























FLOYD | SNIDER B&L Landfill

Reductions in Toxicity, Mobility, and Volume through Treatment

The slurry wall would physically isolate the contamination, thereby reducing its mobility. No
treatment would be performed, however. Containment will result in a reduction in the volume of
arsenic in groundwater beyond the Landfill perimeter by eliminating the continued production of
leachate from fresh groundwater contacting landfill wood waste. In contrast, the PRB would use
in situ treatment to reduce the volume of existing arsenic in groundwater, its mobility and its
toxicity by converting it to a solid phase that would be unable to migrate further downgradient
via groundwater. The PRB alternatives would not reduce the future production of leachate nor
its discharge, but would treat the leachate contaminated groundwater as it exits the Landfill
perimeter. Excavation of the ditch sediment would reduce toxicity in the ditch itself.

Short-term Effectiveness

The risks to human health and the environment during the construction of the Landfill
alternatives are low. All of the alternatives involve the normal worker safety concerns associated
with implementing cleanup alternatives, which are slightly higher in the larger-scale construction
project of a containment barrier wall. The public would not be allowed to enter the work zone.
All remedies involve subsurface work, and hence risk of personal injury. All work will be
conducted beyond the edge of refuse, where past data suggest soil concentrations are not
elevated greater than either natural background or industrial worker standards. For installation
of the slurry wall, the edge of the cap would need to be rolled back, potentially exposing landfill
waste, which would be scraped off and placed back inside. the cap following construction. For
the ditch soil that is excavated, it. may be possible to place this.soil under the Landfill cap or if
this is not possible, characterize and transport off-site. Finally, standard construction controls to
prevent release of soil and sediments to the Surprise Lake Drain (downgradient of the
agricultural ditches) will prevent impacts to sensitive habitat or species in the downgradient
restoration areas.

The installation of either of the PRB alternatives pose similarly insignificant risks. Al
Landfill/Ditch CAA alternatives. could be field constructed within a six-month time frame.
Cleanup of the ditches should follow slurry wall construction. Pre-construction design and
planning would take approximately one year for the slurry wall and up to two years for the PRB,
due to the need to conduct extensive bench scale tests and more hydrogeologic
characterization and modeling.

There is a slight difference in the short-term effectiveness of the three alternatives in achieving
the RAO for surface water, based on the timing of implementation, and the selected alternative
for the Landfill/Ditch CAA.

Ditch burial or tightlining/concrete lining would immediately eliminate the infiltration of
contaminated groundwater once implemented. In contrast, the timing of when ditch excavation
is implemented affects its short-term effectiveness (assuming that containment is selected for
the Landfill). If ditch excavation is implemented well before the slurry wall is in place, then
continued discharge of contaminated groundwater into the ditch would occur until the slurry wall
is completed. If the ditch excavation is implemented after the slurry wall, recontamination would
be limited to the residual groundwater contamination “halo” outside the slurry wall, which may
be insignificant.
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Other short-term effectiveness concerns due to worker safety are not significant for any of the
ditch alternatives due to the limited volume of ditch sediment, its relatively low contaminant
concentrations, and quick timeframe for implementation (one month or less).

Implementability

All landfill remedies are about equally implementable. The design of both the slurry wall and the
PRB would involve bench scale testing and further hydrogeologic and geotechnical investigation
before a final design could be developed. A QA/QC program would need to be implemented
during construction to ensure that no construction defect occurs that would impair the
functionality of either remedy. The permission of the current land owners would also need to be
obtained. In addition, the substantive grading/land use requirements of the City of Fife and/or
Pierce County would have to be met, including a state environmental policy act (SEPA) review.

