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EXECUTIVE SUMMARY

The U.S. Department of Energy’s (DOE) Hanford Facility near Richland, Washington
has been operated by the Federal Government since 1943 for plutonium production for military
use, and nuclear energy research and development. Past activities released waste to the
environment that contaminated soil and groundwater with hazardous/dangerous waste, and
radioactive contaminants. The remedy selection process for remediation of operable units
located along the Columbia River is scheduled to commence in the fall of 1994. Based on
significant public input to date, it is anticipated that the remedies selected for these operable
units may include removal of waste from proximity to the Columbia River and isolation of the
waste in a central location. The purpose of this remedial investigation/feasibility study (RI/FS)
is to evaluate alternatives to allow the removal of contaminants from portions of the Hanford
Site (including near the Columbia River) in a timely manner such that those remediated portions
of the Site to be released for other productive uses.

This RI/FS evaluates alternatives for placement of remediation waste generated during
remediation of CERCLA and RCRA past practice sites on the Hanford Site. With the exception
of the no-action alternative, all of the alternatives evaluated in this RI/FS include a RCRA
Corrective Action Management Unit (CAMU) referred to as the Environmental Restoration
Disposal Facility (ERDF). The ERDF would serve as the receiving facility for most of the
waste excavated during remediation of CERCLA and RCRA past-practice sites. The primary
element of the ERDF is a single trench excavated below existing grade that will be filled with
remediation waste and closed with a protective surface barrier. Supporting facilities, such as
administrative buildings, railroad spurs, waste off-loading and transport equipment,
decontamination facilities, etc, will also be included as part of the ERDF. In accordance with
the CAMU regulations (40 CFR 264.552), only remediation waste that originates within the
Hanford Site may be placed in the ERDF. The waste is expected to consist of
dangerous/hazardous waste, PCB and asbestos waste, low-level radioactive waste, and low-level
mixed waste (containing both dangercus and radioactive waste). The CAMU requirements are
specifically addressed in a CAMU application document included as part of the regulatory
package.

The Hanford Facility Federal Agreement and Consent Order (Tri-Party Agreement) was
signed by the U.S. Environment Protection Agency (EPA), the Washington State Department of
Ecology (Ecology), and DOE to provide for cleanup of the Hanford Site. In the most recent
Tri-Party Negotiations (Ecology et al. 1994) it was agreed that a pilot project to demonstrate
National Environmental Policy Act (NEPA)Y/CERCLA functional equivalency would be
conducted for the ERDF project. Therefore, the scope of this document has been expanded to
address NEPA values not normally considered in a CERCLA RI/FS. Many of the NEPA
values, such as a description of the affected environment (including meteorology, hydrology,
geology, ecological, and land-use), applicable laws and guidelines, short-term and long-term
impacts on human health and the environment, emissions to water and air, and cost, are
included within a typical CERCLA RI/FS. Other NEPA values not normally addressed in a
CERCLA RUFS, such as socioeconomics, cuitural resources, and transportation, have been
evaluated in this document. A NEPA roadmap document, which describes where NEPA values
are addressed, has been prepared as part of this regulatory package.

ERDF Proposed Site. The proposed site will cover 4.1 square kilometers (1.6 square
miles) on the 200 areas plateau at an elevation of 195 to 226 m (640 to 740 ft) above mean sea
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level (AMSL), approximately in the center of the Hanford Site, southeast of the 200 West Area
and southwest of the 200 East Area. Placement of the ERDF on the 200 Area plateau would
facilitate consolidation of waste management activities away from the Columbia River at a
relatively high ground surface elevation (with a corresponding greater depth to groundwater).

No waste units are located within the ERDF site. However, contaminated groundwater
related to discharge of chemical processing wastewater in the 200 West Area has migrated
beneath the ERDF site. Contaminants present in groundwater at the site are: tritium, iodine
129, technetium 99, gross alpha, gross beta, chloroform, nitrate, chromium and carbon
tetrachloride. The highest concentrations of contaminants are generally found at the points
nearest the 200 West Area, which is at the west end of the ERDF. Remediation of these plumes
will be addressed in the RI/FS process for the 200 Area operable units.

Hydrogeology. The vadose zone beneath the ERDF site is estimated to range from 70
to 90 m (230 to 300 ft) thick and consist of the following lithologic units: Hanford Formation
sediments, Plio-Pleistocene, the upper Ringold unit and Ringold Gravel unit "E". The
suprabasalt aquifers beneath the proposed ERDF site consists of the fluvial sands and gravels of
the Ringold Formation and the lower Plio-Pleistocene Formation. The silts of the Plio-

__Pleistocene unit, the upper Ringold unit and the Ringold lower mud-unit may-act-as-aquitards or
. .._confining units within the aquifer. The uppermost aquifer beneath the proposed ERDF site is
contained primarily within unit E of the Ringold Formation. The lower mud unit of the Ringold
Formation is known to occur beneath this aquifer in the western side of the site but the lateral
extent is not known beneath the eastern side of the ERDF. Where the lower mud unit is
present, confined aquifer conditions exist in unit A of the Ringold Formation. Units A and E of
the Ringold Formation would be combined in a single unconfined aquifer in areas where the
e lower mud unit is-not present. The thickness of the uppermost aquifer beneath the ERDF
_generally appears to range from 20 to 70 m (65-230 ft). Groundwater flow beneath the site is
generally from west to east. Groundwater discharge is ultimately to the Columbia River.

Cultural Resources. The Hanford Cultural Resources Laboratory (HCRL) conducted a
cultural resources survey of the ERDF site and surrounding area during the summer of 1993.
The survey identified four archaeological sites, one paleontological site and nine isolated
artifacts. One isolated artifact (2 cobble tool) was also identified during a previous survey.
None of the sites were considered eligible for the National Register. However, HCRL stated
that two of the archeological sites may represent part of the greater Euro-American ranching
community in Southeast Washington State and may be considered regionally or locally
significant viewed in this context. The two sites are located outside of the ERDF boundaries.

Ecological Resources. Ecological surveys of the ERDF site found it to be primarily
undisturbed shrub-steppe habitat that had not sustained significant fire damage. The recent
surveys identified long-billed curlews, sage sparrows, and loggerhead shrikes as nesting in the
area. Grasshopper sparrows were present and possibly nesting at the site. Swainson’s hawks
were observed hunting in the area. Burrowing owls, while not observed during the surveys,
have been seen at the site in the past and are presumed to currently inhabit the area.

Mature shrub-steppe provides important habitat for a number of plant and animal species
--——— -—-- ———---of concern that depend on the shrub component, usualiy sagebrush, for nesting, food and
protection. Bitterbrush shrubs provide browse for a resident herd of wild mule deer. Certain
passerine birds rely on sagebrush or bitterbrush for nesting (i.e., sage sparrow, sage thrasher,
cewee. .. and loggerhead shrike).- Loggerhead shrikes are year round residents that are present at low
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densities. Sage sparrows are common summer residents of the Hanford Site that are restricted
almost entirely to sagebrush stands. Mature shrub-steppe habitat also provides prime foraging
habitat for a variety of raptor species. Shrub-steppe habitat available for species of concern on
the Hanford Site may become a more critical issue as agricultural, industrial and urban
development decrease the amount of this habitat type in eastern Washington.

The remaining undisturbed shrub-steppe habitat at the Hanford Site is considered
priority habitat by the State of Washington due to its relative scarcity in the state and its
importance as nesting, breeding and foraging habitat for state- and federal listed or candidate
sensitive species.

No plants, birds, or mammals on the federal list of Endangered and Threatened Wildlife
and Plants (50 CFR 17.11, 17.12) are known to reside or occur at the ERDF site. There are,
however, several species of both plants and animals that are of concern or are under
consideration for formal listing by the federal government and Washington State.

Waste Characteristics. It is anticipated that the ERDF will receive waste from the
100, 200, and 300 Areas. The total volume of waste is expected to be less than 21.4 million m®
(28 million yd®) and is expected to consist of the following: contaminated soil and demolition
debris associated with process wastewater disposal units and unplanned releases (approximately
65-75%); burial ground waste (approximately 15-20%); and wastewater pipelines, ancillary
equipment, and associated soil contamination (approximately 10-15%). Waste generating
activities and waste units for each of the areas are briefly discussed below:

The 100 Area includes nine water-cooled, plutonium production reactors that were built
along the shore of the Columbia River upstream from the now-abandoned town of Hanford.
Waste units in the 100 Area include cooling water retention basins, pipelines, river outfall
- structures, subsurface process-water disposal units (e.g., french drains), soiid waste burial
grounds, and unplanned releases (i.e., spills). 100 Area waste includes soil, sediments, sludges,
burial ground waste, and demolition debris (e.g., pipe and concrete).

Historically, the 200 Area was used for nuclear fuel reprocessing, plutonium recovery,
and waste management and disposal. Although highly radioactive liquid wastes were discharged
to numerous subsurface disposal units in the 200 Area, the resulting high-activity contaminated
soils are not considered likely waste materials for the ERDF. Waste units where remediation
may result in disposal of materials in the ERDF include 24 migration sites (consisting of surface
- soils contaminated due to spills or wind-blown dispersion of radioactive materials) and an
extensive network of pipelines and ancillary equipment with associated soil contamination due to
leaks.

Activities in the 300 Area have historically been related primarily to the fabrication of
nuclear fuel elements. In addition, many technical support, service support, and research and
development activities related to fuel fabrication and reactor testing were carried out. Current
R&D activities focus on peaceful uses of plutonium, liquid metal technology, fast-flux test
facility support, gas-cooled reactor development, life science research, and Tri-Party Agreement
support. The primary waste units in the 300 Area include unplanned releases, process sewer
piping, process sewer ponds and trenches, and burial grounds.

Fate and Transport. Groundwater modeling was based on the following conceptual
model: As recharge from the ground surface percolates through the waste it dissolves
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contaminants to form leachate. Thé contaminant concentration in the leachate is controlled by
soil-water partitioning unless the leachate concentration is predicted to exceed the constituent
solubility, in which case the concentration is solubility limited. Leachate from the facility
migrates through the vadose zone to the groundwater table. The rate of migration is controlled
by the rate of infiltration, the moisture content, and retardation. Constituent concentrations may
be a function of radioactive decay, volatilization, biodegradation, and dilution. When the
leachate reaches the saturated zone, it is subsequently diluted in groundwater. Finally, the
leachate migrates towards the ERDF boundary in the direction of groundwater flow. Further
retardation and decay can occur in the saturated zone.

A spreadsheet model was developed to simulate the conceptual model described above.
Maximum concentrations are identified for all the consntuents detected in wastes in the 100,
Parameters for the fate and transport spreadsheet model were developed to represent the
hydrogeological conditions of the ERDF site, the physical and chemical properties of the waste
form, and the fate and transport properties of each contaminant constituent. Constituent-specific
parameters include soil/water partitioning coefficient (K ), decay or degradation rate, and
solubility. The parameter estimation relied first on ERDF-specific information and then on
Hanford Site background information when available. Non-Hanford Site information was
utilized as a last resort.

Groundwater background screening was conducted to identify the constituents which
could occur in concentrations that are elevated over naturally-occurring chemical concentrations.
Constituents were evaluated by comparing the predicted groundwater concentrations with the
Hanford Site background groundwater concentrations. Those constituents with predicted
groundwater concentrations less than background are not considered to represent risk to
groundwater and are eliminated from further consideration. Calcium, iron, magnesium,
strontium, and sulfate were eliminated from the list of groundwater contaminants.

