological processes. The constructed wetlands alternative will no
longer be effective since these high levels of chlorinated compounds do not allow the treat-

ment biota to survive.

The effectiveness of air sparging alternative will not be affected because these
compounds will remain at relatively low concentrations and the physical processes used to

remove the compounds from the water will not be rate limited.

The implementability of the constructed wetlands alternative is reduced
because larger wetlands would be needed for the increased retention time necessary to break
down the higher concentrations of chlorinated compounds. Locating larger wetlands would
be difficult since any constructed wetland must not interfere with the operations of the Air

Force Base, and there is limited area available near the bluff area.

An increase in the concentration of chlorinated compounds increases the cost
of all alternatives except for the natural attenuation alternative. The active extraction and air
sparging with SVE alternatives are affected the most because of their high flow rates and the
large percentage of the total cost that is represented by carbon costs.

11.4.4 Change Significant Risk Level from 10 to 10°

The acceptable CERCLA range of risk is 1 x 10* to 1 x 10%. If the less
conservative value of 10° is used instead of 10%, the volume of groundwater required to be
remediated will decrease, since fewer areas have contamination that drive a 10 risk. Figure
11-21 indicates how the plume would shrink to represent 1 x 10 risk. The main change is
that groundwater in central OU 5 would not be remediated because risk is at an acceptable
(1 x 10%) level. The only remedial alternatives affected are active extraction and air sparging ‘
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of groundwater. All other alternatives remediate either seeps or soil, neither of which would
not be affected by the change from 1 x 10®to 1 x 10, Total air sparging costs for 1 x 10*
would drop 7%. Active extraction costs would drop 13%. The only other change would be
a slight decrease in effectiveness and increase in implementability, since the remediation

would be a smaller system that would have less effect.
11.4.5 Change Significant Risk Level from 1 x 10 to 10

The change here has the same effect as 1 x 10° except that in this case no
groundwater would require treatment, since no area of groundwater drives a 1 x 10* risk.
This would eliminate all costs of treating groundwater under the air sparging and active
extraction alternative. Seeps would still have to be treated since these seeps cause ecological
risks (e.g., visible sheens) that would not be affected by this change in health risk.

11.4.6 Change Implementation Time From 30 to § Years

In the alternatives analysis, it was generally assumed that a 30-year period
would be required to achieve remediation objectives when implementation of each alternative
began. Thirty years is commonly used in feasibility studies to compare alternatives. The
actual time to achieve clean-up levels can vary, depending on the success of the treatment
method employed. This analysis assumed that all remedial objectives can be achieved in five
years. This assumes that no additional COCs in groundwater upgradient from OU § require
treatment after the five-year period. This analysis also assumes no further need to monitor
soil and groundwater after the five years. The analysis concluded a cost reduction of 49 to
68% for the alternatives. The savings is from reduced long-tefm monitoring costs. Also,
alternatives with expensive O&M (active extraction) also have larger cost savings. Low

monitoring and O&M alternatives have smaller cost savings.
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11.4.7 Change Implementation Time From 30 to 10 Years

This analysis is the same as above except that 10 years instead of 5 years is
selected for the treatment period. The cost reductions range from 32 to 45%. The
relationship to monitoring and O&M are the same as above,

11.5 Comparative Analysis
The comparative analysis was performed in a three-step process:

. To help address the affected areas of impact at OU §, the OU was
divided into three geographic areas;

° The multi-media alternatives were developed for each area; and

. The multi-alternatives were evaluated and compared to each other using
the CERCLA criteria.

While most multi-media alternatives are applicable to all three areas, some alternatives are
not applicable to specific areas; and the cost for each alternative varies by area. Brief
descriptions of the geographic areas are provided below.

11.5.1 Geographic Areas of QU §

Evaluating the effectivoness, implementability, and cost of remedial alterna-
tives depends upon the type and the physical setting of the contaminated media (soil,
groundwater, or seeps) within the different geographic areas of OU 5. The OU can be
roughly divided into three geographic areas, labeled Western, Central, and Eastern, as shown
on Figure 11-22. Each of these areas are discussed below. While each of the geographic
areas had soil, groundwater, and seep water to be remediated, the volumes and locations of
the contaminated media are different within each area.
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Western Area

The physical aspects of the Western Area include a steep bluff leading to a flat
area just north of a railroad. The bluff shows signs of slope failure in the past. The indus-
trial area is located immediately to the south of the railroad tracks. Ship Creek is located
over 600 feet south of this area.

Groundwater impacts in this area result in an excess lifetime cancer risk of
greater than 1 x 10 with the plume estimated to exceed 1,000 feet in width. There is also
an area where hydrocarbons exceed soil clean-up levels, and where there are numerous seeps
along the face of the bluff. Soil contamination exists at the 10- to 12-foot depth below the
surface. The soil and groundwater contamination are collocated within the Western Area.

Central Area

Central OU § has features similar to the Western Area: a steep bluff with
railroad tracks at the toe of the slope. The bluff shows signs of slope failure in the past. A
snowmelt water retention pond is located in this area. Ship Creek is located approximately
250 feet south of the central part of the Central Area.

There are some seeps along the face of the bluff in the central part of this area
(see Figure 11-22). A relatively small area of TFH contamination is found near the seeps.
There are also two groundwater contaminant plumes with excess lifetime cancer risk greater
than 1 x 10 within the Central Area. The groundwater contaminant plumes are relatively
narrow compared to the Western Area and appear physically separated from the areas of soil
contamination.
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Eastern Area

Eastern OU $§ includes the beaver pond. The bluff in this area is more gently
sloping than in the other areas. The area at the toe of the bluff is a wetland consisting of
cascading ponds in the beaver pond area. Ship Creek is located approximately 50 feet south
of the beaver pond.

In the Eastern Area, there are no areas where the TFH contamination in soil
exceeds soil clean-up levels. Northeast of the beaver pond is an area where the groundwater
contamination results in an excess lifetime cancer risk of greater than 1 x 10°. The plume is
estimated to be in excess ot 1,000 feet in width. There are also seeps at three locations
along the bluff.

11.5.2 Multi-Media Alternatives Development

The water and soil alternatives have been combined into multi-media alterna-
tives as shown in Table 11-5. This table was developed taking into consideration which
individual alternatives would be applicable for each geographic area.

Western Area

All multi-media combinations, except one, are applicable to the Western Area,
which has contaminant concerns for seeps, groundwater, and soil (10-to 12-foot depth). Air
Sparging with Soil Vapor Extraction and Bioventing are not combined in the Western Area
because the soil and groundwater contamination are collocated in this area. Air sparging
provides the moisture and oxygen required by bioventing without additional cost or facilities,
and vapor extraction will remove volatile contaminants from the soil before significant
biological degradation can occur.
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Table 11-5

Muiti-Media Alternatives

W = Western Area
C = Ceutral Area
E = Eastern Area
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Central Area

All multi-media combinations are applicable to the Central Area, which has
contamination concerns for seeps, groundwater, and shallow soil (< 10 feet BGS).

Eastern Area

Soil contamination was not identified as a contaminant concern :n the Eastern
Area; therefore, soil treatment alternatives are not applicable to this area.

11.5.3 Comparative Analysis

A comparative analysis of the media-specific alternatives is shown in Table
11-6. The relative numerical values for each of the first six criteria are shown; the seventh
criterion, cost, expressed in millions of dollars, is shown separately for each geographic .
area. The numerical values were developed in Sections 11.3 which discussed the strengths i
and weaknesses of each alternative for remediation of water and soil.

Table 11-7 shows the comparison of all possible combinations of multi-media
alternatives for each geographic area. As shown, the alternatives for seeps and groundwater
apply to all three areas of OU 5. The soil alternatives only apply to the western and central
areas. However, for comparative purposes, the analysis was performed for the eastern area
using "no action” for the soils. The relative numerical values given for each of the seven
criteria (except cost) are an average of the media-specific alternative values which have been
combined. For instance, in Table 11-7, the score for protection of human health and the
environment for the natural attenuation/degradation for seeps, groundwater, and soil (2) is an
average of the seep (0), groundwater (3) and soil (3) scores. For costs, the total cost of the multi-
media alternative was used to determine the ranking. The absolute value of cost (to within
$100,000) is shown next to each cost score.
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To aid in comparing alternatives, Table 11-7 also includes the total score and
effectiveness to cost quotients for each multimedia alternative. The total score is the sum of
the seven criteria scores. The effectiveness-to-cost quotient is the sum of the five
effectiveness criteria divided by the total cost (in million dollars). The higher the cost
quotient, the more cost effective the alternative. To assist in identifying preferred
alternatives, effectiveness-to-cost quotients provide a qualitative comparison of the ability of
the alternative to provide remediation versus the cost required to achieve the remedial goals.
Although Protectiveness of Human Health and the Environment is a summary of long-term
effectiveness, short-term effectiveness, and compliance with ARARS, it is used as a separate
factor to emphasize the importance of the three individual factors. The EPA CERCLA
Manual indicates that all nine criteria should be separately evaluated.

The multi-media alternatives (Table 11-7) are typically grouped into sets of
four alternatives to aid in review of the information presented. Each grouping has a consis-
tent set of seep and groundwater alternatives; only the soil alternative varies within the

group.
11.5.4 Limitations of Comparative Analysis

The comparative analysis is limited by several assumptions. First, it assumes
that all three pathways are of equal importance. Similarly, it assigns equal importance to
each CERCLA criteria over another rather than trying to rank one above another. The
analysis also does not quantify synergistic effects between combinations of soil, seep, and
groundwater alternatives. Finally, the comparative analysis relies on the five subjective, not
objective, scores for the balancing factors for each media-speciﬁc alternative.

The best overall remedial approach for OU § may not necessarily include the

"best” or highest scoring remedial alternative for all three geographical areas. Ultimately,
the Air Force, regulatory agencies, and the community must determine which alternative, or
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set of alternatives, is most desirable based on effectiveness, implementability, acceptability, .
and cost.

11.5.5 Conclusion of Comparative Analysis

Below is provided a summary discussion of how each of the various alterna-

tives rate for criteria, as well as for the "total score” and "effectiveness to cost quotients.”

Protection of Human Health and the Environment. An important considera-
tion for this criterion is that there are no current receptors exposed to groundwater.
Notwithstanding this current setting, protection of human health and the environment scores
are higher for alternatives that actively treat the water. Alternatives that do not provide for
treatment of either seeps or groundwater score lowest because they do not provide protection
from contact with seep contamination and because of the potential for discharge of
contaminants from both seeps and groundwater to natural wetlands and Ship Creek. The use
of institutional controls does not provide additional protection of human health and the

environment. The use of passive extraction to collect seep water for treatment improves
protection, although the method of treatment, wetlands versus activated carbon, does not
effect protectiveness. Active groundwater treatment alternatives (i.e., air sparging with soil
vapor extraction and extraction with air stripping) provide the highest levels of protection
because they provide protection through interception and treatment of contaminants in both
the seeps and groundwater. Similarly, the use of bioventing to treat all soil improves
protection over the use of natural degradation or biopiling alternatives because bioventing
should reduce contamination in all soil (both shallow and deep) to levels considered
protective.

Compliance with Appropriate ARARs. Potential ARARs scores are higher
for alternatives that either actively treat groundwater (and therefore seeps) or which provide
institutional controls that limit use of groundwater. Alternatives that actively treat the
groundwater, such as air sparging or extraction with air stripping, or that provide passive .

Elmeadorf AFB OU $ RIFS Report 11-92




r

. extraction of seeps and institutional controls to limit use of the groundwater, provide the
highest level of compliance with potential ARARs. Some level of compliance with potential
ARAR:s is achieved for those alternatives that treat seeps (e.g., passive extraction) but do not
provide institutional controls for groundwater; these alternatives will reduce contaminant
levels in seeps to acceptable levels. Similarly, those alternatives that do not treat seeps, but

which provide institutional controls for groundwater, provide some level of compliance with
potential ARARSs because they limit use of the groundwater. Bioventing of soil improves
compliance with potential ARARs for all alternatives because it should reduce contaminants
in all soil to acceptable levels.

Long-Term Effectiveness and Permanence. These scores are all relatively
similar, since all alternatives should be substantially effective in the long term. None of the
alternatives is expected to produce toxic by-products, assuming carbon treatment alternatives
use thermal regeneration to destroy contaminants collected by the carbon. Alternatives
relying solely on natural attenuation and degradation processes may be the least effective

. because there may be insufficient residence time to successfully degrade the contaminants
before discharge to natural wetlands and Ship Creek. The highest level of long-term effec-
tiveness and permanence is achieved by those alternatives that actively extract and treat both
groundwater and seeps.

Reduction in Toxicity, Mobility, and Volume through Treatment. Those
alternatives that provide for active treatment of the groundwater and soil provide the greatest
reductions in toxicity, mobility, and volume because all contaminant sources are treated;
these alternatives will by their nature also treat the seeps. Those alternatives that only
provide for treatment of seeps and soil are less effective at reducing the toxicity, mobility,
and volume of the contaminants because contaminants in the groundwater are not actively
treated. Alternatives that treat only seeps or soil, but not both, provide little reduction; while
alternatives that rely on natural attenuation and degradation for all media, by definition,
provide no reduction through treatment.
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Short-Term Effectiveness. Short-term effectiveness is primarily affected by .
whether water treatment is provided. Those alternatives that treat either the seeps or ground-
water are effective in the short term because they will immediately begin to reduce the poten-
tial for contact with contaminated water. Providing either institutional controls or treatment
for soil increases the short-term effectiveness. Alternatives that rely solely on natural attenua-
tion and degradation for the water and soil are the least effective in the short-term because
the potential for contact with contaminated media will remain.

Implementability. All alternatives should be implementable. Some reduction
in implementability may occur for biopiling, bioventing, and wetlands treatment alternatives
because the cold climate may reduce the ability to implement these alternatives during winter
months. Alternatives that actively treat the groundwater may be difficult to implement due to
reinjection system limitations.

Cost. Cost estimates are primarily affected by selection of water treatment alterna-
tive. Soil alternative treatment costs are negligible, compared to soil monitoring costs, since

volumes are small. Alternatives that rely on natural attenuation for the seeps and
groundwater are the least expensive; they are estimated from $2.8 to $3.0 million in the
Western Area, and from $1.9 to $2.4 million in the Central and Eastern Areas. The use of
passive extraction and activated carbon to treat seeps is estimated to increase costs by
approximately $0.4 million over the baseline cost in all areas; the additional costs are for
construction of the extraction system and carbon usage. The use of passive extraction and
constructed wetlands to treat seeps is estimated to increase costs by approximately $0.2
million over the baseline cost in all areas; the additional costs are for construction of the
extraction system and wetlands. This alternative has a major benefit in that the constructed
wetlands already planned as the presumptive remedy for the Snowmelt Pond also serves as
the remedy for treating all water from seeps. Since the Snowmelt Pond-constructed wetlands
are included as a cost in every alternative, this greatly reduces overall costs for the
constructed wetlands alternative. Alternatives that actively treat all groundwater are
substantially more expensive, especially in the Western and Eastern Areas, because of the ‘
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larger volumes of water handled. Active extraction with air stripping and carbon treatment is
estimated to increase costs over the baseline by $6.8 million in the Western Area, $12.5
million in the Eastern Area, and $2.0 million in the Central Area. Air sparging with soil
vapor extraction and activated carbon treatment is estimated to increase costs over the
baseline by $8.5 million in the Western Area, $3.5 million in the Central Area, and $5.5
million in the Eastern Area. The use of biopiling and bioventing to treat surface soil
increases cost only slightly ( < $200,000) over the baseline of $2.8 million in the Western
Area and $2.2 million in the Central Area.

Total Score. Total scores are primarily affected by the level of treatment
provided and cost. Alternatives providing treatment of seeps and/or groundwater score
higher than those which use natural attenuation; however, the higher cost of actively treating
all groundwater tends to off-set the increased effectiveness of these alternatives. The use of
bioventing to treat all soil also increases the total score substantially over natural degradation
or biopiling alternatives because of increased effectiveness. The use of institutional controls
for groundwater and soil, as well as biopiling of soil, provide only a marginal increase in
total score.

Cost-Effectiveness. The effectiveness-to-cost quotients are primarily affected
by increased effectiveness for treatment of seeps over natural attenuation, the difference in
cost between activated carbon (cheaper) and constructed wetlands (more expensive) for
treatment of seeps, and high costs for active treatment of groundwater; soil alternatives have
less effect on the overall effectiveness-to-cost quotient. The highest quotients in all three
areas of OU 5 are for alternatives that treat seeps using activated carbon. The increased
effectiveness of treating seeps, using constructed wetlands over the use of natural attenuation,
is partially offset by the increased cost. The high cost for active groundwater treatment
alternatives in the Western and Eastern Areas, where there are large groundwater contami-
nant plumes, reduces the cost effectiveness of these alternatives when compared with all
other alternatives. The Central Area has smaller groundwater plumes which require less cost
to treat, resulting in active treatment being more cost effective than natural attenuation, but
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less cost effective than passive extraction of seeps. When selecting preferred alternatives,
consideration should be given to including institutional controls. For groundwater, the use of
institutional controls when selecting natural attenuation of the groundwater increases the cost
effectiveness of all alternatives using natural attenuation or passive extraction of seeps.
However, it is difficult to fully evaluate the cost for institutional controls. Currently the
water is not used; providing a replacement water source should a future user arise could

increase costs.

As with water alternatives, the use of institutional controls for soil provides an
increase in the effectiveness-to-cost quotient because of the low estimated cost. The use of
bioventing and biopiling appears to have a positive effect on the effectiveness-to-cost quotient

since only a small area of soil contamination requires remediation.

Summary

While the purpose of this FS is not to recommend the "best” remedial
alternative, an analysis of effectiveness/cost quotient can give an indication of the most
promising alternatives. Below are indicated the four alternatives that sco.ed highest for each

area, with their attendant effectiveness/cost quotients.

Western Area
Effecti Cost Ouoti
1) 6.3  Passive extraction with constructed wetlands for seeps/natural attenua-

tion with institutional controls for groundwater/bioventing for soils.

2) 6.2  Passive extraction with constructed wetlands for seeps/natural
attenuation for groundwater/bioventing for soils.

3) 5.9  Passive extraction with activated carbon for seeps/natural attenuation
with institutional controls for groundwater/bioventing for soils.
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5.9  Passive extraction/activated carbon treatment for seeps, natural
attenuation with institutional controls for groundwater, and bioventing

for soil.
Central Area

Effectiv Cost Ouoti

1) 7.7 Passive extraction with constructed wetlands for seeps/natural
attenuation for groundwater/bioventing for soils.

2) 7.6  Passive extraction with constructed wetlands for seeps/natural
attenuation with institutional controls for groundwater/bioventing for
soils.

3) 7.1  Four multimedia options tied, all of which include passive extraction

with either constructed wetlands or activated carbon.

Eastern Area

Effecti Cost Ouoti

1) 8.9  Passive extraction with constructed wetlands for seeps/natural
attenuation with institutional controls for groundwater.

2 8.8  Passive extraction with constructed wetlands for seeps/natural
attenuation for groundwater.

3) 8.1  Passive extraction with activated carbon for seeps/natural attenuation
with institutional controls for groundwater.

4) 8.0  Passive extraction with activated carbon for seeps/natural attenuation
for groundwater.

In all three areas, the alternative using passive extraction of seeps with
treatment by constructed wetlands scored highest. Constructed wetlands scored highest
because the sunk cost of the presumptive remedy for the Snowmelt Pond (also a constructed
wetlands), which is included as an element of each alternative, does not have to be included
twice in this alternative. The use of institutional controls or natural attenuation for the
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groundwater and bioventing for the soil is also frequently indicated as a component of these ‘
higher ranking alternatives. These consistent approaches result because the current threats to
human health and the environment are limited in OU 5 and because of assumptions used in
the analysis of alternatives. Both groundwater and soil are not considered significant threats
to human health because the groundwater is not currently used and because there is limited
potential for contact with contaminated soil on base. In addition, the soil contamination is
primarily a concern for groundwater contamination rather than a toxic threat to humans.
Therefore, it is assumed that using institutional controls to prevent future uses of the
groundwater and soil will provide the necessary protection and compliance with potential
ARARs for these pathways. On the other hand, seeps pose a potential threat to vegetation on
the bluffs, the wetlands south of OU 5, and serves as a potential pathway for human contact.
This results in the selection of alternatives which treat seeps in order to be effective

solutions.

Treatment of soil by either bioventing or biopiling (which scored just behind

bioventing) is indicated as preferable to natural degradation or institutional controls for the
Western and Central Areas. The relatively small volumes of soil make treatment costs low,
compared to the high costs of on-going monitoring. The soil in the Central Area is likely
more effectively treated by biopiling, since it is very close to the surface and easily exca-
vated. The soil in the Western Area is deeper (10 to 12 feet deep) and may be more effec-
tively biovented. A depth of 10-12 feet is borderline for easy excavation, especially in a
bluff area. This may make excavation of the Western Area soils for biopiling difficult to

implement.

Natural attenuation of seeps in the eastern area is preferable over constructed
wetlands alternatives because of the demonstrated natural attenuation ability of the Beaver
Pond. Also, though passive extraction is an implementable option in OU §, it would be less
implementable in the eastern area because of the close proximity of the Beaver Pond to the
bluff. The scoring approach was based on applying the alternatives across the entire OU, so
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. this localized difficulty of implementing passive extraction in the Beaver Pond is not totally

reflected in the effectiveness to cost quotient.

As stated earlier, the evaluation of alternatives by using effectiveness/cost
quotients cannot be relied on to select the "best" alternative due to the numerous assumptions
made (e.g., assigning equal weight to each criteria). However, it can provide a useful cut of
the more preferable alternatives. The remainder of the CERCLA process (i.e., Proposed
Plan, agency/public input, and Record of Decision) will determine the preferred alternative.

Elmendorf AFB OU $ RUFS Report 11-99




12.0 REFERENCES AND BIBLIOGRAPHY

References

18 AAC 70. 1991. "Water Quality Standards.” Alaska Administrative Code. Juneau,
Alaska.

40 CFR 261. 1992. U.S. Environmental Protection Agency, "Identification and Listing of
Hazardous Wastes: Subpart C—Characteristics of Hazardous Wastes.” U.S. Code of
Federal Regulations.

36 FR 22384. November 25, 1971. National Primary and Secondary Ambient Air Quality
Standards. Federal Register.

45 FR 79318. November 28, 1980. Water Quality Criteria; Availability of Documents.
Federal Register.

49 FR 5831. February 15, 1984. Water Quality Criteria; Availability of Documents.
Federal Register.

50 FR 30784. July 29, 1985. Water Quality Criteria; Availability of Documents. Federal
Register.

51 FR 22978. June 24, 1986. Water Quality Criteria; Extension of Public Comment
Period. Federal Register.

51 FR 43665. December 3, 1986. Availability of Quality Criteria for Water 1986. Federal
Register.

52 FR 6213. March 2, 1987. Water Quality Criteria; Availability of Documents. Federal
Register.

53 FR 177. January 5, 1988. Water Quality Criteria; Availability of Documents. Federal
Register.

53 FR 19028. May 26, 1988. Water Quality Criteria; Availability of Documents. Federal
Register.

53 FR 33177. August 30, 1988. Water Quality Criteria; Request for Comments. Federal
Register.

55 FR 19986. May 14, 1990. Ambient Water Quality Criteria. EPA. Federal Register.

Elmeadorf AFB OU § RUFS Report 12-1




Alaska Department of Environmental Conservation (ADEC). 1991. Interim Guidance for
Non-UST Contaminated Soil Cleanup Levels. Guidance Number 001; Revision Number 1.
ADEC, Juneau, Alaska.

Albers, P. H. 1991. Oil spills and the environment: A review of chemical fate and
biological effects of petroleumn. Pages 1-11. White, J.W., ed. The Effects of Oil on
Wildlife. Sheridan Press, Hanover, Pennsylvania.

Albers, P. H., and M. L. Gay. 1982. Unweathered and Weathered Aviation Kerosene:
Chemical Characterization and Effects on Hatching Success of Duck Eggs. Bull. Environ.
Contam. Toxicol. 28:430-434.

Ambrose, A. M., P. S. Larson, and J. F. Borzelleca. 1976. Long-Term Toxicologic
Assessment of Nickel in Rats and Dogs. J. Food Sci. Technol. 13:181-187.

Aughey, E., L. Grant, and B. 1. Furman. 1977. The Effects of Oral Zinc Supplemeniation
in the Mouse. J. Comp. Pathol. 87:1-14.

Azar, A., H. J. Trochimowicz, and M. E. Maxfield. 1973. Review of Lead Studies in
Animals Carried Out at Haskell Laboratory: Two-Year Feeding Study and Response to
Hemorrhage Study. In: Barth, D., A, Berline, and R. Engel (eds). Environmental Health
Aspects of Lead: Proceedings, International Symposium. October 1972. Amsterdam, The
Netherlands. Luxembourg: Commission of the European Communities. Pp. 199-210.

BEIA. 1989. The Installation Restoration Program Toxicology Guide. Volumes I-IV.
BEIA Health and Safety Research Division, Oak Ridge National Laboratory.

Biomedical and Environmental Information Analysis. 1989. The Installation Restoration
Program Toxicology Guide, Vol. 1, 2, 3, and 4. Oak Ridge National Laboratory. Prepared
for Harry G. Armstrong Aerospace Medical Research Laboratory, Aerospace Medical
Division, Air Force Systems Command, Wright-Patterson AFB, Ohio.

Black & Veatch. 1990. Installation Restoration Program, Stage 3, Remedial Investigation/
Feasibility Study, Elmendorf AFB, Alaska, Volumes 1 through 6. Prepared for Headquarters
Alaskan Air Command, Elmendorf Air Force Base, Alaska.

Blaylock, A. D., V. D. Jolley, J. C. Brown, T. D. Davis, and R. H. Walser. 1985. Iron-
stress Response Mechanism and Iron Uptake in Iron-efficient and -Deficient Tomatoes and
Soybeans Treated with Cobalt. J. Plant Nutr. 8:163-176.

Bodek, I., et al. (ed.). 1988. Envirommental Inorganic Chemistry. Pergamon Press, New
York.

Bouwer, H. 1989. "The Bouwer and Rice Slug Test—An Update,” Ground Water, Vol.
17, No. 3, pp. 304-309.

Elmendorf AFB OU 5 RUFS Report 12-2




Bouwer, H. and R. C. Rice. 1976. A Slug Test for Determining Hydraulic Conductivity of
Unconfined Aquifers with Completely or Partially Penetrating Wells. Water Resources
Research. Vol. 12, pp. 423-428.

Byron, W. R., G. W. Bierbower, and J. B. Brouwer. 1967. Pathological Changes in Rats
and Dogs from Two-Year Feeding of Sodium Arsenite or Sodium Arsenate. Toxicol. Appl.
Pharmacol. 10:132-147.

Canadian Council of Ministers of the Environment (CCME). 1991. Interim Canadian
Environmental Quality Criteria for Contaminated Sites. Water Quality Branch, Environment
Canada, Ottawa, Ontario.

Carey, A. E., and E. L. R. Barrett. 1990. A Summary of Background Concemntrations for
17 Elements in North American Soils. Prepared for the Forest Service, U.S. Department of
Agriculture. February.

Cederstrom, D. J., F. W. Trainer, and R. M. Waller. 1964. Geology and Groundwater
Resources of the Anchorage Area, Alaska. U.S. Geological Survey Water Supply Paper
1773.

CH2M HILL. 1992a. Elmendorf Air Force Base, Alaska, Basewide Background Sampling
Report. Prepared for U.S. Air Force, 21 CSG/DEEV, Elmendorf Air Force Base, Alaska,
and Battelle EMO, Richland, Washington.

CH2M HILL. 1992b. Elmendorf Air Force Base, Alaska, Basewide Investigation Work
Plan. Prepared for U.S. Air Force, 21 CSG/DEEV, Elmendorf Air Force Base, Alaska, and
Battelle EMO, Richland, Washington.

CH2M HILL. 1992c. Elmendorf Air Force Base, Alaska, Ecological Survey. Prepared for
U.S. Air Force, 21 CSG/DEEV, Elmendorf Air Force Base, Alaska.

CH2M HILL. 1992d. Elmendorf Air Force Base, Alaska, Management Plan Operable Unit
5. Prepared for U.S. Air Force, 3 SPTG/DEEV, Elmendorf Air Force Base, Alaska, and
Battelle EMO, Richland, Washington.

CH2M HILL. 1992e. Elmendorf Air Force Base, Alaska, Final Operable Unit 4 LFI
Report. Prepared for U.S. Air Force, 21 CSG/DEEV, Elmendorf Air Force Base, Alaska,
and Battelle EMO, Richland, Washington.

CH2M HILL. 1991. "Standard Procedures for Loggmg of Soil Borings.” Section 3 in
Technical Guidelines for the Geosciences, Vol. 1.

Clarkson, T. W. 1979. Effects—General Principles Underlying the Toxic Action of

Metals. Pages 99-117. Handbook on Toxicology of Metals. L. Friberg et al., ed.
Elsevier/North-Holland Biomedical Press, New York.

Eimeadorf AFB OU 5 RI/FS Report 12-3




Cousins, R. J., A. K. Barber, and J. R. Trout. 1973. Cadmium Toxicity in Growing
Swine. J. Nutr. 103:964-972.

Dames & Moore. 1986. Installation Restoration Program, Phase 11, Confirmation/
Quantification, Stage 1, Elmendorf Air Force Base, Alaska. Prepared for Alaskan Air
Command, Elmendorf Air Force Base, Alaska.

Dames & Moore. 1988. Installation Restoration Program, Phase I, Confirmation/Quan-
tification, Stage 2, Elmendorf AFB, Alaska. Final Report prepared for Alaskan Air
Command, Elmendorf Air Force Base, Alaska, and Battelle EMO, Richland, Washington.

Dearborn, L., and G. Freethey. 1974. Water Table Contour Map, Anchorage Area, Alaska.
U.S. Geological Survey Open-File Report. Anchorage, Alaska.

Department of Defense. 1991. User’s Manual for the Defense Priority Model. Prepared by
the Earth Technology Corporation. 1991.

Department of Environmental Conservation. (DEC). 1991. Alaska Water Quality Standards
Workbook. DEC Water quality Management. Juneau, Alaska.

Dobrovolny, E. and R. D. Miller. 1950. Descriptive Geology of Anchorage and Vicinity,
Alaska. U.S. Geological Survey Open-File Report.

Dobrovolny, E., and H. R. Schmoll. 1974. Slope Stability Map of Anchorage and Vicinity,
Alaska. U.S. Geological Survey, Miscellaneous Investigations Map I-787E.

Dollarhide, J. S. 1992. Memorandum to Carol Sweeney, U.S. EPA Region 10, Subject:
Oral reference doses and oral slope factors for JP-4 (CAS No. not identified), JP-5 (CAS
No. not identified; similar to Kerosene, CAS No. 8008-20-6), diesel fuel (CAS

No. 68334-30-5), and gasoline (CAS No. 8006-61-9) (AVGAS) (McChord AFB [Wash
Rack/Treatment}/Tacoma, Washington), dated March 24. U.S. EPA Environmental Criteria
and Assessment Office, Cincinnati, Ohio.

Doyle, J. J., W. H. Pfander, S. E. Grebing, and J. O. Pierce II. 1974. Cadmium
Absorption and Cadmium Tissue Levels in Growing Lambs. J. Nutr. 104:160-166.

Drinker, K. R., P. K. Thompson, and M. Marsh. 1927. An Investigation of the Effect
Upon Rats of Long-Continued Ingestion of Zinc Compounds, with Special Reference to the
Relation of Zinc Excretion to Zinc Intake. Amer. J. Physiol. 81:284-306.

Earth Technology Corporation, The. 1991. User’s Manual for the Defense Priority Model.
For the Department of Defense, Washington, D.C.

Elmeadorf AFB OU $ RI/FS Report 124




Eisler, R. 1988a. Arsenic Hazards to Fish, Wildlife, and Invertebrates: A Synoptic
Review. U.S. Fish and Wildlife Service Biological Report 85 (1.12), Washington, D.C.

Eisler, R. 1988b. Lead Hazards to Fish, Wildlife, and Invertebrates: A Synoptic Review.
U.S. Fish and Wildlife Service Biological Report 85 (1.14), Washington, D.C.

Eisler, R. 1987a. Mercury Hazards to Fish, Wildlife, and Invertebrates: A Synopric
Review. U.S. Fish and Wildlife Service Biological Report 85 (1.10), Washington, D.C.

Eisler, R. 1987b. Polycyclic Aromatic Hydrocarbon Hazards to Fish, Wildlife, and
Invertebrates: A Synoptic Review. U.S. Fish and Wildlife Service Biological Report 85
(1.11), Washington, D.C.

Eisler, R. 1986. Chromium Hazards to Fish, Wildlife, and Invertebrates: A Synoptic
Review. U.S. Fish and Wildlife Service Biological Report 85 (1.6), Washington, D.C.
Eisler, R. 1985a. Cadmium Hazards to Fish, Wildlife, and Invertebrates: A Synoptic
Review. U.S. Fish and Wildlife Service Biological Report 85 (1.2), Washington, D.C.