Cost

The estimated costs for the Landfill perimeter and ditch alternatives are summarized in the table
below. Appendix C contains a detailed spreadsheet from which these cost estimates are
derived. The No Additional Action alternative continues the current OM&M of the entire Site,
which consists of cap inspection and mowing, repairs and maintenance, and semi-annual
groundwater and surface water monitoring around the Landfill and wetlands. Additional wells
would be installed to monitor the end of the plume area and the effect of future restoration
areas. O&M costs include_monitoring of approximately 14 locations, Ecology reviews and a
yearly access fee for the wetlands. For the slurry wall and PRB, the capital cost includes
treatability tests and design costs, and a 30 percent construction contingency. The major post-
construction contingencies (such as unforeseen slurry wall repairs and replacement of the PRB
once every 20 years), are accounted for in the 50-year O&M cost column. The total cost is
presented as the sum of the capital cost; the capital contingency costs, and net present value of
the 50-year O&M cost.

The slurry wall alternative is clearly more cost effective than the PRB for both capital cost,
(mainly due to the high cost of iron.for the PRB) and also long term contingency costs, as the
slurry wall does not need to be replaced every 20 years as the PRB does, which drives up the
cost significantly.  In comparison, the costs for the ditch remedies are all fairly low and cost
should not be a deciding factor.
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Comparative Costs for Landfill/Ditch CAA Alternatives
Capital Cost 50-year O&M
Alternative with Yeaély ?Z&M (Net Present | Total Cost*
Contingency® 0s value®)
No Additional Action $109,000 $91,000 $3.1 million $3.3 million
Slurry Wall $1.9 million $20,000 $630,000 $2.6 million
Full length PRB $3.0 million $133,000 $4.2 million $7.3 million
Funnel and Gate PRB $2.4 million $72,000 $2.3 million $4.8 million
Excavation of Ditch Sediment $46,000 -- -- $46,000
Excavation of Ditch Sediment $52,000 - - $52,000
and Burial of Ditches (following
excavation)
Excavation of Ditch Sediment $59,000 - - $59,000
and Tight-lining of Ditches

Notes:

Capital cost includes contingency; see Appendix C for details.

Annual monitoring and maintenance and annualized repairs.

Net present value assumes uses a 2 % effective discount that assumes a risk free rate of approximately
5%, net of inflation of approximately 2%..

The sum of capital cost (including contingency) and NPV of the O&M costs.

A W NP

6.2 WETLANDS AREA ALTERNATIVES

The RAOs for the Wetlands CAA will be met by preventing arsenic-contaminated groundwater
from reaching potential receptors in shallow groundwater and ponded surface water and
preventing further migration of arsenic-contaminated groundwater to downgradient receptors.
The remedial alternatives retained for further consideration include the following alternatives
that appear suitable based on undeveloped wetlands land use:

o Alternative 1—No Further Action

o Alternative 2—Monitored Natural Attenuation (MNA)
e Alternative 3—In situ Sequestration

o Alternative 4—Short-term Pump-and-Treat Removal

o Alternative 5—Surface Water Treatment Cells
In addition, two alternatives are retained that are only considered feasible if the land use for the
wetlands parcel is changed to allow for commercial, residential, or mixed use development.

Remedial actions that eliminate the wetlands functions may be considered unacceptable to
regulatory agencies or to stakeholders supporting restoration of the watershed:

e Alternative 6—Soil Cover
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¢ Alternative 7—Containment and Capping

A conceptual figure showing each of these proposed remedial alternatives is shown in Figure
6.2. These alternatives are described and considered individually with respect to evaluation
criteria in the following sections. This is followed by a comparative analysis of the relative
strengths and weaknesses of each alternative. Table 6.2 presents a summary of this
comparative analysis.

6.2.1 Alternative 1—No Further Action

This alternative assumes that source control is implemented in the Landfill/Ditch CAA that
results in no new release of arsenic from the Landfill. It does not address contamination that
already lies in the wetlands due to past releases at the Landfill.

Over the last 10 years, groundwater monitoring .of the plume has indicated that it is relatively
stable in size with peak concentrations declining, but as shown in 2006, concentrations can vary
significantly over the short term possibly related to. seasonal hydrology —indicating that the
plume may not be stable under all reasonably anticipated conditions.