Groundwater modeling results indicated that certain contaminants will be found in
groundwater at extremely low concentrations (e.g., less than one part per trillion). To
sireamiine the risk assessment process, it is helpful to define groundwater concentrations that,
for all practical purposes, are indistinguishable from zero. For the purpose of this discussion,
these concentrations are called de minimis concentrations. If a modeled groundwater
concentration is less than a de minimis concentration, then the contaminant is considered absent
in groundwater. The de minimis concentration is 5x10”7 mg/L for non-radioactive contaminants,
and 1x107? pCi/L for radioactive contaminants. Most of the organic compounds and many of
the radionuclides are eliminated in the de minimis screening. Due to their lack of degradation
or decay, all of the toxic or carcinogenic metals and anions detected above background are
retained.

Constituents of Potential Concern. A risk-based screening process and comparison to
ARARSs is used to identify contaminants of potential concern. The risk-based screening process
involves the calculation of risk-based screening concentrations, which consider both non-
carcinogenic and carcinogenic effects. Risk-based screening concentrations are soil or
groundwater concentrations that correspond to a hazard quotient (HQ) of 0.1, or lifetime

~ incremental cancer risk (ICR) of 1x107 using residential scenario exposure parameter values.

These screening values are an order of magnitude less than CERCLA risk-based criteria.
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If the maximum concentration detected for a contaminant exceeds a risk-based screening
concentration and/or an ARAR for that contaminant, it is retained for evaluation in the risk
assessment. Otherwise, the contaminant is eliminated from the risk assessment process.
Because the screening criteria for ICR and HQ are an order of magnitude less than CERCLA
risk-based criteria, the screening process provides a high degree of confidence that these
eliminated contaminants pose only an insignificant risk to human health or the environment.
Contaminants of potential concern are identified separately for soil and groundwater.

Base Conditions Risk Assessment. A base conditions risk assessment was conducted to
determine the human and ecological impacts associated with placement of Hanford remediation
waste in the ERDF with a minimal soil cover, no liner, and no treatment. This scenario was
intended to represent the risk associated with a non-engineered ERDF design and does not
account for any of the protective features of the design alternatives discussed below,
Furthermore, it was assumed that all the waste in the ERDF was characterized by the maximum
concentration detected in 100, 200, and 300 Area waste units. For these reasons, the predicted
risks provided below for base-conditions are conservatively biased and are not actual risks that
any receptor population would experience.

Risks are expressed in terms of incremental cancer risk (ICR) and hazard quotient (HQ).
The ICR represents the additional cancer risk to a human receptor due to exposure to a
- -garcinogenic-(cancer-causiiig) contaminant. ICR is generally expressed in terms of the
probability of cancer genesis, and is generally expressed in scientific notation. For example, a
incremental cancer risk of 1x10° means that on average, 1 in a million receptors will contract
cancer. CERCLA has established that incremental cancer risks between 1x10% and 1x10* are
acceptable and that risk below 10 are inconsequential. Because the asumption used are only
valid for risks less than 1x107%, any predicted risks greater than this level are reported as
"greater than 1x102." HQ is a measure of non-carcinogenic risk and is expressed as the ratio of
contaminant intake to a reference dose. The reference dose is the dose at which adverse health
impacts are believed to occur. Therefore, HQs below 1 should not result in any adverse health

impacts.

Human health effects associated with soil exposure for the base conditions scenario were
predicted to include an total incremental cancer risk (ICR) of greater than 1x10? (1 in a 100)
and hazard quotients (HQs) greater than 1 for 11 contaminants. The contaminants with ICRs
greater than 1x10* (1 in 10,000) were cesium-137, europium-152, and uranium. The 11
contaminants that exceeded a HQ of 1 were all metals and included aluminum, antimony,
arsenic, barium, chromium, copper, mercury, nickel, silver, thallium, and vanadium.

As described above, groundwater fate and transport modeling was conducted to predict
concentrations in groundwater downgradient of the ERDF under base conditions. The most
mobile contaminants reached groundwater in approximately 500 years. Contaminants that did
not reach groundwater within 10,000 years were not included in the risk estimates. Most of the
contaminants were predicted to result in extremely low groundwater concentrations (i.e., less
than one part per trillion) that present insignificant health risk. The total ICR associated with
the groundwater pathways was >1x10 (1 in a 100) and HQs greater than 1 were predicted for
six contaminants. The contaminants with ICRs greater than 1x10* were arsenic, carbon-14, and
uranium. The six contaminants that exceeded an HQ of 1 were antimony, arsenic, chromium,
fluoride, nitrite, and selenium.
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Ecological risk is expressed in terms of an environmental HQ (analogous to the human
heaith HQ) for non-radionuciides and radiological dose for radionuclides. The ecological risk
assessment predicted environmental HQs greater than 1 for seven contaminants: benzo(a)pyrene,
aluminum, barium, copper, manganese, mercury, and zinc. The total radiological dose after 100
years was predicted to equal 0.8 rad/day (primarily due to cesium-137 and uranium). A dose of
1 rad/day is generally considered acceptable for ecological receptors.

) Remedial Action Objectives. Remedial action objectives (RAO) were developed to
focus the development, screening, and analysis of remedial alternatives to ensure that they are
protective of human health and the environment. RAOs are based on a variety of factors, of
which the primary driver are applicable or relevant and appropriate requirements (ARARs). A
discussion of pertinent chemical, location, and action specific ARARs is provided in the main
body of the text. The following remedial action objectives have been identified for the ERDF:

- --1} - - Support the removal of contaminants from portions of the Hanford Site
(including near the Columbia River) in a timely manner: This is the overall
objective of this action and to based on public opinion that contaminants should
be removed from near the Columbia River as soon as possible. This opinion is

e ~based on concern regarding potential impacts of these contaminants on the
Columbia River and the desire to release the remediated areas for other
productive uses.

2) Prevent unacceptable direct exposure to waste: Direct exposure to the types
of waste received at the ERDF, via external exposure, dermal contact, or
ingestion, could result in unacceptable health risks to humans and biota.
Preventing unacceptable exposure to wastes at the ERDF is important during
operation of the facility (i.e., during waste transport and filling operations), and
following closure. Once the ERDF is closed, direct exposure to waste is only
possible if institutional controls fail and the surface barrier is breached.

3) Prevent unacceptable contaminant releases to air: Inhalation exposure to the
types of waste received at the ERDF could result in unacceptable health risks.
Similar to the direct exposure pathway, inhalation of waste could occur during
o s oo operation - of the ERDF . Once the ERDF is closed, air releases are only possible
if institutional controls fail and the surface barrier is breached.

4) Prevent contaminant releases to groundwater above ARARs and health-
based criteria: Migration of contaminants through the unsaturated zone to
groundwater could result in unacceptable human exposure to contaminants
hundreds to thousands of years in the future. Protecting groundwater beneath
the ERDF also results in protecting the Columbia River.

5) Minimize ecological impacts: Construction of the ERDF will result in harmful
impacts on the ecology of the ERDF site and the quarry sites providing
materiais for ERDF construction. Because significant value is attached to the
ecology at these sites, ecological impacts will be minimized and/or mitigated to
the maximum extent possible.

Screening of Remedial Technologies. The primary technologies evaluated in this
- Teport relate to- the configuration and design of the waste containment unit, including geometry
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of the trench excavation, liners, and surface barriers. Technologies related to institutional
controls, surface water management, dust control, and treatment of waste waters are also
addressed. The remediation technologies are screened using the criteria specified in 40 CFR
300.430(e)}(7) of the National Contingency Plan (NCP), including effectiveness,
implementability, and cost.

Development of Alternatives. The retained technologies were assembled into 9 design
alternatives (in addition to the no-action alternative). The nine alternatives represent
combinations of three trench liner options with three surface barrier options. The purpose of
the liner is to collect leachate generated due to precipitation percolating through the waste before
the surface barrier is placed over the waste. The synthetic portions of the liners are not
intended to last for more than several decades. The purpose of the surface barrier is to
minimize the potential for intrusion into the waste and reduce or eliminate infiltration through

the waste after closure.

The three trench liner options include no trench lirer, a single composite liner, or a
RCRA minimum technology requirements (MTR) double composite liner. The single composite
liner consists of the following three primary units:

. Operations layer - clean fill 0.9 m (3 ft) thick, to protect the liner
against damage from construction and waste placement equipment, and
also against freezing in the exposed portions of the liner.

. Drainage layer - a drainage gravel layer overlain by a geotextile
separator to prevent silting of the gravel by the operations layer. The
gravel layer directs infiltration percolating through the waste to a
collection sump where it is pumped out of the trench. A geocomposite
(a geonet sandwiched between layers of geotextile) is used instead of
gravel on the side slopes of the trench.

. Low-permeability liner - a synthetic high-density polyethylene (HDPE)
geomembrane over 0.3 m (1 ft) of compacted clay with a permeability
no greater than 1x10®° m/s (2.8x10* ft/day). Use of two liners provides
redundant low permeability; the synthetic membrane protects the clay
against desiccation, and the clay provides a thick liner capable of some
self-healing with settling and other geological stresses. A geotextile
cushion overlies the HDPE geomembrane to minimize damage during
placement of the drainage layer.

The double composite liner is similar to the single liner except that it includes a
secondary HDPE liner and leachate collection system directly beneath the primary HDPE liner.
In addition, the thickness of the clay is increased from 0.3 m (0.9 ft) to 1 m (3 ft).

The surface barrier options include a low-infiltration soil barrier, a Hanford barrier, or a
modified Hanford Barrier. All three barriers are at least 4.6 m (15 ft) thick to preclude the
excavation intrusion scenario and include passive controls (such as surface and subsurface
markers) to deter intrusion. In addition, all the barriers include vegetated fine-grained soil
layers at the surface to maximize moisture retention and evapotranspiration and thereby reduce
the rate of infiltration. The Hanford and modified Hanford barriers also include a low-
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permeability asphalt layer to divert moisture that passes the evapotranspiration layers beyond the
horizontal limits of the waste.

The alternatives are listed below:

. Alternative 1 - No action

. Alternative 2 - No liner and a low-infiltration soil barrier

. Alternative 3 - No liner and a modified Hanford barrier

. Alternative 4 - No liner and a Hanford Barrier

. Alternative 5 - Single composite liner and a low-infiltration soil barrier

s Alternative 6 - Singie composite liner and a modified Hanford barrier

. Alternative 7 - Single composite liner and a Hanford Barrier

. Alternative 8 - RCRA double composite liner and a low-infiltration soil
barrier

. Alternative 9 - RCRA double composite liner and a modified Hanford
barrier

. Alternative 10 - RCRA double composite liner and a Hanford Barrier

Evaluation of the no-action alternative is required under CERCLA (40 CFR
300.430(e)(6)). The no-action alternative for this FS consists of not constructing a centralized
_.__..CAMU on the Hanford Site to accommodate remediation waste from Hanford Site past-practice
operable units. Implementation of the no-action alternative would result in the necessity for
each operable unit to develop alternatives that include in-situ treatment and/or containment, or
disposal facilities at the operable unit.