Eisler, R. 1985b. Selenium Hazards to Fish, Wildlife, and Invertebrates: A Synoptic
Review. U.S. Fish and Wildlife Service Biological Report 85 (1.5), Washington, D.C.

Engineering-Science. 1983. Installation Restoration Program, Phase I Records Search,
Elmendorf AFB, Alaska. Prepared for the U.S. Air Force, AFESC/DEV, Tyndall Air Force
Base, Florida; and Alaskan Air Command, Elmendorf Air Force Base, Alaska.

Environmental Science & Engineering, Inc.; Harland Bartholomew & Associates, Inc.; and
Aeromap US, Incorporated. 1991. Elmendorf Air Force Base Comprehensive Plan.
Prepared for U.S. Air Force. F65501-86-C0089.

EPA (See U.S. Environmental Protection Agency.)

Erkama, J. 1950. Trace Elements in Plant Physiology. The Chronica Botanica Co.
Waltham, Massachusetts.

Freethey, G. W., et al. 1976. Preliminary Report on Water Availability in the Lower Ship
Creek Basin, Anchorage, Alaska. U.S. Geological Survey, Water Resources Division.
Anchorage, Alaska.

Friberg, L. G., F. Nordberg, and V. B. Vouk. 1979. Handbook on the Toxicology of
Metals. Elsevier/North-Holland Biomedical Press, New York.

Fry, D. M., R. Boekelheide, J. Swenson, A. Kang, J. Young, and C. R. Grau. 1985.

"Long-term Responses of Breeding Seabirds to Oil Exposure.” Pacific Seabird Group
Bulletin 12:22,

Elmeadorf AFB OU 5 RUFS Report 12-5




Fry, D. M., J. Swenson, L. A. Addiego, C. R. Grau, and A. Kang. 1986. "Reduced .
Reproduction of Wedge-tailed Shearwaters Exposed to Weathered Santa Barbara Crude Oil."
Arch. Environ. Contam. Toxicol. 15:453-463.

Fry, D. M., And L. J. Lowenstine. 1982. "Insults to alcids: Injuries Caused by Food, by
Burrowing, and by Oil Contamination.” Pacific Seabird Group Bulletin 9:78-79.

Fry, D. M., and L. J. Lowenstine. 1985. "Pathology of Common Murres and Cassin’s
Auklets Exposed to Oil. Arch. Environ. Contam. Toxicol. 14:725-737.

Gelb, D. (1992) "Oilfield Produced Water Treatment Using Constructed Surface Flow and
Wetland Systems." Master of Science thesis: Colorado School of Mines, 1992.

Ghosh, A. K., A. K. Shrivastava, K. Singh, and Y. R. Saxena. 1987. Iron Uptake and its
Partitioning in Sugarcane as Affected by Manganese Concentrations. J. Nuclear Agric.
Biol. 16: 73-77.

Gough, L. P., H. T. Shacklette, and A. A. Case. 1979. Element Concentrations Toxic to
Plants, Animals, and Man. U.S. Geological Survey Bulletin 1466, Washington, D.C.

Grau, C. R., T. Roudybush, J. Dobbs, and J. Wathen. 1977. "Altered Egg Yolk Structure
and Reduced Hatchability of Eggs From Birds Fed Single Doses of Petroleum Oils." Science .
195:779-781.

Harding Lawson Associates. 1988a. Installation Restoration Program, Integrated Remedial
Investigation/Feasibility Study, Quality Assurance Project Plan for Elmendorf AFB, Alaska.
Prepared for Alaskan Air Command, Elmendorf Air Force Base, Alaska.

Harding Lawson Associates. 1988b. Installation Restoration Program, Integrated Remedial
Investigation/Feasibility Study, Work Plan for Elmendorf AFB, Alaska. Prepared for Alaskan
Air Command, Elmendorf Air Force Base, Alaska.

Hedtke, S. F., and F. A. Puglisi. 1982. Short-term Toxicity of Five Oils to Four
Freshwater Species. Arch. Environ. Contam. Toxicol. 11:425-430.

Hejtmancik, M. A., A. C. Peters, and J. D. Toft. 1987a. The Chronic Study of Manganese
Sulfate Monohydrate in F344 Rats. Report to National Toxicology Program, Research
Triangle Park, North Carolina by Batelle Columbus Laboratories, Columbus, Ohio.

Hejtmancik, et al. 1987b. The Chronic Study of Manganese Sulfate Monohydrate in
B6C3F1 Mice. Report to National Toxicology Program, Research Triangle Park, North
Carolina by Batelle Columbus Laboratories, Columbus, Ohio.

Hue, N. V., R. L. Fox, and W. W. McCall. 1988. Chlorosis in Macadamia as Affected by .
Phosphate Fertilization and Soil Properties. J. Plant Nutr. 11: 161-173.

Elmeadorf AFB OU $ RUFS Report 12-6




Ingles, L. G. 1965. Mammals of the Pacific States. Stanford University Press, Stanford,
California.

Jacobs Engineering Group, Inc. 1992a. Operable Unit 1 Managemen: Plan. Prepared for
3rd Wing/Environmental Management. Elmendorf Air Force Base, Alaska.

Jacobs Engineering Group, Inc. 1992b. Operable Unit 2 Management Plan. Prepared for
3rd Wing/Environmental Management. Elmendorf Air Force Base, Alaska.

Jacobs Engineering Group, Inc. In Association with Harding Lawson Associates. 1991.
Installation Restoration Program (IRP), Stage 4, Sampling and Analysis Plan. Revision 1.
Prepared for Headquarters, 11th Air Force, Elmendorf Air Force Base, Alaska. July.

James Montgomery Consulting Engineers, Inc., and Harza Environmental Services, Inc.
1988. Elmendorf AFB Restoration Project, Remedial Investigation: Field Activities and Data
Analysis.

Volumes I and II. September.

Kabata-Pendias, A. and H. Pendias. 1992. Trace Elements in Soils and Plants. 2nd ed.
CRC Press, Boca Raton, Florida.

Kapustka, L.A. and M. Reporter. 1991. "Evaluating Exposure and Ecological Effects with
Terrestrial Plants. Proceedings of a Workshop for the U.S. Environmental Protection
Agency Exposure Assessment Group, EPA Region 10, Seattle, Washington.

Klaassen, C. D., M. O. Amdur, and J. Doull, eds. 1991. Casarert and Doull’s Toxicology:
The Basic Science of Poisons. 4th ed. Pergamon Press, New York.

Kopp, S. J., T. Glonek, and H. M. Perry. 1982. Cardiovascular Actions of Cadmium at
Environmental Exposure Levels. Science 217:837-839.

Kowalski, M. 1988. The Effect of Vanadium on Lung Collagen Content and Composition in
Two Successive Generations of Rats. Toxicol. Lett. 41:203-208.

Krasovskii, G. N., and S. A. Fridlyand. 1971. Experimental Data for the Validation of the
Maximum Permissible Concentration of Cobalt in Water Bodies. Hygiene Sanit. 36:277-
279.

Larsson, P. 1984. "Transport of PCBs from Aquatic to Terrestrial Environments by
Emerging Chironomids." Environmental Pollution (Series A) 34:283-289.

Leslie, L. D. 1989. "A Compilation of Long-Term Means and Extremes at 478 Alaskan

Stations.” Alaska Climate Summaries. Alaska Technical Note No. 5, 2nd ed., Arctic
Environmental Information and Data Center, University of Alaska.

Elmendorf AFB OU 5 RUFS Report 12-7




Lewis. R. J. Sr. 1992. Sax’s Dangerous Properties of Industrial Materials. Eighth Edition.
Van Nostrand Reinhold, New York.

Little, Arthur D., Inc. June 1987. The Installation Restoration Program Toxicology Guide.
Vol. 3. Cambridge, Massachusetts.

Luckey, T. D., and B. Venugopal. 1977. Metal Toxicity in Mammals, Vol. 1. Plenum
Press, New York.

Mackenzie, K. M. and D. M. Angevine. 1981. Infertility in Mice Exposed in Utero to
benzo(a)pyrene. Biol. Reprod. 24:183-191.

Massie, H. R., and V. R. Aiello. 1984. Excessive Intake of Copper: Influence on
Longevity and Cadmium Accumulation in Mice. Mech. Aging Dev. 26:195-203.

McFarland, H. N., et al. 1984. A Chronic Inhalation Study with Unleaded Gasoline
Vapor. J. Amer. Coll. Toxicol. 3:231-248.

McGrath, E. A., and M. M. Alexander. 1979. Observations on the Exposure of Larval
Bullfrogs to Fuel Oil. Pages 45-51. Transactions of the Northeast Section of the Wildlife
Society.

McGrath, S. P., and S. Smith. 1990. "Chromium and Nickel." In Heavy metals in Soils,
ed. B.J. Alloway. pp. 125-150. J. Wiley and Sons, In..

Miller, J. F. 1963. Probable Maximum P > ipitation and Rainfall-Frequency Data for
Alaska. U.S. Department of Commerce. Technical Paper 47.

Miller, R. D., and E. Dobrovolny. 1959. Surficial Geology of Anchorage and Vicinity,
Alaska. U.S. Geological Survey Bulletin 1093.

Murphy R. L., S. Lal, and D. K. Saxena. 1981. Effect of Manganese and Copper
Interaction on Behavior and Biogenic Amines in Rats Fed a 10 Percent Casein Diet.
Chemical Biological Interaction 37:299-308.

National Academy of Sciences (NAS). 1980. Mineral Tolerance of Domestic Animals.
Committee on Animal Nutrition, National Research Council, National Academy of Sciences,
Washington, D.C.

National Oceanic and Atmospheric Administration (NOAA). 1990. Preliminary Natural
Resource Surve: Findings of Fact, Elmendorf Air Force Base, Alaska.

Nelson, G. L. 1982. Vertical Movement of Ground Water Under the Merrill Field Landfill,
Anchorage, Alaska. USGS Open File Report 82-1016. U.S. Geological Survey, Anchorage.

Elmendorf AFB OU S RI/FS Report 12-8




Nomiyama, K., C. Sato, and A. Yamamoto. 1973. Early Signs of Cadmium Intoxication in
Rabbits. Toxicol. Appl. Pharmacol. 24:624-635.

Norton, G. A., E. L. DeKalb, and K. L. Malaby. 1986. “Elemental Composition of
Suspended Particulate Matter from the Combustion of Coal and Coal/Refuse Mixtures. "
Environmenial Science Technology Vol. 20(b):604-609.

O’Hara, P., V. Cole, and P. Willingham. 1985. Knmik, Maranuska, Susitna: A Visual
History of the Valleys.

Ohlendorf, H. M. 1989. Bioaccumulation and Effects of Selenium in Wildlife. Selenium in
Agriculture and the Environment. L. W. Jacobs, ed. SSSA Special Publication No. 23,
American Society of Agronomy and Soil Science Society of America, Madison, Wisconsin.

O’Neill, P. 1990. "Arsenic." In Heavy Metals in Soils, ed. J. J. Alloway. pp. 83-99. J.
Wiley and Sons, Inc.

Patrick, L. D. et al. 1989. Simulation of Ground-Waser Flow at Anchorage, Alaska, 1955-
1983. USGS Water-Resource Investigation Report 88-4139.

Paustenbach, D. P., H. P. Shu, and F. J. Murray. 1986. 4 Critical Examination of
Assumptions Used in Risk Assessment of Dioxin Contaminated Soil. Regl. Toxical.
Pharmacol. 6:284-307.

Perry, H. M., M. W, Erlanger, and E. F. Perry. 1988. Increase in the Blood Pressure of
Rats Chronically Fed Low Levels of Lead. Environ. Health Perspect. 78:107-111.

Plafkin, et al. 1989. Rapid Bioassessment Protocols (RBP) for Use in Streams and Rivers.
Poschentieder, C., M. D. Vazquez, A. Bonet, and J. Barcelo. 1991. Chromium III-Iron
Interaction in Iron Sufficient and Iron Deficient Bean Plants. II. Ultrastructural Aspects.

J. Plant Nutr. 14: 415-428.

Power, T., K. L. Clark, A. Harfenist, and D. B. Peakall. 1989. A Review and Evaluation
of the Amrhibian Toxicological Literature. Technical Report No. 61, Canadian Wildlife
Service Hcadquarters.

Reimer, D. N. 1984. Introduction to Freshwater Vegetation. Department of Soils and
Crops, Rutgers University, New Brunswick, New Jersey.

Robbins, C. T. 1983. Wildlife Feeding and Nutrition. Academic Press, New York.

Romanoff, A. L. 1972. Pathogenesis of the Avian Embryo. Wiley-Interscience, John
Wiley & Sons, Inc., New York.

Elmendorf AFB OU $ RUFS Report 12-9




Rothe, T. C., et al. 1983. Natural Resource Inventory of Elmendorf AFB, Alaska.
Prepared by the U.S. Fish and Wildlife Service for the U.S. Air Force, 21 CSG/DEEV,
Elmendorf Air Force Base, Alaska.

Sax, N. 1. 1984. Dangerous Properties of Industrial Materials.

Scheuhammer, A. M. 1987. The Chronic Toxicity of Aluminium, Cadmium, Mercury, and
Lead in Birds: A Review. Environ. Pollut. 46:263-295.

Schmoll, H. R. and E. Dobrovolny. 1972a. Generalized Geologic Map of Anchorage and
Vicinity, Alaska. U.S. Geological Survey Miscellaneous Investigations Map I-787-A.
Washington, D.C.

Schmoll, H. R. and E. Dobrovolny. 1972b. Generalized Slope Map of Anchorage and
Vicinity, Alaska. U.S. Geological Survey Miscellaneous Investigations Map 1-787-B.

Schroeder, H. A., J. ]. Balassa, and W. H. Vinton, Jr. 1965. Chromium, Cadmium, and
Lead in Rats: Effects on Life Span Tumors and Tissue Levels. J. Nutrit. 86:51-66.

Schroeder, H. A., and M. Mitchener. 1975a. Life-Term Effects of Mercury, Methyl
Mercury, and Nine Other Trace Elements on Mice. J. Nutr. 105:452-458.

Schroeder, H. A., and M. Mitchener. 1975b. Life-Term Studies in Rats: Effects of
Aluminum, Barium, Beryllium, and Tungsten. J. Nutr. 105:421-427.

Schroeder, H. A., M. Mitchener, and A. P. Nason. 1970. Zirconium, Niobium, Antimony,
Vanadium and Lead in Rats Life-Term Studies. J. Nutrit. 100:59-68.

Selkregg, L. L. et al. 1972. Alaska Regional Profiles, Southern Region. University of
Alaska Arctic Environmental Information and Data Center, Anchorage, Alaska.

Society of Environmental Toxicology and Chemistry (SETAC). November 3, 1991. Short
course on Soil and Plant Toxicity Assessment. Seattle, Washington.

Sommers, D. A. and M. V. Mardner. 1965. Water Resources Appraisal of the Anchorage
Area, Alaska. U. S. Geological Survey Open-file Report.

Thornwaite. 1968. Potential Evaporation and Climate in Alaska. For the U.S. Department
of Agriculture.

Ulery, C. A., and R. G. Updike. 1983. Subsurface Structure of the Cohesive Faces of the

Bootlegger Cove Formation, Southwest Anchorage, Alaska. Alaska Division of Geological
and Geophysical Surveys Professional Report 84, 5 p.

Elmeadorf AFB OU S RUFS Report 12-10




USKH. June 12, 1992. Repair Underground Storage Tanks, Project Definition Phase,
Elmendorf AFB. Prepared for U.S. Army Corps of Engineers, Alaska District, Anchorage,
Alaska.

Underwood, E. J. 1977. Trace Elements in Human and Animal Nutrition, 4th ed.
Academic Press, New York.

U.S. Air Force (USAF). 1991. Handbook to Support the Installation Restoration Program
(IRP) Statements of Work. Volume I—Remedial Investigation/Feasibility Studies (RI/FS).
Prepared by IRP Division Staff, Human Systems Division, Brooks Air Force Base, Texas.

U.S. Army Corps of Engineers. 1991. Groundwater Monitoring Network, Fort Richardson,
Alaska.

U.S. Army Corps of Engineers. 1979. Soils of the Anchorage Area, Alaska. Vol. 7.
Metropolitan Anchorage Urban Study. Anchorage, Alaska.

U.S. Department of Commerce. 1963. Probable Maximum Precipitation and Rainfall
Frequency Data for Alaska. Technical Paper 47.

U.S. Department of the Interior (USDI). June 13, 1990. Letter from Jonathan P. Deason,
Director, Office of Environmental Affairs, to Michael Slater, Regional Project Officer, EPA
Region 10, concerning Preliminary Natural Resources Survey of Elmendorf Air Force Base.
Office of the Secretary, Washington, D.C.

U.S. Environmental Protection Agency (EPA). 1992a. Dermal Exposure Assessment:
Principles and Applications, Interim Reporr. EPA/600/8-91/011B.

EPA. 1992b. Framework for Ecological Risk Assessment. Risk Assessment Forum,
USEPA, Washington, D.C. EPA/630/R-92/001.

EPA. 1992c. Guidance on Risk Characterization for Risk Managers and Risk Assessors.
Memorandum from F. Henry Habicht II, February 26, 1992.

EPA. 1992d. Health Effects Assessment Summary Tables: Annual Update 1992. Office of
Emergency and Remedial Response.

EPA. 1992e. Integrated Risk Information System. Office of Research and Development.
Cincinnati, Ohio.

EPA. 1992f. Supplemental Guidance to RAGS: Calculating the Concentration Term.
Office of Solid Waste and Emergency Response. Publication 9285.7-081. Washington,
D.C.

Elmendorf AFB OU S RUFS Report 12-11




EPA. 1991a. Human Health Evaluation Manual, Part B: “"Development of Risk-Based .
Preliminary Remedial Goals." Office of Solid Waste and Emergency Response. OSWER
Directive 9285.7-01B.

EPA. 1991b. Human Health Evaluation Manual, Supplemental Guidance: Standard Defauls
Exposure Factors. OSWER Directive No. 9285.6-03.

EPA. 1991c. Role of the Baseline Risk Assessment in Superfund Remedy Selection
Decisions. OSWER Directive No. 9355.0-30.

EPA. 1991d. Supplemental Guidance for Superfund Risk Assessments in Region 10.
USEPA, Seattle, Washington, August 23, 1991.

EPA. 1991e. Update on OSWER Soil Lead Cleanup Guidance. Memorandum from Don R.
Clay.

EPA. 1991f. Health Effects Assessment Summary Tables. Annual Update. Office of
Emergency and Remedial Response.

EPA. 1990. 40 CFR Part 300: National Oil and Hazardous Substances Pollution
Contingency Plan, Proposed Role.

EPA. 1989a. Exposure Factors Handbook. Office of Health and Environmental ‘
Assessment. EPA/600/8-89/043.

EPA. 1989b. Risk Assessment Guidance for Superfund: Volume 1, Human Health
Evaluation Manual, Part A, Interim Final. Office of Solid Waste and Emergency Response.
EPA/540/1-89/002.

EPA. 1989c. Risk Assessment Guidance for Superfund: Volume 11, Environmental
Evaluation Manual. Office of Emergency and Remedial Response, EPA, Washington, D.C.
EPA/540/1-89-001.

EPA. 1988a. Guidance for Conducting Remedial Investigations and Feasibility Studies
Under CERCLA, Interim Final.

EPA. 1988b. Draft Laboratory Data Validation Functional Guideline for Evaluating
Inorganics Analyses.

EPA. 1988c. Draft Laboratory Data Validation Functional Guideline for Evaluating
Organics Analyses.

EPA. 1988d. Interim Sediment Values for Non-Polar Hydrophobic Organic Contaminants.

U.S. EPA Office of Regulations and Standards, Criteria and Standards Division, ‘
Washington, D.C. SCD No. 17.

Elmendorf AFB OU 5 RUFS Report 12-12




-

‘ EPA. 1988e. Thirteen-week Mouse Oral Subchronic Toxicity Study. Prepared by Toxicity
Research Laboratories, Ltd., Muskegon, M1 for the Office of Emergency and Remedial
Response, EPA, Washington, D.C.

EPA. 1987a. Data Quality Objectives for Remedial Response Activities, Developmental
Process. EPA/540/G-87/003.

EPA. 1987b Health Assessment Document for Beryllium. Office of Health and
Environmental Assessment, Environmental Criteria and Assessment Office. Research
Triangle Park, North Carolina. EPA-600/8-84-026F.

EPA. 1986a. "Guidelines for Carcinogen Risk Assessment." Federal Register, Vol. 51
33992-34013.

EPA. 1986b. "Guidelines for Estimating Exposure.” Federal Register, Vol. 51 34042-
34005.

EPA. 1986¢. "Guidelines for the Health Risk Assessment of Chemical Mixtures.” Federal
Register, Vol. 51 34014-34041.

EPA. 1986d. Quality Criteria for Water 1986. Office of Water Regulations and Standards.
. EPA/440/5-86-001.

EPA. 1986e. Superfund Public Health Evaluation Manual. Office of Emergency and
Remedial Response. EPA/540/1-86/060. OSWER Directive 9285.4-1.

U.S. Geological Survey (USGS). 1981. Water Resources Data for Alaska Water Year 1980.
USGS Water Data Report. AK-80-1. Anchorage, Alaska.

USGS. 1976. Water Resources Data for Alaska Waser Year 1975. USGS Water Data
Report. AK-75-1. Anchorage, Alaska.

Venugopal, B. and T. D. Luckey. 1978. Metal Toxicity in Mammals, Vol. II. Plenum
Press, New York.

Verschueren, K. 1983. Handbook of Environmental Data on Organic Chemicals. Van
Nostrand Reinhold, New York.

Wahrhaftig, C. 1965. Physiographic Divisions of Alaska. U.S. Geological Survey
Professional Paper 482.

Waller, R. M. 1964. Hydrology and the Effects of Increased Ground-Water Pumping in the

Anchorage Area, Alaska. Prepared in cooperation with the Alaska Department of Health and
‘ Welfare and the City of Anchorage. U.S. Geological Survey Water-Supply Paper 1779-D.

Elmendorf AFB OU 5 RI/FS Report




Weeks, J. B. 1970. The Relationship Between Surface Water and Groundwater in Ship
Creek Near Anchorage, Alaska. U.S. Geological Survey Professional Paper 700-B, pp. B224-
B226.

Wetzel, R. G. 1975. Limnology. Saunders College Publishing. Philadelphia,
Pennsylvania.

Whitaker, J. O., Jr. 1980. The Audubon Society Field Guide to North American Mammals.
Alfred A. Knopf, New York.

Wolfe, J. L., and R. J. Esher. 1981. Effects of Crude Oil on Swimming Behavior and
Survival in the Rice Rat. Environ. Res. 26:486-489.

World Health Organization (WHO). 1989. Environmental Health Criteria 85: Lead-
Environmental Aspects. World Health Organization. Geneva. 106 pages.

Yehle, L.A., and H. R. Schmoll. 1987a. Surficial Geological Map of the Anchorage B-7
NE Quadrangle, Alaska. U.S. Geological Survey Open-File Report 87-416.

Yehle, L. A., and H. R. Schmoll. 1987b. Surficial Geological Map of the Anchorage B-7
NW Quadrangle, Alaska. U.S. Geological Survey Open-File Report 87-168.

Yehle, L. A., and H. R. Schmoll. 1988. Surficial Geological Map of the Anchorage B-7
SE Quadrangle, Alaska. U.S. Geological Survey Open-File Report 88-381.

Yehle, L. A., and H. R. Schmoll. 1989. Surficial Geological Map of the Anchorage B-7
SW Quadrangle, Alaska. U.S. Geological Survey Open-File Report 89-318.

Yehle, L. A., H. R. Schmoll, and E. Dobrovolny. 1990. Geological Map of the
Anchorage B-8 SE and Part of the Anchorage B-8 NE Quadrangles, Alaska. U.S. Geological
Survey Open-File Report 90-238.

Yehle, L. A., H. R. Schmoll, and E. Dobrovolny. 1991. Geological Map of the
Anchorage B-8 SW Quadrangle, Alaska. U.S. Geological Survey Open-File Report 91-143.
Bibliography

Edmisten, G. E. and J. A. Bantle. 1982. Bull. Environ. Contam. Toxicol. 29:392-399.

Hardin. B. D., et al. 1981. Testing of Selected Workplace Chemicals for Teratogenic
Potential. Scand. J. Work Environ. Health. 7(suppl. 4):66-75.

Elmendorf AFB OU S RUFS Report 12-14




National Library of Medicine. November 1992. Hazardous Substance Databank (CD-ROM
Version). Micromedex, Inc., Denver, Colorado.

National Technical Information Services (NTIS). December 1990. Toxicological Profile for
Total Xylenes. Agency for Toxic Substances and Disease Registry, Atlanta, Georgia.
PB91-181552.

National Technical Information Services (NTIS). May 1989. Toxicological Profile for
Benzene. Agency for Toxic Substances and Disease Registry, Atlanta, Georgia. PB89-
209464.

National Institute for Occupational Safety and Health (NIOSH). 1973. Criteria for a
Recommended Standard...Occupational Exposure to Toluene. DHEW Publication No. (HSM)
73-11023.

Prendergast, J. A., et al. 1967. Toxicol. Appl. Pharmacol. 10(2):270-289. As cited in
TOXNET, Hazardous Substance Data Base.

Siegel, J. 1971. Toxicol. Appl. Pharmacol. 18:168-174. As cited in TOXNET, Hazardous
Substance Data Base.

Syed, L. B., and F. Hosain. 1972. "Toxicity of Lesser-Known Metals to Laboratory
Animals.” Journal 22:150-152.

Elmendorf AFB OU $ RIFS Report 12-15




Appendix A

LABORATORY RESULTS ON POTABLE WATER SUPPLY
FOR EQUIPMENT DECONTAMINATION




CLIENT: ELMENDORF AFB QU1
WORK ORDER: 0000-00-00-0000

ROY F. WESTON INC,
INORGANICS DATA SUMMARY REPORT 08/21/92

WESTON BATCH #: 92085517

REPORTING
SITE ID ANALYTE RESULT UNITS LIMIT
HYDRANT#1 Silver, Total 0.010 u MG/L 0.010
Aluminum, Total 0.28 NG/ 0.20
Arsenic, Total 0.30 U MG/L 0.30
Barium, Total 0.10 u WMG/L 0.10
Beryllium, Total 0.0050 u MG/L 0.0050
Calcium, Total 19.6 MG/L 1.0
Cadmium, Total 0.0050 u MG/L 0.0050
Cobalt, Total 0.050 u WMG/L 0.050
Chromium, Total 0.010 u MG/L 0.010
Copper, Total 0.050 u MG/L 0.050
Iron, Total 0.28 NG/L 0.050
Mercury, Total 0.0010 u MG/L 0.0010
Potassium, Total S.0 u M6/L 5.0
Magnesium, Total 2.8 NG/L 1.0
Manganese, Total 0.015 u NMG/L 0.01$
Molybdenum, Total 0.10 u .iG/L 0.10
Sodium, Total 3.0 - Me/L 1.0
Nickel, Total 0.040 u MG/L 0.040
Lead, Total 0.050 u MG/L 0.050
Antimony, Total 0.060 u MG/L 0.060
Selenium, Total 0.10 u MG/L 0.10
Thalltum, Total 0.10 U MG/L 0.10
Vanadfum, Total 0.050 u MG/L . 0.050
Iinc, Tetal 0.066 MG/L 0.020

Laboratory results for potable water supply used for equipment decon-
tamination. HYDRANT #1 is the Elmendorf AFB fire hvdrant located at

intersection of Cedar and Prune Sts. Sampling was performed by
Jacobs Engineering in August, 1992.




TEL: Sep 01 92 16:00 No.004 P.02

( ROY F. WESTON INC. ‘
INORGANICS DATA SUMMARY REPORT 08/21/92
CLIENT: ELMENDORF AFB QU1 WESTON BATCH #: 92085517
WORK ORDER: 0000-00-00-0000
REPORTING
SAMPLE SITE ID ANALYTE RESULT UNITS LIMIT
-001 HYDRANT#1 Petroleum Hydrocarbons 1.1 v MG/L 1.1
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Appendix B
SOIL BORING LOGS




x
S

PROJECT NUMBER
ANC31026.H3.60

BORING NUMBER
oussB-18

SHEET 1| OF 2

SOIL BORING LOG

PROJECT Elmendorf AFB - OUS

ELEVATION

LOCATION S-E. Corner of Corps Building/EAFB

DRILLING CONTRACTOR Denai

DRILLING METHOD ANO EQUIPMENT HSA. B61 Mobile Drift Rig, 4.25" 1D Augers
WATER LEVELS 34.2 on 8/12/92

START 8/12/82 0815

FINISH 8/12/92 1600

LOGGER _Rob Crotty

== SAMPLE STANDARD SOIL DESCRIPTION COMMENTS
ou PENETTERSATTION
o=
w >
By |2 |25 |§ | RIS | SOLNME ST SR SHAOLEAE | gerreor casie, onung rate
Ta | & <w | > : DRILLING FLUID LOSS
-u | O wo | O 6° -6° -6* -g° | OR CONSISTENCY, SOIL STRUCTURE,
a | ¥~ | ¥ | O~ MINERALOGY TESTS AND INSTRUMENTATION
w3 | - | 5 | o (N)
on | S |2 | o _
QRGANIC MATERIAL, (PT), to Note: No product odor from 0 to 35"
. 2.0°.8SILL (ML)light brown, dry, soft to fiem, | Strong product odor at 35" HNu=190
no dry strength, non piastic; ocassionally ppm
organics including rootiets, debris-fitled Cuttings coilected and inspected from ]
cavities. 1 flights from O to §'.
1-GRAB| NA NA
-1 -
50 5.0 B B
From 5.0 to .1’ (P)
- 7-24-14-23 GP. 4
2-SH | 20 (38) brown, dry becoming moist at 3.2°, medium
7.0 dense, subrounded gravel to 3" diameter
with fine to medium sybangular sand, trace B h
nonplastic silt and occasional subrounged
. cobble and occasional orgaric layers to 4 4
1.
0o ——22 - .
From 1.1 t0 16.0° 55818-104A is field duplicate of
3-SH| 18 [34-26-20-22 (SP), brown, moist, 55B818-10. ]
’ (46) medium dense, fine to coarse subangular
12.0 sand with trace nonplastic silt.
150 ——50 - -
- 4-46-55-7 | . . J
4-SH| 20 {! ?10‘:’)5 2 From 16.0 oP) Increasing gravet fraction.
17. COORLY GRAQFD GRAVEL WITH SAND, .
7.0 brown, moist, very dense, subrounded - 4
gravel to 2" diameter, fine to medium
subangular sand with trace non plastic silt, - 4
occasional coal seams to 2" thick.
-1 -1
200 220 - -
(GP).
5-5H | 2.0 |10-25-35-40 same as above. A |
(60)
22.0 i i
25.0 1
25.0 —
POORLY GRADED GRAVEL WITH SAND. (GP), |
_ 23-44-63-69 same as above. . h
6-SH| 20 (107)
27.0 i ]
30.0




S PROJECT NUMBER BORING NUMBER
] ANC31026.H3.60 0UsSB-18
W HILL SHEET 2 oF 2
]
SOIL BORING LOG .
PROJECT Elmendorf AFB - QUS LOCATIONS.E. Corner of Corps Building/EAFB
ELEVATION DRILLING CONTRACTOR (Oenab
DRILLING METHOO AND EQUIPMENT HSA, B61 Mobile Drill Rig. 4.25" 1D Augers
WATER LEVELS 34.2" on 8/12/92 START 8/12/92 0815 FINISH B8/12/92 1600 LOGGER _Rob Crotty
== SAMPLE STANDARD SOIL DESCRIPTION COMMENTS
x- PENETRATION
=
w - o x NAME,
28|13 |3z |G RES TS | WOISTURE CONTENT RELATIVE GENSITY DEPTH OF CASING, DRILLING RATE
ES | & _ | w8 | 3_ [6 -6 -6--5 ' ORCONSISTENCY, SOIL STRUCTURE, TEST AND INSTAUMENTATION
&5 e | &% | OF (N) MINERALOGY
Zu Wy,
awn _——— -Z [ 49
30.0 62-90-100/6~| EQQBLY._GRADED GRAVEL WITH SAND. (GP),
3 7-SH 1.5 same as above with occasional subround 4
31.5 cobbie to 4" diameter.
Split-spoon refusal encountered at 315",
] 1 augered through it. .
i 5.0 Becomes wet at 34.2° T Freewater encountered at 34.2° A
. POORLY GRADED GRAVEL WITH SAND. (GP), |  S{fong odor from 35.0° to 37.0°. WNu ]
. reads 190 ppm.
i -SH ) 32-53-43-33 same 3s above, gray, wet, hydrocarbon
8-S 20 (96) [\_stain and sheen on gravel /T “Boring sealed using cement/bentonite
37.0 END OF BORING AT 36.0° grout mixed at a ratio of 0.5gal
T\_:ZO/ND. cement/.05lb. bentonite. 1
~ —agn RS oil/water interface probe used...no
SH=2.5" sampler. 7 free product.
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PROJECT NUMBER
ANC31026.H3 60