Although source control in the Landfill/Ditch CAA will result in no new release to the wetlands,
the arsenic in groundwater beneath the wetlands presents a potential exposure risk through the
following pathways:

e Long-term migration to Hylebos Creek.

e Long-term migration to a potential future drinking water well located 1,000 feet from
the Landfill.

e Short-term, seasonal exposures to human and terrestrial receptors that contact
contaminated groundwater discharging to the shallow ponded surface water in the
wetlands.

Because of the seasonal discharge of contaminated groundwater to wetlands surface water and
the uncertainty regarding the stability of the plume of dissolved arsenic, the No Further Action
alternative does not comply with MTCA threshold requirements.

6.2.2 Alternative 2—Monitored Natural Attenuation

This alternative would involve installation of monitoring wells in the Wetlands CAA for more
precise monitoring of plume boundaries and ongoing monitoring of the groundwater and surface
water quality (including relevant physical and chemical parameters and constituents) and
hydrology (including groundwater-surface water interactions). This alternative assumes source
control in the Landfill/Ditch CAA, so that no new release of arsenic occurs from the Landfill.

MNA would increase the degree of protection of human health and the environment as
compared to the No Action Alternative by more clearly establishing the groundwater-surface
water interactions and associated risk of potential exposures, and by providing data to allow
continued evaluation of the attenuation processes in the area of highest arsenic concentrations.
When combined with landfill controls, the overall degree of protection is considered moderate
because naturally-occurring processes are likely to occur over a lengthy restoration timeframe.
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In the meantime, the potential for human and ecological exposures would continue to occur.
MNA would only potentially comply with ARARs if the following conditions were met:

e Risk assessment showed that elevated arsenic concentrations in ponded surface
water were insufficient to cause ecological and human health harm.

e MNA monitoring indicated that the plume continued to remain stable or shrink over
time.

e Ecology approved a conditional point of compliance near 12" St. E. (but no further
than 1,000 feet from the Landfill) where the current arsenic concentrations decrease
to background levels.

Due to the redox-sensitive reversibility of the natural attenuation processes, MNA in the
Wetlands CAA would require long-term monitoring to confirm that the remedy is permanent.
Because of the slow rate at which natural attenuation occurs, the short-term effectiveness of this
alternative is considered low. Reductions in arsenic mobility and volume in groundwater are
likely to occur, over time, by natural adsorption and precipitation‘processes.

This alternative carries negligible short-term effectiveness considerations related to standard
worker safety risks during well installation and monitoring activities. It is readily implementable,
with minor physical obstacles related to working conditions in the wetlands.

Costs are low beyond the costs of ongoing monitoring. Costs would include a small one-time
capital expenditure to install additional monitoring wells;. and ongoing monitoring costs in
perpetuity.

6.2.3 Alternative 3—In situ Sequestration

The In situ Sequestration alternative for the Wetlands CAA would utilize one of several possible
combinations of chemical reactants and in situ delivery systems that can permanently sequester
dissolved-arsenic into the solid phase. The purpose of adding the chemicals is to enhance the
sorption/precipitation process that is naturally occurring, and to ensure that there is sufficient
sulfide present to form arsenopyrites. as the sequestering phase.

In situ Sequestration is being proposed as the remedy of choice in the End-of-Plume CAA (refer
to Section 7.0). If it were to be used in the wetlands also, this alternative would most likely be
implemented as an upgradient extension of In situ Sequestration in the End-of-Plume CAA. The
End-of-Plume system would be installed first due to the ease of access for equipment along
12" St. E. and ease of ‘access to dissolved arsenic (thin band of arsenic at the base of the
aquifer). Once the End-of-Plume system is optimized, work would begin on the upgradient
extensions into the wetlands.