The remaining alternaiives all inciude institutional controls, dust control, surface water
management, wastewater treatment, transportation systems (such as a new rail spur), buildings,
a grout batch plant, equipment for internal and external communications, emergency response
__equipment, and personnel protection. In addition, all of the alternatives (other than no-action)
utilize the deep area-fill trench configuration, a single trench design approximately 20 m (70 ft)
deep and 300 m (1,000 ft) across. This trench configuration minimizes the footprint (areal
dimensions) of the facility. . The reduced footprint of the deep-area-fill design offers the

e following advantages in comparison to other configurations:

- - “Less habitart disruption,
. Less leachate generation,
i Reduced material needs (thus, reduced ecological and cultural impact on
borrow areas),
. Lower costs for the liner and barrier.

Using the deep area-fill configuration, the disturbed area of the ERDF, including the
trench, roads, and supporting facilities, is estimated to be 2.6 km? (650 acres or 1.0 mi?).

Acceptable soil and leachate concentrations. Acceptable soil and leachate
concentrations were developed for the contaminants identified in potential waste from the 100,
200, and 300 Areas. These concentrations will be included as part of the waste acceptance
criteria for ERDF waste to ensure that human and ecological exposures will be less than
acceptable standards for the foreseeable future.
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The acceptabie soil concentrations were based on exposure to soils due to the 500-year
drilling scenario. This scenario was determined to be a reasonable exposure scenario given the
protective measures included in the ERDF design such as active institutional controls, passive
controls, and a minimum 15-foot thick surface barrier. Based on a comparison with maximum
contaminant concentrations in 100, 200, and 300 Areas waste units, it appears that most of the
waste will meet the acceptable soil concentrations. Waste with soil concentrations that exceed
the acceptable levels will require mixing with cleaner soils to reduce concentrations to
acceptable levels. For the contaminants that may exceed acceptable levels (metals and
radionuclides) no treatment technology exists for reducing concentrations.

Acceptable leachate concentrations were developed to provide protection of
groundwater. It is likely that much of the waste received at the ERDF will achieve the leachate
criteria without treatment. If this is not the case, however, then the waste will likely require
treatment before disposal in the ERDF. For purposes of the detailed evaluation in this report, it
was assumed that the wastes would comply with the leachate criteria.

Detailed Evaluation. The NCP provides nine criteria for detailed evaluation of
alternatives. Because the no-action alternative does not satisfy the overall objective of this
action to "support the removal of contaminants from portions of the Hanford Site (including
near the Columbia River) in a timely manner to allow those remediated portions of the Site to
be released for other productive uses” it is not evaluated further. Results of the detailed
evaluation of alternatives for the remaining alternatives are summarized below:

b Overall protection of human health and the environment: This criteria draws on the
assessments of other evaluation criteria, especially long-term effectiveness and
permanence, short-term effectiveness, and compliance with ARARs. As discussed
below under these criteria, all the alternatives (except the no-action alternative) fuifill
the objectives specified regarding long-term protection of human health and the
environment while insuring protection of worker and public health during operations.

2) Compliance with ARARs: The determinations provided in Chapter 7 for action- and
location-specific ARARs are valid for all the alternatives except the no-action
alternative. In general, all the alternative except the no-action alternative attain ARARs
identified in Chapter 7. The only exception is the TSCA requirement that wastes with
more than 50 ppm polychlorinated biphenols (PCBs) be disposed in a lined facility. In
order to accept wastes with PCB concentrations greater than 50 mg/kg, Alternatives 2,
3, and 4 (no liner) would require a waiver under CERCLA. The remaining alternatives
inciude liners and no waiver would be required. The TSCA waiver request could be
applied for based on the equivalent standard of performance criteria provided under

..CERCLA. Demonstration-of equivalent standard of performance is justified by the
analyses in Appendix A of the RI/FS for an unlined trench, indicating that PCBs would
not impact groundwater beneath the ERDF.

The ERDF is being proposed as a Corrective Action Management Unit (CAMU). The
CAMU rule provides an option for onsite management of remediation waste previously
not available to facilities remediating materials subject to RCRA. The CAMU
regulations were promulgated to promote active remediation of contaminated sites, as
opposed to merely capping in place, by allowing more flexibility in management of
remediation waste, without compromising human health or the environment. In the
preamble to the CAMU Rule, EPA stated its expectation that the substantive CAMU
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Rule requirements will be applicable or relevant and appropriate requirements (ARARs)
for the rémediation of many CERCLA sites, especiaily those sites where CERCLA
remediation involves the management of RCRA hazardous wastes. An evaluation of the

__ seven decision criteria required under the CAMU regulations determined that the ERDF

--will- meet-all CAMU decision criteria-and designation of the ERDF as a CAMU is

appropriate.

Long-term effectiveness and permanence: Long-term effectiveness was measured in
terms of future risk to human health and the environment and qualitative assessments of
reliability. Future risks are associated with soil exposure resulting from intrusion into
the facility or exposure to groundwater impacted by migration of contaminants out of
the facility. The risks provided below differ from those presented above for base
conditions in that the benefits of protective measures such as passive controls and a
barrier that reduces infiltration are accounted for in the analysis. However, it was still
assumed that all the waste in the ERDF was characterized by the maximum
concentration detected in 100, 200, and 300 Area waste units and thus the results are
conservatively biased.

All of the alternatives (except the no-action alternative) include active institutional
controls (e.g., fences, signs, patrols), passive controls (e.g., markers and off-site
records), and a surface barrier that is at least 4.6 m (15 feet) thick. It is assumed that
institutional controls prevent intrusion into the waste for at least 100 years and that
passive controls prevent intrusion for 500 years. Furthermore, it is assumed that
because the waste is covered with at least 4.6 m (15 ft) of cover materials, intrusion into
the waste due to excavation is precluded. Since none of the evaluated barriers can
prevent penetration by a drilling rig, however, it is reasonable to assume that someone
might inadvertently drill through the waste sometime after 500 years. Therefore, soil
exposures for both human and ecological health are calculated assuming the 500 yr
drilling scenario.

Groundwater impacts were calculated assuming that an engineered barrier is constructed
-over the facility to minimize infiltration through the waste and maximize the travel time
to groundwater. In addition, it was assumed that the waste met the maximum leachate
concentration criteria (either with or without treatment) before it was placed in the
facility. For alternatives with liners, it was further assumed that all leachate was
~-retained by the HDPE liner and removed by the leachate eollection system for the firs

30 years of operation. In addition, the added travel time associated with migration
though the clay layer was accounted for in the analysis.

The human health risks associated with soil exposure resulting from the 500-yr drilling
scenario include a total ICR of 4x10° (dominated by uranium) and a maximum HQ of
0.03 (associated with copper). These risks are the same for all the alternatives {except
no action). The predicted HQ and ICR associated with the 500-yr drilling scenario are
below the goals established in the Tri-Party Agreement of 1 for HQ and 1x10* for ICR.

For all the alternatives except the no-action alternative, none of the contaminants are
predicted to reach groundwater within 10,000 years under current climate conditions.
Risks after 10,000 years are considered highly uncertain given the potential for climatic
changes, geologic events, and human activities, and were not evaluated. Groundwater
concentrations and associated risks were also predicted assuming that the rainfall rate

ES-10



DOE/RL-93-99, Rev. 0

increased from the current average for Hanford of 18 ¢m (7 in.) to 40 cm (16 in.) at
100 years. This scenario was intended to represent either a wetter climate or irrigation
on top of the ERDF. Although the results of these analyses are intended to demonstrate
potential effects associated with climate or land use changes, they should not be
considered the most likely scenario. The increased rainfall rate resulted in contaminant
travel times from the ERDF to groundwater that were as low as 150 years and the
predicted risks ranged from 2x10 to 3x10* for ICR and 0.8 to 7 for HQ. Differences
in the results were primarily due to differences in the type of barrier; the shorter travel
times and higher risks occurred when the alternative included the low-infiltration soil
barrier and the longer travel times and lower risks occurred when the alternative
included the Hanford or modified Hanford barriers. Because leachate collection is
assumed to last only 30 years and the rainfall rate does not increase for 100 years, only
minor differences in risks and travel times can be attributed to the liners.

The maximum ecological health risks associated with soil exposure resulting from the
500-yr drilling scenario include a total radiological dose of 0.6 rad/day (dominated by
uranium) and an environmental HQ of 12 for copper. The remaining environmental
HQs were less than 0.05. It should be noted that the background concentration of
copper in soil (28.2 mg/kg) results in an environmental HQ of 3, which has not resulted
in adverse impact to the environment. It is evident that the environmental exposure
analysis results in an overestimate of risk to environmental receptors and it is likely that
the intrusion scenario will not result in adverse impacts to the environment from any
potential contaminants disposed in the ERDF. These risks are the same for all the
alternatives (except no action).

Reliability in terms of protection against intrusion and erosion will be important if
institutional controls were no longer in place. All of the barriers include gravel in the
upper soil layer to reduce erosion of the upper silt layers; however, this gravel admix
layer is thicker in the Hanford Barrier. To discourage penetration by deep-rooted plants
and burrowing animals, the Hanford Barrier employs a crushed basalt layer that
provides a hostile environment for plants (little-to-no moisture, no nutrients, large grain
size), and a densely compacted asphalt layer. The modified Hanford Barrier employs
the asphalt layer and replaces the basalt with a thin layer of coarse-grained materials that
is likely to be less effective in preventing root penetration. The low-infiltration soil
barrier does not include an layers designed to prevent intrusion by plant roots and
animals and relies on thickness alone. Resistance to human intrusion is considered to be
primarily a function of barrier thickness, which is similar for all the barriers. In
summary, the Hanford Barrier offers the greatest protection against erosion and
intrusion in the absence of institutional controls and the modified Hanford barrier is
considered to be more effective than the low-infiltration soil barrier in this regard. The
barriers are considered to be equal with respect to resisting human intrusion.

Alternatives with trench liners offer several advantages over no-liner alternatives in
terms of reliability. The primary advantage is that any leachate generated during the
operational period will be retained by the trench liner and pumped out. A secondary
advantage of a leachate collection system is that it allows characterization of the leachate
generated in the waste. Knowledge of the leachate properties could be used to predict
future impacts on groundwater once the leachate collection is terminated or the trench
liner fails. The doubie composite liner offers a redundancy in leachate collection
systems not available in the single composite liner. The potential for flaws in the
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primary liner is uncertain, although it is probably low given the high level of
construction quality assurance planned for the ERDF. Furthermore, the rate of
degradation of a double composite liner will probably be similar to the degradation rate
for the single composite liner.

Reduction of Toxicity, Mobility, or Volume through Treatment: This criteria was
not relevant to the evaluation since none of the alternatives include treatment.
Treatment options will be evaluated in the RI/FSs for the source operable units.

Short-Term Effectiveness: Short-term effectiveness includes risks to workers and the
public during implementation of an alternative, potential environmental impacts of the
alternative, and time until protection is achieved.

Cperation of the ERDF will involve potential releases of waste during transport to the
ERDF and placement in the ERDF. Health risks for ERDF workers, other Hanford Site
workers, and the public due to exposure to waste contaminants were significantly less
than generally accepted standards under a variety of conditions, including: normal
operating conditions, a 24-hour period of high winds, and rupture of a waste container

- due to-a transportation accident. Since the operation of the ERDF will be the same for

all the alternative, these risks would be the same for all the alternatives.