BORING NUMBER
0uUssB-19

SHEET 1 OF 2

SOIL BORING LOG

PROJECT Eimendorf AFB - OUS

ELEVATION

DRILLING CONTRACTOR (Denali

LOCATION EAFB

ORILLING METHOD AND EQUIPMENT HSA. 861 Mobile Drill Rig, 4.25" 1D Augers
WATER LEVELS 39.0 ° on 8/10/92

START 8/10/92 1015

FINISH 8/1/92 815

LoGGeR Raob Crotty

o SAMPLE STANDARD SOIL DESCRIPTION COMMENTS
E PENETTERSATTION
_ >
Wy, = Q @ RESULTS SOIL NAME, USCS GROUP SYMBOL, COLOR,
Do |13 |2 |w MOISTURE CONTENT, RELATIVE DENSITY QEPTH OF CASING. ORILLING RATE
< & 8 | 3_ lg* -6 -6+ —g+| OR CONSISTENCY. SOIL STRUCTURE ORILLING FLUID LOSS
e W wo 8: 6" -6"-6'-6 MINERALOGY . ' TESTS AND INSTRUMENTATION
ws |20 | >3 | wil (N)
(=17 —_ —-Z 32—
(PT), to O.1 HNu background=2 ppm
From 0.1 to 2.0 Note: No product odor, HNu=1ppm, B
-85 | 2.4 | 12-7-24-41 (ML), light brown, dry, dense, LEL=0%
(41) nonplastic silt with very fine to medium
25 sand; trace organics including rootlets and h
cavities throughout. Increasing grave! fraction in cuttings.
rom 2.0 to 7.0° ]
2-SH| 2.5 |24-67-73-65 (GM), light
(140) brown, dry becoming moist, dense {o very Note: Additional 0.5' material collected inT]
50 dense; subrounded gravel to 2.0" diameter sampier atter driving and counting
50 - with nonplastic siit and very fine to medium required 2.0 ft. therefore, each sampier—
subangular sand. trace organics including is driven 2.5".
rootlets and cavities from 2.0 to 3.5 ft. 4
3-SH 2.4 6-29-37-51
(66) rom 7.0' to 12.5'
75 g ADS £ (GP), 1
= rown, moist dense; subround gravel to . a
. 3.0" diameter with fine to coarse ’ ?"39?; T;S-m‘,:ﬁg Fgg}gc‘grgt&\);mr "°mq
subangular sand and trace nonplastic silt. : B : ’
4-SH| 25 [15-27-35-40
(62) (GP), 1
10.0 same as above.
10.0 - .
(GP), Chemical a~3lysis sample 5S819-10 takeﬂ
same as above. from 10.0°-12.5" in 5-SH. ]
5-SH 25 4-36-89-100
(125)
12.5 i} B
B0 |g-on 05 100/6" From 12.5 to 13.0' ) ?:Tglér refusal at 6" interval from 12.5
same as above with occasional subround HNu reads 3.0 ppm at 12.5" to 15.0°
cobble to 4" diameter. h
50 15.0 ) ) _
- From 15.0' to 17.5' &) HNu reads 20.0 ppm at 15.0" to 17.0
GP), J
7-SH| 0.7 |6-14-50-100] same as above
(64)
175 ) . .. ]
No sample taken in 17.5" to 20.0" interval. Poor recovery from 15.0 to 17.5. Chasing .
: a large cobble that 1s affecting
recovery; therefore, 1. drilt to 20.C° and
begn drive, 2. Log cuttings from 17.5 to 7
20.0"
200 20.0 . . _
From 20.0' to 25.5 (SP)
8-SH| 2.5 | 17-58-82-51| prown, moist, very dense, medwum to ’ ]
(121 coarse subangular sand with subrounded
225 gravel to 2” diameter, 1" coal lens at 21.2". N
- 16-29-31-50
9-SH| 25 (60) ]
25.0
%0 From 25.5' to 41.0 (S)
SW), brown, moist, R
10-SH| 25 | 7-25-36-39 | medwum dense, medium subangular sand with
ten) occasional subrounded gravel to 0.2"
275 diameter and 1-2" coal lens. 1
HNu reads 42.0 ppm at 27.510 300’ )
n-SH 25 |23-36-33-56
(89) Note. "Hit" cou!d be due to coal. 1
30.0




HitL

L]

PROJECT NUMBER
ANC31026.H3.60

BORING NUMBER
ousse-19

SHEET 2 OF 2

SOIL BORING LOG

PROJECT E!mendorf AFB - OUS

ELEVATION

DRILLING CONTRACTOR Denali

LOCATION EAFB

®

DRILLING ME THOD ANO EGUIPMENT HSA. B61 Mobile Drili Rig, 4.25" 1D Augers

WATER LEVELS 38.0 " on 8/10/92

START 8/10/92 1015

FINISH 8/11/92 1815

LOGGER Rob Crotty

SOIL DESCRIPTION

COMMENTS

SOIL NAME, USCS GROUP SYMBOL. COLOR,
MOISTURE CONTENT, RELATIVE OENSITY
OR CONSISTENCY, SOIL STRUCTURE,
MINERALOGY

DEPTH OF CASING, DRILLING RATE
DRILLING FLUID LOSS
TESTS AND INSTRUMENTATION

WELL GRADED SAND, (SW). same as above.
WELL GRADED SAND, (SW), same as above.
WELL GRADED SAND, (SW), same as above.
{SW), same as above,

WELL GRADED SAND,
becomes wet at 39.0".

From 41.0° to 45.0°

it {(SP).

brown, wet, medium dense, med:um to
coarse subround sand with subargular
gravel to 0.4" diameter, occasional
fractured coal particles throughout.

From 45.0° to 51.5°

2A (SP),

brown, wet, medium dense, medwum to
coarse subangular sand with trace
subround gravel to 0.3" diameter,
occasional subangular coal particies
throughout.

From 51.5" to 52.5°

SILTY CLAY, {CL/ML), ohve gray. dry to
wet, fat clay with slightly plastic silt,
thixotropic.

Note: Change to 300 ib. hammer orive |
SH sampler at 35.0°.

Free water encountered at 39.0

Potable water added to HSA center rod
annulus to counteract heave for 17-SH. 7

Again, potable water added to
HSA/center rod annulus to counter
heave in 18-SH.

Bootiegger cove formation.

Sample SSB19-52 collected 515 (o
2.5

= SAMPLE STANDARD
3. PENE TRATION
g - TEST
@y | 2 = x RESULTS
(5] > a< w
EI: 5 w&' 8 6" -6 -6'-6°
[- 9. 4 ey aX Qs
8225 | 23 | 2 (N)
30.0
. - 6-16-32-50
12-SH| 2.5 2
1 325
13- 5 | 12-13-32-586
| 3-SH| 25 na
x50 | 35:0
. a- 5 | 12-16-18-22
1a-sH| 2.5 .
1 3rs
5-sul 25 | 10-12-12-20
: S-SH| 25 (24)
400 —289
N 16— _ 7-10-11-17
6-SH| 2.5 o
1 425
V- 5 |13-26-27-39
i SH| 25 52l
50 450
. 8- 5 | 6-13-24-32
8-SH| 25 E
1 ars
19- 5 |16-20-37-30
) 9-SH| 2.5 =
500 —|-50:0
1 - 8-10-12-16
20-SH| 25 e
7 525
550 —

END OF BORING AT 525

End of boring at 52.5°
Grouted back 8/12/92.
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PROJECT NUMBER
ANC31026.H3.60

BORING NUMBER
0ussB-20

SHEET 1 OF 2

SOIL BORING LOG

PROJECT Elmendorf AFB - OUS

ELEVATION

DRILLING CONTRACTOR Denal

LOCATION Operable Unit S EAFB

ORILLING METHOD AND EQUIPMENT HSA. B61 Mobile Drill Rig.4.25" 10 Augers
WATER LEVELS 35.2 ' on 8/6/92

START 8/6/92 0956

FINISH B/6/92

1750 LOGGER Rob Crotty

DEPTH BELOW
SURFACE (FT)

SAMPLE

INTERVAL

(FT)

TYPE AND
NUMBER

RECOVERY

(FT)

STANDARD
PENETRATION
TEST
RESULTS

SOIL DESCRIPTION

COMMENTS

6" -6 -6' -6
(N)

SOIL NAME, USCS GROUP SYMBOL, COLOR,

MOISTURE CONTENT, RELATIVE DENSITY
OR CONSISTENCY, SOIL STRUCTURE,
MINERALOGY

DEPTH OF CASING, DRILLING RATE
DRILLING FLUID LOSS
TESTS AND INSTRUMENTATION

50

n
(=]

T
v
7]

4-6-18-26
(24)

5.0

7.0

2-SS

24-24-36-17
{60)

3-SH

10-15-6-17
(31

4-SH

20-26-107/0"

15.0

200

17.0

5-SH

36-24-27-28
(51

20.0

22.0

6-SH

2.0

4-47-49-54
(96)

25.0

POORLY GRADED SAND,
r\-:bove.
rom 21.0° to 22.0°

5.0

27.0

7-SH

20-70-77-84
(147)

29.0

8-SH

72-89-77-80
(166)

QRGANIC MATERIAL AND PEAT, (PT), to
0.4

From 0.4 to 20.0°

SILT (ML), light brownish buff, dry, medium
stiff, nonplastic.

From 5.0' to 7.0

(GM), dark
brown, moist, medium dense {o dense,
subround gravel to 3.0" diameter with
medium to coarse subangular sand, trace
nonpiastic silt.

From 10.0" to 12.0°

(GP),

dark brown, moist, medium dense to dense,
subround gravel to 3.0" diameter with
medium to coarse subangular sar.d, trace
nonplastic silt.

rom 12.0° to 13.0°

(GP).

same as above.

From 15.0" to 1.0’

(GP),

same as above.

From 20.0" to 21.0°
(GP), same as

PQORLY GRADED SAND, (SP), brown, moist,
very dense, medium to coarse
subsubangular sand with occasional
subangular gravel to 0.4" diameter. Coal
seam from 20.5° to 20.8'.

From 25.0" 1o 27.0°
(SP), same as
above.

From 27.5" to 29.0°

POORLY GRADED SAND W]TH GRAVEL, (SP),

brown, moist, dense becoming very dense,
medium {o coarse subround sand with
subround gravel to 2" diameter, coal seam
31 287" 10 290"

HNu background = 2ppm

Drilling action becomes harder. Gravei in]
cuttings.

-

o

OVM reads 5.0 ppm at 12.0° to 14.0". 1

HNu = 1 ppm at 1130 7
OVM reads 2.0 ppm at 20.0" to 22.0°

OVM reads 2.0 ppm at 250" to 27.0° N
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PROJECT NUMBER
ANC31026.H3.60

BORING NUMBER

0ussas-20
SHEET 2 OF 2

SOIL BORING LOG

PROJECT E'mendorf AFB - OUS

ELEVATION

DRILLING CONTRACTOR Denal

LOCAYION Operable Unit § EAFE

DRILLING METHOD AND EQUIPMENT HSA. B61 Mobile Drill Rig.4.25" 10 Augers
WATER LEVELS 352 " on 8/6/92

START 8/6/92 0956 FINISH B8/6/92 1750 LOGGER _Rob Croity

= SAMPLE STANDARD SOIL GESCRIPTION COMMENTS
P_{n PENETTERSATTXON
1™
wl| 2 o x RESULTS | SOIL NAME, USCS GROUP SYMBOL, COLOR,
fg ~ 2z | W MOISTURE CONTENT, RELATIVE DENSITY EETJJ}N"{ p%sxloNFbgglLLmG RATE
ce O wd | &_ g -6 -6--6-| OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION
83 | 2. | 22 | ¥u
150 —| 350 , . _ -
’ From 35.0° t0 37.0 (SP) Freewater encountered at 35.2".
. 9-SH| 20 35'4?9'5)0°57 same as above, becomes wel at 35.2. .
37.0 i
END OF BORING AT 37.0° Boring Grouted
400 — - .
. d ]
450 — - —
- . .
500 — — —
550 — — —




CHM HILL

PROJECT NUMBER
ANC31026.H3.60

BORING NUMBER
0oussB-21

SHEET t OF 2

SOIL BORING LOG

PROJECT Elmendorf AFB - OUS

ELEVATION

DRILLING CONTRACTOR [Dena

LOCATION_SW of EAFB Power Plant

DRILLING METHOD AND EGUIPMENT _HSA, B61 Mobile Orilt Rig, 4.25" 10 Augers
WATER LEVELS 33.8 " on 8/12/92

START 8/12/92 1700

FINISH 8/13/82 170§

LOGGER _Rob Crotty

= SAMPLE STANDARD SCit DESCRIPTION COMMENTS
-3 PENETTERSATTION
— >
Wt S @ RESULTS SOIL NAME, USCS GROUP SYMBOL, COLOR,
0|3 |3z |w MOISTURE CONTENT, RELATIVE GENSITY DEPTH OF CASING, DRILLING RATE
< | = @ | _ I -6+ -6+ -6+| OR CONSISTENCY. SOIL STRUCTURE ORILLING FLUID LOSS
su W wo 8: 6" -6" -6 -6 MINERALOGY . ’ TESTL AND INSTRUMENTATION
w> | Z5 >3 | wh (N)
o0 =3t -2 [L 34—
(PT), to 0.2. Adaitiona!l 0.5° coliected in drive after
| From 0.2 to 8.2 driving and counting blows for 2.0°. i
1-SH | 19 [12-23-30-32 (GP), Each sampler contains a 2.5 foot drive.
(53) brown, moist, medium dense, subrounded
1 25 gravel {o 2" diameter with fine to medium
- subangular 3and and trace nonplastic siit.
4
5o 48-32-34-30
] 2-SH | 18 o)
5.0
50 OVM reads 3.0 ppm at 5.0 to 7.5 m
T - 39-22-22-18
3-SH 1.6 )
175
OVM reads 10.0 ppm at 7.5" to 10.0°
a-sul 20 8-15-16-20 From B.2' to 11.0 .
] (31 SAND, (GP-GM), brown, moist, mediuim
10.0 dense, subrounded gravel to 3" diameter
10.0 with fine to medium sybangular sand and j
nonplastic silt.
’ S-SH| 20 | MU0 1 From g to 18.0°
1 (ML), brown, dry to
12.5 moist, very stitf, low to no dry strength,
nonplastic, occasional subanguiar gravel OVM reads 30.0 ppm at 12.5" to 15.0°
] to 0.1" diameter, loess.
- 3-8-9-0
B 6-SH | 2.0 o7
15.0
50 OVM reads 3.0 ppm at 15.0' to 17.5' I
T 7-SH| 07 6-8-10-12 From 16.0' to 18.0°
(18) (GM), brown, moist,
1 175 subround gravel to 0.5" diameter with low
- dry strength, nonplastic siit.
T From 18.0' to 25.5'
i 8-SH | 2.0 | 12-22-26-21 (GP),
(49) brown, moist, medium dense, subangular to
20.0 round grave! to 2" diameter with medium
200 subangular sand and trace nonplastic silt, OVM reads 7.0 ppmat 20.0° to 22.5 7
occasional coal seam to 2" thick. Note: High OVM reading at 20.0 " to 2.5
- 9-SH 15 17-23‘-3)3-40 possibly due to coal
’ 61
1 225
10-SH1 1. 33-32-53-43
- 0-SH) 13 (85)
2.0 25.0 ]
From 25.5' to 30.5'
7 1-SH | 2.0 |12-26-50-52| POORLY GRADED SAND, (SP), light brown,
' (786) moist, dense, uniform medium subangular
. 275 sand, occasional coal lens to 0.5" thick.
12- ] 11-35-52-56
i 2-SH| 2.0 (87)
30.0
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PROJECT NUMBER
ANC31026.H3.60

BORING NUMBER
oussB-21

SHEET 2 OF 2

Ll

SOIL BORING LOG

P

PROJECT Elmendort AFB - OUS

ELEVATION

DRILLING CONTRACTOR Denal

LOCATION SW of EAFB Power Plant

ORILLING METHOD AND EQUIPMENT HSA, B61 Mobde Orilt Rig, 4.25" 10 Augers
WATER LEVELS 33.8 ' on 8/12/92

START B/12/92 1700

FINISH B/13/92 170S

LOGGER _Rob Crotty

= SAMPLE STANDARD SOIL DESCRIPTION COMMENTS
ou PENETTERSATTION
QL
Wy, -4 e x RESULTS SOIL NAME, USCS GROUP SYMBOL, COLOR.
Q|3 Ez |y MOISTURE CONTENT, RELATIVE DENSITY DEPTH OF CASING, DRILLING RATE
ro | & | we | 3_ |6+ -6 -6 -5+ | OR CONSISTENCY. SOIL STRUCTURE, TESTS AND INS TRUMENTATION
ax | T | &F | OF MINERALOGY
ws | Z0 | 3 | wi (N)
on | Sk | -2 | &
30.0
From 30.5'to 33.8
B 13-SH| 2.0 |12-35-50-57 Interiayered a
(85) GRAVYEL, (SP), brown, moist, very dense,
1 325 uniform mediuul subangular sand, gravel is 4
- subround to 2" diameter. OVM reads 4.0 ppm at 32.5" to 35.0". ﬂ
- 15-23-30-31 .
. 14-SH| 20 (53) From 33.8' to 36. s7) Freewater encountered at 33.8".
350 —-32:0 same as above, except becomes wet at _
7 - 30-25-30-40 7
15-SH1 2.0 (55) From 36.3' 10 46.0°
4 (SP). brown, wet, 4
375 dense, medium to coarse subangular sang
’ 16-SH ) 43-31-50-51
1 &S 20 (81) R
‘ 40.0
0.0 OVM reads 9.0 ppm at 40.0° to 42.5".
1 17- ) 23-30-33-35
SH| 2.0 (63)
1 425 ]
i OVM reads 10.0 ppm at 42.5" to 45.0".
18-SH ] 3-38-30-47
B 8-S 20 (68) .
60 2 24-100/6" B
46.0 19-SH| 1.0
From 47.5" to 48.0° Split-spoon sampler refusal at 46.0". 7
(SP) same as OVM reads 3.0 ppm 3t 45.0" to 46.0°
1 a75 above. Bootlegger cove formation. .
- No free product encountered.
y From 48.0° to 50.0° )
20-SH| 2.0 [26-40-55-100; SILTY CLAY (CL), olive gray, moist to wet,
7 ' (95) hard. ]
50.0
s0.0 END OF BORING AT 50° B




PROJECT NUMBER BORING NUMBER
‘ ANC3102A M3 60 QLGSR - 22 SHEET ! OF 1
SOIL BORING LOG
PROJECT ELMENDORF AFB IRP QUS LOCATION ANCHORAGE, ALASKA
ELEVATION —— DRILLING CONTRACTOR DENALI ORILLING
ORILLING METHOD AND EQUIPMENT MOBILE ORILL B-61. TRUCK MOUNT, 4.25-INCH 10 AUGER
WATER LEVELS 31.5 ft bgs. on 8/28/92 START 8/28/92 FINISH 8/28/92 LOGBER D. KUNKEL
g E SAMPLE SOIL DESCRIPTION COMMENTS
et > BLOWCOUNT | 501 NAME, USCS GROUP SYMBOL, COLOR
8 =] Q = ' . ) DEPTH OF CASING, DRILLING RATE
B 2 |Z2«|& MOISTURE CONTENT, RELATIVE DENSITY .
IT<|x wl > ORILLING FLUID LOSS
- W w @ 8 o 8° -6° -6° -8°| OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION
g % zel>3 (88| w0 | miNemacooy
5.0
50 From 5.0 to 7.0 ft. POQRLY GRADED SAND =
4 EB22-4 12 | 19-32-18-25 WITH GRAVEL, (SP) poorly-graded sand i
7.0 with gravel, gray-brown, dry, dense, fine
- to medium sand with subangular to 4
subrounded gravel, and mnor amounts of
] non-plastic sit. Some cobble fragments. b
1
0.0 From 10.0 to 12.0 ft. PQQRLY GRADED
4 bgoo-id 13 [ 12-17-17-18 SAND WITH GRAVEL, (SP) As abave. )
12.0 i
15.0
50 From 15.0 to 17.0 fI. POQRLY GRADED -
. EB22-1] 11 10-18-28-29 SAND WITH GRAVEL, (SP) As above. i
17.0
20.0
200 — From 20.0 o 22.0 1. POORLY GRADED .
. £B22-20 1.3 12-25-20-33 SAND WITH GRAVEL, (SP) As above. .
22.0
|
25.0
%0 From 25.0 to 27.0 ft. POQRLY GRADED N
. bB22-2 1.3 15-26-31-35 SAND WiTH GRAVE (SP) As above. _
270 4
30.0
%0 From 30.0 to 32.0 ft. PQORLY GRADED -
. $822-30 13 [10-25-28-23[ SAND WI'H GRAVEL, (SP) As above Free
32.0 ' water encouynlered at 315 tH. bgs No ﬂ
- discernible ftoating product. 4
- E
4 J
350
%0 From 350 to 370 1. POORLY GRADED
B £822-3 1.4 12-19-21-20 SAND WITH GRAVEL. (SP) As above
370 ]
END OF BORING AT 370FT. BGS J
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CHM HILL
A

"PROJECT NUMBER
ANC31026.H3.60

BORING NUMBER
0uUsSSB-23

SHEET 1 OF 2

SOIL BORING LOG

PROJECT Elmendort AFB - OUS

ELEVATION

DRILLING CONTRACTOR [Denali

LOCAT]ON Operabie Umt 5 EAFB

DRILLING METHOD AND EGQUIPMENT HSA B61 Mobie Drill Rig, 4.25" 1D Augers
WATER LEVELS 40.5 on 8/18/92

START 8/18/92 1035

FINISH 8/21/821432

LOGGER Rob Crotty

DEPTH BELOW
SURFACE (FT)

SAMPLE

STANDARD

INTERVAL

(FT)

TYPE AND
NUMBER

RECOVERY

(FT)

PENETRATION
TEST
RESULTS

SOIL DESCRIPTION

COMMENTS

6° -6* -6 -6
(N)

SOIL NAME, USCS GROUP SYMBOL, COLOR,
MOISTURE CONTENT, RELATIVE DENSITY
OR CONSISTENCY, SOIL STRUCTURE,
MINERALOGY

DEPTH OF CASING, DRILLING RATE
ORILLING FLUID LOSS
TESTS AND INSTRUMENTATION

o
o

i
w
>

g
=)

5.0

5.0

1.0

2-SH

20

45-26-37-38
(€3)

3-SH

10-1-235~40
(43)

5|0
oln

12.5

4-SH

2.0

12-30-39-45
(E3)

15.0

5-SH

2.0

27-40-45-68
(85)

6.0

17.5

2.0

62-60-£0-30
(123)

20.0

7-SH

2.0

4-17-21-30

(38)

20.0

225

8-SH

2.0

13-37-£7-100
(1c4)

25.0

9-SH

2.0

22-32-44-38
(7~

250

10-SH

21

21-4%-23-90
(142,

30.2

N-SH

20

16-46-"9-72

(12E}

From 0.0’ t0 0.3’

(PT)
From 0.3 to 2.5°
SILT, (ML), brown, dry to moist, firm,
nonplastic with trace very fine sand,
organics, rootiets and cavities
throughout.

From 5.0' to 7.0°

SAND, (GP~GM), light brown to brown, dry
becoming moist at 3.0°, subround gravel to
3" diameter with very fine to medium
subangular sand and nonplastic silt, trace
organics.

“From 7.0 to 14.0°

Interbedded POORLY GRADED SAND, (SP)
and

GRAVEL, (SP), brown, moist, medium dense,
sand layers consist of yniform coarse
subround sand, gravelly sand layers
consist of medium {o coarse sand with
subround gravel to 1" diameter, sand and
gravelly sand beds range to I' in
thickness.

From 14.0 to 20.0°

(GP),

brown, moist, dense, subround gravel to
2-inch diameter with medwum to coarse
subround sand, occasional coal seam to
3.

From 20.0 to 32.0

Interbedded (SP).
and POQRLY GRA RAVE]| WITH
SAND. (GP), brown, moist, medum dense,
tine to coarse graned sand in beds 2’
thick, subround gravel with meGum to
coarse subangular sand in beds to 1'thick.
Occasional cobbies to 4" diameter with
occasional codl seams to 2.

Interbeaded Y GRADE (SP).
and POORLY GRA RAVEL WITH
SAND (GP), same as the above, dense.

%Syrface sampte S5B23-0 taken from
Sample 1-SH from 0 to 0.5".

xAdditional 0.5 material collected in
each drive, therefore total drive is 2.5".

Silt appears to be loess, eolian
deposition.

$5823-10 collected from 10.0" to 125" ‘

S$5B823-25 collected from 25.0 1o 27 &

-




PROJECT NUMBER
ANCJ1026.H3.60

BORING NUMBER
ouss8-23

SHEET 2

OoF

2

[l

SOIL BORING LOG

. PROJECT Elmendorf AFB - QUS

ELEVATION

DRILLING CONTRACTOR [Denal

LOCATION Operable Unit § EAFB

DRILLING METHOD AND EQUIPMENT HSA B61 Mobile Drill Rig, 4.25" 1D Augers

WATER LEVELS 40.5 on 8/18/92

START 8/18/92 1035

FINISH 8/21/92 1432

LOGGER Rob Crotty

SOIL DESCRIPTION

COMMENTS

SOIL NAME, USCS GROUP SYMBOL, COLOR,

MOISTURE CONTENT, RELATIVE DENSITY
OR CONSISTENCY, SOIL STRUCTURE,
MINERALOGY

DEPTH OF CASING, DRILLING RATE
DRILLING FLUID LOSS
TESTS AND INSTRUMENTATION

From 32.0 to 40.5°

(SP), brown, moist,
medium dense, uniform medium subangular
sand, occasional subround gravel lenses
and coal lenses to 3".

(SP), same as
above, wet at 40.5".

From 42.5 to 47.5

brown, moist, medium dense, medium to
coarse grained sand with subround gravel
to 3" diameter with occasional coal seams
to 1.

From 47.5 to 57.8'

(SP), brown, wet,
dense, medium to coarse subangular sand,
occasional gravel lenses t0 0.4 with
occasional coal ienses to 2",

= SAMPLE STANDARD
S PENETRATION
o g > TEST
Wy | g 2 x RESULTS
(8] > i w
e =& 213 . g g e
AERE I
an | 2w | 52 | Hu
300
. - 16-40-45-60
12-SH| 2.0 85)
1 3258
13-SH . 20-21-48-59
] S 20 {69)
w0 =20
1 - 12-27-77-58
14-SH| 2.0 (6]
1 3rs
- o | 26-31-41-67
i 5-SH| 2.0 (72)
00 —-40.0
7 - 33-41-42-34
16-SH| 2.0 (831
1 425
- 9-22-22-29
] 17-SH| 2.0 w5
50 230
. - 9-22-33-41
18-SH| 2.0 o5
1 a7s
19- o |12-22-32-35
i 9-SH| 2.0 511
500 -390
. . 7-7-15-20
20-SH| 2.0 23)
7 525
- 12-27-37-33
] 21-SH| 2.0 641
550 —23-0
. - n |23-50-60-43
22-SH| 20 o)
1 575
- 7-7-10-17
] 23-SH| 2.0 m
60.0

From S7.8 to 60.0°
SILTY CLAY, (CL). olive gray, moist, staff,
thixotropic.

_\END OF BORING AT 60.0°

(GP),

Free water encountered at 40.5' at 16557
on B/18/92.

HNu= 39 ppm at 42.5 to 45.0°
End driling on 8/18/92 )
Begin at 42.5 on 8/21/92.
Change to 300Ib. hammer at 42.5". :

HNu= 32 ppm at 45.0" to 47.5°
HNu background for 8/21/92 1s O ppm.

End of boring at 60.0° Eootlegger cc.e
formation. No floating proguct
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PROJECT NUMBER
ANC31026.H3.60

BORING NUMBER
OU5SB-24

SHEET ' OF 2

SOIL BORING LOG

PROJECT Elmendort AFB - QUS

ELEVATION

DRILLING CONTRACTOR Oenal

LOCATION OPerable Unit 5 EAFB

‘.

DRILLING METHOD AND EQUIPMENT HSA B61 Mobile Drill Rig, 4.25" 10 Augers

WATER LEVELS 29.1 0on 8/23/92 START 8/23/92 1050 FINISH B/23/92 1230 | oGGeER Rob Crotty
= SAMPLE STANDARD SOIL DESCRIPTION COMMENTS
304 PENETTERSATTION
S=
Wy | I S x RESULTS SOIL NAME, USCS GROUP SYMBOL, COLOR,
Q|3 |Ex |y MOISTURE CONTENT. RELATIVE DENSITY DEPTH OF CASING, DRILLING RATE
=il B wd | O 6° -6°-6' -6*| OR CONSISTENCY, SCIL STRUCTURE TEST T%R
83 | 2w [ 22 | Bu
~ From 0.0’ to 0.3’
03 GRAB NA HNu background <1.0 ppm on August 23,
R \_EBEANIEMAIEBIAL (PT) 1992 at OUSSB-24. j
i rom 0.3 10 5.0 Soil description based on soil cuttings
SAND. (BP-GM). brown, moist. loose and drilling action from 1.5 to 5.0 .
B becoming medium dense, subround gravel
to 2" diameter with nonpiastic silt and fine 7
}‘ooqledium sand, trace organics from 0.2 to
50 5.0 . ]
From 5.0 to 9.0
4 (GP), i
brown, moist, loose, subround gravel to 1"
6-8-12-18 diameter with medium subangular sand.
. 2-SH| 20 (20) trace silt and occasional coal lens to 3*. Soil description based on soil cuttings
and drilling action from 7.0 to 10.0".
7 . decreasing gravei fraction, increasing
drilling rate.
9.0 ]
From 9.0 to 12.0°
100 — BQORLY GRADED SAND, (SP), brown,
) 3-su| 20 6-12-16~15 medium dense, medium to coarse subround
: (28) gravel to 1" diameter trace nonplastic siit
T and occasional coal lenses. :
12.0
Soil description based on soil cuttings
and drilling acticn from 12.0 to 15.0".
15.0
150 From 15.0° to 17.0° <) -
SP), same as
. 4-SH| 2.0 6"8('3‘02)'20 above. .
17.0
Soil description based on soil cuttings
and drilling action from 17.0°to 20.0°
20.0
200 From 20.0" to 22.0° (5P) m
SP), same as
4 5-SH| 18 9-12(—322?-22 above. -
22.0
Soil description based on soi cuttings
and on driling action from 22.0" to 25.0".
} Increase in gravel fraction at 24.0" b
%0 25.0 Decrease in ariling rate.
’ From 25.0' to 27.0°
4 - 8-18-19-20 (GP), ]
6-SH| 20 (37) brown, moist, medwm dense, subround
27.0 gravel to 2" diameter with medum to
coarse subangular sand, trace nonptastic Soil description based on dnling actio
silt ang occasional coal lens. from 24.0 to 30.0'. ]
I Freewater encountered at 291 at 1220 ]
300 on 23 August. 1992,
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PROJECT NUMBER
ANC31026.H3.60

BORING NUMBER
0ouUsSsSB-24

SHEET 2 OF 2

SOIL BORING LOG

PROJECT Elmendorf AFB - QUS

ELEVATION

DRILLING CONTRACTOR Denai

LOCATION Operable Unit § EAFB

DRILLING METHOD AND EQUIPMENT HSA BE1 Mobile Drill Rig. 4.25” 1D Augers

WATER LEVELS 29.1 on 8/23/92

START B/23/92 1050

FINISH 8/23/92

1230 1 oGGER Rob Crotty

SOIL DESCRIPTION

COMMENTS

SOIL NAME, USCS GROUP SYMBOL, COLOR,
MOISTURE CONTENT, RELATIVE DENSITY
OR CONSISTENCY, SOIL STRUCTURE,
MINERALOGY

DEPTH OF CASING, DRILLING RATE
DRILLING FLUID LOSS
TESTS AND INSTRUMENTATION

(GP),
same 3s above, wel.

= SAMPLE STANDARD
E PENETTERSATTION
ouw
Wy | g 2 x RESULTS
2| 2 <5 | ¥
8 | 2w | Iz | Hu
30.0
. 7-SH | 2.0 9“‘6(3‘2)’36
32.0
35.0 —
-4
"1
450 —
50.0 —
550 —

END OF BORING AT 32.0°

No discernible fioating product.