Successful in situ treatment further downgradient could demonstrate the most cost-effective
product and delivery system for permanent sequestration. Additional pilot study data would be
collected to support expansion of the End-of-Plume treatment into the area where arsenic
concentrations are more elevated and present at both the top and base of the aquifer. The
alternative would include construction of a permanent in situ delivery system and/or access
roads in the wetlands for repeated treatments; delivery of the reactive media to the targeted
treatment zone; installation of additional monitoring wells suitable for performance monitoring;
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performance monitoring of groundwater quality (including relevant physical and chemical
parameters and constituents) and hydrology; and operations and maintenance of the treatment
system. It is expected that ongoing treatment would last approximately three years, with
approximately 10 years of performance monitoring, during which additional treatment could be
applied as necessary.

Treatment products and delivery systems that would potentially be evaluated in the pilot study
are the same as those considered for the End-of-Plume CAA. Chemical reactants are based on
the removal mechanism of reductive precipitation. Refer to Section 6.3 for a description of
these technologies and delivery systems.

This alternative offers a moderate to high degree of protectiveness for human health and the
environment. It carries a high likelihood of effectiveness in halting the migration of arsenic in
groundwater near the base of the aquifer. The high concentrations of arsenic in the shallow
portion of the Upper Sand Aquifer in the Wetlands‘CAA, however, present a technical problem
for complete protectiveness. Water level fluctuations in this part of the aquifer would prevent
the establishment of reducing conditions in this part of the Aquifer. In addition, the natural
processes that are apparently attenuating arsenic in the upper few feet of the Upper Sand
Aquifer (oxidation and adsorption/co-precipitation) are incompatible with an in situ remedy that
relies on producing a reducing environment. For these reasons, in situ reductive precipitation is
unlikely to sequester arsenic in the upper part of the Upper Sand Aquifer, and may contribute to
the mobilization of additional arsenic from the upper part of the Upper Sand Aquifer. In situ
methods that rely on oxidation and adsorption/precipitation are unlikely to be sustainable in the
deeper portions of the aquifer that are naturally anoexic and reducing.

Because this alternative would not remediate the uppermost part of the plume, the potential
would remain for exceedances of CULs in seasonally ponded surface water. In addition,
construction of delivery systems in the wetlands, particularly road-building, may be difficult to
permit.

In situ Sequestration is expected to provide a high degree of long-term effectiveness and
permanence for groundwater below approximately 8 feet bgs, where reducing conditions remain
stable. Itiis expected to provide a low degree of long-term effectiveness and permanence in the
shallower part of the aquifer, where redox potential fluctuates. Natural attenuation processes in
shallow groundwater may be sufficient to allow In situ Sequestration to be an effective
permanent solution for deeper groundwater. Once properly immobilized within sulfide minerals,
the risk of large-scale remabilization would be low in groundwater at the base of the aquifer,
where anoxic conditions are expected to persist. This alternative also offers the possibility of a
permanent solution without source control in the Landfill/Ditch CAA; in such a case, ongoing
treatment may be necessary to sequester continued arsenic inputs.

The use of In situ Sequestration is expected to result in major reductions in the mobility of
arsenic and the volume of arsenic in deeper groundwater by sequestering arsenic into aquifer
minerals. The toxicity of arsenic would also be significantly decreased, because arsenic would
be bound in mineral crystal lattices instead of moving as a dissolved ion or in association with
colloids. The scale of these reductions would be unaffected by the implementation of upgradient
source control; greater treatment would be applied to sequester a greater mass of arsenic
inputs. However, the reductions in mobility, volume, and toxicity of arsenic in shallow
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groundwater (within 6 feet bgs; where the water table seasonally drops below land surface) are
expected to be low.

This alternative carries minor short-term effectiveness considerations related to standard worker
safety risks during delivery system construction, treatment, well installation, and monitoring
activities. It may also result in some short-term damage to the existing wetlands.

In situ Sequestration has some obstacles to implementation. Construction of a delivery system
may require some filling of the wetlands in order to construct access roads. This is in addition to
the physical obstacles related to working conditions in the wetlands.