Environmental impacts associated with construction and operation of the ERDF will
occur at the ERDF, along the new rail spur, and at any quarry sites for barrier
materials. These impacts will include destruction of habitat, displacement of wildlife at
these areas, and disturbance of wildlife near these areas and along transport routes due
to noise and human activities. The impacted area at the ERDF site is estimated to be
2.6 km? (650 acres or 1.0 mi®) although it may be greater depending on the final trench
design and waste volume. Ecological impacts at the ERDF will be mitigated to the
extent possible by using the deep area-fill trench configuration. Assuming a length of 8

_____km (outside the ERDF), and an impacted width of 50 m (160 ft), the area impacted by

the new rail spur will be approximately 0.4 km®. Ecological impacts associated with
development of the borrow sites will depend on the type of barrier included in the
alternative. The Hanford Barrier is the only barrier that requires basalt and it also
requires the most silt. The modified Hanford barrier requires 50% and the low-
infiltration soil barrier requires 25% of the silt required by the Hanford Barrier. Since
none of the liners included in the alternatives will utilize any on-site materials, the
environmental impacts are not impacted by the type of liner. DOE is currently
developing a Hanford Site-wide plan in cooperation with the State of Washington
Department of Fish and Wildlife and the U.S. Fish and Wildlife Service for mitigating
these environmental impacts.

The time until remediation is achieved will depend on the rate that waste is delivered to

_the ERDF and will be the same. for all the alternatives (except the no-action alternative).

Implementability: The factors included under this criteria include technical
implementability, availability of materials and services, and administrative
implementability.

Technical implementability is determined by the complexity of the trench liner and
surface barrier designs. The complexity of the barriers decreases in the following
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order: the Hanford Barrier, the modified Hanford barrier, and the low-infiltration
barrier. The complexity of the liners decreases in the following order: the double liner,
the single liner, and no liner.

All the materials and services for construction of the liners are readily available from
off-Hanford Site venders and their availability is not expected to pose any
implementability problems. Some of the materials included in the barrier designs (silt
and crushed basalt) will come from sources on the Hanford Site and concern has been
raised regarding development of potential scurces. In particular, cultural resources have
been identified at McGee Ranch, the proposed source of silt, that will likely require
mitigation before the site may be developed. In addition, basalt outcroppings on the
Hanford Site have religious significance to native american tribes and development of a
basalt source would require consideration of these cuitural values.

None of the alternative require off-site transport, treatment, or disposal of waste. Since
CERCLA excludes administrative requirements of ARARs for on-site actions, no
permits will be necessary and no administrative difficulties are anticipated.

Cost: Common costs included within each of the alternatives (except the no-action
alternative) are summarized below:

Common Costs

Type Cost (millions)
Support Facilities $75
Permitting and Design $22

Trench Excavation $109
Operational Cost (over 25 years) $500

(Net Present Value) (8255 present worth)
Total Common Costs $460

(Net Present Value)

The pet present values are calculated assuming a 6 percent discount rate. Total costs for
the alternatives can be determined by summing the common costs, the liner costs, and
the barrier cost for each of the alternatives in terms of net present worth. The net
present worth of the barrier is calculated assuming that the barrier is constructed 20
years in the future. Total costs for each alternative are summarized below:
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Total Costs for Remedial Alternatives.

Alternative Total Cost® (millions)
1. No Action Not Available
- - 2. No Liner with Low-Infiltration Soil Barrier $500
3. No Liner with Modified Hanford Barrier $600
4. No Liner with Hanford Barrier $740
5. Single Liner with Low-Infiltration Soil Barrier $587
6. Single Liner with Modified Hanford Barrier $690
7. Single Liner with Hanford Barrier £826
8. Double Liner with Low-Infiltration Soil Barrier $680
_. _19. Double Liner with. Modified Hanford Barrier - 8778
10. Double Liner with Hanford Barrier $920
2 .- Measured in terms of net present value assuming a discount rate of 6 percent.

8) State acceptance: The Washington Department of Ecology has reviewed the RI/FS and
their comments have been resolved and incorporated.

9) Community acceptance: Assessment of this criteria may not be completed until comments
on the proposed plan are received. Public comments will be considered in remedy selection
for the record of decision.

Comparative Analysis. The results of the detailed evaluation are summarized in the
following table:
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Summary Ranking of the Alternatives Against the Criteria.

Long-Term Short-Term Implementability Cost
Alternative | Effectiveness Effectiveness
1 NA NA NA NA
2 9 1 1 1
3 6 4 2(tie) 3
4 3 7 2(tie) 6
5 8 2 2(tie) 2
6 5 5 6(tie) 5
7 2 8 6(tie) 8
8 7 3 2(tie) 4
9 4 6 6(tie) 7
10 1 9 6(tie) 9
Notes:

1 - No Action -
2 - No Liner with Low-Infiltration Soil Barrier
3 - No Liner with Modified Hanford Barrier
4 - No Liner with Hanford Barrier
5 - Singie Liner with Low-Infiltration Soil Barrier
6 - Single Liner with Modified Hanford Barrier
7 - Single Liner with Hanford Barrier
8 - Double Liner with Low-Infiltration Soil Barrier
9 - Double Liner with Modified Hanford Barrier
10 - Double Liner with Hanford Barrier
NA - Not Available..

These results suggest the following conclusions regarding the primary components of the

alternatives:

] Compared with the other barriers, the Hanford Barrier (Alternatives 4, 7, and
10) provide the best long-term protection of human health and the environment
but at the expense of greater impacts on the environment and higher costs.

. Alternatives with the modified Hanford barrier provide similar long-term
effectiveness as the Hanford Barrier, but with lower cost and less ecological
impact.

. The low-infiltration soil barrier provides the same groundwater protection as the

other two barriers under current climatic conditions for significantly less cost
and ecological impact. However, under hypothetical wetter climatic conditions,
this barrier allows greater infiltration (and thus shorter vadose zone travel times)
and less protection against biointrusion than the other two barriers.
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. Because of the low infiltration rates associated with the surface barriers,
alternatives with no liner provide similar groundwater protection as alternatives
with a liner. Furthermore, the single liner is virtually equivalent to the double
liner in terms of groundwater protection.

. One advantage of lined alternatives is that they provide a means to determine the
S oo oo - - Validity of assumptions-regarding- leachate -generation and leachate quality. If
these assumptions prove to be non-conservative, and potential groundwater
impacts are deemed unacceptable, then it would be possible to initiate corrective

action.
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lowest observed adverse effect levels
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maximum contaminant level goals
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National Contingency Plan

National Environmental Policy Act
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to be considered
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upper confidence limit
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volatile organic compounds
Washington Administrative Code
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1.0 INTRODUCTION

e e ---This remedial -investigation/feasibility study (RI/FS) documeni examines construction and
operation of the Environmental Restoration Disposal Facility (ERDF) for the U.S. Department of
Energy’s (DOE’s) Hanford Site in Richland, Washington. The ERDF has been proposed to serve
as the receiving facility for waste generated due to remediation of Comprehensive Environmental
Response, Compensation, and Liability Act of 1980 (CERCLA) past practice units and Resource
Conservation and Recovery Act (RCRA) corrective action activities at the Hanford Site. In
accordance with the Code of Federal Regulations (40 CFR 264.552) and the Washington
Administrative Code (WAC 173-303-646), a separate application for designation of the ERDF as a
RCRA Corrective Action Management Unit (CAMU) is being prepared. In accordance with
CERCLA RCRA CAMU requirements, only remediation waste that originates within the Hanford
Site may be placed in the ERDF. Remediation waste is defined under 40 CFR 260.10 as all solid
and hazardous wastes, and all media (including groundwater, surface water, soils, and sediments)
and debris, which contain listed or characteristic hazardous wastes, that are managed for the
purpose of implementing corrective action requirements. The remediation waste is expected to
consist of hazardous/dangerous waste, polychlorinated biphenol (PCB) waste, asbestos waste,
radioactive waste, and mixed waste (containing both hazardous/dangerous and radioactive waste).

e The ERDF would initially be authorized with a Record of Decision under CERCLA and
£, permitted as a CAMU under RCRA with EPA as the lead agency. Once the State is granted
authority for administration of the Hazardous and Solid Waste Amendments of 1984 (HSWA), and
the CAMU is included as a modification in the Hanford Facility RCRA permit, the State would be
the RCRA Corrective Action lead agency. EPA will retain authority under CERCLA.

1.1 BACKGROUND

The Hanford Site is a 1,450 km? (560 mi®) tract of land located along the Columbia River
__in southeastern Washington and cavers portions of Benton, Grant, Franklin and Adams counties
{Figure 1-1). Operated by the federal government since 1943, its primary mission has been
plutonium production for military use, and nuclear energy research and development. These
activities included releases of wastes to the environment that resulted in contamination of soils and
groundwater with hazardous/dangerous and radioactive constituents.

The Hanford Site is divided into numerically designated operational areas, including the
100, 200, 300, 400, 600, and 1100 Areas. In November 1989, the U.S. Environmental Protection
Agency (EPA) placed the 100, 200, 300, and 1100 Areas on the National Priorities List (NPL)
contained within Appendix B of the Narional Oil and Hazardous Substance Pollution Contingency
Plan (NCP, 53 FR 51391 et seq.). The EPA took this action pursuant to their authority under
CERCLA (42 USC 9601 et seq.). Restoration of the CERCLA past practice sites at the Hanford
Site is expected to result in the generation of wastes requiring further management. RI/FS’s will
be done for all of the individual operable units. It will be the responsibility of the individual
operable units to determine if disposal at the ERDF is the preferred alternative and the need for
treatment before disposal.

The Hanford Site is a single RCRA facility with over 60 treatment, storage and disposal

(TSD) units conducting dangerous waste management activities. These TSD units are included in
the Hanford Facility Dangerous Waste Part A Permit Application (DOE-RL, 1988). The

1-1
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Washington State Department of Ecology (Ecology) has authority for RCRA implementation
through the State’s Dangerous Waste Regulations in the Washington Administrative Code (WAC
173-303). Closure and corrective actions related to TSD facilities on the Hanford Site are expected

- -to result in the generation of wastes requiring further-management. - The WAC is not applicable to
a CAMU at this time because Washington State does not have authority for administration of
HSWA. However, the State is expected to have HSWA authority in the next few years.

Agreements between the DOE Richland Operations Office (DOE-RL), the EPA, and
Ecology regarding environmental restoration activities and management of wastes at the Hanford
Site are documented in the Hanford Federal Facility Agreement and Consent Order (Ecology et al.
1992) also referred to as the Tri-Party Agreement. This order was first issued in 1989 and has
been renegotiated on several occasions, including the most recent negotiations in 1993 (Ecology et
al. 1994).