]
[

PROJECT NUMBER
ANC31026 H3.60

BORING NUMBER
0oussB-25

SHEET 1 OF

SOIL BORING LOG

PROJECT Elmendorf AFB - OUS

ELEVATION

DRILLING CONTRACTOR Denali

LOCATION 55825

DRILLING METHOD ANO EGUIPMENT HSA B6! Mobile Drill Rig, 4.25" 10 Augers

WATER LEVELS 8.8 BGS on 8/18/92 START 8/18/92 0800 FINISH 8/18/82 0920 ) poggeR Rob Crotty
== SAMPLE STANDARD SOIL DESCRIPTION COMMENTS
ou PENETTE%ATTION
- >
Wy | I Q « RESULTS SOIL NAME, USCS GROUP SYMBOL, COLOR,
2|3 |z uw MOISTURE CONTENT, RELATIVE DENSITY D It Fr U DRILLING RATE
Th | B | W | 8 6" -6 -6 67| QR CONSISTENCY. SOIL STRUCTURE. TESTS AND INSTRUMENTATION
w = >3 | w (N}
83 | 2w | Z2 | ¥u
] 53 %AW (PT). to I‘.S%qged by cuttings and drilling action to
15 \'Krom 0.4 to 15 i 1
i SILT, {ML), brown, dry, becoming moist, oess .
stiff, nonplastic with trace very fine
] grained sand, rootiets and cavities
throughout, occasional subanguiar gravel Silt deposit possibly of eolian origin,
to 0.5" diameter. loess
a7 rom 1.5 to 4.7° ]
50 SAND. (GP-GM), light brown, moist, medium ]
-sH | 2.0 [98-36-23-39 dense, subangular gravel to 1.0" diameter
n : (59) witn nonplastic silt and very fine to medium 1
70 subangular sand, trace organics.
rom 4.7° to 7.0° h
{GP),
n ¢ brown, moiasl. dllnedium dense, subround h
gravel to 3" diameter with fine to medium .
- subangular sand, trace silt and organics 8'895% water encountered at 8.6 at
with occasional subround cobble to 5" :
10.0 10.0 \giameter.
10. 12.
- 2-sH| 15 |32-30-3-40| pogR { SRanen (GP). .
2.0 (6t) gasn_le as above, except becomes wet at
b 0. . . -4
END OF BORING AT 12.0-. No discernible floating product.
150 — -
1 B
200 — —
- B
25.0 — -




PROJECT NUMBER
ANC31026.H3.60

BORING NUMBER

OUSSB-26 SHEET 1 OF 1

g
I
S

SOIL BORING LQOG

. prOJECT Elmendort AFB - OUS

LOCATION OUYS

ELEVATION

DRILLING CONTRACTOR Denak

DRILLING METHOD AND EQUIPMENT HSA BE! Mobile Drii Rig. 4.25" 10 Augers

WATER LEVELS Not encountered START B/28/92 0940 FINISH 8/28/92 1315 LOGGER Rob Crotty
o SAMPLE STANDARD SOIL DESCRIPTION COMMENTS
PN PE NETTERS ATT ION
e >
w = =] @ RESULTS SOIL NAME, USCS GROUP SYMBOL, COLOR,
P13 |2z d MOISTURE CONTENT, RELATIVE DENSITY DEPTH OF CASING, DRILLING RATE
I |5 # | 3_ s -6 -6+ -6+ | OR CONSISTENCY, SOIL STRUCTURE R INS D Lose
E'& W ‘é’g 8: A° -6 (;3 -6 MINERALOGY , : TESTS AND INSTRUMENTATION
O3 | 2w | 22 | #u
0.2 N-GRAB ORGANIC MATERIAL, (PT), to 0.2". OVM BG:SI ppm _
(GM, light brown, dry Note 1. Soil description derived from
A becoming moist at l.3‘,?gose. subround g"s"g‘)g action and soil cuttings {from
n gravel to 3" diameter with nonplastic silt, : : B
trace organics throughout.
: rom 2.5" SILY WITH GRAVEL, (ML), brown, 7
moist, loose, nonplasiic ioess with subround
- gravel to 1" diameter. 4
50 5.0 B
From 5.5 to 7.0°
] 2-SH 10 5-7(-169)-‘3 (OL), dark N
7.0 brown, moist, firm, low plasticity with
- subround gravel to * diameter. e
] . Same as Note | applies from 7.0 to 10°. 1
10.0 From 10.0' to 12.0°
10.0 N (GP). ]
brown, moist , medium dense, subround
- 3-SH 10-15-10-13 gravel to 3" diameter with medium to 4
(25) coarse subangular sand, occasional cobble
12.0 to 4" diameter. , . 4
Note 1 applies from 12 to 15",
15.0
15.0 From 15.0' to 17.0° Note 1 applies from 17 to 20" "*
4-15-21-20 (SP).
- 4-SH brown, moist, medium dense, medium to b
70 (38) coarse grained sand with subround gravel
: to 3" ciameter, occasional subround 1
cobble to 4" diameter, occasional coa!
| lenses. 4
20.0 ]
20.0 From 20.0 to 22.Q Weathered hydrocarbon odor. OVM
B-12-13-16 A (SP), dark mottied reads 57 ppm from 20.0' to 22.0".
- 5-SH brown becoming olive gray at 21.5°, moist, 1
22.0 [25) medium dense, medium to coarse grained
Zigg;g{?;gs;%g:gl gcrc:lelfns and Note t applies from 22.0 to 25.0° ﬂ
7 Weathered hydrocarbon sheen and odor ]
from 23'.
25.0 ]
5.0 From 250" to 27.0° (<P) Weathered hydrocarbon odor trom 250
A SP), same as 10 27.0°. OVM malfunction so no reading
. 6-5H Not recorded above. taken. B
7 Sheen on gravel fraction and on
27.0 sampler. 4
END OF BORING AT 27.0° \N , _
o discernible floating product, but
h sheen present in sample at 250" ]
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PROJECT NUMBER
ANC31026.H3.60

BORING NUMBER
oussa-27

SHEET 1| oF 2

SOIL BORING LOG

PROJECT Elmendorf AFB - QUS

ELEVATION

ORILLING CONTRACTOR Denak

LOCATION OUS

‘

ORILLING METHOD AND EQUIPMENT HSA B6! Mobile Orill Rig. 4.25" 1D Augers

WATER LEVELS _26.4° BGS on 8/27/92 START B/27/92 0830 fFiNisH B/27/92 1020 | oGGeR Rob Crotty
c SAMPLE STANDARD SOIL DESCRIPTION COMMENTS
E Ind PENETRATION
-~ >
wl] & Q @ RESULTS SOIL NAME, USCS GROUP SYMBOL, COLOR,
8813 (3|8 MOISTURE CONTENT, RELATIVE DENSITY DEPTH OF CASING. DRILLING RATE
e | & w® | B_ |6+ -6 -6 -6*| OR CONSISTENCY, SOIL STRUCTURE. ETJEISL%%NENELP'}SDT%%%SENTMmN
Zu Wy
[=17}] ——— -z x=
0 |I-GRAB QBGANIC MATERIAL, (PT) OVM background: 0.0 ppm
From 1.0' t9 6.0° h
_ .1 (OL), dark brown, dry
1 becoming moist at 2.5, low plasticity, Note & Soil description based on drilling
organics include twigs, rootiets and action and soil cuitings from 0 1o 5.0".
. decayed matter. 4
50 5.0 _
T 2-SH | 12 5_6(-1;2)45 From 6.0 tv 7.0° T
7.0
SILT, (GP-GM), brown, moist, medium dense, N : N
subround gravel to 2" diameter with fine o ote 1 appies trom 7.0 to 10.0'
coarse grained sand and nonplastic silt, J
1 * trace organics.
0o ——20
10.5 12.0°
i 3-5H " 9-17(3125)—16 From 10.5" t0 12.0 (GP). A
2.0 brown', {noizst, medium dert\rs'e. sgbroutnc
- gravel to 2" diameter with mediun to . e
c;l)tarse gramned subanguiar sand, trace Note 2 apphies from 12.0 to 15.0"
4 silt. i
. .
50 150 ‘ |
From 15.0° to 17.0 (GP)
- 20-22-21-30 . .
i 4-SH| 20 (43) same as above.
17.0
Note 1 apphes from 17.0 to 20.0° 7
. .
20.0
200 -
From 20.0° to 22.0' (GP)
- 10-20-20-25 . 4
7 5-SH| 20 (40) same as above.
22.0
Note t applies from 22.0 to 25.0". 7
1 ﬂ
20 1250 _
- From 25.0" to 27.0° gggg;e_g§827‘2sA 1S 3 duphcate of
1 6-SH| 2.¢ |9-20-25-40 EOORLY GRADED GRAVEL WITH SAND, (GP), :
: (45) same 3s above except becomes wet at X
27.0 26.4". Freewater encountereg at 26.4".
Note 1 apphes from 27.0 to 30.0°
30.0




] PROJECT NUMBER BORING NUMBER
] ANC310268.H3.60 oussBe-27

CHM HILL ca02 SHEET 2 oF 2
S

SOIL BORING LOG
I PROJECT E!mendorf AFB - OUS LOCATION_OUS

ELEVATION DRILLING CONTRACTOR Denali

DRILLING METHOD AND EQUIPMENT HSA B61 Mobile Drill Rig, 4.25" 10 Augers

WATER LEVELS 26.4° BGS on 8/27/92 START B8/27/92 0830 fpyNjsH 8/27/82 1020 oggeR Rob Crotty

o SAMPLE STANDARD SOIL DESCRIPTION COMMENTS
34 PENE TRATION
SL
wy, | 2 =] x RESULTS | SOIL NAME, USCS GROUP SYMBOL, COLOR,
79|z |3z |w MOISTURE CONTENT, RELATIVE GENSITY Iy (CASING, DRILLING RATE
Fu | G | wo | & _ |e* -6 -6 -6 OR CONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION
&5 | == &3 | &F {N) MINERALOGY
Zu W,
Qwm —— -2z o=
Jo.0 From 30.0' to 32.0° 5SB27-30 collected at 30.0 to 32.0"
- 7-SH 18-15-17-25 £OO0RLY GRADF[) SAND, (SP), brown, wet, i
(32) medium dense, medium {0 coarse grained T
32.0 subanguiar sand.

END OF BORING AT 32.0 FEET. Note 2: Original 5SB27 abandoned after 7
hitting abandoned paper sheathed

- -1 copper wire telephone cable at 4.2 .

Boring moved.

No discernible floating product.




CHM HILL
A

PROJECT NUMBER
ANC31026.H3.60

BORING NUMBER
oussBe-28

SHEET 1 OF 3

SOIL BORING LOG

PROJECT Elmendorf AFB - QUS

ELEVATION

ORILLING CONYRACTOR (Dena

LOCATION OUS

DRILLING METHOD AND EQUIPMENT HSA B61 Mobile Drill Rig. 4.25" 10 Augers

WATER LEVELS 36.5° BGS on 8/24/92 START 8/24/92 1035 FINISH 8/25/92 1601 | ogGER Rob Crotty
== SAMPLE STANDARD SOIL DESCRIPTION COMMENTS
aw PENETTERSATT ION
—= = > -
By |3 |9 |§ [LFESUTS | ol N uscocraup svueouCoon | peer or casi, oRILUNG RATE
T< | w | > f ORILLING FLUID LOSS
- w wd o 6* -8° -8 -6° OR CONSISTENCY, SOIL STRUCTURE, e
a & - ax oo MINERALOGY TESTS AND INSTRUMENTATION
w> |z | >3 | wr (N)
Qwn _— -2Z [ 43
(PT) to 0.3 HNu background is <1 ppm.
i From 0.3 to 1.5’ ¥
1-SH | 2.0 | 7-9-7-10 {ML), light
(16) brown, dry, medium dense, nonplastic silt
1 25 with fine to"mgdium plastic and subround
gravel to 2" diameter, orQanics Additional 0.5 material collected in
. throughout. sampler by advancing additional 0.5',
2-SH| 20 71-7-20-15 therefore each drive is 2.5
4 (27) From 1.5 to 27.5
5.0 ( : (GP),
S0 moist, medium dense, subround gravel to 2"
ttliameler wilth {,"‘e _}o coarse grained sand,
A _ 6-9-15-17 race nonplastic silt.
3-SH| 20 24)
1 15
4-SH 1 7-9-18-20
. SHY 10 (27
10.0 55B828-0 collected from O to 0.5 for
10.0 chemical analysis
55828-10 collected from 10.0 to 12.5
e 5-SH 20 6-18-21-22 feet for chemical analysis.
’ (39)
1 12s
- 12-21-43-49
B 6-SH| 20 (64)
5.0 15.C
1 - 6-12-18-21
7-SH 2.0 (30)
T 175 From 17.0' to 27.5
(GP),
1 same as above except occasional
8-SH| 20 | 7-20-43-41 subround cobble to 4" diameter.
. ) (63)
200 20.0
] _ 12-28-25-286
9-SH| 2.0 (53)
1 225
10-SH| 1 9-13-21-23
. 0-SH) 10 (34)
0 25.0
%. 55828-25 collected from 25.0 10 27 5"
for chemical analysis
. ~ 13-23-28-43
11-SH 2.0 (51)
12158
From 27.5 to 30.0
h POORLY GRADED SAND, (SP), brown, moist,
J 12-sH| 2.0 1-19-20-22 medium dense, fine {0 medum subangular
’ (39) sand, some subround gravel with
30.0 occasional cobble.




S PROJECT NUMBER BORING NUMBER
ANC31026.H3.60 oussB-28
SHEET 2 OF 3
SOIL BORING LOG
PROJECT Elmendorf AFB - OUS LOCATION_OUS
ELEVATION DRILLING CONTRACTOR Qenal
DRILLING METHOD AND EQUIPMENT HSA B6t Mobile Drill Rig, 4.25" 10 Augers
WATER LEVELS _36.5° BGS on 8/24/92 START 87/24/92 1035 FINISH B8/25/92 160" oGgGeR Rob Crotty
= SAMPLE STANDARD SOIL DESCRIPTION COMMENTS
=T PENE TRATION
=1
Wy | 2 =] x RESULTS SOIL NAME, USCS GROUP SYMBOL, COLOR,
2|3 |[3z|w MOISTURE CONTENT, RELATIVE GENSITY QEPTH OF CASING, DRILLING RATE
Iz |z 8 | 3_ |6 -6 -6 -6*| OR CONSISTENCY, SOIL STRUCTURE R ILLING LD LOSS
B | W0 | $E | 8= (0798 0| Nincmatooy - TESTS AND INSTRUMENTATION
83 | 2L | =3 | &l ;
30.0
23-30-70-38 From 30.0' to 32.5' (sP)
. - -30-70- PQORLY GRADED SAND, . same as 7
B-SHi 20 (100) above, except dense.
1 325 )
From 32.5' to 35.0' POORLY GRADED
h SAND, (SP), same as above, except 7
14-sH| 2.0 | 7-32-43-37 occasional coal lens to 1" thick.
h (75) 1 Increasing gravel fraction.
35.0 35.0
. From 35.0 to 40.2 1 Decreasing gravel fraction.
POORLY GRADED SAND. (SP). same as
. 15-sH| 2.0 | 2-13-33-22 above, except wet at 36.4". =
A {48) Free water encountered at 36.5'".
rs T
55B28-38 coilected for chemcal
. . 1 analysis from 37.5 to 4C.0"
16-SH . 6-15-18-22
4 6-S 2.0 (33} B
400 229 -1 E 0.0' for 8/24/
. . nd driirq at 40.0° for 4/92.
From 40.2° to 60.0 (s, Begin drilling at 40.0° on 8/25/92.

17-SH| 2.0 | 5'3-22-35 | prown, wel, medium dense. medum to
(35) coarse grained subangular sand with
425 subround gravel to 2" diameter, occasional
coal lenses to 1.

18- o |20-22-25-32
8-SH| 2.0 2 i

450 —|-450 B
. _ 22-26-32-38 .
19-SH| 2.0 Ol
1 475 7
_ 6-25-35-16
i 20-SH| 2.0 oo 1
500 —-50.0 |
. - 20-15-33-50 .
2-SH| 20 o
1 s25 1
W - 16-24-56-70
i 22-SH| 2.0 toos |
550 —|-550 _J
1 _ 9-22-38-56
23-sH| 2.0 o8
1575 1

a-SH| 20 |32-35-33-65
i 24-SH| 2.0 ool |

60.0




[ PROJECT NUMBER BORING NUMBER
] ANC31026.H3.60 0U5SB-28 SHEET 3 oF 3
CHM HILL
A
SOIL BORING LOG l
PROJECT Elmendorf AFB - OUS LOCATIONOUS
ELEVATION DRILLING CONTRACTOR Oena
DRILLING METHOD AND EQUIPMENT HSA B61 Mobie Dril Rig, 4.25" 1D Augers
WATER LEVELS 36.5 BGS on 8/24/92 START B8/24/92 1035 FINISH 8/25/92 160! | oggeRr Rob Crotty
ey SAMPLE STANDARO SOIL DESCRIPTION COMMENTS
3 PENETRATION
oL
w, | 2 =] x RESULTS | SOIL NAME.USCS GROUP SYMBOL, COLOR,
Y13 | %z |C MOISTURE CONTENT, RELATIVE DENSITY B T o ARING, DRILLING RATE
Ee | &E_ | w8 | 3_ |6 -6 -6 -6-| ORCONSISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION
e& [ == | e | OF (N} MINERALOGY
on | v | w2 | g+
60.0 From BO0 10 675
BOORLY GRADED SAND, (SP). brown, wet,
- 25-sH| 2.0 14-22-70-17 dense to very dense, uniform medium b E
: (92) subangular sand, occasional subround
R gravel in 4" layers along with coal in 1 B .
82.5 lenses.
-1 -1 b
- 9-13-22-48
i 26-SH| 2.0 2 i ]
850 222 - .
T - 30-32-30-70 b h
27-SH| 2.0 (62)
1 815 ] )
. Description from 67.5 to 70.0° based on
7 . 9  driling action 1
70.0
700 From 70.0" to 72.5' i
EEQBL_Y_GBADED.SAND. (SP). same as
1 - 9-20-22-32 | above. 7 1
28-SH| 2.0 (42)
77258 . .
J Description from 72.5 to 75.0° based on
7 drilling action 1
-1 - E
75.0
15.0 From 75.0' to 76.5' m y
Eg_QBL!__G.BAD.EQ_.SAﬂQ. (SP), same as
7 - 9-23-23-3Q above. 7 h
29-SH| 2.0 (46)
17758 From 76.0' tc 77.0° 7 .
CLAY. (CL), olive gray. moist, stiff, iean, Bootlegger cove formation.
- occasional SILTY SAND, (SM), lens to 1" 7 No discernible floating product. h
800 — END OF BORING AT 79.5 FEET _ 4
85.0 — — —
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PROJECT NUMBER
ANC31026.H3.60

BORING NUMBER
0uUsSsSB-29

SHEET 1 OF

SOIL BORING LOG

PROJECT Elmendorf AFB ~ OUS

ELEVATION

DRILLING CONTRACTOR Denali

LOCATION OUS

DRILLING METHOD AND EGUIPMENT HSA B61 Mobie Drill Rig. 4.25" 1D Augers

WATER LEVELS 3.9! BGS on 8/7/92 START B8/7/92 08w FINISH 8/7/92 LOGGER Rob Crotty
o SAMPLE STANDARD SOIL DESCRIPTION COMME ", TS
F 3N PENETTERSATTION
ot
Yuw | g 2 x RESULTS SOIL NAME, USCS GROUP SYMBOL, COLOR,
@5 | 3 Sl uw MOISTURE CONTENT, RELATIVE DENSITY DEPTH OF CASING, DRILLING RATE
vy S wid | B 6° -6 -8° -6+ OR CONSISTENCY, SOIL STRUCTURE, QEISLTLSINAGNSLI%ST%R%i%N ATION
&5 = | &% | OF (N) MINERALOGY :
Zu Wy,
own —_— -2z > 4]
08 | 1-sH 1.0 8-13-77-17 From 0.0'to 0.6° QRGANIC MATERIAL AND HNu background=1 ppm.
i (3a} PEAL (PT) to 0.3 grading into SILTY i
SAND, (SM), dark brown, moist, rootiets and
2.0 organic debris, very fine to medium sand
with nonplastic siit to 0.6. b
§ 2-SH 02 8-11-7-7 Poor recovery. |
40 (18)
- . . Free water encountered at 3.91 at 0820
From 0.6 to 4.0 Free water at 3.11" at 0920
50 — 3-sH| .04 8-9-10-7 At 0.6" becomes SILTY GRAVEL WITH .
(19) SAND. (GM), dark brown becoming brown,
6.0 moist, loose, subround gravei to 1.5."
~— diameter with very fine to medium sand Additional drive at 4-6" required to b
and nonplastic silt. Occasional subround collect enough material for
-1 cobbles {o 3" diameter. representative samp“ng_ =
Slight hydrocarbon odor at 4.0 to 6.0
4 . From 4.0' 1o 6.0' HNy reads 4.0pm. 4
(GM), same as
. above except becomes wet, trace of silty .
clay.
0.0 10.0
. —From 10.0" {0 12.0° Heave occurring in hole. =
4-3-7-7 (GM), same as Strong hydrocarbon at 10.0° to 12.0".
. 4-SH! 0.8 (10) above except slight sheen in gravel HNu reads SO ppm. .
2.0 fraction,
5.0 15.0
- From 15.0' to 17.0° Strong hydrocarbon odor at 15.0' to ]
5-7-8-7 \D, (GM), same as 17.0". HNu reads 600 ppm.
N 5-SH | 0.4 - above. .
(15)
17.0 |
7 "Sieeved" SH in plastic bag to avoid T
200 contamination when sampling beiow the
200 water table. -1
. 6-SH 1
220 00: 8
3 T 220 Note at 1200. Boring and site currently
END OF BORING AT 22.0 shut down. Sample 6-SH from 20.0' to
b 22.0° not taken. See field log notebook
S8002.
250 — -
1 .
- 4




Appendix C
MONITORING WELL BORING AND CONSTRUCTION LOG




M HILL
o -

LANC31026 HA.60 QUSMW -0t

PROJECT NUMBER BORING NUMBER

SHEET | OF 1

WELL COMPLETION LOG

PROJECT ELMENDORF AFB IRP QUS

ELEVATION

LOCATION ANCHORAGE, ALASKA

DRILLING CONTRACTOR DENALI DRILLING

DRILLING METHOD AND EQUIPMENT HOLLOW STEM AUGER, MOBILE DRILL B~-681, TRUCK MOUNT

LOBBER 0. KUNKEL

WELL COMPLETION DIAGRAM

2-inch Sch 40 PVC
vented slip cap

-inch diameter steel -
surface casing i

3 ft x 3 ft concrete pad |

ement/bentonite grout :

. 904

LS

SIS

2-inch diam. Sch 40
flush-threaded, PVC b
casing with 0-ring 4

——Centralizer, joint @ 10.0 —

-
——Joint @ 20.0 —

3/8-inch hydrated 4
bentonite chips J

—CSSI 16-40 sand pack

<+——Centralizer, joint € 30.0 —

Joint @ 35.0 -
8/13/92 .

] «=—8~inch diameter borehole |

2~inch diam. Sch 40 PVC |
machine-cut well screen, |
10-slot E

T

Centralizer, joint @ 45.0 ]

WATER LEVELS 35.5 ft. bgs START 8-13-92 FINISH 8-13-92
x g SAMPLE SOIL DESCRIPTION
o > BLOW SOIL NAME, USCS GROUP SYMBOL, COLOR,
< |2 « COUNTS
§ > <g|w MOISTURE CONTENT, RELATIVE DENSITY
E 5 g.n w § 8 8° -8° -8' -6°| OR CONSISTENCY, SOIL STRUCTURE,
z r2|¥e (N) MINERALOGY
. -
1 s0 ]
e From 5.0 to 6.0 ft SILT WITH GRAVEL, -
e BO1-5| 1.2 7-18-27 (ML) tan to yellowish brown, dry, hard, -
7.0 (45) powdery silt with subangular to B
subrounded gravel, up to 2.5 inches in
b diameter. h
1 0.0 rom 6.0 to 7.0 ft WELL-GRADED SAND i
100 (SW) brown to dark brown, -
. go-10] 1.3 | 7-22-26-32 moist, dense, well-graded brown sand with
12.0 (48) subanguiar to subrounded gravel, 2-inch i
diameter maximum, minor amounts of brown
. non-plastic silt. -
B 15.0 rom 10.0 to 12.0 ft WELL -GRADED SAND h
. 50 - {SW) As above, —
BOI-15| 17 | 9712721725 NFrom 15.0 to 17.0 ft POORLY-GRADED . .
7.0 (33 SAND WITH GRAVEL, (SP) Brown, moist to -
wet, dense, fine to medium-grained sand 4
B with subanguiar to subrounded gravel and
1 non-plastic silt. ~
20.0
200 From 21.0 to 22.0 ft POORLY-GRADED =
. B01-20] 1.8 7-13-27-26 SAND, (SP) rust-brown, moist, dense, e
22.0 (40) medium-grained sand with subangular to i
subrounded gravel up to 3/4 inches in
B diameter, trace of brown to rust-brown .
e silt. -
25.0
%0 3-77-2a-33| From 27.0 to 27.0 ft POORLY-GRADED -
- 5 LA P) A X -
1 270 BO1-25] 1.7 (40 SAND, (SP) As above
.
1 300 i
20 ] 2-w-2-32] From 30(.&%32.8 ft POORLY-GRADED .
1-30§ 1.7 AR s above. E
320 [2° (40) SAND, Y ]
: 35.0 ’
%0 : From 35.0 to 37.0 ft POQRLY-GRADED .
. BOI-35{ 18 |10-16-28-32| gAND, (SP) As above. Free water .
37.0 (44) encountered at 35.5 ft. bgs. No i
i discernibte free product. ]
1 400 ’
400 4e-22-28-29] From 40.0 to 42.0 ft POORLY-GRADED .
- Tecme0™ P} A . -
1 10 B01-40] 2.0 (50) SANQD, (SP) As above ’
40 - End of boring at 45 ft. bgs. i
-

\Flysh-threaded PVC eng |
cap with 0-ning b

-




PROJECT NUMBER
ANCAI026 H3 R0

BORING NUMBER
QUAMW-02

SHEET | OF 1

WELL COMPLETION LOG

PROJECT ELMENDORF AFB IRP QUS

LOCATION ANCHORAGE, ALASKA

LOBBER 0. KUNKEL

WELL COMPLETION DIAGRAM

ELEVATION == ORILLING CONTRACTOR DENALI DRILLING
DRILLING METHOO AND EQUIPMENT HOLLOW STEM AUGER, MOBILE DRILL B-61 TRUCK MOUNT
WATER LEVELS 31.5 ft. bgs START 8-23-92 FINISH 8-23-92
SAMPLE SOIL DESCRIPTION
ﬁ 2 le Iz cOLQW. | SOIL NAME, USCS GROUP SYMBOL, COLOR,
g S ETAL MOISTURE CONTENT, RELATIVE DENSITY
E G |w& |8 |er-e"-6"-6"| OR CONSISTENCY. SOIL STRUCTURE,
5 z |[Z2|ee (N) MINERALOGY
1 s0
50 From @ to 21.0 ft WELL-GRADED SAND ]
. B02-5{ 12 | 12-14-10-12 WITH GRAVEL, (SW}brown, moist, medium 4
7.0 (24) dense, well~graded sand with subrounded
gravel up to 3-inches in diameter in
] sampler, non-plastic silt.
T w00
0o 726-31-42| From10.0to :2.(() n) ! -
= - . el d WITH GRAVEL, (SW bove.
12.0 B02-10] 1.0 (57) S s above
1 .0
50 From 15.0 to :7.0 ft WELL -GRADED SAND |
- -15] 12 |10-44-50/4"}  WITH GRAVEL, (SW) As above.
o [B9271) 12 (95) ( ! ]
1 200 ’
20 ] From 20.0 tc 22.0 ft P - -
B02-2 13 |13-32-35-50|  SANDWITH GRAVEL. (SP) brown to rust .
22.0 (67) brown, moist, very dense, medium and fine i
sand, subrounded gravel, and brown
1 non-piastic sit. 8
- -
25.0
%0 From 25.0 tc 27.0 ft PQORLY-GRADED N
- Bo2-29 1.3 [3-16-20-50/5] gSAND WITH GRAVEL, (SP) As above, some -
27.0 (36) charcoal. i
.1 -
1 30.0 i
200 From 30.0 to 32.0 ft P -
1 ho2-3d 14 | 18-32231-25 | SAND WITH GRAVEL. (SP) As above, 1
32.0 (63) charcoal in 3-inch layer. i
—10..2( - ree water sncountered at 31.8 ft. bgs. -
.1 Bo2-33 13 |[14-30-30-26 No discernid.e free product. ]
4 345 (60)
%0 - 25-34.5 f: POORLY-GR AND WITH
i GRAVEL, (S7) As above. ]
4 375 -
. 23-35-38-41 .
- 1.
{ 305 P 3 13 (73) 1
400 — -
J i
450 —J End of boring at 45 ft. bgs. i
e

[ 77

£/ N 57

——Joint @ 15.0

“4———CSSI 16-40 sana pack A

1| «—8-inch diameter borehole |

= Joint @ 30.0 -
iy 823702 4
J

2-inch Sch 40 PVC
vented slip cap

~inch diameter steel -
syrface casing

3 ft x 3 ft concrete pad J

3/8~-inch hydrated
bentonite chips T

Joint @ 5.0 -
.

2-inch diam. Sch 40 N
flush-threadeaq. T
ement/bentonite grout _:

i

2-inch diam. Sch 40 PVC |
machine-cut »2!l screen, 7|
10-slot ~

-

e

—Flush~threace? PVC end—

cap with 0-ti3 4

1




-
L

PROJECT NUMBER
 ANC31008 H3 60

BORING NUMBER
QUSMN-03

_SHEET | _OF |

WELL COMPLETION LOG

PROJECT ELMENDORF AFB IRP QUS

LOCATION ANCHORAGE, ALASKA

ELEVATION —

DRILLING CONTRACTOR DENALI DRILLING

DRILLING METHOO AND EQUIPMENT HOLLOW STEM AUGER, MOBILE DRILL B-61, TRUCK MOUNT

WATER LEVELS 31.5 ft. bgs

START 8-17-92

FINISH B8-17-92

LOBBER 0. KUNKEL

SOIL DESCRIPTION

WELL COMPLETION DIAGRAM

SOIL NAME, USCS GROUP SYMBOL, COLOR,
MOISTURE CONTENT, RELATIVE DENSITY
OR CONSISTENCY, SOIL STRUCTURE,
MINERALOGY

- SAMPLE
-1 = BLON
38 2|2 « COUNTS
r<| 2 |<G|%
] w @ o~ reu -8*-6* -8°
s a g O -
§§ Z |r2 |8 N
5 =5 18-22-25-24
1 70 [B935] 3 (47}
] 10.
no -5 6-8-15-22
4 -0 1. -8-15-
1 10 B03-10] 15 (23)
1 s
50 - 6-21-23-25
1 7o POE 13 (44)
w0 55 10-23-24-27
4 03-2dq 1. -23-24-
220 F S (47)
B0 52 20-27-28-42
. -2q 1 ~27-28-
270 P32 'S (55)
3o 52 12-35-32-22
1 300 p03-34 13 (67)
o 13-17-23-26
- - 7 —H = =
370 P33 ! (40)
40 1422 10-36-24-25
- —4 A - - -
az0 P03 'S (60)
450 —

From 5.0-7.0 ft -

GRAVEL. (SW) brown to rusty-brown, dry
to moist, dense, fine to coarse—grained
sand with subangular to subrounded gravel
up to 2.5 inches in diameter and
rusty—-brown silt, silt occurs as slightly
plastic clumps.

\‘From 10.0 to 12.0 ft -
WITH GRAVEL,

(SW) brown to tan-brown,
moist, medium dense, well-graded sand
with subangular to subrounded gravel, and
minor amounts of silt. A 4-inch layer of
charcoal at 10.5 bgs.

\Fvom 15.0 to 17.0 ft -
WITH GRAVEL,

(SW) As above.

From 20.0 to 22.0 ft WELL -GRADED SAND
WITH GRAVEL, (SW) As above.

(SW) As above.

From 25.0 to 27.0 ft =
WITH GRAVEL,

From 30.0 to 32.0 ft -
WITH GRAVEL, (SW) As above.

—\Free water encountered at 315 ft. bgs.

No discernible free product.

From 35.0 to 37.0 ft -

WITH GRAVEL, (SW) gray to gray-brown,
wet, dense, well-graded sand with gravel,
subanguiar to subrounded, some cobbles,
gray silt.

From 40.0 to 42.0 ft WELL-GRADED SAND
WITH GRAVEL,

(SW) As above.