Costs are high relative to other Wetlands CAA alternatives. Costs would include capital
expenditures to install a delivery system likely to consist of multiple transects and some
permanent above-ground components, well installation, treatment reagent, and labor.
Long-term costs would include O&M of the treatment system in addition to ongoing monitoring
costs. If a PRB delivery system is selected, O&M costs may be reduced unless the PRB
requires periodic replacement. Contingency costs would be used for additional engineering of
maodifications to the in situ system, if needed.

6.2.4 Alternative 4—Short-term Pump-and-Treat Removal

As indicated in Section 5.0, although long-term ex-situ pump and treat systems did not pass the
preliminary screening due to inability to achieve cleanup levels and disproportionately high costs
(treatment plant construction costs, high O&M costs due to iron fouling, etc.) a short-term pump-
and-treat approach was deemed potentially suitable for meeting RAOs. Short-term pump and
treat is favored by the following conditions in the wetlands:

e The size of the plume is limited and can be “captured” by relatively few wells.

e Most of the mass of arsenic in the plume is within a 2-acre core containing elevated
concentrations above 2 mg/L.

e The source for the high concentrations in the plume is landfill leachate that will no
longer be able to migrate to the wetlands following implementation of the
Landfill/Ditch CAA remedy.

e Arsenic is present in the plume as dissolved phase that will migrate readily with the
groundwater to nearby pumping wells.

e Aquifer materials are relatively homogenous and transmissive and have a
demonstrated capacity for sustained groundwater pumping.

e Soil arsenic concentrations in the wetlands are near background levels, so
this soil is not expected to contribute to significant post-pumping rebound.

These factors suggest that the residual mass of arsenic in the wetlands plume following
implementation of the Landfill remedy could be readily removed by pumping. This alternative
would meet RAOs by permanently lowering the elevated concentrations now observed in the
plume, shrinking its footprint, and decreasing the mass of arsenic available for transport by
groundwater.
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This alternative would conceptually consist of the installation of several new pumping wells
and/or re-fitting of existing monitoring wells; installation of associated pumps, plumbing and
electrical connections; site preparations to allow the temporary installation of an ex-situ
treatment system trailer, water storage tanks, and a waffle press to dewater iron solids;
discharge of treated water to the existing stormwater infiltration ponds'?®; periodic removal of iron
solids; performance monitoring; and operations and maintenance.

A small number of pumping wells in the central area of the 2-acre wetlands plume, and a
temporary ex-situ treatment system that treats 15,000 gallons per day (equivalent to 10 gpm)
would treat 5 million gallons (a volume equivalent to the amount of pore water in the
approximately 3.2-acre area of the aquifer with concentrations exceeding 0.200 mg/L) in about
one year. The mass of arsenic in this volume of water is approximately 53 Ibs, over 90% of
which is located in the 2-acre area with groundwater<arsenic concentrations greater than 2
mg/L. Location of the pumping wells in this core area of the plume would optimize the removal
of arsenic mass. Higher pumping rates may be applied to treat this volume of water during a
single dry season. Lower rates of pumping, however, may more efficiently remove the most
contaminated groundwater because lower rates would limit the mixing of the plume with clean
water pulled in from outside the plume.

Several ex-situ treatment technologies that use iron precipitation to co-precipitate arsenic are
available and relatively inexpensive to operate. For example, pumped water can be super-
saturated with oxygen and/or treated with hydrogen peroxide to precipitate iron and remove
arsenic. Additional polishing steps could be added to the process; one or more of these
technologies may need to be applied to reach CULs prior to discharge of treated water.

Based on observed iron concentrations (up to 100 mg/L), the estimated volume of iron solid that
would be producedfrom 5 million gallons is approximately two tons. This material could be
collected on-site and transported to the appropriate disposal facility, as needed. Water would
be pumped under pressure prior to treatment to prevent atmospheric oxygen from causing rapid
iron fouling of plumbing.