Milestone M-7G-00 of the Tri-Party Agreement calls for the design, approval, construction,

and operation of the ERDF by September 1996. It is the stated purpose of the Tri-Party

_ signatories that regulatory approval for the ERDF will be obtained under a CERCLA Record of
Decision (ROD) and HSWA using applicable CAMU regulations. This RI/FS will provide the
supporting information for a proposed plan that will become the basis for the CERCLA ROD.
Preparatron of the CAMU application is procéeding concurrently with preparation of this

~~ document. Eventually, the RI/FS, proposed plan, and CAMU application will constitute the
regulatory package that provides the basis for regulatory approval as well as the compliance
management framework for the ERDF.

g ot

i.2 PURFOSE

The purpose of the proposed action is to support the removal of contaminants from portions
of the Hanford Site (including near the Columbia River) in a timely manner, to allow those
remediated portions of the Site to be released for other productive uses. Several Tri-Party
Agreement milestones exist for near-term remediation efforts, including issuance of CERCLA
operable unit Records of Decision (ROD) in 1995. The remedies to be selected in the operable
unit RODs are expected to require excavation and management of large volumes of remediation-

-.— generated waste, which will require disposition.

1.3 SCOPE OF THE RI/FS
The primary objectives of the RI/FS are clearly described in the NCP:

_The purpose of the remedial investigation (Rl).is to collect data necessary to
adequately characterize the site for the purpose of developing and evaluating
effective remedial alternatives. To characterize the site, the lead agency shall, as

e - - appropriate, conduct field investigarions, including treatability studies, and conduct
a baseline risk assessment. The Rl provides information to assess the risks to
human health and the environment and to_support the development, evaluation, and
selection of appropriate response alternatives. (40 CFR 300.400(d)(1)).

The primary objective of the feasibility study (FS) is to ensure that appropriate
remedial alternatives are developed and evaluated such that relevant information

1-2
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concerning the remedial action options can be presented to a decision-maker and
an appropriate remedy selected. The lead agency may develop a feasibility study to
address a specific site problem or the entire site. The development and evaluation
of alternatives shall reflect the scope and complexity of the remedial action under
consideration and the site problems being addressed. Development of alternatives
shall be fully integrated with the site characterization activities of the remedial
investigation described in paragraph (d) of this section. The lead agency shall
include an aliernatives screening step, when needed, to select a reasonable number
of alternatives for detailed analysis. (40 CFR 300.400(e)(1)).

As stated above, the lead agency may develop an FS to address a specific site problem.
Consistent with this objective, the scope of the ERDF RI/FS is focused on the configuration of the
waste containment unit (also referred to as the trench), the liner, and the surface barrier.
Evaluation of the supporting facilities, including the transportation system, waste handling
equipment and procedures, decontamination, and leachate treatment system, are also provided.
These supporting facilities are not the focus of this analysis because they do not significantly affect
long-term performance of the facility and are considered design details; they will be fully addressed
during remedial design.

In addition, treatment of remediation wastes received at the ERDF will not be addressed in
this RI/FS. It is not feasible to address treatment in this document because the remediation wastes
to be delivered to the ERDF have not yet been sufficiently characterized. Furthermore,
performance of different treatment technologies is specific to the characteristics of the waste and
generally requires treatability information that is not yet available. Given the variability in waste
characteristics for different source operable units and the need for site-specific treatability
information, evaluation of treatment technologies will be conducted at the source operable unit
level. Acceptable limits on soil and leachate concentrations designed to protect human health and
the environment are defined in this document and in a separate document that is currently under
preparation. These limits will be used for development of waste acceptance criteria. RI/FS efforts
at the source operable units will assess treatment options including whether treatment is required to
meet ERDF waste acceptance criteria.

In the most recent Tri-Party Negotiations (Ecology et al. 1994), it was agreed that a pilot
project to demonstrate National Environmental Policy Act (NEPA)/CERCLA functional
equivalency would be conducted for the ERDF project. Therefore, the scope of this document has
been expanded to address NEPA values not normally considered in a CERCLA RI/FS. Many of
the NEPA values, such as a description of the affected environment (including meteorology,
hydrology, geology, ecological resources, and land-use), applicable laws and guidelines, short-term
and long-term impacts on human health and the environment, emissions to water and air, and cost,
are included within a typical CERCLA RI/FS. Other NEPA values not normally addressed in a
CERCLA RI/FS, such as socioeconomics, cultural resources, and transportation, have been
evaluated in this document. Although this document evaluates the implications if the ERDF is not
constructed, the broad range of non-ERDF remedial actions for the Hanford Site are not addressed.
Remediation of Hanford past-practice waste sites will be addressed in the Hanford Remedial Action
Environmental Impact Statement (HRA-EIS), currently under preparation. The HRA-EIS will
evaluate the implementation of action alternatives such as in-situ containment/treatment, multiple
smal! waste management facilities on the Hanford Site, and disposal off the Hanford Site.
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i.4 SITE SELECTION

Site selection is based on the evaluation in the Siting Evaluarion Report for the
 Environmental Restoration Disposal Facility (WHC 1994a). This siting evaluation report (SER)
evaluated three candidate sites that were at least 15 square kilometers (6 square miles) of
contiguous land within the boundaries of the 200 Area plateau. This land requirement is based on
early design assumptions for the ERDF that resuited in greater land use. By optimizing the trench
design, the ERDF will occupy only 4.1 square kilometers (1.6 square miles).

Placement of the ERDF on the 200 Area plateau would facilitate consolidation of waste
management activities away from the Columbia River at a relatively high ground surface elevation
 (with a correspondmg greater depth to groundwater)., The risk-management benefits of
consolidating waste in the 200 Area was supported by the Hanford Future Site Uses Working
Group. This group, which consisted of representatives from federal, state, and local governments,
native american tribes, labor groups, economic development groups, and public interest groups,
was chartered with developing a range of visions concerning future uses of the Hanford Site. A
general recommendation by the group was that areas of high future use (e.g., near the Columbia
River) be cleaned up and that the interior section of the 200 Area plateau be designated for waste
management (Drummond 1992). Use of the 200 Area for waste management is also identified in
the Hanford Site Development Plan (DOE-RL 1993d), which is revised on an annual basis to
identify land use, infrastructure, and facility requirements to support DOE programs at the Hanford
Site.

The three candidate sites in the SER are shown on Figure 1-2. As discussed in the SER,
the primary screening criteria were based on the Washington State Dangerous Waste Regulations
Siting Criteria (WAC 173-303-282), DOE Order 6430.1A (General Design Criteria), DOE Order
5820. 2A (Radioacnve Waste Management), and DOE-RL Order 4320.2C (Site Selecnon) Using

factors:

- ...2_ Compatibility with the Hanford Future Site Uses Working Group
recommendations to the degree technically feasible

. Greatest depth to groundwater
. Relatively flat topography

. Lowest cost.

- The sites were also evaluated in the SER using the CERCLA criteria and the CAMU criteria. Site

3 was the preferred site for all the applicable CERCLA criteria and the following applicable
CAMU criteria:

. Siting will facilitate implementation of reliable, effective, protective, and
cost-effective remedies

. Placement will not create unacceptable risks to human health or to the
environment resulting from exposure to hazardous wastes or constituents

* The site will not include uncontaminated areas of the facility

14
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. The selected land area, to the extent practicable, upon which wastes will
remain in place after closure of the CAMU will be minimized.

1.5 REPORT ORGANIZATION

The ERDF operable unit RI/FS report is organized in a format similar to that
recommended by EPA (1988a) with the following 11 chapters and appendices following Chapter
1.0, Introduction:

. Chapter 2, Site Characteristics, provides a description of the relevant
meteorologic, surface hydrologic, geologic, pedologic, hydrogeologic,
S —_ human-resources, and ecologic characieristics of the study area. Brief
descriptions of the site characteristics for proposed borrow sites for basalt
and fine-grained soils are also provided.

. Chapter 3, Waste Characteristics, provides a discussion of the physical and
chemical characteristics of the wastes likely to be received at the ERDF.

. Chapter 4, Contaminant Fate and Transport, provides analysis of the
environmental fate and transport of likely contaminants in the waste
received at the ERDF. Transport modeling is applied in this section to
estimate future contaminant concentrations in groundwater.

. Chapter 5, Contaminants of Potential Concern, compares predicted
contaminant concentrations in ERDF waste and groundwater with
regulatory limits and risk-based limits to identify the potential contaminants
of concern.

. Chapter 6, Risk Assessment, estimates the human and environmental health
threats posed by likely contaminants in the waste received at the ERDF.

. Chapter 7, Development of Remedial Action Objectives, identifies
applicable or relevant and appropriate requirements and remedial action
objectives for the ERDF.

. Chapter 8, Identification and Screening of Remedial Technologies,
identifies and screens technologies and process options that are potentially
applicable to the ERDF,

. Chapter 9, Detailed Evaluation and Comparative Analysis of Remedial

— Alternatives, assembles the refained technologies into remedial alternatives
that are then evaluated against CERCLA criteria. Comparative analysis of
the alternatives is also performed in this chapter.

. Chapter 10, Conclusions, summarizes results of the RI/FS.
. Chapter 11, References, provides a list of cited documents within the body
of the report.
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. Appendices are used to present technical analyses needed to support the
findings of the RI/FS report

SL L.
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2.0 SITE CHARACTERISTICS

This chapter describes the relevant characteristics of the Hanford site as a whole, the
proposed ERDF site and likely borrow source areas impacted by construction of the ERDF.
Descriptions of the location, meteorology, surface water hydrology, geology, soils,
hydrogeology, human resources, and ecology are presented. Much of the regional information
presented in this chapter has been adapted from Cushing (1992).

2.1 GENERAL SETTING

2.1.1 Regional Setting

The U.S. Department of Energy’s Hanford Site lies within the semi-arid Pasco Basin of
the Columbia Plateau in southeastern Washington State, and covers portions of Benton,
Franklin, Grant and Adams counties (Figure 1-1). The Hanford Site occupies an area of about
1,450 km? (~ 560 mi?) north of the conflyence of the Snake and Yakima rivers with the
Columbia River. The Hanford Site is about 50 km (30 mi) north to south and 40 km (24 mi)
east to west. Hanford is located 190 km (120 mi) southwest of Spokane and 280 km (174 mi)
southeast of Seattle. This land, with restricted public access, provides a buffer for the smaller
areas used for storage of nuclear materials and waste management;-only about 6% of the land
area has been disturbed and is actively used. The Columbia River flows through the northern
part of the Hanford Site, and turning south, it forms part of the Site’s eastern boundary. The
Yakima River runs along part of the southern boundary and joins the Columbia River south of
the city of Richland, which bounds the Hanford Site on the southeast. Rattlesnake Mountain,
the Yakima Ridge, and the Umtanum Ridge form the southwestern and western boundary. The
Saddle Mountains form the northern boundary of the Hanford Site. Two small east-west ridges,
Gable Butte and Gable Mountain, rise above the plateau of the central part of the Hanford Site.
Adjoining lands to the west, north, and east are principally range and agricultural land. The
cities of Richland, Kennewick, and Pasco (Tri-Cities) constitute the nearest population center
and are located southeast of the Hanford Site.

The Hanford Site is divided into numerically designated operational areas, including the
100, 200, 300, 400, 600 and 1100 Areas. Land use in these areas is described in Section 2.7.1.
The Hanford Site encompasses more than 1,500 waste management units and numerous ground-
water contamination plumes that have been grouped into 73 operable units. Each operable unit

- has similar characteristics regarding geography, waste characteristics, type of facility, and

relationship of contaminant plumes. This grouping into operable units allows for economies of

_scale to reduce the cost and the number of characterization investigations and remedial actions

that will be required for the Hanford Site to complete cleanup efforts (WHC 1989). The
73 operable units have been aggregated into four areas: the 100 Area, the 200 Area, the
300 Area, and the 1100 Area.