«—G-inch diameter steel
surface casing

“2-inch Sch 40 PVC

vented slip cap

3 ft x 3 ft concrete pad ™
4

3/8-inch hydrated
bentonite chips

2-inch diam. Sch 40
flush-threaded,

ement/bentonite grout =

b———CSSI1 16~40 sand pack 4

-y

2-inch diam. Sch 40 PVC |

£nd of boring at 45 ft. bgs.

machine-cut well screen, 7

10-slot <
Joint @ 30.0 -
Y en7/e2 ]

-4

2] «<—8-inch diameter borehole |

<——Joint @ 40.0 —

£+ Fiush-threaded PVC end_|

cap with 0-ring

-




.
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PROJECT NUMBER
ANC31026 H3 60

BORING NUMBER
QUSMY-04 SHEET

1 OF |

WELL COMPLETION LOG

PROJECT _ELMENDORF AFB IRP OUS

ELEVATION

LOCATION ANCHORAGE, ALASKA

DRILLING CONTRACTOR DENAL] DRILLING

DRILLING METHOD AND EQUIPMENT HOLLOW STEM AUGER. MOBILE DRILL B-61, TRUCK MOUNT
WATER LEVELS 293 1t bgs

START 8-18-92

FINSH 818-92

LOBBER D. KUNKEL

WELL COMPLETION DIAGRAM

."——CSSI 16-40 sand pack 4

2-inch Sch 40 PVC
vented slip cap
\-G-inch diameter steel _|
surface casing |
3 ft x 3 ft concrete pad

3/8-inch hydrated
bentonite chips

1l

2-inch diam. Sch 40
flush-threaded

Joint @ 30.0 1
8/18/92

«—8~-inch diameter borehole__j

2-inch diam. Sch 40 PVCH
machine-cut well screen, J
10-slot

-

—Bottom of screen E

lush~threaded PVC
cap with 0-ring

x P SAMPLE SOIL DESCRIPTION
251 o > BLOW SOIL NAME, USCS GROUP SYMBOL, COLOR,
o Wi = e @ COUNTS
e > <5|uw MOISTURE CONTENT, RELATIVE DENSITY
& W 8 8= |8* -8°* -8* -6 | OR CONSISTENCY, SOIL STRUCTURE,
s 2 (Z3|gk N NINERALOGY
1 so
&0 From 5.0 to 6.0 ft P
h B04-5| 0.7 9-5-2-2 WITH GRAVEL, (SP) brown, dry to moist,
7.0 (7) _\-:)ose.
4 rom 6.0 to 7.0 SILT WITH GRAVEL (ML)
_ moist, soft, orange-brown to rust-brown.
00 10.0 Silt is plastic.
] _ -23-27-3t rom 10.0 to 12.0 ft WELL~
o B4 1 ) 2(SC)) WITH GRAVEL, (SW) some rust-brown
- layers, dry to moist, dense, well-graded
- sand with well-graded subangular to
subrounded gravel and non-plastic brown
7] to rust-brown silt.
50 15.0
B04a-15] 15 4-14-18-19 rom 15.0 to 17.0 ft WELL-GRADED SAND
17.0 : (32) WITH GRAVEL (SW) As above.
1 200
20 "1o-28-34 | From200 to 22(50 f WELL-GRADED SAND.
1 4- 1. TIvTeRT WITH GRAVEL (SW) As above.
200 P43 10 (a7) e
1 25.0
50 From 25.0 to 27.0 ft POORLY-
. B04-29 13 |13-29-38-401  SAND WITH GRAVEL. (SP) brown, wet, very

27.0 (67) dense, fine to medium sand with

subrounded gravel up to 1-inch in
. diameter, minor amounts of silt.
200 30.0 Free water encountered at 29.5 bgs. No
j Loa-3d 14 | 44-21-23-21 \-siscernible free product.

320 (44) rom 30.0 to 32.0 ft -
GRAVEL WITH SAND, {GW) brown, wet,

7 dense, subangular to subrounded gravel,

1 350 weii-graded sand and brown, non-plastic
%0 : 10-29-19-23 o 5010370 ¢ A

. -39 -29-19- rom 35.0 to 37.0 ft -

70 P49 3 (48) GRAVEL WITH SAND. (GW) brown, wet.
very dense, decreasing gravel at 37 ft
bgs. sand content increasing, heaving

4 formation.
40.
40 - 8-24-33-24
: 04-4d 1.3 Ted 33"

42.0 P : (57)

450 End of boring at 45 ft. bgs.




PROJECT NUMBER BORING NUMBER
ANC3I026 H3 60 QUSMK-Q8 SHEET 1 OF

WELL COMPLETION LOG

PROJECT ELMENDORF AFB IRP QUS

LOCATION ANCHORAGE, ALASKA

ELEVATION

DRILLING CONTRACTOR DENALI ORILLING

DRILLING METHOD AND EQUIPMENT HOLLOW STEM AUGER. MOBILE DRILL B-61, TRUCK MOUNT

WATER LEVELS 24.0 ft. bgs START 8-24-92 FINISH 8-24-92 LOGBER D. KUNKEL
z E SAMPLE SOIL DESCRIPTION WELL COMPLETION DIAGRAM
ﬁ =1 9 z cgbg'?s SOIL NAME, USCS GROUP SYMBOL, COLOR,
Q8! = (2|5 MOISTURE CONTENT, RELATIVE DENSITY >-inch Sch 40 PVC
& W 8 Sc e -8*-8'-6°| OR CONSISTENCY, SOIL STRUCTURE, vented slip cap
§ % g r § Wi (N) MINERALOGY “6-inch diameter steel
surface casing -
A _ 3 ft x 3 ft concrete pad |
’ A 3/8-inch hydrated
- h bentonite chips T
1 s0 1T NN ]
§0 From 5.0 to 7.0 ft WELL~GRADED GRAVEL \ \ -
J Bos-s| o7 5-3-2-3 WITH SAND, (GW) grey-brown, dry to \ N 4
7.0 (5) mosst, loose, well-graded subrounded to 2-inch diam. Sch 40
: subangular gravel, yp to 3-inches in tiysh-threaded b
diameter with well-graded sand, minor \ \ .
1 amounts of brown silt. \ Joint @ 8.0 -
1 10.0 A Q Q—Cement/bentonite grout j
1.0 From 10.0 to 120 f1 -
4 Bos-10] 1.0 3-6-10-15 (GW) As above. ] \ \ ]
2.0 : (1) Medium dense N \
j 15.0 1 § 3/8-inch hydrated
L From 15.0 to 17.0 ft - -1 § bentonite chips -
i 805-15| 10 [10-30-27-34] WITH SAND (GW) As abcve. Increased N\ j
17.0 : (57) gravel fraction, very dense. .
1 B E 4
4 7 e Joint @ 18.0 .
. { = 4
20.0 =
200 From 20.0 to 22.0 ft - 1 s 7]
N Bos-2d 1.3 10-23-33-30 GRAVEL WITH SANG , (GW) As above. . = .
22.0 (56) E
. 1 B Joint @ 23.0 :
] Free water enountered at 24.0 ft bgs. No 1 |3~ v sre4/92 1
%9 4220 discernible free product. 4 T X -
i bos-2d 13 | 9-16-24-29 rom 25.0 to 27.0 ft WELL~GRADED 1l b
21.0 ' (40) GRAVEL WITH SAND, (GW) As above. HWet, ; 2-inch diam. Sch 40 PVC
dense. h machine-cut
i ’ <«—8-~inch diameter borehole:
30.0
200 From 30.0 to 32.0 ft WELL-GRADED 1 [ ‘l
4 Bos-3d 13 9—17-25)-25 GRAVEL WITH SAND, (GW) As above. 4 ¥ 1
32.0 (42 "::Z'
] ‘= *4——CSSI 16-40 sand pack
35.0 =
%0 - r:?om 350 to 3/0ftﬁ(EL)Lﬁ.BAM =1 .
N - 10-28-28-21 GRAVEL WITH SAND, (GW) As above. Very 4
T el B (56) dense. 1
J ] £lysh-threaded PVC end
End of boring at 38 ft. bgs. cap with 0-ning




PROJECT NUMBER
| ANCI026 HI.60

BORING NUMBER
QUSMN-06

SHEET 1 OF |

WELL COMPLETION LOG

PROJECT ELMENDORF AFB IRP QUS

ELEVATION

LOCATION ANCHORAGE, ALASKA

DRILLING CONTRACTOR DENALI DRILLING

ORILLING METHOD AND EQUIPMENT HOLLOW STEM AUGER, MOBILE DRILL B-61, TRUCK MOUNT
WATER LEVELS 34.7 fL. bgs

START 8-27-92

FINISH 8-27-92

LOGGER 0. KUNKEL

WELL COMPLETION DIAGRAM

x E SAMPLE SOIL DESCRIPTION
i =1 4 9 z S SOIL NAME, USCS GROUP SYMBOL, COLOR,
el § S |Esll MOISTURE CONTENT, RELATIVE DENSITY
§ 5 E: w § 8= 18' -8°~6*-8°|{ OR CONSISTENCY, SOIL STRUCTURE,
| & z s |ee {N) MINERALOGY
i From 0.0 to 7.0 ft - .
WITH GRAYEL. (SP) brown to rust-brown,
7] dry. medium, dense, fine to medium sand ]
- with subangular to subrounded gravei up -
_ to 3-inches in diameter. Minor amounts of A
50 non-plastic brown silt.
80 10-17-22-22 "~
1 70 [BO5] M3 (29) i
1 0.0 i
00 From 10.0 to 12.0 ft - .
- - 10-20-26-46 : ' Pl A -
12.0 B806-10] 1.3 146) SAND WITH GRAVEL, (SP) As above.
.
-l -
1 50 T
60 From 5.0 to 17.0 ft P Y- 7
. BO6-15{ 1.3 |14-28-23-25 {SP) A5 above with g
7.0 (sn pieces of charcoal. i
1 200 }
20 From 20.0 to 25.0 ft - -
. Bos-2d 13 | 10-16-21-25 (SW-SM), brown
220 (37) to gray brown, well-graded sand with g
subangular to subrounded gravel and
] brown non-plastic silt. 7
1 250 j
&0 5a-70/5-1 From 250 to 26.5 ft WELL - -
{ 265 pos-29 07 [10-24-T0/5 [SW-SM), Jark 4
i brown, wet, very dense, well-graded sand J
with subangular to subrounded gravel,
T some cobbles, dark brown non-plastic silt. b
1 30.0 ]
20 From 30.0 to 32.0 ft - -
e Bos-3q 12 |10-22-25-28 WITH GRAVEL, (SW) gray-brown, some 1
320 (47) rusty—brown areas, moist, dense, J
weli~graded sand with subrounded gravel,
T minor amounts of non-plastic silt. h
71 350 Free water encountered at 34.0 ft bgs. 7
%0 11-25-27-24 No discernible free product. -
1 370 PO6-33 10 (52) \'From 35.0 to 37.0 ft WELL - 1
WITH GRAVEL, [SW) As above. ]
1 400 i
400 From 40.0 to 42.0 ft - -
- B06-4q 1.3 | 16-26-19-21 | WITH SILT AND GRAVEL, (GW-SM) dark -
42.0 (45) brown, wel, dense, weli-graded sand with i
subrounded gravel, up to 2-inches in
N diameter and dark brown siit, cohesive 7
E when siity, sandy portions are looser. =
450 — -
- -
’ End of boring at 48 ft. bgs. B

YA ON IS IV I I I IOV IV IA

2-inch Sch 40 PVC
—\ vented slip cap
L(i-inch diameter steel
surface casing
3 ft x 3 ft concrete pad

3/8-inch hydrated
bentonite chips

—

-

2-inch diam. Sch 40 T
flush-threaded h

ement/bentonite grout -

J
_

Sk

«—g@-inch diameter borehole:

4

f Joint @ 33.0 -
Y 827792 -
J

2-inch diam. Sch 40 PVC 1
machine~-cut well screen, _|
10-slot

-

L £SST16-40 sand packe |

—

4

-

—+lush-threaded PVC end -

cap with 0-ring

-




PROJECT NUMBER
ANC31026 H3.60

QUoMW-Q7

SHEET 1 OF |

WELL COMPLETION LOG

PROJECT ELMENDORF AFB IRP QUS

ELEVATION ———

LOCATION ANCHORAGE, ALASKA

DRILLING METHOD AND EQUIPMENT HOLLOW STEM AUGER, MOBILE ORILL B-61, TRUCK MOUNT

LOGBER 0. KUNKEL

WELL COMPLETION DIAGRAM

WATER LEVELS 355 ft. bgs START 8-26-92 FINISH 8-26-92
E SAMPLE SOIL DESCRIPTION
» > BLOW SOIL NAME, USCS GROUP SYMBOL, COLOR,
B| = e a« COUNTS 1
g > gl MOISTURE CONTENT, RELATIVE DENSITY
é W -] 8- |6* -6° -6° -8*| OR CONSISTENCY, SOIL STRUCTURE,
g Z |=3|gk (N) MINERALOGY
1 50
&0 3-t3-6-a1 | From15-1L0 ft POORLY-GRADED SAND_ ]
1 70 BO7-5] 1.3 ( WITH GRAVEL, (SP) brown to gray-brown, .
: 29) moist, medium dense, fine to medium sand -
. with subangular to subrounded gravel, up 4
to 3-inches in diameter, some brown,
00 1 wo non-plastic siit. h
R _ 10-14-25-27 “From 11.0-30.0 ft -
po [BO7-19f 13 {39) WITH GRAVEL, (SP) gray to rust-brown,
moist to wet, dense, fine to medium sand 1
E with subangular to subrounded gravel, e
- 5.0 some brown non-plastic siit. B
&0 . 3-14-18-12 7]
1 w70 BO7-15] 1.2 4 :
- -
L 6-1-8-16-23 7]
1 20 B07-20 1.3 (15) :
- o 4
B0 = 12-34-36-38 B
1 270 Bo7-24 15 (70) :
1 300 ]
200 10-23 From 30.0 to 50.0 ft WELL-GRADED SAND ]
1 320 B07-30 15 -2 (“29'25 (SW) rust-brown, wet, very -
. 52) dense, weli-graded sand with subangular 4
- gravel, some cobbles, some brown, _
i non-plastic silt, some denser lenses of
%0 35.0 increased silt content. T
. Bo7-39 1.3 ['0-24-33-28| Free water encountered at 35.5 ft. bgs. 4
37.0 ' (57) No discernible free product. i
0 71 400 -J
4 _ 15-17-33-40 J
420 P07749 13 (50) i
450 — —
T End of boring at 50 ft. bgs. T
500 — -
- -
- -

2~inch Sch 40 PVC
4—\éented ship cap
-inch Giameter steel

surface casing

“1

-3/8-inch hydrated
bentonite chips

4.

DL

\
N
N 2-inch diam. Sch 40

flush-threaded

\——‘-Cement/bentonile grout
Joint @ 10.0

\

N

\

\

\

N |
Joint @ 20.0

3/8~inch hydrated
bentonite chips

———CSS] 16-40 sand pack

AV 8/26/92

10-slot

Top of sump

cap with 0-nng

3 ft x 3 ft concrete pad J

.| «——8-inch diameter Dorehole:

2-inch diam. Sch 40 PVC A
machine-cut well screen,

~+tush-threaded PVC end_]

-

-
e

-

4

LIIALJJ

i

-
-4
-
-
-4

-

-

-

-
-
-

lLJ,Ll

-




PROJECT NUMBER BORING NUMBER
ANC31026 HI60 QUSMA-G3 SHEET 1 OF |

WELL COMPLETION LOG

PROJECT ELMENDORF AFB IRP OUS

ELEVATION

LOCATION ANCHORAGE. ALASKA

ORILLING CONTRACTOR DENAL] DRILLING

DRILLING METHOD AND EQUIPMENT HOLLOW STEM AUGER. MOBILE DRILL B-61, TRUCK MOUNT
WATER LEVELS Approx. 10 ft. bgs

START 8-11-92

FINISH 8-11-92

LOGGER 0. KUNKEL

-

SAMPLE

INTERVAL

DEPTH BEL!
SURFACE

TYPE AND
NUMBER

RECOVERY
(FT.)

aLow
COUNTS

SOIL DESCRIPTION

WELL COMPLETION DIAGRAM

8* -8°* -8° -6°
(N)

SOIL NAME, USCS GROUP SYMBOL, COLOR,
MOISTURE CONTENT, RELATIVE DENSITY
OR CONSISTENCY, SOIL STRUCTURE,
MINERALOGY

3.0

5.0

7.0

B08-5

0.9

8-13-12-9
(25)

16.0

12.0

B08-10

4-10-16-24
{26)

14.0

16.0

808-14

7-12-16-20
(28}

20.0

22.0

B08-20

9-15-18-28
(33)

From 0.0 to 3.0 ft U.ELL;BBAD%D_G.BA.V.EL
WITH SILT AND SAND, (GW-GM) dark

brown, dry to moist, loose, well-graded
subrounded to subanguiar gravef up to
8-inches in diameter with well-graded
sand and brown, non-plastic silt. Very
difficult drilling due to cobbles.

From 5.0 to 7.0 ft WELL-GRADED SAND

(SW) brown, moist to wet,
mediym dense, well-graded sand with
subrounded to rounded gravel up to
4-inches in diameter, mnor amounts of
brown, non-plastic silt.

From10.0 to 12.0 ft W -

WITH GRAVEL, (SW) brown, wet, medium
dense, weli-graded sand with subrounded
to rounded gravel up to 4-inches in
diameter, minor amounts of brown.
non-plastic sitt.

From 14.0 to 16.0 ft -

(SW) brown, wet, medium
dense, well-graded sand with subrounded
to rounded gravel up to 4-inches in
diameter, minor amounts of brown,
non-plastic silt.

ree water encountered at 14.3 ft. bgs.

2-inch Sch 40 PVC
vented slip cap

<«—6-inch diameter steel
surface casing

3 tt x 3 ft concrete pad _]

ement/bentonite grout

2-inch diam. Sch 40
flush-threaded -

3/8-inch hydrated
bentonite chips

R VWSV I IV IIH

—-1

2-inch diam. Sch 40 PVC
machine-cut well screen,
10~-slot

=AY 8/mr92

"] «——8-inch diameter borehole

-

“4———CSSI 16-40 sand pack

I

End of boring at 22 ft. bgs.

—+ lush-threaded PVC end—
cap with 0-rning

-4




PROJECT NUMBER BORING NUMBER

ANC31026 H3.60 QUSMW-09

WELL COMPLETION LOG

SHEET 1 _OF 1

PROJECT ELMENDORF AFB IRP

ELEVATION

LOCATION ANCHORAGE, ALASKA

DRILLING CONTRACTOR DENAL] DRILLING

DRILLING METHOO AND EQUIPMENT HOLLOW STEM AUGER, MOBILE DRILL B-61, TRUCK MOUNT

LOGBER 0. KUNKEL

WELL COMPLETION DIAGRAM

WATER LEVELS 1.7 f1. bgs 8/10/92 START 8-10-92 FINISH 8-10-92
8 - SAMPLE SOIL DESCRIPTION
- BLOW
w 8 2 % x COUNTS SOIL NAME, USCS GROUP SYMBOL, COLOR,
b2 z ¥ 4 ';’ MOISTURE CONTENT, RELATIVE DENSITY
§ w w § 8 = 6° -6° -68* -6'| OR CONSISTENCY, SOIL STRUCTURE,
§ z x 2 w [ (N) MINERALOGY
B Free water encountered at 1.7 ft. bgs.
2.5
From 2.5 to 5.5 ft -
e WITH GRAVEL, (SW) brown, wet, loose, fine -
to coarse sand with subrounded to
§-5-4-4 rounded gravel up to 1.5-inches in
4 B09-3] 0.9 (9) diameter, minor amounts of brown sit. n
0 . n
1 7s
From 7.5 to 9.5 ft WELL-GRADED SAND
4 WITH GRAVEL, (SW) brown, wet, dense, 4
g80s-8} 10 18-16~-18-16 fine to coarse sand with subrounded to
' (34) rounded gravel up to 1.5~inches in
7 95 diameter, minor amounts of brown siit. h
TEnd of boring at 9.5 ft. bgs.
00 - -
50 — -
-
200 — -
-

R

L,

2-inch Sch 40 PVC
vented slip cap

<«—6-inch diameter steel
surface casing
3 ft x 3 ft concrete pad _|

8/10/92
3/8~inch hydrated
bentonite chips

Lo-inch diam. Sch 40 b
flush-threaded

2-inch diam. Sch 40 PVCA
machine-cut well screen,
10-slot

"ﬁ——CSSI 16-40 sand pack

“i] =—8-inch diameter borenole

Flush-threaded PVC end 1
cap with O-ning




| PROJECT NUMBER BORING NUMBER
ANC31026.H3.60 QUSMW-10
: SHEET | OF 1
WELL COMPLETION LOG ‘
PROJECT ELMENDORF AFB IRP LOCATION_ANCHORAGE. ALASKA
ELEVATION - DRILLING CONTRACTOR DENALI DRILLING
DRILLING METHOD AND EQUIPMENT HOLLOW STEM AUGER, MOBILE DRILL B8-61, TRUCK MOUNT
WATER LEVELS 2.0 ft bgs 8/10/92 START 8-10-92 FINISH 8-10-92 LOGBER O KUNKEL
SE SAMPLE SOIL DESCRIPTION ~ WELL COMPLETION DIAGRAM
gt BLON -inch Sch 40 P
Bw| 2 (2. |% COUNTS | SOIL NAME, USCS GROUP SYMBOL, COLOR, Cemted sup cop
< > <5 | ¥ MOISTURE CONTENT, RELATIVE DENSITY
= & wd | 6= |g* -g* -g* -¢*| OR CONSISTENCY, SOIL STRUCTURE, «——6-inch diameter steel
&g = ez | O (N) MINERALOGY surface casing
o = -2 = 3 ft x 3 ft concrete pad _]
0.5
From 0.0 to 0.5 ft TOPSOIL, brown, moist,
? loose, some fine gravel. T P
N 3/8-inch hydrated
7 Free water encountered at 2.0 ft. bgs. 1 3 F:= ! pentonite chips b
No discernible free product. NI M 8/10/92
J 1 .k 2-inch diam. Sch 40 1
— flush-threaded
h 1 = 2-inch diam. Sch 40 PVC 4
= machine-cut well screen,
5.0 = 10-slot
50 From5.0 to 7.0 ft WELL-GRADED SAND. ~ — |- -
5 :SN) brown to gray brown, E
-~ €-8-5-5 moist, wet at 2 ft bgs, medium dense, fine p i e o~ .. i
? Bi1G-5{ 1.0 ) to coarse sand wilh subrounded to .:_E.';,——-CSSI i6-40 sand pack
7.0 rounded gravel up to 2.5-inches i R
- diameter, some Drown silt. < R — o) i
EL <«—8-inch diameter bore’
. 1 i e+——Flysh~-threaded PVC
cap with 0-ring
From 9.0 to 1.0 ft WELL-GRADED SAND 7 .
WITH GRAVEL (SW) grayish brown, wet. J
— - 7-6-5-5 medium dense, fine to coarse 3and with ]
0o BlO-0}1 06 () rounded gravel up to 2.5-inches in
1.0 diameter, some brown silt washed out of
- sampler, 1
\‘End of boring at 1.0 ft. bgs. W
1 i ]
-t - -4
B0 — - -
. . 4
] ] .
200 — — —
. : 1
4 7 .




PROJECT NUMBER
| ANC31026 H3 60

BORING NUMBER
QuaMAN-1] SHE

€ET 1 oF |

WELL COMPLETION LOG

PROJECT ELMENDORF AFB IRP QUS

LOCATION ANCHORAGE, ALASKA

ELSVATION

DRILLING CONTRACTOR DENALI DRILLING

DRILLING METHOD AND EQUIPMENT HOLLOW STEM AUGER, MOBILE DRILL B-61, TRUCK MOUNT

WATER LEVELS 36.5 ft. bgs

START 8-21-92

FINISH 8-21-92

LOGBER 0. KUNKEL

WELL COMPLETION DIAGRAM

2~inch Sch 40 PVC
e\'éented shp cap

-inch diameter steel
surface casing A

3 ft x 3 ft concrete pad 4

3/8-inch hydrated 4
bentonite chips

'

2-inch diam. Sch 40
flush-threaded

Joint @ 10.0 -

———~Cement/bentonite grout <

Joint € 20.0

o

|

4

DL LN LY

3/8-1nch hydrated
bentonit2 chips

Hy  8/2v92 1

Joint @ 35.0 —

| «—8-inch diameter borehole 4
4
2-inch ciam. Sch 40 PVC~

machine-cut well screen, 4
10-slot j

'.:'———CSSI 16-40 sand pack 1

Top of sump —

—PVC sump

+lysh~threaded PVC end—
cap with 0-ring E

4

x l'.'. SAMPLE SOIL OESCRIPTION
ﬁ" 2|9 x cgﬁr%s SOIL NAME, USCS GROUP SYMBOL, COLOR,
| 2|2 x| w MOISTURE CONTENT, RELATIVE DENSITY
§ % | & | w88 |or-60-6'-6| ORCONSISTENCY, SOIL STRUCTURE,
5 z |Z2|ee (N) MINERALOGY
1 5.0
&0 33-13-15-17 | From5.0 to 7.0 ft WELL-GRADED SAND
1 70 Bu-s5 1.4 3-13 (SW) brown to rusty-brown,
: (28) dry to moist, medium dense, fine to coarse
i sand with subangular to subrounded gravel
up to 2.5-inches in diameter and
T 00 rusty-brown silt. Silt occurs as slightly
0.0 20-17-16-18 lastic clumps
1 20 |B"1O] 12 (33) Nrrom 10.0 to 12.0 1t HELL-GRADED SAND
WITH GRAVEL, (SW) As above.
1 50
50 T-1a-te-1a | From15.0 to 17.0 ft WELL-GRADED SAND
1 70 B8] 12 (3) WITH GRAVEL. (SW) As above
1 200
200 So2-B-10 From 20.0 to 22.0 ft WELL-GRADED SAND
-1 - - .
220 81-20f 1.3 (30) WITH GRAVEL, (SW) As above
1 25.0
=0 1 8-21 From 25.0 to 27.0 ft WELL-GRADED SAND_
1 270 [B1-25] 13 2“6'4 - WIIH GRAVEL, (SW) As above. Wet at 315
- (34) ft. bgs.
7 30.
%0 - 12-29-34-29
. gn-30f 1.3 -20-34-
320 (63) Free water encountered at 31.5 ft. bgs.
_ No discernible free product.
T 35.0
%0 B-13-20-19| From 350 to 37.0 ft A
- -_— . = -
370 Bit-35] 1.3 (43 WITH GRAVEL, (SW) As aDove
71 40.0
400 B-20-18-17 | From 40.0 to 42.0 ft WELL-GRADED SAND
= -_— . - - .
4ny |BU-40] 13 Ca) WITH GRAYEL. (SW) As above
450 —
i
§0.0 —
: End of boring at 52 ft. bgs.

-

e




[

PROJECT NUMBER BORING NUMBER
ANC31026 53 8Q QUEMA-12. SHEET 1 OF 1

WELL COMPLETION LOG

PROJECT ELMENOQRF AFB IRP

ELEVATION

LOCATION ANCHORAGE, ALASKA

ORILLING CONTRACTOR DENAL] DRILLING

ORILLING METHOO AND EQUIPMENT HOLLOW STEM AUGER, MOBILE DRILL B-61, TRUCK MOUNT
WATER LEVELS .~

START 8-25-92 FINISH 8-25-92

LOGGER D. KUNKEL

SAMPLE

EE

SOIL DESCRIPTION

~ WELL COMPLETION DIAGRAM

vented sip cap (3.5 ft

above grou.d surface)

<6 -inch diameter steel
surface casing

3 ft x 3 ft concrete pad _|

2~inch diam. Sch 40
flush~threaded

3/8-inch hydratea
bentonite chips

Lopt i e

ﬁ 2 |le x cgﬁg?’s SOIL NAME, USCS GROUP SYMBOL, COLOR,
s g g <g |y MOISTURE CONTENT, RELATIVE DENSITY
& w 83~ 8* -8° -6° -6°| OR CONSISTENCY, SOIL STRUCTURE.
2 |s3lakL MINERALOG
Z e (N) NERALOGY
S
From 0.0 to 7.0 ft PQORLY-GRAQED SAND
- WITH GRAVEL, (SP) brown, moist. fine to >
medium sand, subangular and subrounded
grave!l to 3 inches in diameter and trace
N 25 SHt. 7
- 11-15-19-21
| gi2-3 1.2 (34) ]
4.5
&0 3.0 - |
o - "-11-14-18 |
B12-51 11 (25) §
e | 4 r
7.50 s
.f Free water encountered at 7.5 f1. bgs. 3
No discernible free product. -
Bi2-g) ) Mg \Fran 70 10 95 11 weLL-GRAED cRavEL
A WITH SAND, (GW) gray-brown, wet, ioose, 4 I
9.50 subrounded gravel, some fine to coarse
10.0 sand and trace silt.
0.0 —
- 12-1 . ‘0‘10'10_9 -
B812-10} 05 (20)
12.0
End of boring at 12 ft.
50 — —
-4
. 4
20 ~

cap with 0-ring

—2-inch diam. Sch 40 PVCT
machine-cut well screen, J

10-slot
-inch diameter borehoie
Y sr25/92
——CSS] 16-40 sand pack

—+ lush-threaded PVC end—

-




PROJECT NUMBER
ANCAI026 HABQ

BORING NUMBER

QUSMW-13
WELL COMPLETION LOG

SHEET 1| OF |

PROJECT ELMENDORF AFB IRP QUS

ELEVATION ____

LOCATION ANCHORAGE, ALASKA

DRILLING CONTRACTOR DENALI ORILLING

DRILLING METHOD AND EQUIPMENT HOLLOW STEM AUGER, MOBILE DRILL B-61, TRUCK MOUNT
WATER LEVELS 1.4 ft. bgs 8/14/92

START 8-14-92 FINISH

8-14-92

LOGBER D. KUNKEL

E SAMPLE SOIL DESCRIPTION WELL COMPLETION DIAGRAM
a 2|9 z cob¥s SOIL NAME, USCS GROUP SYMBOL, COLOR, 2-inch Sch 40 PVC
§ S |Eg|w MOISTURE CONTENT, RELATIVE DENSITY vented slip cap
g g & w ﬂgl 3= |86 -6 -6 OR CONSISTENCY, SOIL STRUCTURE, *—G-i?gh diameter steel
- | & oe N MINERALOGY surface casing
Z |2zl (N) 3 ft x 3 ft concrete pad _|]
From 0.0 to 0.5 ft IOPSQIL, (ML) soft, 3/8-inch hydrated
. brown non-plastic silt, moist soft, fine to bentonite chips -
medium sand with trace subrounded Y sn4r92
_\.Eravel.
25 ree water encountered at 1.4 ft. bgs. =
- 2-inch diam. Sch 40
B rom 2.5 to 4.5 ft A s R —
g13-3| 1o 2-6-6-10 WITH SAND, (GC-GM) blue-gray to B=1 flush-threaded
) (12) brownish gray. wet, medium dense oEH
b subangular and subrounded gravel, with e AR = RS R
45 fine to coarse sand, some gray plastic silt C PSS 16-40 sand pack
& — and clay. _ e -
E <——8-inch diameter borehole
] 1 B 1
g 2-inch diam. Sch 40 PVC
. 4 B machine-cut well screen, J
75 Co—t 10-slot
From 7.5 to 9.5 ft LEAN CLAY, (CL) ~ \Flush-threaded PVC end
~ blue-gray, moist to wet, medum dense 1 cap with O-ring 4
B813-8 1.3 5-6-6-6 bootiegger cove formation, clay with some
’ (12) silt, plastic, product odor.
1 s T 1
00 — End of boring at 9.5 ft. bgs. ]

P




PROJECT NUMBER BORING NUMBER
ANC31026 H3 .60 QUSMN - 14 SHEET | OF 1
WELL COMPLETION LOG ’
PROJECT ELMENDQORF AFB IRP QUS LOCATION. ANCHORAGE, ALASKA
ELEVATION - DRILLING CONTRACTOR OENALI DRILLING
DRILLING METHOD AND EQUIPMENT HOLLOW STEM AUGER, MOBILE DRILL 8-61, TRUCK MOQUNT
WATER LEVELS 8.7 tt bgs 8/13/92 START 8-13-92 FINISH 8-13-92 LOGBER 0. KUNKEL
z - SAMPLE SOIL DESCRIPTION WELL COMPLETION DIAGRAM
P > BLOW SOIL NAME, USCS GROUP SYMBOL, COLOR 2-inch Sch 40 PVC
< COUNT g . . :
¥ § 2|2 « |G OUNTS _ | WOISTURE CONTENT, RELATIVE DENSITY vented shp cap
Egl & |y | g for-e -6 -e| OR CONSISTENCY. SOIL STRUCTURE, <——6-inch diameter steel
z | > TE™ N MINERALOGY uriace casing
g 8 = -2 |l N) 3 ft x 3 ft concrete pad |
From 0.0 to 1.0 ft TOPSOIL. (ML) brown,
1.0 dry to moist, loose, sandy silt, brown,
- non-plastic silt with fine sand. . 2-inch diam. Sch 40 §
flush~threaded
4 . 3/8-inch hydrated |
bentonite chips
- - -
5.0
50 From 5.0 to 7.0 ft WELL-GRADFD GRAVEL 1 [ [ 7
WITH SAND (GW) light brown, moist, medium RS B
B - 9-10-12-15 dense, subrounded to rounded gravel, l & N i
Bla-s) 13 (22) well-graded sand and some brown, N | CSS116-40 sand nack
7.0 non-plastic silt with gravel up to L A
7'5 1.5-inches in diameter. 4 [ds 4
4 From 7.5 to 9.5 ft WELL ~GRADED GRAVE) 2-inch diam. Sch 40
. WITH SAND (GW) light brown, moist to wet. o | B machine-cut well scr
Bla-8{ 08 | 9-12-17-23 medium dense subrounded to rounded 10-slot
’ (29) gravel up to 1.5-inches in diameter, with B Yy 8/13/92
1 a5 well-graded sand and some brown, . e :
10‘0 non-piastic silt.
00 \Tree water encountered at 8.7 ft. bgs. — —inch diameter borehole]
rom 10.0 to 12.0 ft WELL-GRADED
. g1a-10f 11 5-9-10-18 GRAVEL WITH SAND (GW) tight brown, wet, J 1
(19) medium dense éubroundeo to romtmded
12.0 gravel up to L5-inches in diameter, with e = -~
well-graded sand and some brown, non- —Flush-threaded PVC end 4
plastic silt. cap with 0-ring
E End of boring at 12.0 ft. bgs. - 4
€0 — — -
- - -
200 — — —
: : @
- ﬁ -




[

PROJECT NUMBER
ANC31026.H3.60

BORING NUMBER
OUSMW-15

SHEET 1 OF

WELL COMPLETION LOG

PROJECT .ELMENDORF AFB IRP

LOCATION ANCHORAGE, ALASKA

LOBBER D. KUNKEL

WELL COMPLETION DIAGRAM

ELEVATION - DRILLING CONTRACTOR DENALI DRILLINC
ORILLING METHOD AND EQUIPMENT HOLLOW STEM AUGER, MOBILE DRILL B-61, TRUCK MOUNT
WATER LEVELS 9.5 ft bgs 8/7/92 START 8-7-92 FINISH 8-7-92
g—- SAMPLE SOIL DESCRIPTION
= > BLOW
My | 2 |2, |E [ _CcONTs | sou name uscs Groue sywaoL. cOLOR,
py > <& g‘ MOISTURE CONTENT, RELATIVE DENSITY
& | w2 | 8o lo*-6*-0* -6+ | OR CONSISTENCY, SOIL STRUCTURE,
§§ v | &% | ox " MINERALOGY
= ~Z | =
80 s
From 5.5 to 7.5 ft SILTY CLAY (CL-ML)
1 mottied gray-rust siity clay, moist, very
Bi15-51 1.2 1-1=-1-1 soft gray clay with fine sit. Shghtly
: (2) plastic in some portions, most portions
1 75 crumbly when manipulated. Increasing
d plasticity with moisture content.
. rom 7.5 to 9.5 ft -
Bi5-71 12 4-5-6-10 WITH GRAYEL (SW) blue-gray, moist, wet
_ (m at 9 ft bgs, medium dense, fine to coarse
95 sand with subrounded gravel up to
- 3-inches in diameter, minor amounts of
00 — \:n.
ree water encountered at 9.5 ft bgs.
_ Product sheen detected on water.
1 2s
From 12.5 to 14.5 ft = £
N (GW-GM)
gis-12| 12 | 8-10-20-28 tan-brown, wet, medium dense gravel up to
’ (30) 3-inches in diameter with fine to coarse
114 g sand, minor amounts of hght brown silt.
- Sheen on water, petroleym odor in
%50 — sampler.
200 —
-

2-winch Sch 40 PVC
vented ship cap

<«——6-inch diameter steei
surface casing

3 ft x 3 ft concrete pad _]

2-inch diam. Sch 40
flush-threaded .