The alternative may also be preceded by a pilot study to determine the effectiveness of the
treatment technology and the likelihood of rebound of dissolved concentrations from the solid
phase. There is a potential for arsenic that is currently adsorbed and co-precipitated onto
mineral surfaces to desorb or dissolve into groundwater as the arsenic concentration in
groundwater is decreased.. While soil arsenic concentrations are generally not elevated,
dissolution of even small amounts of arsenic from soil have been shown to produce elevated
groundwater concentrations under certain geochemical conditions. The low soil arsenic
concentrations, the reducing nature of the system, and the arsenic speciation of As(lll),
however, together suggest a low degree of partitioning into the solid phase and suggest that a
limited ex-situ treatment regime would have success in permanently reducing the most elevated
concentrations.

1% pischarge of treated water to POTW through the sanitary sewer along the Puget Power Road was
considered and rejected because wastewater discharge is not allowed on a temporary basis by Pierce
County. The estimated cost for a permanent connection and capacity to discharge up to 150,000
gallons per day was approximately $1,000,000 in 2006 dollars.
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The pilot study may also be able to determine whether anisotropic aquifer conditions (including
horizontal hydraulic conductivities that vary with direction) would prevent removal of dissolved
arsenic from less transmissive parts of the aquifer. Generally, this is of most concern in the
shallowest, most fine-grained portion of the Upper Sand Aquifer, where less-permeable, fine-
grained materials may have contributed to increased absorption. The majority of the aquifer,
however, is sandy and transmissive, and should allow a suitable capture zone to develop during

pumping.

In addition to potential rebound of arsenic through desorption and dissolution from mineral
surfaces, a second complicating factor is the seasonal limitation to pump and treat. Pumping
during the flooded winter months may capture a large volume of ponded surface water that
could overwhelm efforts to maintain hydraulic capture <of the plume and result in costly
increased treatment volumes of water with relatively low-arsenic concentrations. Therefore, one
or more dry seasons of operation will be necessary,depending on rainfall. .The system would
be run until the mass removed by the daily pumping is insignificantly small and/or arsenic
concentrations become asymptotic.

The short-term pump-and-treat alternative would provide a high degree of overall protectiveness
of human health and the environment. It would significantly decrease the mass of arsenic
migrating downgradient toward potential receptors, thereby helping to limit further migration of
the plume. In addition, it would decrease the concentrations in groundwater throughout the
thickness of the Upper Sand Aquifer, including the shallowest groundwater that currently
discharges to the surface above CULs. This alternative alone, however, is unlikely to
completely achieve CULs because the residual mass of arsenic is unlikely to be fully removed
by pumping and sufficient arsenic will remain attached to aquifer soils to result in rebound to
concentrations above groundwater CULS.

Following one to two years of pumping, naturally-occurring attenuation processes in concert
with source control at the Landfill are expected to decrease residual concentrations to levels
protective of receptors. By removing a significant mass of arsenic, the short-term pump-and-
treat alternative, barring significant rebound, would greatly reduce the restoration timeframe for
post-pumping natural attenuation processes.

Because it would permanently remove and treat arsenic contamination, this alternative would
result in high long-term effectiveness for preventing a significant volume of arsenic from further
migration and for lowering concentrations at the surface exposure pathway. Ultimately, the
long-term effectiveness will depend on the potential for rebound by dissolution of solid state
arsenic, which is thought to be low because existing soils are not elevated in arsenic. This
alternative has the potential to be highly permanent especially if combined with effective source
control at the Landfill/Ditch CAA.

This alternative ranks high for significantly reducing the volume of arsenic in groundwater
through treatment. While the pumping wells are not designed to maintain hydraulic control over
the long term, the overall mobility of the plume would be decreased following pumping because
of the decreased mass of arsenic left in the plume.

This alternative carries minor short-term worker safety risks during installation of system
components, as well as low worker safety risks during treatment, iron sludge handling, and well
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