2.1.2 Local Setting
The proposed ERDF site will cover 4.1 square kilometers (1.6 square miles) on the 200

Area plateau at an elevation of 205 to 230 m (670 to 750 ft) above mean sea level (AMSL),
approximately in the center of the Hanford Site, southeast of the 200 West Area and southwest

2-1
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of the 200 East Aréa. A map of the ERDF site is shown in Figure 2-1. Topography of the
ERDF site is also shown in Figure 2-1.

bty

The proposed. ERDF site is located. within Sections 7, 8, 9, 14, 15, 16, 17, and i8 o

* “Township 12N and Range 26E.

2.1.3 ERDF Site Contamination

No solid waste management units are located within the proposed ERDF area; however,
solid waste is found in the western and southwestern portions of the land formerly leased to the
state. Radiological contamination has been spread by animals to the area east of the ERDF
from the nearby BC cribs and trenches. The BC cribs and trenches were used from 1956 to
1967 as a waste disposal site for the 200 and 300 areas. Currently, they contain quantities of
plutonium, strontium, cesium, cobalt and uranium.

......... -—-Animals spread contamination from the BC irenches and cribs from about 1958 to 1964

(O’Farrell et al. 1973). Trench 216-B-28 was burrowed by an animal and used by other
animals as a salt lick. Subsequently, radioactivity was spread away from the trench via wind
dispersion. The trench burrow was filled and sealed with asphalt in 1964, which effectively
stopped further spreading of radioactive contaminants from the trench. The last aerial
radiological survey of the Hanford site still showed elevated gross gamma readings south of the

BC cribs as well as around the US Ecology Site (Reiman and Dahlstrom 1990).

____Contamination may. be present-at the pertion of the ERDF site east of ithe REDOX piant
in the 200 West Area (Figure 2-1). This area was used as a storage area during the construction
of the REDOX plant from 1950 to 1952. The site was used for heavy vehicle parking and
maintenance, and as a concrete truck washdown area. Possible soil contaminants include
gasoline, oil and other lubricants, and other vehicle-related fluids.

Due to the proximity of the ERDF site to the 200 West Area and its associated ground-
surface liquid waste disposal operations, contaminated groundwater has migrated beneath the
ERDF site. Contaminants present in the groundwater at the site are: tritium, iodine-129,
technetium-99, gross alpha, gross beta, chloroform; nitrate;-chromium and carbon tetrachloride.
The highest concentrations of contaminants are generally found at the points nearest the 200
West Area, which is at the west end of the ERDF. Figures 2-2 through 2-10 present
groundwater contaminant plume maps for the listed constituents.

2.2 METEOROLOGICAL CHARACTERISTICS

The Hanford Site is located in a semiarid region of southeastern Washington State. The
Cascade Mountains beyond Yakima to the west greatly influence the climate of the Hanford area
by means of their rain shadow effect; this range also serves as a source of cold air drainage,
which has a considerable effect on the wind regime at the Hanford Site.

..——..-This section presents an interpretation of metesrological data for the Hanford Site and
the ERDF site. The data have been collected primarily at the Hanford Meteorological Station
(HMS), which is located at an elevation of 223m (733 ft) AMSL between the 200 East and 200

West Areas of the Hanford Site, approximately 4 km (2 mi) to the north of the ERDF site.
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Data have been collected at the HMS since 1945. Temperature and precipitation data are
also available from nearby locations for the period 1912 through 1943. A summary of these
data through 1980 has been published by Stone et al. (1983) which is the primary source of
information presented below. Data from the HMS are representative of the general climatic
conditions for the region and describe the specific climate of the 200 Area plateau. Local
_ variations in the topography of the Hanford Site may cause some aspects of climate at portions

of the Hanford Site to differ significantly from those of the HMS. For example, winds near the
Columbia River are different from those at the HMS. Similarly, precipitation along the slopes
of the Rattlesnake Mountain differs significantly from that at the HMS. However, due to the
close proximity and similar elevations of the HMS and the ERDF, the HMS data should
accurately describe conditions at the ERDF.

In addition to the HMS, three 60-m (200-ft) towers and twenty-two 9.1-m (30-ft) towers
that provide supplementary weather data are located on and around the Hanford site. These
towers are equipped with instruments that measure temperature and wind velocity and direction.
Figure 2-11 shows the locations of meteorological monitoring stations on and around the
Hanford Site.

2.2.1 Precipitation

The Cascade Range is located approximately 130 km (80 mi) west of the Hanford Site
and has an average crest elevation of about 1,800 m (6,000 ft) AMSL. This mountain range
creates a rain shadow that limits the average total annual precipitation at the HMS to about 16
cm {6.3 in.). Annual precipitation (98 percentile) ranges from 8 to 27.9 cm (3.2 to 11 in.).
The three months from November through January generally contribute approximately 42% of
this total, while the three months from July through September contribute only 12%. January is
the wettest month with an average of 2.3 cm (0.92 in.) while July is the driest month with an
average of only 0.38 cm (0.15 in.). Monthly average precipitation amounts from 1912 through
1980 are shown in Figure 2-12. Precipitation intensity is greatest in the summer months. This
seasonal intensity peak coincides with the thunderstorm season.

Days with greater than 1.3 em (0.51 in.) precipitation occur less than 1% of the year.
Data on the expected frequency of precipitation intensity and short-period duration (24 h or less)
are presented in Figure 2-13. Rainfall intensities of 1.3 cm/h (0.51 in./h) persisting for 1 hour
are expected once every 10 years. Rainfall intensities of 2.5 cm/h (0.98 in./h) for 1 hour are
expected only once every 500 years. '

Winter monthly average snowfall ranges from 0.8 em (0.31 in.) in March to 13.5 cm
(5.3 in.) in January. The unpublished record snowfall of 142 em (56 in.) occurred during the
winter of 1992 and 1993. The previous record snowfall of 62 cm (24 in.) occurred in February
1916. About 38% of annual precipitation occurs as snowfall during the months of December
through February. However, in only one winter in four does an accumulation in excess of 15.2
¢m (6 in.) occur. The average annual snowfall is 33 c¢m (13 in.). Complete snowmelt generally
occurs within a month of a snow event,
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2.2.2 Temperature and Humidity

Diurnal and monthly averages and extremes of temperature, dew point, and humidity are
contained in Stone et al. (1983). Average of daily maximum and minimum temperatures vary
from 2°C (36°F) in early January to 35°C (95°F) in late July. There are, on the average,

55 days during the summer months with maximum temperatures greater than or equal to 32°C

~ (90°F) and 13 days with maxima greater than or equal to 38°C (100°F). From mid-November

through mid-March, minimum temperatures average 0°C (32°F) or less with the minima in
early January averaging -6°C (21°F). During the winter, there are, on average, 4 days with
minimum temperatures less than or equal to -18°C (0°F); however, only about one winter in
two experiences such temperatures. The record maximum temperature is 46°C (115°F), and
the record minimum temperature is -32.8°C (-27°F). For the period 1912 through 1980, the
average monthly temperatures ranged from a low of -1.5°C (29.3°F) in January to 2 high of
24.7°C (76.5°F) in July. During the winter, the highest monthly average temperature at the
HMS was 6.9°C {(44.4°F), and the record lowest was -5.9°C (21.4°F), both having occurred
during February. During the summer, the record maximum monthly average temperature was

~ 27.9°C (82.2°F) (in July), and the record lowest was 17.2°C (63°F) (in June).

__ _Relative humidity/dew point temperature measurements are made at the HMS and at the

It is highest during the winter months, averaging about 75%, and lowest during the summer,
averaging about 35%. Wet bulb temperatures greater than 24°C (75°F) had not been observed
at the HMS before 1975; however, on July 8, 9, and 10 of that year, there were seven hourly
observations with wet bulb temperatures greater than or equal to 24°C (75°F).

- ... Due to low hunudity, the diurnai tsmperature range is substantial. During summer
- months, when the average relative humidity is 30 to 40%, the diurnal temperature range is

greatest, on the order of 15°C (27°F). In winter, with relative humidity ranging from 60 to
80%, the diurnal temperature range is reduced to about 8°C (14°F) (DOE-RL 1990a). Figure
2-14 depicts the monthly average high and low temperatures for the period 1951 to 1980.
Figure 2-15 depicts average monthly temperature and relative humidity at the HMS.

2.2.3 Wind

Wind directions at the HMS vary over 360 degrees, with a prevailing wind direction
maxima occur for southwesterly winds. The months of June and July have the highest
percentage of winds from the WNW and NW (38 and 37%, respectively). October has the

o

Figure 2-16.

Monthly and annual joint frequency distributions of wind direction versus wind speed for
the HMS are given in Stone et al. (1983). Monthly average wind speeds are lowest during the
winter months, averaging 10 to 11 km/h (6 to 7 mph), and highest during the summer,
averaging 14 to 16 km/h (9 to 10 mph). Wind speeds that are well above average in winter are
usually associated with southwesterly winds. The summertime high winds are generally
northwesterly and frequently reach 50 km/h (30 mph). These winds are most prevalent over the
northern portion of the Hanford Site.
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At the HMS, the strongest winds observed, with speeds up to 130 km/h (8C mph),
generally are southwesterly. Most hourly wind speeds greater than 52 km/h (32 mph) are from
the south-southwest to west-southwest and occur at the highest frequency from March through
May (Huistrom 1992).

Wind-blown dust accompanies strong winds on the Hanford Site. Blowing dust
originating from the site itself has been observed at wind speeds greater than 32 km/h (20 mph).
Dust entrained elsewhere and transported to the Hanford Site has been observed for lower wind
speeds of 7 km/h (4 mph) (DOE-RL 1990a). Observations of blowing dust may occur with any
wind direction, however, the strongest winds at the HMS are from the southwest and therefore
there are more cases of blowing dust from that direction. Dust transported to the Hanford Site
from elsewhere is most often associated with winds from the north and northeast.

2.2.4 Evapotranspiration

Pan evaporation data was obtained from the Washington State University Cooperative
Extension for Prosser, WA located approximately 37 km (23 mi) southwest of the ERDF site.
Monthly rates of pan evaporation at the Washington State University Irrigated Agriculture
Research and Extension Center (IAREC) average from about 8.1 to 25.4 cm (3.2 to 10 in.).
These averages are based upon data collected over the period 1924 to 1988 for the months April
through October. Total pan evaporation over the April through October period averaged about
126.6 cm (49.9 in.). This seasonal component represents approximately 80% of the total annual
pan evaporation. Average monthly pan evaporation at Prosser for April through October is
depicted in Figure 2-17.

Free surface evaporation (or potential evaporation) is expected to equal approximately
70% of the pan evaporation for the Hanford Site vicinity, or about 110 cm (43 in.) (Weather
Bureau 1966). Free water surface evaporation is of interest because it closely represents the
potential evaporation from adequately watered surfaces, such as vegetation and soil, and the
evaporation from a surface body of water.

Beginning in the late 1970s, a monitoring program was conducted to study groundwater
recharge and measure parameters that affect recharge rates. Rockhold et al. (1990) reported on
water balance data which was collected as part of this program from three sites in 1988 and
1989. The sites included the 300 Area buried waste test facility and grass site, and the 200 East
Area closed-bottom lysimeter. While evapotranspiration was not specifically reported for the
200 East Area site, the measured water contents in the soil implied that significant recharge had
not occurred within the lysimeter.