3/8-inch hydrated
bentonite chips

= Wzz7007%

-

4——CSSI 16-40 sand pack

-

2 -inch diam. Sch 40 PVC
machine-cut well screen, J
10-slot

8/7/92

‘:] «—8-inch diameter borehole

(L

—F lush-threaded PVC end 1

cap with 0-ring




PROJECT NUMBER BORING NUMBER
ANC3102R H2 &) QUSMK - 16 SHEET 1 OF |

WELL COMPLETION LOG

PROJECT ELMENDORF AFB IRP OUS

ELEVATION
DRAILLING METHOD AND EQUIPMENT HOLLOW STEM AUGER, MOBILE DRILL B-61, TRUCK MOUNT

LOCATION ANCHORAGE, ALASKA

@

DRILLING CONTRACTOR DENALI DRILLING

WATER LEVELS Approx. 10 ft. bgs

START 8-6-92

FINISH 8-7-92

LOBGER D. KUNKEL

SAMPLE

zE

OEPTH BEL
SURFACE

INTERVAL

TYPE AND

NUMBER

RECOVERY
(FT)

sLOW
COUNTS

SOIL DESCRIPTION

WELL COMPLETION DIAGRAM

SOIL NAME, USCS GROUP SYMBOL, COLOR,
MOISTURE CONTENT, RELATIVE DENSITY

e* -6 -6° -6
(N)

OR CONSISTENCY, SOIL STRUCTURE,
MINERALOGY

|

4.5

PIG-Z.S

3-2-1-4
(3)

2.5-4.0 ft SILTY SAND WITH GRAVEL,
(SM) brown, moist, loose, approx. 80-65%
fine to medium grained sand, 20-25%
subrounded to rounded gravel, up to 1.5
M\ inches in diameter, up to 15X non-plastic

5.0

silt, few chunks of gray clay in 2.5-4.0 ft
interval.

7.0

8i6-5

2-5-7-8
(12)

4.0-45 ft PEAT, (PT) brown, moist, soft,
dark reddish brown, some product odor.

.0-5.5 ft PEAT, (PT) brown, moist, soft,
dark reddish brown, some product odor.

7.5

.5-7.0 ft

9.5

B16-7.9

6-9-10-15
(19)

GRAVELLY LEAN CLAY WITH
SAND, (CL) light grayish-brown, moist,
somewhat dense and cohesive, approx.
50-~-60% lean clay, 25X subrounded to
rounded gravel, yp to 15X silt and fine
sand. Poorly graded.

10.0

5-9.5 ft -

12.0

B16-10

0.9

16-18-25-20
(43) -

WELL -GRADED SAND WITH
GRAVEL, (Sw) gray to blue-gray, moist,
loose, mostly non-plastic silt, approx.
55-65% fine to medium grained sand, 30X
subrounded grave! up to 2 inches in
diameter, up to 5% fine sand.

15.0

it groundwater at 10 f{. bgs.

0.0-12.0 ft -
SILT AND SAND, {GW-GM) gray to
blue-gray, approx. S0-55% well-~graded
gravel, subanguiar to subrounded, 30X fine
to coarse-grained sand, up to 15X siit,
wet, loose.

i7.0

B16-15

2.0

1-2-3-3
(5)

15.0-17.0 ft LEAN CLAY, (CL) blue-gray,
moist, wet, elastic, dense, sticky clay, up
to 75X lean clay, approx. S$% fine sand in
the upper S inches of the sampler.

End of sampling at 17 ft. bgs.

vented shp cap

<«—6-inch diameter st
surface casing

3 ft x 3 tt concret

B8entonite chips

with O-ring

machine-cut well s
10-slot

1Y ese/02

End of boring at 20 ft. bgs.

Note: OUSMW-18 was abandoned and
backfilled on 8/25/92 due to insufficient
yieid.

cap with 0-ring

2-inch Sch 40 PVC

3/8-inch hydrated

2-inch diam. Sch 40 PVC
casing, flush-threaded _J

2-inch diam. Sch 40 ic

_CSSI 16-40 sand pack

«——38-inch diameter borehole

+lush~threaded PVC ena 4

eel

e pad_

1

-




PROJECT NUMBER BORING NUMBER
ANC31026.H3.60 QUSMW-16A

_SHEET | OF |

WELL COMPLETION LOG

PROJECT ELMENDORF AFB IRP OUS LOCATION_ANCHORAGE, ALASKA
ELEVATION = DRILLING CONTRACTOR DENALI ORILLING
DRILLING METHOD AND EQUIPMENT HOLLOW STEM AUGER, MOBILE DRILL B-61, TRUCK MOUNT
WATER LEVELS Approx. 10 ft. bgs - START 8-25-92 FINISH 8-26-92 LOGGER 0. KUNKEL
SE SAMPLE SOIL DESCRIPTION WELL COMPLETION DIAGRAM
o > BLOW 2~inch Sch 40 PVC
= a« COUNTS SOIL NAME, USCS GROUP SYMBOL, COLOR, ;
By 3 |3 |8 MOISTURE CONTENT, RELATIVE DENSITY vented sip ca
& | w8 | 3z lor -0 -0 -¢°| OR CONSISTENCY, SOIL STRUCTURE, <—S6-inch giameter steel
Qg e ¥ 3 ut (N) MINERALOGY surface casing
= -2 | 4 K 3 ft x 3 ft concrete pad |
N N
N N
From 2.5 to 4.0 ft SILTY SAND WITH § § 3/8-inch hydrated
4 GRAYEL, (SM) brown, moist, very loose, . \ \ bentonite chips 9
fine to medium sand with subrounded to \ \
rounded gravel, up to 1.5 inches in \ \
b diameter, angd non-plastic silt, few chunks N \ § h
_\:f gray clay in 2.5-4.0 ft interval. § ‘\\ 2-inch diam. Sch 40
60 — rom 4.0 to 4.5 ft PEAT. (PT) brown, 1 N \ flush-threaded -
h\inoust. very sott, dark reddish brown, some NN
i product odor. 1 g OE J

rrom 5.0 to 5.5 ft PEAT, (PT) brown, moist,
soft, dark reddish brown, some product ;-
h odor. 1 HEN <
rom 5.5 to 7.0 ft GRAVELLY LEAN CLAY 2-inch diam. Sch 40 PVC
4 WITH SAND, (CL) light grayish-brown, Ny machine-cut well screen,
moist, medium dense and cohesive lean 10-slot
clay with subrounded to rounded gravel,
silt and fine sand. Poorly graded.

rom 7.5 to 9.5 ft b

00 — WITH GRAYEL, {SW) gray to blue-gray,
moist, very stiff, mostly non-piastic siit
with fine to medium sand, and subrounded
gravel up to 2-inches in diameter.

ree water encountered at 10 ft. bgs.

rom 10.0 to 12.0 ft WELL -GRADED
(GW-GM)

-

"] +——8-inch diameter borenole
1V 8/25/92 -

‘4——CSS1 16-40 sand pack

I

¥ flush-threaded PVC end
. LI cap with 0-ring 4

GRAVEL WITH SILT AND SANO,
gray to blue-gray, wet, dense,
well-graded subangular to subrounded
_ gravel with fine to coarse sand and silt. p E

nd of boring at 13 ft. bgs.

50 — Note: Soil description is taken from log for
QUSMW-16, which was drilled approximately
10 ft. from OUSMW-16A.




PROJECT NUMBER BORING NUMBER
ANC31026 43,60 QUSMW-~17 SHEET | OF |

WELL COMPLETION L OG

PROJECT ELMENOORF AFB IRP OUS LOCATION ANCHORAGE, ALASKA
ELEVATION __—~ DRILLING CONTRACTOR DENALI DRILLING
DRILLING METHOD AND EQUIPMENT HOLLOW STEM AUGER, MOBILE BRILL B-61, TRUCK MOUNT
WATER LEVELS 9.5 ft. bgs 8/12/92 START 8-12-92 FINISH 8-12-92 LOGGER D. KUNKEL
x - SAMPLE SOIL DESCRIPTION WELL COMPLETION DIAGRAM
Bl 2 |2 |Z cOLM. | SOIL NAME, USCS GROUP SYMBOL, COLOR, ———2-inch Sch 40 PVC
e &2 S ETAR MOISTURE CONTENT, RELATIVE DENSITY vented ship cap
§ 5 & wa | o= |6° -6°-6° -8°| OR CONSISTENCY, SOIL STRUCTURE, ‘_S'i?Ch diameter steel
|5 |aw N MINERALOGY surface casing
Z |~-2]l&= (N) NE 3 ft x 3 ft concrete pad ]
From 0.0 to 1.0 ft TOPSOIL, (ML) brown,
10 moist, loose, some large gravel, mostly silt
- and fine sand. p 4
. = 3/8-inch hydrated b
bentonite chips
\ 2-inch diam. Sch 40
5.0 -
&0 From5.0 to 7.0 #t WELL-GRADED SAND § N flush-threaded -
WITH GRAVEL, (SW) rust-brown, moaist,
4 g17-51 1.7 1-12-18-23 medium dense. A few small, wet, thin silty 4 \ \ B
) (30} zones. Well-graded sand with fine to \ \
70 medium gravel, minor amounts of silt. s :
= 75-9.C ft WELL -GRADED SAND WITH i) }] =——8-inch diameter bor
4 GRAVEL. (SW) rust-brown, moist, medium 4 -
gi7-81 1.3 4-7-20-15 dense. A few small, wet, thin silty zones. = N
9.0 : 27) Fine to coarse sand with fine to medium =
35 gravel, some silt. b = 1
) “Free water encountered at 9.5 ft. bgs = 8/12/92
- 7-8-6-5 , : ~ 1. bgs. _ =5
00 — B17-9.9 1.2 (14) »-\:o discernibie free product. = -
1.0 rom 9.0 to 1.0 ft SILTY SANQ, (SM) light e 2-inch diam. Sch 40 PVC
brown, fine sand with brown, non-piastic 1 == machine-cut well screen, ]
silt, trace of clay, dense, somewhat 10-siot )
i sticky. J
- ~ —+F tush-threaded PVC end 4
cap with 0-ring
1 145 From 14.0 to 16.0 ft LEAN CLAY, (CL) 7 A
- blue-gray, 100X clay, bootiegger cove C
50 — formation, plastic, sticky. P LRI CSSI 16-40 sand pack —
Bg17-151 2.0 1-1-2-2 End of boring at 15 ft. bgs.
) (3)
16.5
End of sampling at 16.5 ft. bgs.
- 4 J
200 - — —
. 4 ]
J h 1




L
™

PROJECT NUMBER
ANC31026.H3.60

BORING NUMBER
QUSMKW-30

_SHEET 1 OF |

WELL COMPLETION LOG

PROJECT .ELMENDORF_AFB IRP
ELEVATION

DRILLING METHOD AND EQUIPMENT HOLLOW STEM AUGER, MOBILE ORILL 8-61, TRUCK MOUNT

LOCATION ANCHORAGE, ALASKA

DRILLING CONTRACTOR DENALI DRILLING

WATER LEVELS START 8-11-92 FINISH B-11-92 LOGGER
- SAMPLE SOIL DESCRIPTION WELL COMPLETION DIAGRAM
§E 2|2 |= COUNTs | SOIL NAME, USCS GROUP SYMBOL, COLOR, vented siip cap (35 1
o . ’
ag S 45 w MOISTURE CONTENT, RELATIVE DENSITY above ground surface)
= wd | 3= |g* -6 -6 -6° OR CONSISTENCY, SOIL STRUCTURE, ~«——=8@-inch diameter steel
s = ¢X | QO 1 (N) MINERALOGY surface casing

= -2z E- 3 ft x 3 ft concrete pad_]
From 0.0 to 0.5 f!t TOPSOIL, D;own, mo(ijst.
organic rich, mostly siit, some fine sand. 2-i .

A - A-15-24-23 -\F inch diam. Sch 40 J
p030-q 0.7 (39) rom 0.5 to 2.0 ft - flush-threaded
WITH SILT. (GW-GM) brown fill material,

2.0 moist, dense, looks like pit run, cobbles up ] E
to | ft in diameter in a siit matrix, 3/8-inch hydrated
well-graded gravel, difficult drilling due to bentonite chips

. cobbles. 4

50 Free water encountered at 4.5 ft. bgs. Y enwe

s0 - No discernible free product. -]
rom 5.0 to 7.0 ft - 2-inch diam. Sch 40 PVC
. B030-9 1.0 5-8-10-12 WITH SILT. (GW-GM) brown till material, machine-cut well screen, |
(18) wet, medium dense, loose like pit run, iR 10-siot
7.0 cobbies up to 1 ft in diameter in a silt
matrix, well-graded gravel, ditficult drilling - :-| «—8-inch diameter borehole -
' due to cobbles. .- Flush~threaded PVC end
: rom 10.0 to 12.0 ft - cap with 0-ring j
WiTH GRAVEL, (SW) brown, wet, medium
dense, fine to coarse sand with
T subrounded gravel up to 15-inches in ————CSS1 16-40 sand pack 1
diameter, minor amounts of non-plastic
00 10.0 silt. No cobbles. -
. - 7-11-19-39 i
Poso 1 12 o)

12.0 4
End of boring at 12.0 ft. bgs.

50 — -
200 — -~




R PROJECT NUMBER BORING NUMBER
CHM HILL ANCII026 HI.80 QUSMW-31 SHEET 1 _OF 1
WELL COMPLETION LOG .

PROJECT ELMENDORF AF8 IRP

LOCATION ANCHORAGE, ALASKA

ELEVATION ——— DRILLING CONTRACTOR OENALI DRILLING
DRILLING METHOD AND EGUIPMENT .HOLLOW STEM AUGER. MOBILE DRILL B-61. TRUCK MOUNT
WATER LEVELS 3.5 ft. bgs START 8-20-92 FINISH 8-20-92 LOGGER - KUNKEL
z - SAMPLE SOIL OESCRIPTION WELL COMPLETION OIAGRAM
g2l g |x cLOW. | SOIL NAME, USCS GROUP SYMBOL. COLOR, 2-inch Sch 40 PVC
4 8] 3 |2sg|u MOISTURE CONTENT, RELATIVE DENSITY vented siip cap
- % o wa | 5= 6°-8°-6°-6"| OR CONSISTENCY, SOIL STRUCTURE, ‘—s_rTac:edc‘fa':'entge( steel
S |>3 w v u i
§ zZ |lezlEs N INERALOGY 3 ft x 3 ft concrete pad _|
1 25 1 [ & )
) From 2.5 to 3.0 ft SILT WITH SAND, (ML) N 3/8-nch hydrated
~ brown to dark brown, moist, firm, . bentorite chips +
- 3-2-4~7 non-plastic sit with subangular gravei and
831-3| 11 o |\ wei-aradea sand | BB Y 8/20/92 |
45 rom 3.0 to 4.5 ft = ;
2-inch diam. Sch 40
WITH SAND, (GW) brown, wet, loose, -
§0 — well-graded gravel up to 3-inches in = R = flush-threaded —
diameter with well-graded sand and 2-inch diam. Sch 40 PVC
] non-plastic silt. i _:15 machine-cut well screen, |
ree water encountered at 3.5 ft. bgs. g 10-slet
No discernible free product. i i
= From 7.5 to 9.5 fi WELL-GRADED GRAVEL > Flysh-threaded PVC
4 WITH SAND, (GW) As above. . cap with 0-ring
g31-g| 13 | 7-7-8-16 . \CSS1 16-40 sand pack
i (15) i <—\-8-mch diameter borehoie
9.5
From 9.5 to 1.5 ft WELL-GRADED GRAVEL
00 — WITH SAND, (GW) As above. — -
-1 8-5-7-12
] 83 0 (2) . ]
1.5
4 End of boring at 1.5 ft. bgs. i i
50 — -
200 — — —_
. - ]




Appendix D
WELL PURGING AND DEVELOPMENT FIELD DATA SHEETS




GROUNDWATER SAMPLING
, FIELD DATA SHEET

WELL NUMBER U S MW ( FIELD TEAM C(INITIALS) Qafg’ko ‘

S1TE Elmradocf AER JOB NUMBER ANCS(02L. 13.40
FieLD coNDITIONS Caol (S2°D Queceuat , Tuvmime

t - . \
! FIELD MEASUREMENT/ ?

SERIAL/ID CALIBRATION/
COLLECTION EQUIP. MAKE/MODEL NO. chMENTIg
pH METER - / *
CONDUCTIVITY METER See  gae y N
: ' g
THERMOMETER _
WATER LEVEL INDICATOR

| BAILER/PUMP \

'1 DECONTAMINATION \

i -
PURGE INFORMATION 1

4 DATE 25 =26 Auc 92 START TIME 25 A4 92 (7:30 eND TIME 2644q 04:3d

INITIAL DEPTH TO WATER .3.7_2=__VI-:LL DEPTH _fI__Q_Esr WELLBORE VUL.:‘LL.
FINAL DEPTH TO WATER .27 2% TOTAL VOL. PURGED i‘@gzﬂnscmacz RATE _5'_5_'50»

AT

METHOD -F"-'—“Pfx * PUMP DEPTH 4% 3722 v 4¢.9 * Toc
VOLUME PURGED TEMPERATURE pH  CONDUCTIVITY ~ APPEARANCE

o) [1.4°C 2| OO cauddoy beqon

L ngaﬁddns (o 69 525" Tocbdd bomno

i 220 qulllons 1y (g2| 550 <l q,(qu Trbid bepon

D aw 0.4 b2z | 550 lewc”  Colpclesy

}

s

SAMPLING INFORMATION

DATE _2( A'“.‘) Q2 START TIME ©2°30 .  eND TIME £2.00
METHOD %fuwcp_s eod-® fdﬁ_ﬂ_«&q prawo

Y r 4
INITIAL DEPTH TO WATER __37.13 DEPTH TO WATER AFTER SAMPLING 37.23

3
3
§
¢




GROUNDWATER SAMPLING
FIELD DATA SHEET

WELL NUMBER M- | FIELD TEAM (INITIALS) R1,J0 '
SITE Mi AFBR IRP JOB NUMBER DMeNOX. W3 bp
FIELD CONDITIONS Raie , S

——

——

FIELD MEASUREMENT/

SERIAL/ID CALIBRATION/:
COLLECTION EQUIP, MAKE /MODEL ND. CEMENTS
VG
pH METER QLo 330 H pxo )8rs” [""2"%% '
=y BO of 1000 o .
CONDUCTIVITY METER YL 33 we 2170 | ToImHe .
THERMOMETER -
LEV T [ 4 hA2¢co 1752 )
P T :
BAILER/PUMP
DECUNTAMINATIDN A *ar \Phenok 2 ASH

R\N v, DT Rinvse

PURGE INFORMATION / Dcuclapewvd-

%) 2552 :
DATE START TIME;‘[& END TIME

[ /
INITIAL DEPTH TO WATER 26.%0' werr peptHde:S”  esT. weLLBare voL
FINAL DEPTH TO WATER TOTAL VOL. PURGED

? Tne
veTHoD W leta, Foof o, Sy epetilecly LR

DISCHARGE RATE

\ ALUME PURGED TEMPERATURE pH CONDUCTIVITY APPEARANCE
6 &L - { ) E*.L\“'b
) o\
v '

0
KR y L
{)Q 4 "’J ?
\ g)vk

| SAMPLING INF’DRMATIDN .

DATE ? START TIME Js"”o END TIME

‘ METHOD M"_;_&L&_L__,_LZLM Todee

l INITIAL DEPTH TO WATER DEPTH TO WATER AFTER SAMPLING




GROUNDWATER SAMPLING
FIELD DATA SHEET

WELL NuMBer _SMwO! FIELD TEAM (NITIALS) _[GBL/ BC

SITE JOB NUMBER

FIELD cnnnmnusw

FIELD MEASUREMENT/

CALLECTION EQUIP. MAKE /MODEL SER}}'&L/ID C?:'(-JLBMRE?JT‘I’I?N/
pH METER ORion) 2507 12882 |4 B gllidenmlng
CONDUCTIVITY METER Yl ?5 [ %ZO Set. ¢a)batima Q_
THERMOMETER ORIon 2507 2L S callyddon g
WATER LEVEL INDICATOR 5'..0?1/ SNQ’I) / 755@ <lcl wdgbzlh
BAILER/PUMP GRUNDF® Mo (D% 208
DECONTAMINATION  STEAN CLERN- ALCavoX = AP - Di RIVSE

for PUNP. ALL OTARS fow  OpS NAMAGEMENT Djau

PURGE INFORMATION

DATE _.LZZ{QZLZ starT TiME _{ 530 END TIME

INITIAL DEPTH TO WATER 3£l§_veu. —— 65" EST. WELLBORE VOL

FINAL DEPTH TO WATER TOTAL VOL. PURGED DISCHARGE RATE?Zﬂﬂ“_
meTHop _GRUNFOS vaRIABLE F]_QID PUMP DEPTH

VOLUME PURGED TEMPERATURE pHI CONDUCTIVITY APPEARANCE
{lod | B¢ 7}% 00 sy | Shebiy coody
Sf‘)g\ SLC 168 | 900 mhes | oloon
1S m\ 1.0C 16 [ Uodmhy | (o,
?:9 L 1.0¢C (b8 L‘\\\Qw\\n Doy

K Neosvrcd Lrom Tp oF Cosine

SAMPLING INFORMATION

DATE

[G -DE(9Z

METHOD 62\)”&' \/mmk Wﬂl

START mﬁ

ND TIME [(2}3—_
I‘Kd\ﬂ'(

INITIAL DEPTH TO WATER _56 73

DEPTH TO WATER AFTER SAMPLINGSE




L

GROUNDWATER SAMPLING
FIELD DATA SHEET

WELL NUMBER MY 9@ FIELD TEAM (INITIALS) Je&

SITE EX1SDoRE AFB  ou S JOB NUMBER A€ > 22 ¢ 43 éo

FIELD CONDITIONS Cow> €S °

FIELD MEASUREMENT/

COLLECTION EQUIP, MAKE /MODEL SERIAL/ID .. CALIBRATION
pH METER orRioN 230 A YAce A 2013 |SEE caiBapnon tos
CONDUCTIVITY METER Ysi[s<r HAwod 2170 - ‘. “
THERMOMETER - - S
WATER LEVEL INDICATOR . -
BAILER/PUMP -

D_ECUNTAMINATIDN | STEAM el Ciavinox Hzo, TAP //zo D7 r/%‘g

R, g

———

- . . -

PURGE INFORMATION

N

DATE 3 57T 9% START TIME (S35 END TIME

INITIAL DEPTH TO WATER 3325 WELL DEPTH. %35 EST. WELLBORE VOL_____
FINAL DEPTH TO WATER _.___ TOTAL VOL. PURGED —____ DISCHARGE RATE
METHOD S80S Red Flo 2 PUMP DEPTH _#0_] |

VOLUME PURGED TEMPERATURE pH  CONDUCTIVITY APPEARANCE

155 G 0.7 °< 19 vro | Dare Becusns Sro 004
220 HAL 10 3°¢€ 7.(3 Y20 EronnN /fuegw

1Is GAL e °c Jor | Y20 LSHT Brown /70 R0rD

SAMPLING INFORMATION

DATE _3 Szﬁt T START TIMe /(%o END TIME / ¥.2S_ .‘

METHOD Qm /gf od/ .:2“-5-&75!‘&5s St 1 /ess Qfeef

t belas VT
INITIAL DEPTH TD VATER EX N 2(’ DEPTH TOD WATER AFTER SAMPLINGJZE’

.
»
=
s

; by
9 :
i S




GROUNDWATER SAMPLING
FIELD DATA SHEET

WELL NUMBER SnN_Q_L; FIELD TEAM (INITIALS) MB.L_\

SITE JoB NUMBER ANC0lf HH6O
FIELD cONDITIONS —_ MO0l ~ 0= (0"F owilh, & lomit urwel NI=S,

FIELD MEASUREMENT/

COLLECTION EQUIP. MAKE /MODEL SR Clouments
pH METER OR1on 1504 pA A 9&_@}_,2,!’3*
CONDUCTIVITY METER o Wy (910 :
THERMOMETER QO\\DM 190\ 1%L

WATER LEVEL INDICATOR _2LORP- HIUs™ (1Y%

BAILER/PUMP @U\)Wlﬁ ‘X& M%

DECONTAMINATION Corympon- iﬂmm &

PURGE INFORMATION

DATE [3-Dee-92 START TIME / lﬂs END TIME.ZZi
INITIAL DEPTH TO VATERr-S_ljj_VELL peptH Al est. veLisore varldB3

FINAL DEPTH TO waTER _23.0 totaL voL. purcen ~2Cadniscrarae raTe “4gmm

meTHop _(GRUNFOS fP3- puMp DEPTH 045 Y
VOLUME PURGED TEMPERATURE pH  CONDUCTIVITY APPEARANCE
< g6\ ¥ C 6.8 18 | 300 mhos S/K”L f}“‘l
13 g4l 8.1°( C 6.91| 2300-mhex | Lom,
Z0¢al 8,1°C16.93] 300mhet| Lar

30 0}#\ Q' 7;(,L 693 00 mhys ;c_@,

¥ 4o® ox Co,,my

SAMPLING INFORMATION

/e
DATE /3 - Oec-q1 START TIME / / / 5 END TIME.HS__D_
METHOD __MM#M&WM&

INTTIAL DEPTH TO WATER _@’l'?l’! DEPTH TOD WATER AFTER SAMPLINGm
- e




GROUNDWATER SAMPLING
FIELD DATA SHEET

WELL NUMBER _S5M4) 3 FIELD TEAM CINITIALS) SR

SiTe Elmen dock AFR ous JOB NuMBER ANC31026 #3 40
FieLp conortions Caal , oveccasl

FIELD MEASUREMENT/ SERIAL/ID CALIBRATION/
COLLECTION EQUIP. MAKE/MODEL NO. COMMENTS
pH METER
e 3
CONDUCTIVITY METER FCN
THERMOMETER Set
WATER LEVEL INDICATOR
BAILER/PUMP
DECONTAMINATION
See ?"‘b& A

PURGE INFORMATION ‘
pate 22 Auy 92 START TIME _2& Ava G2 LXEND TIMEJ_AA'E,E_

J below steel

INITIAL. DEPTH TO WATER 39.2 __ weLL DEPTH ‘_fl}_e:sr WELLBORE voL/9.3 _
FINAL DEPTH TO WATER _34.1 TOTAL VOL. PURGED i&.g&mscumsz RATE

METHOD _p&mp_«ﬁ PUMP DEPTH _4Q '

VOLUME PURGED TEMPERATURE pH CONDUCTIVITY ' APPEARANCE 1
7 S‘ﬂ“" .5°C )2w | WMQJ% :

A 8.1c 20% | Yw Torb. d ?
200 gallyns 9.2°¢c (.| gy Tucb. d {

IS R.5¢e (.95 425 %\\%leg\‘m\,,.; |
«16 3-5/00 7.0 4o Qleac Colocless { ’

SAMPLING INFORMATION .

pate _ 37 Aue A2 START TIME END TIME

METHOD M/g,éz} Sa,w\p’J Wwd. v\3 2" 5‘6;& Jtss Séec/ ba//l—/

INITIAL DEPTH TO WATER _34.0 DEPTH TO WATER AFTER SAMPL;NGL

!
i
¢
§
{




GROUNDWATER SAMPLING h ‘
FIELD DATA SHEET |

WELL NUMBER MW~ 3 FIELD TeaM anrriaLsy BHJI& ‘

SITE _ﬁ/ mendoet AFE TRP JOB NUMBER Awec 31020 .H3.b0
FIELD CONDITIONS 0{)3#-(23.57, SBF

—

——

FIELD MEASUREMENT/ SERIAL/1D CALIBRATIO
COLLECTION EQUIP. MAKE/MODEL NO. cunm?ms'i’*
pH METER , .
CONDUCTIVITY METER _gé;}fbw Pax S/ _
THERMOMETER
WATER LEVEL INDICATOR
BAILER/PUMP
DECONTAMINATION I

v
PURGE INFORMATION | Develope mawnt
DATE START TIME END TIME

WELL DEPTH ié__LEsr WELLBORE VvOL
TOTAL VOL. PURGED DISCHARGE RATE

INITIAL DEPTH TO WATER
FINAL DEPTH TO WATER

METHOD PUMP 'DEPTH

VOLUME PURGED TEMPERATURE pH CUNDUCTIVITY APPEARANCE

S G A Il?epko/cH M)'J';LL -
Derms [Delin  Deve y;.] O k=

SAMPLING INFORMATION

DATE .3,1 2 7,]3' z START TIME Ji“l{ END TIME ______
vetHop S5 [Pallre
INITIAL DEPTH TO WATER L2 ' 87 ermi o WATER AFTER SAMPLING




e bt e S 15

GROUNDWATER SAMPLING
FIELD DATA SHEET

WELL NUMBER S 1) 4 FIELD TEAM C(INITIALS) SQ

SITE Clomenlect AER Ja8 NumBer ANC3O2L K3 60 j

rieLp conortions. (ool . Overcunt

FIELD MEASUREMENT/ SERIAL/ID CALIBRATION/
COLLECTION EQUIP. MAKE /MODEL NO. COMMENTS

pH METER

CONDUCTIVITY METER oA 3
gg-? F

THERMOMETER

WATER LEVEL INDICATOR
BAILER/PUMP

DECONTAMINATION L
P>

5<

PURGE INFORMATION

paTe 22 9«3 QT START TIME _/Y'2¢ END TIME LB.C0)_

TOC Gleel ) - _
INITIAL DEPTH TO WATER 33.0% "WeLL DEPTH Y5 .3<¢ksT. weLLBaore voL/2.2Z

FINAL DEPTH TO WATER 33.9¥ tpTaL VOL. PURGED ﬂigﬁmscmaez RATE Jgpe

METHOD MLPMMQ PUMP DEPTH _¢/Q SceC

VOLUME PURGED TEMPERATURE pH CONDUCTIVITY APPEARANCE
o, 9.9%¢ l903| 4O wiwdd
1O B4 |200]| sgs Twch.d
16S %.2°C 1¢99] 390 Tuch.d . |
230 ¢72°c  |1.04] 360 Sl Sy Toclo d ‘
75 5% 16.94| sg0 Clear Oofyefess

SAMPLING INFORMATION

pate A8 Aue, A2 START TIME _I8:35 enp TIME 84S k
METHOD 2" \étuu\(tss Qlex ! Bole s i

INITIAL DEPTH TO WATER 3%,0? DEPTH TO WATER AFTER SAMPLINGM




PRPRPpE.

X

i¥

GROUNDWATER SAMPLING ¥
FIELD DATA SHEET ?

WELL NUMBER 2 /() 5 FIELD TEAM CINITIALS) = Qeflro

SITE ?IMMZ;F AFB JOB NumBer ANC 30U Ld

FIELD cnnnmuus_fiz_é_lﬁ_ﬁ_/.w/j o, sepeel .

FIELD MEASUREMENT/

SERIAL/ID CALIBRATION/
COLLECTION EQUIP. MAKE/MODEL NO. COMMENTS
pH METER .
CONDUCTIVITY METER _ 4 //
THERMOMETER 0D <
L. )] \ L
WATER LEVEL INDICATOR St e
BAILER/PUMP P
A s
DECONTAMINATION et A ;
5 l‘l \ g

PURGE INFORMATION : t
DATE Mu\q - START TIME /€2 O END TIME -}

INITIAL DEPTH T0 wATER 38.39 weLL DEPTH £ 2.5% EST. WELLBORE VvOL
FINAL DEPTH TO WATER _38.5 TOTAL VOL. PURGED L&© - DISCHARGE RATE 7924

METHOD 2« o pal PUMP DEPTH g’ ]
VOLUME PURGED TEMPERATURE pH CONDUCTIVITY APPEARANCE
%) ¥.%°c 200 385 e/

R0 9.9°¢c  |207] 3%0 Terbd ’ |
220 20T 69%| 400 Tk d ;
Yy gec  pav|  sos Sl Tuch, QL i
Lo @.2°C_ 6.6 | 420 Clecr O fctesns '

\!

SAMPLING INFORMATION

paTE _3/ /4%« 97
METHOD éa.,:7’w[ u,)/ 2"

INITIAL DEPTH TO WATER 25,59

¢ ¢ -~
START TIME _[2:50 END TIME 13 /S

Sfu«\/<<,5 Sél-f/ (ga‘/,e/

/ bc(W) Ve 25— SZ{ /
DEPTH TO WATER AFTER SAMPLING :




T

¢AL, L3P 72

GROUNDWATER SAMPLING
FIELD DATA SHEET

WELL NUMBER ™MW -¢& FIELD TEAM CINITIALS)

Je .

SITE EXmMENDOR” A[FR  ovS JOB NUMBER AANC 10 2¢. #2. 60

-4

FIELD CONDITIONS_SLEAR S<

FIELD MEASUREMENT/

CAOLLECTION EQUIP. MAKE/MODEL s"if:?.""” ,cgtamxgw

pH METER XKion 230 4 Htaco d 201 F|HE CAUgRATIN co&
CONDUCTIVITY METER 131 fse 1~ HAeod 2120 |4 v o,
THERMOMETER

WATER LEVEL INDICATOR

BAILER/PUMP

DECONTAMINATION  Srepmcoean), ¢rounox w/7ar wzo,

TAP Hz2©O L HC RINSY

—

PURGE INFORMATION . & '
/bOD I§€7’f7v zwrﬂ‘
nms%uh} (SEPT - 25€PT 7 START TIME - dyis

28ePT 72 35.93 Sv.os’ ,

, END TIME l¥rs

INITIAL DEPTH TO WATER 335 WELL DEPTH %23 _EST. VELLBDRE \V/ o | U
Z5S3ser Tz PRI

FINAL DEPTH TO WATER 3593 TOTAL VOL. PURGED 282 DISCHARGE RATE

METHOD SRvwD€os Redi Fro 2 PuMp DEPTH _ Y&

VOLUME “PURGED TEMI;EGRATURE pH _ CONDUCTIVITY APPEARANCE
.é{ aae. | Fe°c ¢-99 30 ' cg_auoj/gnoud
3355 o 11 °c 627 | 3ee 2 "

wfu“" o 7., °€ 5.7 200 z !

s> 1.6°< ¢c.80| 3o o 140 [7oRg,D
1*;860 GAL 1.1 °< 6.2% Y0 LG IHT m/u/Sc/a/jr TR 8ID

SAMPLING INFORMATION
pate 3 S<ot A START TIME L2.0C

METHOD _Det L«-pQ

END TIME £2:29 .

INITIAL DEPTH TO WATER .35.%0 DEPTH TO WATER AFTER SAMPLING 35.§0 .




GROUNDWATER SAMPLING
FIELD DATA SHEET

%
l‘ WELL NUMBER _Swaw> 3 - ¢n FIELD TEAM CINITIALS) L&) SE

— »
SITE _EcwfM0OCF £eB RP sow JOB NUMBER A 3z 3. 40 ‘

FIELD cONDITIONS__RP S5 -~

‘ .
FIELD MEASUREMENT/

SERIAL/ID CALIBRATION/ s

K COLLECTION EQUIP. MAKE/MODEL NO. - COMMENTS 3

l\. pH METER oe ’C’/‘-f zso0 A i mHil] 2682 |Ste CALIERATION (oo

J : M )/ L
CONDUCTIVITY METER i /seT Harco # 2110 <,

THERMOMETER

e
A e~

WATER LEVEL INDICATOR

t BAILER/PUMP ' ——_ §
i DECONTAMINATION  S4fcm Clean , jiavinex, tap rinse,
? Dt Rinse I J i - ¥
¥ PURGE INFORMATION /DEUEcopement e &
% pare LsPT a2 START TIME.2IAUé&1z ‘2'5 enD TiMg DEPTR T
' INITIAL DEPTH TO WATER 3450 WELL DEPTH S1.-1%_ EST. WELLBORE vOL—
J FINAL DEPTH TO WATER 32Y/.SOC _TOTAL VOL. PURGED 825 DISCHARGE RATE .3&£77 -
METHOD 2. VAR ABE SPEED S pmersAflr PuMP DEPTH Y5 | -
' VOLUME PURGED TEMPERATURE  pH  CONDUCTIVITY ’ APPEARANCE 3
-;“s M AL | b/ T .23 330 lrueas,zecomn Ans :
5 S b G ¢.82 |33° TURB D L i6HT m/'t,’

i 170' 3.2 £ | 330 TuRBw(SquJru/)/ LGHr TAN

' -ets S ¢.%' | 330 CLEAR

SAMPLING INFORMATION

~ ATLTR

DATE | STFT a2 START TIME (L 7> END TIME (7372

METHOD .52 BA LA 4
-. . : .. - -~ ,-‘ . . . . . 3 - "4

INITIAL DEPTH TO WATER 21.S© DEPTH TO WATER AFTER SaMPLING > Y5 ¢

} 3
¢
<+




GROUNDWATER SAMPLING

. ‘1
FIELD DATA SHEET

WELL NUMBER _ MW -Y FIELD TEAM (NITIALS) B J0& .
site__E Jumdot AFB IKP JOB NUMBER D¢ 3102644360

e o
FIELD CONDITIONS Ram% Cool, Y L°F

FIELD MEASUREMENT/

SERIAL/1D CALIBRATION/
COLLECTION EQUIP, MAKE/MODEL NO. COMMENTS -
pH METER

CONDUCTIVITY METER N

. . ) p)

THERMOMETER / 2'9/#9"’ P Ve Y Y

WATER LEVEL INDICATOR |

BAILER/PUMP I

DECONTAMINATION

PURGE INFORMATION / Develope merT | ®
pate _01a%]9% sTART TMe _[0OO enDd Tive [ 300 ~

[] (4
INITIAL DEPTH To waATER [C-2% werr pepth 2079 est. weLrsare vouZ-37
/ [ 4
FINAL DEPTH TO WATER £@:Z3 toTaL voL. PURGED [6ST4L DISCHARGE RATE

METHOD M‘)'CngJBDPETw be, &HA"PZ&‘%EP%"“ s’

VOLUME PURGED TEMPERATURE pH CONDUCTIVITY APPEARANCE

O GaL| 95% 60| Buerd ¥l | prauyish ]

59 G 2% [CMy2|B7ISAX '

lo ®5%  |gMs| 315x] STl | graese

4o 2.5 oyl 394 [Clowpy * |
[0 €. 7% €S3| 375x SLiasnx Cloupy ]
At Sep %6°C e % 8o Clear

SAMPLING INFORMATION .'{
DATE 3,)19,"72 starT TiMe | 313 enp Tive [320

meTHop Wotore HITE Tabve, Ugloatile Seuple. Tube

INITIAL DEPTH TO WATER DEPTH TO WATER AFTER SAMPLING




1

GROUNDWATER SAMPLING
FIELD DATA SHEET

WELL NuMBer M W-09 FIELD TEaM animiaLsy BOHIG
stre_Elmen poet AFBE TKP JoB NumBerMwe3102L. i @
FIELD cONDITIONS QU e«c AST) S0°F

1= SERIAL/ID CALIBRATION/
QUIP, MAKE/MODEL NO. , COMMENTS

H L] [}
PH METER OR'9~__23%0A |paxy 2017 rovﬂ onT)
] o0
conpucTIVITY METER 191 23 Bazee 2170 I Ol e

THERMOMETER
WATER LEVEL INDICATOR
BAILER/PUMP -

DECONTAMINATION —_Steam Clear, L’;g_&\w«g _Wwosk,
JaP Rinse, DT woatie Riwvse

PURGE INFURMATIDN / Dcve )o’,cw.d-

|

pate _%]21]9 start TMe L[ 1O enp e 320
BTeC

INITIAL DEPTH TO WATER 374" weLL peEpTH [0_.1‘_’-_531' WELLBORE voL.2: 75t

FINAL DEPTH TO WATER 375 TOTAL VOL. PURGED

Luicea Su Slect
METHOD . . PUMP DEPTH

VOLUME PURGED TEMPERATURE pH  CONDUCTIVITY APPEARANCE
@ _Gac| 95 [.2] 4rev huooy [sitTY Bewr
oL GaL a.g% |13 tyeoxl Tuebip

Lo @A ?5c (2.2 SYoxr]  [Sewi-Tanbis

LoS Q At 9.9% 224 Heaox Clowoy

220 Gal 9.1 7071 135x) Senu!C(oaoj

ARc Sale q.5° Gy ‘thod Cleas

DISCHARGE RATE

SAMPLING INFORMATION

DATE ,§%7 G+ start Tive LSS enp Tivel 352
meTHOD L & Rasto|tic Pu rmip

INITIAL DEPTH TO WATER DEPTH TO WATER AFTER SAMPLING




GROUNDWATER SAMPLING
FIELD DATA SHEET

VELL NuMper _ MW /D FIELD TEAM CINITIALS) BI)_E______
-

ste _Elwendoct AFRA TR P e T | ]
FIELD CONDITIONS (JueecwsT ;55 °F '

5;«

FIELD MEASUREMENT/

SERIAL/ID CALIBRATIDN/

COLLECTION EQUIP, MAKE/MODEL NO. COMMENTS
'c’ «0)?

pH METER QLlor’ hmzco I!'Z.S_'_’ ihid

990 [Lale S
CONDUCTIVITY METER 4sr 33 Paco 2)]0 7'”:149"43 J)S% i‘

THERMOMETER ‘ ?
WVATER LEVEL INDICATOR 3"
BAILER/PUMP ’ ‘ :
DECONTAMINATION  _Steme Cleaw LLmuw-up*;g,]ng. c i

DT uptee Riace ¥

iy
i ot iy

PURGE INFORMATIDON / Devel operent
: ¥
pate Z]24]92 START TIME __[9:tS enp Tive J25T -

. Y . .

INITIAL DEPTH TO waTeR 2-9¢ " werr perti /2:307 est. weLLsore voLb.6? -
Y 4

FINAL DEPTH TO waTER £:32’totaL voL. PURGED 22S74Cn1SCHARGE RATE

v ’ .
. METHOD W&Mﬁp DEPTH 7 .

VOLUME PURGED TEMPERATURE pH CONDUCTIVITY APPEARANCE

“ O Ga| ]2.5%  16.23]| Hysx) Clousy
HMGGS (Gal | fo.2°C 63| Lyorl ‘Edt‘?,si.ﬂq: Daee
S llo  GAL |[o.w0°C  |74¥| HI5%) Clowby

P leS GAL |/0:9°C 7.3%| Y4oxl Clovoy
P200 GAL |/9:2°C (651 | 43541 | Sew:i Clouny
220 GAlL [0.4°C ATECLEL Semi [Cleae

lec /o.z’C_ 7!3V ‘]L{O)(' (\ 1

SAMPLING INFORMATION

pate _9J)2y)92 starT TIMe [ 300 enp Time [3/S
METHOD Wwetons) B PE Tubq Dolatide Seyle Tulot/

INITIAL DEPTH TO WATER

DEPTH TO WATER AFTER SAMPLING
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GROUNDWATER SAMPLING
FIELD DATA SHEET

WELL NUMBER _5./M) (! FIELD TEAM CINITIALS) _ 04139/40

SITE FLmeMﬂarf ACR JoB NumBer ANC 3/ d26.H3,
FieLn connrrions . Cod/ L Ques cant

FIELD MEASUREMENT/ SERIAL/ID CALIBRATION/
COLLECTION EQUIP. MAKE /MODEL NO. COMMENTS
pH METER
CONDUCTIVITY METER ‘BL \
THERMOMETER li\"’v
WATER LEVEL INDICATOR s¢
BAILER/PUMP
DECONTAMINATION 2\
()d*‘s
\
PURGE INFORMATION
DATE ..&E_Q_g qr START TIME _.© 9/ 3Q END TIME L35

velno PUC
INITIAL DEPTH TO WATER S.Q_Qﬂ_vsLL DEPTH £2.:32 _EST. WELLBORE VvOL

FINAL DEPTH TO WATER _23.3 tOTAL vOL. PURGED .46Q - DISCHARGE RATE .‘ljg_m-

METHOD Sudo mecs e %)Uwv{? PUMP DEPTH qo’ :
VOLUME PURGED TEMPERATURE  pH  CONDUCTIVITY APPEARANCE !
Waderrtt | a94°c  |204] 220 Toch.d |
220 2.0°c _ 169%] 400 Turb d

120 10.2°¢ (97| 3%5” wnt Sl btly Luch d ;

HloQ 2.5°¢ x| 375 0 leus Q//ar/{sj _
{

SAMPLING INFORMATION

patE A8 éhq 1z STAaRT TIME /6 S5 END 'rrME.D_._Lﬁ
METHOD .__L_‘ﬁﬁ u5/ 2° S’éamlce; sCeel Lm&/ }

INITIAL DEPTH TO WATER 38. 3 DEPTH TO WATER AFTER SAMPLING 3¢.3 :
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GROUNDWATER SAMPLING
FIELD DATA SHEET

weLL NuMBer N W [Z FIELD TEAM CINITIALS) BT: .
SITE I” ] w-eu&‘md AFR TP JOB NUMBER &M‘S wzol1%, 60
FIELD coNDITIoNs 2Pa ety SunnY S99

FIELD MEASUREMENT/ SERIAL/ID CALIBRATION/
COLLECTION EQUIP. MAKE/MODEL NO. COMMENTS

pH METER

CONDUCTIVITY METER _%Hﬂ_ﬁ%;_ﬁ_%
THERMOMETER

V4

WATER LEVEL INDICATOR

BAILER/PUMP
DECONTAMINATION
v
PURGE INFORMATION / De VC[@PQ‘W/VQ— |
*y
DATE _s[_zs\ 92 sTaRT TiMe LS l" END TIMELZL(_

7 B

INITIAL DEPTH TO WATER B:129  weELL DEPTH M_EST WELLBORE vOL.Z s

FINAL DEPTH TO wATER T2Y'roTaL vou. P R/GED L_L“DISCHARGE RATE
METHDDMML‘“ (e Jilﬁ,&MUMP pepTH/_ 4 lo’

VOLUME PURGED TEMPERATURE pH CONDUCTIVITY APPEARANCE
© ALl 19%°% 720 485x] eddy

56 14.3°% 745 | Y4sox) 9(,:«4, ClauVY/rwa
Yz, 14.7°%  |2.08] Ysox) Clowwy

168 19:9%C | Z4%| Yeox| Cleann
aftrsple (45 2| uem)  [Shepedd /ciean

SAMPLING INFDORMATION

DATE ﬂ!“"iz' __ START TIME 17 20 enp Tive 1739 .

METHOD ube 1

. !
INITIAL DEPTH TO WATER DEPTH TO WATER AFTER SAMPLINGM
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GROUNDWATER SAMPLING
FIELD DATA SHEET
WELL NUMBER MW '3 FIELD TEAM (INITIALS) GBJG

site__E [wendoe ® AFR TRP JoB NUMBERAWNC 31026.13.60

o
FIELD cONDITIONS L2 MME_'_’J_-\:)_EP F

FIELD MEASUREMENT/

SERIAL/ID CALIBRATION/:
COLLECTION EQUIP. MAKE /MODEL NO. COMMENTS
pH METER QRiop 2308 | 575 preo :’0 Jo. 14 4% _°

1600

CONDUCTIVITY METER Y51 33 2172 pmeo |goeo dlwm”“‘f
THERMOMETER i
vaTER LEVEL INDIcaToR3 O %S (172 Hazce
gulu) e TuiCeCal
AILER/PUMP

DECONTAMINATION Si¥caw Clear, Liguitor Whsy, Txs Qisss -

_DI Riwee -

PURGE INFORMATION /DeveroPEmENT j

DATE _il_z._!_v\ 9z start e Q9 YO END TIMEL?ZD__—:
" INITIAL DEPTH TO VATE‘R MVELL DEPTH l'_i‘__EST. WELLBORE '\/ULM
FINAL DEPTH TO WATER ﬁTUTAL VvOL. PURGED z‘ﬂ_“'BISCHARGE RATE i
X meTHoD Watowa , HDPE Tube  pump DEPTH Mﬁﬁi____ |
3 VOLUME PURGED TEMPERATURE pH CONDUCTIVITY APPEARANCE =
? @ G| 1LbC 433 Y78X)  lrewe)shea/Otor

5 G.s%c . | 28] 9sox) hWoow o

llo 3.3¢  |72.21] Hiexl [Sei Towbin [0Do2

) 50 q.4°c _1729| H4sox) Nt T

200 ?.Y° 0|  YYoXl [Seni)Cleeg { ODbo

220 9.4 [-SS  Y4qoX) Sew/Cieae [ Ofor

SAMPLING INFORMATION |

DATE .J}ZJ!"T"- START TIME _[_‘[Qd END TIME [415_

METHOD uLa__.)Hl_f_Lb_)_\th—li_S-ﬂst-Ht Pf Tubde ha) ALY *

INITIAL DEPTH TO WATER DEPTH TO WATER AFTER SAMPLING
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GROUNDWATER SAMPLING
FIELD DATA SHEET

WELL NumBeR — A W21 D FIELD TEAM aniTiaLs) BOJQ
SITE EJ menrdoet AFR JOB NtMBeR fANC3 102643 o

FIELD canpiTians O 1) evec .

———

FIELD MEASUREMENT/ SERTAL/ID

CALIBRATION/
COLLECTION EQUIP. MAKE /MODEL NO. ____COMMENTS -~
pH METER ALINR Y. Mazo [825 |7°02HE8 ‘

CONDUCTIVITY METER ——E—e.%r:ra_{%hrﬁ#i -
THERMOMETER

WATER LEVEL INDICATOR
BAILER/PUMP

DECONTAMINATION

PURGE INFORMATION

DATE Mia START TIME ’7"’( END TiME /80K =

INITIAL DEPTH TO waTER 3:56" weLL pePTH l___ssr WELLBORE VUL".;’.&‘__
FINAL DEPTH TO WATER TOTAL vOL. PURGED L T-©  DISCHARGE RATE

veTHop D5 Ba lere PUMP DEPTH

VOLUME PURGED TEMPERATURE ' pH  CONDUCTIVITY APPEARANCE |
QO Gat 1,2 £96| 440 Cleav Skeewn

5% Gal 10.0 6.9 450 Skt MLJ _Skee

e Gyl 9.5 >. 16| y4po c(,v&H Sloer

.S 4.3 V.Y 4Yys " "

Post Sarple | 9.9 39| ¢so - -

SAMPLING INFORMATION .
DATE M 4 START TIMe _(8 29O END TIME(BIO
vethop S5 [Batl#L | -
INITIAL DEPTH TO WATER DEPTH TO WATER AFTER SAMPLING

_-—-———————-“




GROUNDWATER SAMPLING

WELL NUMBER (WS wm wJI¢l

FIELD DATA SHEET

FIELD TEAM (INITIALS) Qegl‘\o

SITE EJ .v\g.,\A._“ § QF6

JoB NumBer _ONC 3,026 H

rieen conorrions Lol (o 507D Qupccunt rwm«c«g(\\%ki )

VWA O ée:‘*ﬁk\)

FIELD MEASUREMENT/

FIELD SERIAL/ID CALIBRATION/
COLLECTION EQUIP. MAKE/MODEL NO. COMMENTS
pH METER AR

CONDUCTIVITY METER | ¥ 20

THERMOMETER 2¥%2

WATER LEVEL INDICATOR

BAILER/PUMP

DECONTAMINATION o o b walle

T—inAs e cpt\t\\ Taﬂj wa.ﬁu\. T\o H?LQ @ru\osv\\c -("e-<i

AP 1O A :7_&,0 J_pa.t:

)

PURGE INFORMATION
paTE _23 /‘)u:»\) gz

START TIME END TIME

METHOD \;oi\ \ e e\

INITIAL DEPTH TO WATER /C-8% WweELL DEPTH 2 .20 EST. WELLBORE VvOL
FINAL DEPTH TO WATER _ZC.

TOTAL ‘VOL. PURGED

PUMP DEPTH
VOLUME PURGED TEMPERATURE pH  CONDUCTIVITY APPEARANCE
™~

SAMPLING INFORMATION

DATE

METHOD

START TIME END TIME

INITIAL DEPTH TO WATER

DEPTH TO WATER ATER SAMPLING

\

5 3ol

DISCHARGE RATE lagm .

\
j
—
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GROUNDWATER SAMPLING '-
FIELD DATA SHEET g

weLL NumBer _O05 wwo -4 FIELD TEAM CINITIALS) _ S

s1te _Elwen o JOB NUMBER
FIELD CONDITIONS QLAM\) Qoul

FIELD MEASUREMENT/

COLLECTION EQUIP. MAKE /MODEL R Cheens
pH METER 0C0A 2851 Sce ClLAon $
CONDUCTIVITY METER v, T HB3 /% 20 Loy book |
THERMOMETER Jcien 2%% 2 | 4
WATER LEVEL INDICATOR . ]
éAfLER/PUMP Staialess S£<4( Y

Graabos voriwdore Fled
DECONTAMINATION  funsb  w.f Alovav. ol DT ot

Tinay Jdlﬂ‘Jic)fMlC gec D;Wﬂ.ﬁl i

PURGE INFORMATION : g

DATE _2.9 AMf) qT START TIME 230.4%2 ©9:30 gnp TIME (5. 30 ‘*
belcw Steel Croimy ’
INITIAL DEPTH TO WATER /O.£% _WELL DEPTH_/3-2C FEST. WELLBORE vOL . S. 3 ]

FINAL DEPTH TO WATER TOTAL VvOL. PURGED

DISCHARGE RATE 27

METHOD Qo (?M} PUMP DEPTH /5.0 b b ToC :
VOLUME PURGED TEMPERATURE  pH  CONDUCTIVITY ___APPEARANCE
5.5 [1-% A 2206 colocless . s\‘#\% Cloudy
/1 O 1.7 .91 | 39¢— “
7405, 12 690 390 b

SAMPLING INFORMATION

DATE 295 Aﬂ_}) A7, START TIME _1§: 90 END TIME [6:30
METHOD —_Staunless steel loalec

INITIAL DEPTH TO WATER DEPTH TO WATER AFTER SAMPLING




GROUNDWATER SAMPLING '
_ FIELD DATA SHEET
‘JELL NUMBER [0V S FIELD TEAM (INITIALS) 27, ¢/
SITE f[m{m&vé ovs _ v JOB NUMBER ¢ 3/026 .H3.62
FIELD CONDITIONS — SOF | Deree- ¥~

FIELD MEASUREMENT/

SERIAL/ID CALIBRATIONS
COLLECTION EQUIP. MAKE/MODEL ND.L.. COMMENTS
pH METER » ‘ Oﬂoﬁ Hodol 250 A 5'//( 0025/ Co¥ Yo 4.0l 2.0
CONDUCTIVITY METER YSI Mol 33 | ™ 18010848 .

¢

THERMOMETER ' ' ‘ ’% '
WATER LEVEL INDICATOR %*‘ Metal 51453 - Sf~mﬂ‘& - -
BAILER/PUMP . ' - - _
DECONTAMINATION  _ Alimer pohtle s cowe DT et romes

‘PURGE INFORMATION | S
pate _Yllejq 2 st el SYO . evp e -

’. [
INITIAL DEPTH TO WATER (0.7 weLL DEPTH /4-Z9%esT. weLLBoRe voLZgel

FINAL DEPTH TO WATER _ TOTAL VOL. PURGED _7 442~ DISCHARGE RATE
]
vervon 2'SS Baldee _ -PUMP DEPTH __ N4

VOLUME PURGED TEMPERATURE ~ pH CONDUCTIVITY = APPEARANCE
] 9.7°C [7.u] #%0pmiek [ Clocyy —
3 ok TH°C |14 | 3795t | el

(s J 8.9°C 7.4 ;q‘;ML/(A/, P"'fﬂ")(//émﬁ
q 8.9°¢ 750 | 30,4 o | poothy clady

SAMPLING INFORMATION ‘
' DATE ﬁ’ [ " 92 START TIME _LL7Z eno TiMe (7°°
" METHOD 3__$§ 6“‘"’"—

INITIAL DEPTH Td WATER _lO-(7 B DEPTH TO WATER AFTER SAMPuNG.lQ.J_ 3-“
- g .

y |
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GROUNDWATER SAMPLING

WELL NUMBER 5‘1” '6

site _EAFB Ous

FIELD DATA SHEET

FIELD TEAM (INITIALS

JoB NuMBER A0 3/0%. Hils

FIELD CONDITIONS °F, cal Hy \ -
FIELD MEASUREMENT/ SERIAL/ID CALIBRATION/
COLLECTION EQUIP, MAKE/MODEL NO. COMMENTS
pH METER OR\WWN ZSTA 1982 see Cal lo
CONDUCTIVITY METER st 3» [g20

THERMOMETER OKioNy 2SOA 2

waTER LEVEL picator _Sloge HISYS | |95%¢

BAILER/PUMP Grendres NP | 0scwe v
DECONTAMINATION _ Same Ag SMwoa

PURGE INFORMATION

DATE __LB_:_Q_EL' a )

startr e _ 1 21O enp Tmsm__

nrrraL pepTH 1o water 93 werr pepti A4S est. weLisore VULZ-_QLL_.
FINAL DEPTH To waTER 2:9C_rtotaL voL. purcen —{@ad piscHarce RaTe S9am.

veTHoD GRUNDFO Runp

VOLUME PURGED TEMPERATURE  pH

)
pumP DEPTH _ L2

CONDUCTIVITY APPEARANCE
/ cal 16°C_ 1120 [290m4e» | ClEAL
Teat | 1.4 IS [ 31 "“_ -
10 Ca] X2 /5| 326 e
13¢cal | 1.8 717|320 W
16 Gal L9 116 31% « .

SAMPLING INFORMATION

DATE [&’Qg"an;-
metron _ ORUNAAS MPL

START TIMEML END TIME _L_/ 3 0

INITIAL DEPTH TO WATER qoﬁ?

DEPTH TQ WATER AFTER SAMPLING_(Lsé
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'PURGE INFORMATION

GROUNDWATER SAMPLING
FIELD DATA SHEET

WELL NuMBer fULAD leh FIELD TEAM CINITIALS) Y3),J6 ".’*‘:

SITE E Le “‘Q”d’ &F’S—B(——Q(Af—p JOB NUMBER/#x 370 26.47. 6 ::ﬁ

FIELD cONDITIONs QL@ We #5T) Y° £

%ﬁ% MAKE/MODEL e 1P e oMmenTs Bl
pH METER QRlor~  2S0A Haze 2417 4.97-5 1ok o W“
cuﬁnucnvrrv METER NS 33 Hazeo 2470 ?”aun ~zz'¢. J“ :
THERMOMETER i '
WATER LEVEL INDICATOR L3
BAILER/PUMP T

DECONTAMINATION S¥eawa (;}gg,g, z,,am’,m wasy , 2P
Rinse, DL wish

. N
B -
3 ‘ -
N - v.r‘
A S
T g
« T
— .
- oy
SN A
v L

S,
. wr e

DATE .s‘.l.s,l)ﬁl- § START TIME OT00_ END TIME ) % .
s Brec

INITIAL DEPTH TO VATER/_Mr_"_VELL DEPTH _iLesr WELLBORE vm..z_élz. A
FINAL DEPTH TO WATER ,ZL_@_TQTAL VOL,, PURGED .LQ_DISCHARGE RATE

METHOD [Adnbena Tuye ek '“‘%ﬁp 35'"]’ . L

VOLUME PURGED TEMPERATURE pH CONDUCTIVITY - APPEARANCE
©  GAL| [22% 499« sury,Geey [ O DOR
6 Gt 11.9°¢C é-‘M’ Ysoxl

HO75GAL I$°C 12,03 vygri Clous }
99 At 1/, 7% 7.06| Husr! Colear

|
/
POatte Gogl | 1177 29Y | Yyox) Clouny v

ol th A
:_\'*-:.’,"..‘-
; i ak; PR T
PPN TR IRIR C e L e

SAMPLING INFORMATION

DATE _?}5/% 2= sTART TIMe [ 00 enp TiMe (210
METHOD wwmw i
INITIAL DEPTH TO WATER DEPTH TD WATER AFTER SAMPLING LllZ

A1
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GROUNDWATER SAMPLING
FIELD DATA SHEET

WELL NUMBER 6'1w,bA FIELD TEAM (INITIALS) Q(_/m

—ath

SITE oL5 JoB NuMBeR AN Y
FIELD CONDITIONS 5N°W‘Nb?~5:f
FIELD MEASUREMENT/ SERIAL/ID CALIBRATIO
COLLECTION EQUIP. MAKE /MODEL NO. cunm:msw
pH METER ORwon 290A .59 R .
CONDUCTIVITY METER at % ] §LO
THERMOMETER _[Ruwm LS%A _2s;

 WATER LEVEL INDICATOR _ 2LOPEUIGYD TR
BAILER/PUMP _Ze00FA AP 05 20% %
DECONTAMINATION Sume on. SHWO 2

PURGE INFORMATION

DATE START TIME END TIME
INITIAL DEPTH TO VATERM_VELL DEPTH ’: ’ EST. WELLBORE VO \
FINAL DEPTH TO WATER TOTAL vOL. PURGED DISCHARGE RATE
METHOD PUMP DEPTH

VOLUME PURGED TEMPERATURE pH  CONDUCTIVITY APPEARANCE

<'Lq«‘- 5.t 49 leO mhoo 91:1&711%(94«.&,
% aal S6 1303 ST nhes | Slslth clrdy
Bagd 9.4 041 00 mhos | Sheilly cbmmcly

/094 Sd_ [7.03] 315mhes :&%LM B
l()‘i‘l 5. [Fnn] dTBakk §Z’r ﬁM |

SAMPLING INFORMATION

DATE _[.8 - [Ree~ T START TIME_'_‘_!_iL_ END TIME
METHOD ___G_EML{.& 1Pl

INITIAL DEPTH TO WATER mn %’b DEPTH TO WATER AFTER SAMPLINGﬁ'g
1




GROUNDWATER SAMPLING
FIELD DATA SHEET

F G
N

WELL NUMBER Mw 7 FIELD TEAM C(INITIALS)

SITE Elmeroors A*B IKP JOB NUMBER Arc3102b.lBé9 !