For the 300 Area buried waste test facility, evaporation and transpiration were
determined to be about 14.3 cm (5.6 in.) for a bare surface and 19.9 cm (7.9 in.) for a
vegetated surface, using measurements of changes in water storage, drainage, and precipitation.
Precipitation during this period was approximately 18 cm (7.1 in.). Drainage was about 4 cm
(1.6 in.) from the bare surface and 1 cm (0.4 in.) from the vegetated surface. The excess of
evapotranspiration and drainage over precipitation was compensated for by a reduction in soil
moisture.

Figure 2-18 presents a plot of monthly evapotranspiration totals for the north (bare) and
south (vegetated) weighing lysimeters at the buried waste test facility during the period
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December 1987 to August 1990 (Hulstrom 1992). This figure #lustrates the large seasonal and
annual variations in evapotranspiration and the large differences that can occur as a result of
vegetation.

2.2.5 Severe Weather

The average occurrence of thunderstorms is 10 per year at the Hanford Site. They are
most frequent during the summer; however, they have occurred in every month. The average
winds during thunderstorms do not come from any preferred direction. Estimates of the
extreme winds, based on peak gusts observed from 1945 through 1980, are given in Stone et al.

- — - — {1983) and are shown in the following table. Using the National Weather Service criteria for

classifying a thunderstorm as “severe” (i.e., hail with a diameter equal to or greater than 20 mm
(0.8 in.) or wind gusts of 93 km/h (58 mph) or greater), only 1.9% of all thunderstorm events
observed at the HMS have been "severe” storms, and all met the criteria based on wind gusts.

Estimates of Extreme Winds at Hanford Site
(Cushing 1992)

Peak Gusts, km/h
Return 15.2 m (50 ft) 61 m (200 ft)
Period, yr Above Ground Above Ground
2 97 75
10 114 109
100 137 129
1000 159 151

Note: 1 km = 0.62 mi

- Tornadoes are infrequent and generally smail in the northwest portion of the

oo United States. Grazulis (1984} lists no viclent tornadoes for the region surrounding Hanford

(DOE 1987). The HMS climatological summary (Stone et al. 1983) and the National Severe

VNI

--- -~ Storms Forecast Center (NSSFC) database Iist 22 separate tornado occurrences within 161 km

(100 mi) of the Hanford Site from 1916 through August 1982. Two additional tornadoes have
been reported since August 1982.

2.2.6 Hanford Site Air Quality

Air quality in the vicinity of the Hanford Site is considered good since there are only a
few industrial sources of air pollutants located in the area. The Benton-Franklin Counties Clean
Air Authority routinely compiles emission inventories for permitted major sources of pollutants.
In areas where the National Ambient Air Quality Standards (NAAQS) have been achieved, the
EPA has established the Prevention of Significant Deterioration (PSD) program to protect
existing ambient air quality. The Hanford Site operates under a PSD permit issued by the EPA
in 1580. The permit provides specific limits for emissions of oxides of nitrogen from the

_ Plutonium Uranium Extraction (PUREX) and Uranium Oxide (UQ,) plants (Cushing 1992).
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———————————— Limited ambient-air quality monitoring has been performed in the vicinity of the Hanford

Site for total suspended solids, particulates less than 10 microns in diameter (PM-10) and for
nitrogen oxides. Nitrogen oxides were sampled at three locations. within the Hanford Site using
a bubbler assembly operated to collect 24-hour integrated samples (Woodruff et al. 1991), The
highest annual average concentration was <0.006 ppmv, well below the applicable federal and
Washington State annual ambient standard of 0.05 ppmv. Monitoring for TSP and PM-10 was
conducted in two communities surrounding the Hanford Site during 1990. The annual

~ geometric mean of TSP was 71 ug/m® in Sunnyside and 80 ug/m’in Wallula. Both these values

exceeded the Washington State annual standard, 60 pg/m*. The Washington State 24-hour
standard, 150 ug/m’, was exceeded six times during the year at Sunnyside and seven times at

__Wallyla,. PM-10 was monitored at two locations, at Columbia Canter in Kennewick and at

Wallula. The 24-hour PM-10 standard established by the state of Washington, 150 ug/m’, was

- exceeded seven times at-the Columbia Center monitoring location; the maximum Z4-hour

concentration at Wallula was 123 pg/m’. Neither site exceeded the annual primary standard of
50 pg/m®.

Airborne particulate concentrations may reach relatively high levels in eastern
Washington due to exceptional natural events such as high winds and brush fires. In addition,
elevated particulate levels have been associated with wheat farming. Ambient air quality
standards do not consider "rural fugitive dust” from exceptional natural events or agriculture
when estimating maximum background concentrations or when considering enforcement of air
quality standards and permit applications.

2.3 SURFACE HYDROLOGICAL CHARACTERISTICS

This section provides a characterization of surface water hydrology, regionally within the
Pasco Basin and locally in the vicinity of the ERDF site. The regional information is presented
with attention focused on those aspects which are felt to relate directly to the ERDF site.
Additional information on the regional hydrology may be found in DOE (1988), ERDA (1975)
and Skaggs and Walters (1981).

2.3.1 Regional Surface Hydrology

The Pasco Basin occupies about 4,900 km? (1,900 mi®) and is located centrally within the
Columbia Plateau. Elevations within the Pasco Basin are generally lower than other parts of the
plateau, and surface drainage enters it from other basins. Within the Pasco Basin, the Columbia
River is joined by three major tributaries; the Yakima River, the Snake River, and the Walla
Walla River. No perennial streams originate within the Pasco Basin (DOE 1988).

The Hanford Site occupies approximately one-third of the land area within the Pasco
Basin. Primary surface-water features associated with the Hanford Site are the Columbia and
Yakima rivers. Major watershed divides are shown in Figure 2-19. Several surface ponds and
ditches are present, and are generally associated with fuel and waste processing activities.

Total estimated precipitation over the Pasco Basin is about 9x10° m® (3x10% ft%)
annually, averaging less than 20 cm/yr (~ 8 in./yr). Mean annual runoff from the basin is
estimated to be less than 3.1x107 m’/yr (1.1x10° ft*/yr), or approximately 3% of the total
precipitation. The basin-wide runoff coefficient is zero for all practical purposes. The
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remaining precipitation is assumed to be lost through evapotranspiration, with a smail
component (perhaps less than 1%) recharging the groundwater system (DOE 1988).

2.3.1.1 Major Rivers. The major surface water body in the Pasco Basin is the Columbia
River, which flows from the Canadian Rocky Mountains through Washington State, and along
the Oregon border, to the Pacific Ocean. Enroute to the Pacific, the Columbia River crosses
the northern portion of the Hanford Site (approximately 15 km [9 mi] to the north of the ERDF
site), then turns southward to form the Hanford Site’s eastern boundary. About two-thirds of
the Hanford Site drains into the Columbia River; the remaining one-third (in the western and
southern portions of the Hanford Site) drains into the Yakima River (Figure 2-19). Both the
Yakima and the Columbia rivers are important sources of water for domestic, agricultural,
industrial, and recreational users in the Pasco Basin (DOE 1987, Jaquish and Bryce 1990). The
Hanford Reach of the Columbia River is being considered for designation as a wild and scenic
river (NPS 1992).

The Hanford Reach of the Columbia River extends from Priest Rapids Dam,
approximately 8.5 km (5.3 mi) above the Hanford Site boundary, to the head of Lake Wallula
approximately at the southeastern Hanford Site boundary. Lake Wallula is created by McNary
Dam. The Hanford Reach, which is approximately 100 km (60 mi) in length, is the last non-
tidal unimpounded segment of the Columbia River in Washington State and its_shoreline remains

largeiy undeveloped (Jaquish and Bryce 1990). Several active drains and intakes are present

along this reach, including irrigation outfalls from the Columbia Basin Irrigation Project, the
Washington Public Power Supply System (WPPSS) Nuclear Project 2, and .the Hanford Site

" intakes for onsite water use.

Volumetric flow rates in the Columbia River along the Hanford Reach vary widely and
erratically due to operations of the Priest Rapids Dam, operated by Public Utility District No. 2
of Grant County, and the operational practices of the nearby upstream dams. A minimum flow
rate of 1,000 m*/s (36,000 ft*/s) has been established at Priest Rapids (PNL 1988a). The
average daily flow varies from a high of approximately 8,000 m’/s (283,000 ft*/s) in June to a
low of about 2,000 m’/s (70,000 ft*/s) in October and November. The average daily flow over
the entire period of record is approximately 3,400 m®/s (119,000 ft*/s). Monthly average flows
have ranged as high as 16,700 m*/s (550,000 ft*/s) which occurred in the month of June to
about 600 m*/s (21,000 ft’/s) for January and February.

The Yakima River, bordering the southern portion of the Hanford Site, has a low annual
flow compared to the Columbia River. For 57 years of record, the average annual flow of the

" Yakima River is about 104 m*/s (3,673 ft*/s) with monthly maximum and minimum flows of

490 m’/s (17,000 ft*/s) and 4.6 m*/s (160 ft*/s), respectively.

2.3.1.2 Other Naturally-Occurring Surface Waters. No perennial streams occur within the
central portion of the Hanford Site. Cold Creek and its tributary, Dry Creek, are part of the
Yakima River watershed and originate in the synclinal valleys west of the Hanford Site
(Figure 2-19). Both streams receive some base flow from springs along portions of their
reaches. Other reaches are ephemeral, responding to seasonal runoff from precipitation and
snowmelt.

The Cold Creek drainage ultimately
2

connects to the Yakima River about 2 km (1 mi)
upstream from Horn Rapids Dam (Figure 2- 0

19). Actual flow in Cold Creek and Dry Creek,

_ which results from precipitation onto Rattlesnake Mountain, Umianum Ridge, and Yakima
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Ridge, is not well documented; however, flood magnitudes in Cold Creek, having recurrence
intervals of 5 and 10 years, were estimated to be 60 and 125 m’/s (2,100 and 4,400 ft’/s),
respectively, in the creek’s lower reaches (Skaggs and Walters 1981).

West Lake, located about 6.4 km (4 mi) north-northeast of the ERDF site (Figure 2-19),
is a shallow pond, with an average depth of about 1 m (3 ft) and a surface area of
approximately 4 ha (10 ac) (Fuchs et al. 1985). The pond has previously been described as the
"only naturally occurring pond on the Hanford Site" (DOE 1988, DOE-RL 1990b, DOE-RL
19%0c). This statement is valid in the sense that the pond does not consist of a disposal pond
built and constructed specifically as part of the Hanford Site operations. However, the source
of recharge to the lake is groundwater which is locally mounded due to infiltration resulting
from the 200 Areas operations and groundwater mounding (Graham 1983). It is expected that
West Lake will shrink and perhaps disappear as 200 Area operations cease.

2.3.1.3 Man-Made Ditches and Ponds. On the Hanford Site, wastewater discharge into
ponds and ditches occurs in the 200, 300, and 400 Areas. At these locations, several ponds and
ditches exist to hold waste waters, which eventually evaporate or infiltrate. In addition, two
new effluent disposal facilities (the Treated Effluent Disposal Facility Pond and the Effluent
Treatment Facility Crib) are planned for operation in the 200 Area by 1995.