FIELD CONDITIONS Rcufv‘,' 68°F {
i

pH METER CRren 23T0A Huzro )45 "'”'?_,p 'é:'?"; [}

CONDUCTIVITY METER T42 33 e 2170 |Twe G o K5

THERMOMETER

R T 22

BAILER/PUMP

DECONTAMINATION = Zdean Clear) Ligucr Wy T2p Kiwse,
DI Riywse

PURGE INFORMATION

o { abhwinmmya.

pate 322192 —g—— START TIME .._,,/!”; e TiMe Zoto
INITIAL DEPTH TO WATER[2:/9 _weLL DEPTH _%'_IEST. WELLBORE vOL3:3779¢
FINAL DEPTH TO WATER __TOTAL VOL. PURGED — __ DISCHARGE RATE 1
| . ‘ {

vETHOD Wakeas 9 1€ Turb oy, pump DePTH /1.5 .
VOLUME PURGED TEMPERATURE  pH  CONDUCTIVITY _ APPEARANCE §
O G 9¢3°c¢ o5 | Blxio Clou oY |§renT Cofo §

3.4 $-2°¢ |Co5 | 7% xr0 " ' }
6.8 7.6°C ¢-25| 78110 " L i
0.2 7 9% (.28 | 7% x10 ’ '
abten Segle | 2.8 0] | 7¥xt . ' i
]

SAMPLING INFORMATION i
DATE 7,) ’-!)‘1’- sTarT TIMe Lot S enp Tive(22d
METHOD MEM&LML 4
INITIAL DEPTH TO WATER DEPTH TD WATER AFTER SAMPLING '




GROUNDWATER SAMPLING
FIELD DATA SHEET

WELL NuMBER MW 30 FIELD TEAM CINITIALS) B, IQ .
site Elwmendoet AER TRP JOB NUMBER 31024 N3.60

FIELD CONDITIONS.COVE%<c AT S2°F

————

FIELD MEASUREMENT/ SERIAL/ID CALIBRATI
COLLECTION EQUIP. MAKE /MODEL NO. ?:m?MEANTlsJN"
of )

YOO
PH METER & 1ie

17 ? Y
CONDUCTIVITY METER _p.g£e.& Lty 3 75000410000 4T L

THERMOMETER
WATER LEVEL INDICATOR
BAILER/PUMP

DECONTAMINATION

ST
PURGE INFORMATION {Dcue\opeue <les o
z

glze 8L
DATE Z start e L4 SY 09 enp Tive

Br<
INITIAL DEPTH TD WATER 2:877_welL pepTH/2.52 EST. weLLBore voLeSSyat
, ,
FINAL DEPTH TO WATER SC totaL voL. purced L1l GA%4scharce RATE

METHOD fewa PE T be 1% FZI‘J,;{’ sngP"‘r?: ~ 7’

VOLUME PURGED TEMPERATURE . _pH CONDUCTIVITY APPEARANCE !
ﬁﬂ»@ Gal.l 14.0°% (.69 Y3ox) 3egunish
gpz'o_(z GA- ]2.2%¢ 712 | Soox) Tuabx ausry snry
| 4 CQat 12,0 172.30 | Yr5x) oo
| 5S GAL [2,0°C (2,33 Yzox) Stghr Tesb19/5a cor
INARNCY, 5 )2.v°C  |7.43] H3erx] Clowoy- Steqhizy
@Hec Sple /130°< 7:3% zsxi ' "
f SAMPLING INFORMATION

DATE _%L%ZZ glav]az sTarT Tive Y230 END TIME .
meTHoD Wetevta DIETUbe, Uolatile Sawusle Tube

INITIAL DEPTH TO WATER DEPTH TO WATER AFTER SAMPLING

—




GROUNDWATER SAMPLING

& vvs’ {
FIELD DATA SHEET

WELL NUMBER mw 5l FIELD TEAM (aNITIALS) ST % .
SITE ___EL\&_*&"—?' AES TRP JOB NUMBER AvcS020.H4140

FIELD CONDITIONS _OULeRCWST & 2°F

FIELD MEASUREMENT/

¢ BrC

foc-
INITIAL DEPTH TO WATER ﬂ_"L_vr-:u_ peptH 929" “est. weLLeare vaL 4 Phpg

FINAL DEPTH TO WATER 138 TOTAL VOL. PURGED /SPM9L DISCHARGE RATE

COLLECTION EQUIP. MAKE/MODEL SERNIS.L/ID cgna{‘n:&rggw
pH METER 2Rrwn 230 A kAo 2017 LT AL,
CONDUCTIVITY METER YoT 23 Hazeo 2170 ;’,;:,;:MONI‘
THERMOMETER
WATER LEVEL INDICATOR
BAILER/PUMP —
DECONTAMINATION ﬁj_‘% ( QQ,N' L] 6|5;u¢g WAS I'L,L
| Ta? Ri\wvsc, DT Rip e
’ PURGE INFURMATIUN / Deuevopcwa‘!’ ,_
i pate |2 _ start Tive [ [ 20 ExD Tive L 2/F

METHOD M‘W_MLM'ﬁ rfg “ﬁ'éPerH 1

VOLUME PURGED TEMPERATURE pH CDNDUCTIVITY APPEARANCE
© Gatl [33% (2.4 2%x] STY | Growr’
99 9.8 12-11 |295X] Turbis |Boowr
Lo 8% 1.2 Qwx e [Tidbio
150 q4.5%¢ _ 17.271290x) Clear

a@Se Somgple /0.3%C  17:2 [Q9ux) Clouny

SAMPLING INFORMATION

. O
. DATE ﬁ,ll.lﬁ?- START TIME [ %36 enp TiME XS
meTHOD [wateta WP PE Tube V““ﬂk.ﬁﬂa@.(z._"tubl‘
O
INITIAL DEPTH TO WATER DEPTH TO WATER AFTER sampLING 3%

R




0,

GROUNDWATER SAMPLING

FIELD DATA SHEET
weLL numser D PL-OF ?"5 :‘«rrew TEAM CINITIALS) BL_Ig____.
sire _ERPFB Ous R -JOB NUMBER ANC31026.H3.60

FIELD conpiTions DUEECHST GO°F

-
Bl

FIELD MEASUREMENT/ SERIAL/ID CALIBRATION/

COLLECTION EQUIP. MAKE/MODEL NO. COMMENTS

PH METER QRr &R Z230A IS7S Anzeo "g"‘amr.h I3 ,
CONDUCTIVITY METER ST 33 2170 Mazro |Brecwines melR%
THERMOMETER ‘ ' :
v%e& LEV maxca’rgy' Oks , [792 azeo !
BAILER/PUMP :

- - - - -

DECONTAMINATION  Srdawm Cleaw

' PURGE INFORMATION

pate _B)10]22 _ starr e 10 [5 enp Tive /209 1
INITIAL DEPTH To WATER®!2C weLL peEPTH 200’ EsT. weLLBORE vm.&sj.'."'.-“
FINAL DEPTH TO WATER _==_ _TOTAL VOL. PURGED 394L DISCHARGE RATE == |

! . s
3 METHOD JM&EAM:MIE_E&_\%_ pump DEPTH 4.0

f. VOLUME PURGED TEMPERATURE ' pH = CONDUCTIVITY APPEARANCE
- O_GeL | fo.9°C |4,22] Ysox]l  [Cloury [sawlgm&
13855 | q 3% 69| Hrox] !
22.70 | $%.7°C |6.29] Yoax) _ '
41,55 Q0% 639 Ho9r) n N ” 1

M\e 9.%°c &Y I L T ]

SAMPLING INFORMATION
pate $]10]22 START TmE_L&QQ__ enp Tive J 222

METHOD teea HDPE Taoy

INITIAL DEPTH TO WATER _ — " DEPTH 'TO WATER AFTER SAMPLING _Z~




GROUNDWATER SAMPLING
FIELD DATA SHEET

WELL NUMBER SP-a FIELD TEAM (NITIALS) XB&L -
site _EAFR OoUu-S JOB NUMBER

FIELD CONDITIONS _OVER CAST, -2°F , G3inds Calm

——

{
FIELD MEASUREMENT/

t

| COLLECTION EGUIP. MAKE /MODEL SERET “Cowents

i pH METER oRion 250A B~ | S« Caf(ear j

CONDUCTIVITY METER N -} (820 K

! THERMOMETER ©1en ASDA 288 C [

| WATER LEVEL INDICATOR _S{ep& 1S¥3 (93¢ R

. BAILER/PUMP &Mg@'( 0562208 |
DECONTAMINATION SAME AS Smuwo ]‘

1

TRURGE INFORMATION

l
DATE _D:l.él.,gl sTarRT Tive L3O enp Tive _UISS”
2.369 v ¢
inerial pePTH 10 waTER 3. 3@PverL peptH2RJb  EsT. weLLBoRe va

FINAL DEPTH TO WATER J:33 _rtoOTAL VOL. PURGED 3.0 DISCHARGE RATE 29
METHOD Grvw~oFasS Pump PUMP DEPTH 356

VOLUME PURGED TEMPERATURE pH  CONDUCTIVITY APPEARANCE

<lad S8°C 1650 [ dioahe, [alqtly cloody
%’;\ 50°C  G& %%nhm Q -
1Sacl 4°C 63 ks ]

ICC Y lomks \

3SC 673 Wmis v

30 *d %ﬁ Wo6 GarL Hbo t\\b( c.)\tqk‘”\I Chd\/

SAMPLING INFDRMATIDN

pate 20 DHAL  starT TME J_\L eno Tve |74

METHOD &m‘“?;

INITIAL DEPTH TO WATER _S3C¥  reprH PLIN
NI 35.“‘5 * e ib‘ 0 WATER AC ﬁmélﬂf




| AT C ‘{u 3o mhe | clent
__Z);g:” S3°C 3/ 320wt | clor

GROUNDWATER SAMPLING
FIELD DATA SHEET

vee wmper DPL-D2.  ciein rean ammiacs QC!KBL
sie___ EOAFD 005 JOB NUMBER

FIELD CONDITIONS — 2NOAING, 0se WF, S Kab wed N-G

FIELD MEASUREMENT/

COLLECTION EQUIP. MAKE/MODEL e “Conents
pH METER —_Orin 254 2881

CONDUCTIVITY METER 413 /810 C
THERMOMETER DRI 25A 136L !

WATER LEVEL INDICATOR _.'ZQLBEE_EUQ"I"? [as6c

BAILER/PUMP =L0( | ©56208
DECONTAMINATION GAME v QMW

PURGE INFORMATION

DATE ’2//7/92 START TIME /§4/0 END TIME [
INITIAL DEPTH TO waTERD905% 1L peptn 1S st weLLsore vaLs.s.

’
FINAL DEPTH TO WATER _&slrmm. vOL. PURGED DISCHARGE RATE _2.1@.
weTHop _CORUNO 6 P PUMP DEPTH __1@4_5_#"&“
VOLUME PURGED TEMPERATURE pH  CONDUCTIVITY APPEARANCE
L]
<low 3°C (3.0 26 whoy Clo

J%d] 5.L°C 7m E%Egs -
lOd'Q\ %3’(, mhas clear .

¥ 1P oF (o
SAMPLING INFORMATION

pate 13 -0t starT Tive L4600 END TIME _L@‘I__.
& €l

METHOD \Y

INITIAL DEPTH TO WATER ;6‘09 DEPTH TO WATER AFTER SAMPLIN('.i%‘5




®

-

GROUNDWATER SAMPLING
FIELD DATA SHEET

weLL numBer 2P1-02

i?!ELD 1;9" (QITIALS) _BI}L

SITE _E&E&_aug

F1ELD conpITions _(DUVERCAST (o0 £ -

ok ﬁun}R-MIQ%L

™

fa

LT

FIELD MEASUREMENT/
COLLECTION EQUIP,

MAKE/MODEL NO.

SERIAL/1D CALIBRATION/

COMMENTS

pH METER

CONDUCTIVITY METER
THERMDMETER

./\)e

WATER LEVEL mmcmna '

e 8

BAILE R/ PUMP

—owm

DECDNTAMINATIDN

 — ;

PURGE INFORMATION

. DATE S,LLQ).i?_

START TIME ,

" INITIAL DEPTH TO VATERMVELL DEPTH SO ~ EsT. weLLBare voulZ:367eL

FINAL DEPTH TO WATER _LTDTAL VOL. PURGED

S0

END TIME/M'O

DISCHARGE RATE . |

METHOD IIZ.&J"/_ZQ_'E&QE:_E\_’_':_}_ PUMP DEPTH Y3
VOLUME PURGED TEMPERATURE _pH _ CONDUCTIVITY APPEARANCE | l
O GhC | i’ |6.74| 459x] Tuebrn |
12-36 [0.1°C )4 | Yzzx| Tuchp

51,72 T 164343241 |Tuebio |
52,0% 2:3°C |65 52x] Tunbry

e Seple | /0,7% 0.8 | Uzxl | Tuwvio

SAMPLING INFORMATION

DATE ._ﬁ,llﬂ,/ 72

METHOD op '

le

-

starT Tive [ GO O

END TIME .@

INITIAL DEPTH TO WATER — =" DEPTH TO WATER AFTER SAMPLING.A

1
"

1




GROUNDWATER SAMPLING

| FIELD DATA SHEET
WELL NUMBER S.EQIL:QL
site__EAFB OUS

FIELD reﬁn,ctgiALS) &I,LE___

®

3UB’NUMBER M@”Zﬁg o

F1ELD cONDITIONS L U CEC AST , SR°C =

'wf .;:ih‘:.
FIELD MEASUREMENT/ SERIAL/ID CALIBRATION/
COLLECTION EQUIP, MAKE/MODEL NO. - COMMENTS
pH METER » QR‘ON ﬂﬁ 0 ’"( {'ol "'t.|’75 oc.
CONDUCTIVITY METER ha §-3 4 23 [ﬂgco 217
THERMOMETER -
WATER LEVEL INﬁ'ICATc‘Iiz,}_Q&_L HA2ce 1792
o wAn L. Tuieetace < ) }
BAILER/PUMP :

DECDNTAMINATIDN

PURGE INFORMATION

e
oate g} 14]9 2 “start Tive _L01S - enp te MY
INITIAL DEPTH TO WATER f@___veu. DEPTH _LL__EST weLLBORe vou(e-YYsed

FINAL DEPTH TO WATER L_TUTAL VvOL. PURGED M_DISCHARGE RAT

E .

METHOD M&D&E_M:; PUMP DEPTH 43°

VOLUME PURGED TEMPERATURE pH CONDUCTIVITY APPEARANC.E:
O _GeLt! 4% 20| 4Ry muvey(Thesh)
G.dY 1% So| H22x) c(awy/,gam.x.
12.3% .3%C L&y 39%X) Slyhny CJg&mz
(932 q.1°c  led | Yosxl

ASsSagle | 9,3°C  |e10] 4/ox] C:ghiy Clovoy

SAMPLING INFORMATION

DATE 192
METHOD m 1 <2 )

START TIME Jns
2 \e_

b

END TIME
| 3

sV

INITIAL DEPTH TO WATER

DEPTH TO WATER AFTER SAMPLINGL




GROUNDWATER SAMPLING
FIELD DATA SHEET

WELL NUMBER _ZE_Zf/é -0Z Frgﬁam xamm_m 5T J5
sire _EPFR oOWus “NUMBER. AM"'"Z" H3.6o
FIELD CONDITIONS (20 € C ﬁST,. bo°F

ES

FIELD MEASUREMENT/ SERIAL/ID CALIBRATION/
COLLECTION EQUIP. MAKE/MODEL NO. COMMENTS

pH METER

CONDUCTIVITY METER <
THERMOMETER ‘

WATER LEVEL mmcmua ‘ A Y
BAtLEé/PUMP . ; ]

DECONTAMINATION

PURGE INFORMATION

DATE 3}.14_9.; " start e {400 enp Tive L - 44T

INITIAL DEPTH TO WATER 3¢.1* WELL DEPTH Hi_EST WELLBORE VCIL__lL_
FINAL DEPTH TO WATER TOTAL VOL. PURGED _

meTHOD Watera b HQE.E_E)'_-&_ “PUMP DEPTH

DISCHARGE RATE

VALUME PURGED TEMPERATURE pH CONDUCTIVITY APPEARANCE
/ Zé"c 704 Ziox) Tuebio

9.% | ],7°C | 3924} "

@y ] 9.0 35| 39571 A

290 4 | 9.2% 1703 Yeox) a

afwee Segle | [1.9°C 200| 925X "

SAMPLING INFORMATION

DATE _‘E!I"/ 9 start Tive {4 SV eno e 150V

METHOD TS ¢A

INITIAL DEPTH TO WATER DEPTH TO WATER AFTER SAMPLING




s, I
INITIAL DEPTH TD WATER E_ZLVELL pepTH 20~ st WELLBORE vaL 3. 33!

GROUNDWATER SAMPLING
FTELD DATA SHEET

WELL NUMBER _ﬁf_Z,[fz_"_Q 3 FieLD Team animiaLsy 2L 0@
ste__EAFB oug _ JOB NUMBER Ac31026.1H3.60

-4
FIELD CONDITIONS _DUhwy é 2°F

FIELD MEASUREMENT/ SERIAL/ID CALIBRATION/
COLLECTION EQUIP, MAKE /MODEL NO. COMMENTS

pH METER
CONDUCTIVITY METER ' __’em

THERMOMETER : TD $
WATER .LEVEL INDICATOR 9
BAILER/PUMP ;

DECONTAMINATION ~ - N

P e -

PURGE INFORMATION ] |
DATE ‘ﬁ\ \ %“IZ _ START TME (5 30 END TIMELQZZ_

F'INAL. DEPTH TU VATER TOTAL VOL. PURGED

’
METHUD h F’ " HYP W )CPUMP DEPTH [!3

DISCHARGE RATE

VOQLUME PURGED TEMPERATURE - pH CDNDUCTIVITY © . APPEARANCE
M GAL 13.5% | 0S8l 152 x10 Oram-,;z £ M{q
339 QAL 2.2% |77 e5X)0 s%&n lmm
215% (Al Q.0 |ev4| Poxlo e oM

Y13V Ga ]l R.5C 1681 70X/0 |Gryish|Beanw Tmsy
55.0 GAL| 9,3°C |7.13] 7Zox10 R
co.0 GaC $.s°c  7.1% <soXlo { [ "
Rl Saple  BFC F0T [[0K10 e el
SAMPLING INFORMATION

1
DATE _'lllﬂ )12 starT TiMe LGB0 enp Tive LTS ! :' |

METHOD 4 N, Vo ' i o } |
INITIAL DEPTH TO WATER DEPTH TO WATER AFTER SAMPLING _____
- . - . '

——




U4

GROUNDWATER SAMPLING
FIELD DATA SHEET _

weLL wumser P2 /6 -04 FIELD TEAM (ANITIALS) B 0%
sire _EAFR ous J0B NUMBERAMC 310 2a H4D |

@ o
FIELD CONDITIONS 02(a wwy oo’z

{

FIELD MEASUREMENT/ SERIAL/ID CALIBRATION/
COLLECTION EQUIP. . MAKE/MODEL NO. " COMMENTS

pH METER -

CONDUCTIVITY METER -
THERMOMETER  *. <114 .
WATER LEVEL INDICATOR

B;I:LER/PUMP_ )

DECONTAMINATION

" PURGE INFORMATION )
BaTE <3-1| 13!4 2 START TIME __| 330
INITIAL DEPTH T0 WATER W20 veLL pepTH SO _EST. WELLBGRE v
- FINAL DEPTH TO WATER TOTAL VOL. PURGED ﬂi&‘:mscmnez'ams‘ —

. , £ 52 8k ’ } '
METHOD PUMP DEPTH gﬁf@t 44

VOLUME PURGED TEMPERATURE pH  CONDUCTIVITY APPEARANCE

O GaL | [0.2°C [6.43] Z50x) | Opmesntjsseme
29 323 | 7.§%€ [.18] 365X) 13 2o | Ticseloco

’
Wn315e 26.SY NC 1564 3SVX)  |Grepsh [Juekd
(&w 29.¢ ! 7.5C les8] 3534l « °

atder Sople 2:.5°C 3% 3ss»  |Cloupy

SAMPLING INFORMATION

—
pate g)13[92 start TiMe LY 20 enp TiMe L9423
METHOD —.0, £

INITIAL DEPTH TO WATER n DEPTH TO WATER AFTER SAMPLING




®

GROUNDWATER SAMPLING
FIELD DATA SHEET

WELL NuMBER SP Z,/é -05 FELD TEAM caneriaLs BLTE
sire_E2AFY3 ous soB Numper A7 31926 H2 o

o
FIELD cnumrmuswi , S8/

FIELD MEASUREMENT/ SERIAL/1D CALIBRATION/

COLLECTION EQUIP. MAKE/MODEL NO. COMMENTS

pH METER . . - (QRwr 2 ro (375 "0 173¢
8 wltuoﬁoagw
CONDUCTIVITY METER KST 33  luazeo 2170 |owoigroweeusier

THERMDMETER

VATER LEVEL mmcmug/ ORS e zco 1792
n..éwq'}ec. _ S
BAILER/PUMP

A e e

DECDNTAMINATIDN Sjg@..,. clp../ Lipwews Wash, Jap Rinse
DT woATIR IQ\ “s _

PURGE INFORMATION 4_ - o
DATE _%_)_\_ij_zﬁ start TiMe /020 _enp Tive LU
’ V4
INITIAL DEPTH TO waTER22-10 " werr peptv 4l *- est. weLLpare voL lS:0%
FINAL DEPTH ‘TO WATER ——_ TOTAL vOL. PURGED 9294L pISCHARGE ‘RATE

/
METHOD WATTL A, HPPE Iubl%_ PuMP DEPTH 10

VULUME PURGED TEMPERATURE 'pH  CONDUCTIVITY APPEARANCE
O Al | Bq°c b2yl Yaax] muddy, Sheey, 0002 3
IS.7 1.0% K 395 </ Nu)Aq 5&@». Odor B
2. Y 2.2% 58] 395 x/  KClowd'y, Sloeu , Odoy
Y| 7-9% o6 290X ]  |Cloury, Don,G.msh
aftee Seple] 8.4t |6.74]3G32) ntom

SAMPLING INFORMATION

DATE _3.1.(_?._)‘? 2 starT TiMe J120 _ enp TIME NZs=

METHOD _ J
INITIAL DEPTH TO WATER ___ — DEPTH TO WATER AFTER SAMPLING




GROUNDWATER SAMPLING
FIELD DATA SHEET

WELL NUMBER __[&) — \b FIELD TEAM CINITIALS) EL_IQ____

site_ (RS EBAF B JO0B NuMBER ANC 31026. 4 3- 40

LY “
FIELD CONDITIONS v n weA SNy (pO°F

FIELD MEASUREMENT/ SERIAL/1D CALIBRATION/
COLLECTION EQUIP, MAKE /MODEL NO. ; COMMENTS

pH METER . : =
CONDUCTIVITY METER :
] 2 " i
THERMCIMETER 4%_# _
WATER LEVEL anxcmua @z##_
' - /

BAILER/PUMP ) ‘

— e ke .l " - - - —

DECDNTAMINATIDN

PURGE INFORMATION

DATE ‘is‘)t L\ 9= sTART TiME SIS _enp Tive JGCO
INITIAL DEPTH 10 waTer 3/%437 weLL DEPTH Sb6 ! - est, WELLBORE vor23. ¢
FINAL DEPTH TO WATER TOTAL VOL. PURGED Z294¢ DISCHARGE RATE

L
METHOD IL/A"‘l_M,_H:Q.E_E'_‘ILqu__ PUMP DEPTH - ('

VI]LUNE PURGED TEMPERATUREC pH ) CUNDUéTIVITY APPEARANCE
M 1z, 3°c 617 | Hroxi Cloasy, Floaters
23.¢ 3.7, lp.99| 3% s‘m/ peysh
4¢3 8o%c |67 3a5x’ (Sl [Crey
3.2 <.2% |7.02| 392x] te /T ont

afle gumple| .9 7411 3%08) | Gnersh | Glowor

SAMPLING INFORMATION

DATE %\, \7—\, q _ START TIME 1657 eng Tive 1290 1
METHOD ea, HpP ") le T

-

INITIAL DEPTH TO WATER DEPTH TO WATER AFTER SAMPLING




GROUNDWATER SAMPLING
FIELD DATA SHEET

weLL numser O W-6 74 - FIELD TeaM anttiaLs) 12T JJQ
sire _EAFR _0OUsS JoB NuMBer (3t Zl026.143.6¢

o
FIELD CONDITIONS Sanu;l (eO° E

|
FIELD MEASUREMENT/ SERIAL/ID 'CALIBRATION/ |
COLLECTION EQUIP.. - MAKE/MODEL NO. CGMME?;TS
- y l"’z s T
pH METER - 7 OR(o® 230A - |Hazco I$2F 100 ) g0c
conpucTrvITy MeTER | M ST B3 Mego 2120 [¥90ulusmeustes
‘ THERMOMETER )
: VATER LEVEL INDICATOR « ._% 1792 pazad
L oiL]warce
ik BAIL R/PUMP

{1*7  DECONTAMINATION - 5}_; Qkac,L.i,m.LMI;_P_g_mﬁ}_
mp PI Rinse :

PURGE INFORMATION ~

1| 7 pare 213)az starT TmMg ' &° _eno e 155
INITIAL DEPTH TO WATER 2425 w1t perti 90 ° est. weLisore vou
s FINAL DEPTH TO WATER “TOTAL VOL. PURGED 22.94¢ DISCHARGE RATE
METHOD JWATRA ) HDPE Tubh PUMP DEPTH _ 3% '
‘ﬂ. L VOLUME PURGED TEMPERATURE _ pH _ CONDUCTIVITY APPEARANCE
i O __Gat (0.%6 |62 g30x1 |, Mudde, Sheen, Mo
’; l 99 %-LOC L 5% 292X | Brown, P‘ale, 5@0416‘/«'\.
|‘ 14.%% 6. tC |v.ee| 315K . T
(" . 28.0Y 7.(1‘6 é@? 25041 “ I i 7
| GStex Sumple 2.9°¢ 3| 3dox) I

SAMPLING INFORMATION

DATE 9)13'11 starT TIME ! 299 enp TiMe LZ15
wevop Wakcea, HIPE Ty, Uoluble SowpVy Tuke 1
INITIAL DEPTH TO WATER DEPTH TO WATER AFTER SAMPLING ‘




GROUNDWATER SAMPLING
FIELD DATA SHEET

weLL numBer S P4~ 01

&

SITE £ |wend ot 4AEB TRP

FIELD TEAM CINITIALS) ST}TG
JOB NUMBER/AMC 3102L-H43. 60

rieLn connrrions_Dusky(Bsk) Oueecost, Calm , 552 F

FIELD MEASUREMENT/

SERIAL/ID CALIBRATION/ °

COLLECTION EQUIP. MAKE/MODEL NO. COMMENTS °
1944 -
oH METER CORiop 2% A |Wpzie 1375 [ “’” v.‘::‘ ?
baad &~

CONDUCTIVITY METER 43T 33 Wa2co 2)70 ”""""’1’4&"&-‘
THERMOMETER \
WATER LEVEL INDICATOR oK>S hAazeo 1792 |
OIL/WwWTR e Tuireface r
BAILER/PUMP i

DECONTAMINATION  Dieaw, Cleaw, Liguwer
DI waTwe Riwge.

YA a2,

§
ray Rivie

*
]

PURGE INFORMATION
DATE 2

¢ *
INITIAL DEPTH T0 waTER 939" werL peptv 249

FINAL DEPTH TO WATER
METHOD UMW,HME Tuk\n;;

START TiME _35YS

PUMP DEPTH lﬁ'

i
i

'
END TIME Z2%5”
esT. weLLBore voLl¥:22m
TOTAL VOL. PURGED D944 piscHARGE RATE :

CONDUCTIVITY

VAOLUME PURGED TEMPERATURE pH APPEARANCE

QO Gat | 9.2°¢ |58 3i1sx]  [Clvre

19,27 7-b% |¢.0z| 2q0x) Brogwid, [Clowsy

3% .Y 7.7°%¢ _£.34| 290x) n_u

'$7.%1 $.9°C  |645| 255/ “ '

atte Seple | Ful'e  |ed] 2§5x) i -
SAMPLING INFORMATION

DATE %,,20,"'2 sTART TIMe L0 Y S enp Tive (960

METHOD Wastees) BOPE Tubiey ) Doladire Sarpl t Tebe

INITIAL DEPTH TO WATER

DEPTH TO WATER AFTER SAMPLING




(27

I)/&\

Q} GROUNDWATER SAMPLING (
FIELD DATA SHEET

veLL numer F "’,/ y{ -C2A FIELD TEAM C(INITIALS) 21, 3§ .

t— ~ S : a— -
SITE 2:../q )—\D C)u S JOB NUMBER 1AIMC e X H3 Lo

FIELD CONDITIDNS

;

FIELD MEASUREMENT/ SERIAL;ID - CALIBRATION/
COLLECTION EQUIP. MAKE /MODEL NO. COMMENTS
pH METER Qrlor 230h LAM”

CONDUCTIVITY METER YsT 33 A2co 2N

THERMOMETER

WATER LEVEL mmcmu}/ oes _axo 1792

oiL]warse 1

BAILER/PUMP

DECONTAMINATION ~ S¥ram Cleaw, L«#...“ w»sk, Tap Ruse
DL woler Prnce.

PURGE INFORMATION

-

pate X7 \FCI‘Z— starT TIME _OT S enn Tive 0795

v
INITIAL DEPTH TO WATER 280’ werL perth B% est. weLisore vol2e22

FINAL DEPTH TO WATER TOTAL VOL. PURGED Al 1SCHARGE RATE =
~ 4
METHOD WAT1 R, WOPE Tube puwe pept S

VOLUME PURGED TEMPERATURE pH CONDUCTIVITY APPEARANCE
O EGAC| 9.3 44| 265x) Qleqe
19.217 G.1% e5) | 24%x | Brownsh] Tinlsry
vg 5 Y G.SC G.41 | Z4ox) "] 5wt - Tuebe®
57.51 Gy @R | 2uex! s
pte Gple | 6-SC  |GSo| USX! A

SAMPLING INFORMATION

DATE S5 )C; Z START TiMe [0 00 EnD TrMEMS'__f
METHOD JacATS 23, HOAE Tube Volatle Sa uﬂrp\z Tubr !

INITIAL DEPTH TO WATER N DEPTH TO WATER AFTER SAMPLING \




@

GROUNDWATER SAMPLING
FIELD DATA SHEET

. veLe numser 2PH-03 FIELD TEAM ANITIALS) BN JI&
SITE_EM_"D_DQQ pF& TRP JOB NUMBER A ¥026.42 62

FIELD conniTions QU s T | S€7F

FIELD MEASUREMENT/ SERTALT N
COLLECTION EQUIP. MAKE./MODEL voo 0 o

pH METER

CONDUCTIVITY METER -~
THERMOMETER JQ Ll 24a H39
WATER LEVEL INDICATOR |
BAILER/PUMP '

DECONTAMINATION

PURGE INFORMATION

DATE i’) 24|92z starT TiMe _[ S 3¢ END TIME (015

INITIAL DEPTH TO waTER 27-38/ weLL pEPTH E.LEST WELLBORE me‘_S_z__
FINAL DEPTH TO WATER ToTAL viOL. PURGED DD Y piscHarcE RATE L9

METHOD M‘k"‘"‘; HO0PE Tube  puwe peptH _SO° -

-

VOLUME PURGED TEMPERATURE pH CONDUCTIVITY APPEARANCE
©  BpL| 121°C  [usi |35 Clene)susspomded RaT: _
'bS6 GAt 2:5% 7.5 | 3sox) M/];;;,o

23 o 7.4°%C |7.34] 360 Médusnts besion

50 i 1. qo‘c_k -L}’s 250 Mﬁi“ Sarlq Lo roamn

‘ SAMPLING INFORMATION

DATE _ﬁ:}}jl"ﬂ- sTarT TiMe 1439 eno Tive 1095
METHOD _wﬂjc“"lﬂ'ljrwa: FvaT{L«Iue Dalattle §-f_f7‘wlo¢—

INITIAL DEPTH TO WATER DEPTH TO WATER AFTER SAMPLING




e BT o

GROUNDWATER SAMPLING
FIELD DATA SHEET

Y
WELL NUMBER (LU) Llﬁ FIELD TEAM (INITIALS) ﬁL._(\)_g__ .

site £ e dont AZ JoB NuMBeR N €3 /026, H3.660
FieLp conpitions _Kaia y HSTE’ BRrCJJ

FIELD MEASUREMENT/

SERIAL/ID CALIBRATION/
COLLECTION EQUIP. MAKE/MODEL NO. COMMENTS
pH METER
CONDUCTIVITY METER \
. L /
THERMOMETER
WATER LEVEL INDICATOR
BAILER/PUMP ‘
DECONTAMINATION
e

PURGE INFORMATION

JDATE 9/ [ 7'%7ZL" START Tmsﬁ enp Tive 1[0 &

INITIAL DEPTH TO vater Sl v oerrn JRTest. veLinore v {
FINAL DEPTH TO WATER rotaL voL. PurceD T84t piscHarce RaTE

veton 395 PRarlee PUMP DEPTH

VOLUME PURGED TEMPERATURE  pH  CONDUCTIVITY APPEARANCE

O Gpe 69" C  1roe (200 e | CLOLIDY JODOR o/ SHELN
(e 7( ,ﬁ Q. Sdame

124 N U | Houvm SaWL

ALY e XC (72 20V vele SHme.

A NOGURED McLVOINVG ey P

SAMPLING INFORMATION ‘
DATE 9/ 17/ Z‘é{ S — A § END TIME 7S
METHOD _2 5§ Beut (e

INITIAL DEPTH TO WATER DEPTH TO WATER AFTER SAMPLING




@

GROUNDWATER SAMPLING
FIELD DATA SHEET

WELL NUMBER W =14 FIELD TEAaM aniTiaLsy (BY, WwW
SITE ado Fe S Jae NumBer BINC3102L-H3 bo

FI1ELD CUNDITXUNS._Y‘L_‘M*—.;{; ey 48

FIELD MEASUREMENT/

COLLECTION EQUIP. MAKE /MODEL SERE “Coments

pH METER ORI10o™ 2 TOH 2852 lqﬁz,w,g.o‘z:.r’c
CONDUCTIVITY METER YT 33 oo unbor SUSE
THERMOMETER

: A e Htlrle. _
WATER LEVEL INDICATOR _Sclvhet bt 1L7% | NA

BAILER/PUMP

DECONTAMINATION \ Jai11 e Towice

PURGE INFORMATION
pate Q) 1%\9 = start Tivg __ 077 enp e 10’5

INITIAL DEPTH TO WATER 3:2552CwELL DEPTHZ2087< gst. weLLpore vaul ¥.S94L
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