2.3.2 Flooding

Large Columbia River floods have occurred in the past (DOE 1987), but the likelihood
of recurrence of large-scale flooding has been reduced by the construction of several flood
control/water storage dams upstream of the Site. Major floods on the Columbia River are
typically the result of rapid melting of the winter snowpack over a wide area augmented by
above-normal precipitation. The maximum historical flood on record occurred June 7, 1894,
with a peak discharge at the Hanford Site of 21,000 m*/s (742,000 ft*/s). The largest recent
flood took place in 1948 with an observed peak discharge of 20,000 m’/s (706,000 ft*/s) at the
Hanford Site. The probability of flooding at the magnitude of the 1894 and 1948 floods has
been greatly reduced because of upstream regulation by dams.

There have been fewer than 20 major floods on the Yakima River since 1862 (DOE
1986). The most severe occurred in November 1906, December 1933, and May 1948;
discharge magnitudes at Kiona, Washington, were 1,870, 1,900, and 1,050 m*/s (66,000,
67,000, and 37,000 ft¥/s), respectively. The recurrence intervals for the 1933 and 1948 floods
are estimated at 170 and 33 years, respectively. The development of irrigation reservoirs within
the Yakima River Basin has considerably reduced the flood potential of the river. Flooded areas
could extend into the southern section of the Hanford Site, but the upstream Yakima River is
physically separated from the Hanford Site by Rattlesnake Mountain, which would prevent
major flooding of the Hanford Site.

Evaluation of flood potential is conducted in part through the concept of the probable
maximum flood, which is determined from the upper limit of precipitation falling on a drainage
area and other hydrologic factors, such as antecedent moisture conditions, snowmelt, and tribu-
-~ tary conditions; that could resuli in maximwm runoff. - The probable maximum flood for the
Columbia River below Priest Rapids Dam has been calculated to be 40,000 m¥/s
(1.4 million ft*/s) and is greater than the 500-year flood. The flood plain associated with the
probable maximum flood is shown in Figure 2-20. This flood would inundate parts of the
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100 Areas located adjacent to the Columbia River, but the central portion of the Hanford Site
including the ERDF site, would not be flooded (DOE 1986).

A flood risk analysis of Cold Creek was conducted in 1980 as part of the
characterization of a basaltic geologic repository for high-level radioactive waste. Such design
work is usually done to the Probable Maximum Flood (PMF) rather than the worst case or
100-year flood scenario. Therefore, in lieu of 100- and 500-year floodplain studies, a PMF
evaluation was made for a reference repository location directly west of the 200 East area and
encompassing the 200 West Area (Skaggs and Walters 1981). Schematic mapping indicates that
access to the reference repository would be unimpaired but that Route 240 along the
southwestern and western areas would not be usable (see Figure 2-21).

2.3.3 Local Surface Water Hydrology

There are no perennial or ephemeral streams at the ERDF site. The ERDF site lies
within the Cold Creek watershed, which covers much of the west central and south central
portion of the Hanford Site. Cold Creek is located southwest of the ERDF and surface drainage
from the site will be to the southwest toward Cold Creek. Surface drainage onto the ERDF site
is from the northeast Surface drainage from the northeast is expected to be limited since the

watershed. Surface runoff in the Columbia River watershed runs to the northeast, toward the
Columbia River. Figure 2-19 depicts the watersheds at the Hanford Site.

2.4- GEOLOGICAL CHARACTERISTICS

This section provides a description of the regional and local geologic characteristics of
the ERDF site. The regional information has been largely summarized from a number of
-technical documents which address the geologic conditions of the Hanford Site, including the
nearby 200 East and 200 West Areas. These include DOE (1988), Delaney et al. (1991}, and
Lindsey et al. (1992). The description of geologic conditions local to the ERDF site is also
based upon these sources, as well as recent work undertaken at the ERDF site.

2.4.1 Topography and Physiography

The Hanford Site is situated within the Pasco Basin, one of a number of topographic and
structural depressions located within the Columbia Plateau physiographic province, a broad
basin located between the Cascade Range and the Rocky Mountains (Delaney et al. 1991). The
Pasco Basin is bounded on the north by the Saddle Mountains; on the west by Umtanum Ridge,
Yakima Ridge, and the Rattlesnake Mountain; and on the east by the Palouse slope.
Topography of the Hanford Site is depicted in Figure 2-22.

The Hanford Site includes about 900 km? (350 mi®) of terrace lands located south and
west of the Columbia River within the semiarid Pasco Basin of south-central Washington. The
terrace plains rise gradually north and west from an altitude of about 104 m (340 ft) at Richland
to 213 to 244 m (700 to 800 ft) in the northwestern part of the site. From these high terraces
the surface descends to 137-m (450-ft) at terraces along the river. Toward the west the terrace
lands terminate against the slopes and inter-ridge valleys of low linear mountains known
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-—---—— -~ coliectively as the Yakima Ridges.” Rattlesnake Mountain, at the southwest edge of the site,

rises to an elevation of 1,067 m (3,500 ft). A few bedrock outliers, such as Gable Mountain,
outcrop above the terraces of the Hanford Site (Newcomb et al. 1972).

The 200 Area and the ERDF site are situated on 2 broad flat terrace called the 200 Areas
plateau located near the center of the Hanford Site at an elevation of approximately 198 to 229
m (650 to 750 ft} AMSL. The plateau decreases in elevation to the north and east toward the
Columbia River. The terrace escarpments are steep, with elevation changes between 15 and 30
m (50 and 100 ft).

2.4.2 Regional Geologic Structure and Stratigraphy

Structurally, the Columbia Plateau is divided into three informal subprovinces: the
Palouse, Blue Mountains, and Yakima Fold Belt. These are not physiographic subprovinces,
even though some of the names may be the same. All but the easternmost part of the Pasco
Basin is within the Yakima Fold Belt structural subprovince (DOE 1988). The Yakima Fold
Belt contains four major structural elements: the Yakima Folds, Cle Elum-Wallula disturbed
zone, Hog Ranch-Naneum anticline, and northwest-trending wrench faults.

The Yakima Folds are a series of continuous, narrow, asymmetric anticlines that have
wavelengths between about 5 and 30 km (3 to 19 mi) and amplitudes commonly less than 1 km
(tess than 0.6 mi). The anticlinal ridges are separated by broad synciines or basins. The
Yakima Folds are believed to have developed under generally north-south compression, but the
origin and timing of the deformation along the fold structures are not well known (DOE 1988).

The Cle Elum-Wallula disturbed zone js the central part of a larger topographic
alignment called the Olympic-Wallowa lineament that extends from the northwestern edge of the
Olympic Mountains to the northern edge of the Wallowa Mountains in Oregon. The
Cle Elum-Wallula disturbed zone is a narrow zone about 10 km (6 mi) wide that transects the
Yakima Fold Belt and has been divided informally into three structural domains: a broad zone
of deflected or anomalous fold and fault trends extending south of Cle Elum, Washington, to
Rattlesnake Mountain; a narrow belt of aligned domes and doubly plunging anticlines ("The

__Rattles”) extending from Rattlesnake Mountain-to-Wallula Gap; and the Wallula fault zone,

extending from Wallula Gap to the Blue Mountains.

The Hog Ranch-Naneum Ridge anticline is a broad structural arch that extends from
southwest of Wenatchee, Washington, to at least the Yakima Ridge. This feature defines part of
the northwestern boundary of the Pasco Basin, but little is known about the structural geology of
this portion of the feature, nor is the southern extent of the feature known.

Northwest-trending wrench faults have been mapped west of 120°W longitude in the
Columbia Plateau (DOE 1988). The mean strike direction of the dextral wrench fault is 320°,
but there are less numerous northeast-trending sinistral wrench faults that strike 013°, These
structures are not known to exist in the central Columbia Plateau.

oo Most-known-faults-within the Hanford area are associated with anticiinal fold axes, are

thrust or reverse faults although normal faults do exist, and were probably formed concurrently
with the folding (DOE 1988). Existing known faults within the Hanford area include wrench
fauits as long as 3 km (1.9 mi) on Gable Mountain and the Rattlesnake-Wallula alignment,
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which has been interpreted as a right-lateral strike-slip fault, The faults in Central Gable
Mountain are considered capable by the U.S. Nuclear Regulatory Commission (NRC) criteria
(10 CFR 100) in that they have slightly displaced the Hanford formation gravels, but their
relatively short lengths give them low seismic potential. Also, there is no observed seismicity
on or near Gable Mountain. The Rattlesnake-Wallula alignment is interpreted as possibly being
capable, in part because of lack of any distinct evidence to the contrary and because this
structure continues along the northwest trend of faults that appear active at Wallula Gap, some
56 km (35 mi) southeast of the central part of the Hanford Site (DOE 1988).

_____The major geologic units of the Hanford Site are, in ascending order: subbasalt rocks
{inferred to be sedimentary and volcanoclastic rocks), the Columbia River Basalt Group with
intercalated sediments of the Ellensburg Formation, the Ringold Formation, the Plio-Pleistocene
unit, and the Hanford formation. Locally, Holocene sand, silt, and loess exist as surficial
material,

Knowledge of the sub-basalt rocks is limited to studies of exposures along the margin of
the Columbia Plateau and to a few deep boreholes drilled in the interior of the plateau (DOE
1988). No sub-basalt rocks are exposed within the central interior of the Columbia Plateau,
including the Pasco Basin. Interpretation of data from wells drilled in the 1980s by Shell Qil
Company in the northwestern Columbia Plateau indicates that, in the central part of the
Columbia Plateau, the Columbia River Basalt Group is underlain predominantly by Tertiary
continental sediments (Campbell 1989).

——

The regional and Hanford Site geology is dominated by the thick sequence of Miocene
tholeiitic continental flood basalts designated the Columbia River Basalt Group. This layered
sequence consists of more than 170,600 km* (40,800 mi®) of basalt covering more than
163,000 km? (63,000 mi®) (Tolan et al. 1987).

Late Neogene (late Miocene to Pliocene) deposits younger than the Columbia River
Basalt Group are represented by the Ringold Formation in the Pasco and Quincy basins. The
fluvial- lacustrine Ringold Formation was deposited in generally east-west-trending valleys by
the ancestral Columbia River and its tributaries in response to the development of the Yakima
Fold Belt. The Ringold Formation is classified into three facies associations or stratigraphic
section types: deposits of the migrating, thoroughgoing ancestral Columbia and/or Snake River
systems; overbank materials beyond the influence of the main river channel(s); and fanglomerate
deposits found around the margins of the basin (DOE 1988). Later work by Lindsey (1991)
proposed a revised stratigraphy for the Ringold Formation, based on five facies associations:
fluvial gravel, fluvial sand, overbank mud, lacustrine mud, and basaltic gravel.

An eolian silt and fine sand (the early "Palouse” soil) overlies the Ringold Formation in
the western part of the Hanford Site (Brown 1960). This silty fine sand to sandy silt was
deposited when the wind reworked and redeposited Ringold sediments. Relatively high caliche
contents are found in much of this unit.

The Hanford formation lies on the eroded surface of the Plio-Pleistocene unit, the
Ringold Formation, or locally on the basalt bedrock. The Hanford formation consists of
cataclysmic flood sediments that were deposited when ice dams that formed Lake Missoula in
western Montana and northern Idaho were breached and massive volumes of water spilled
abruptly across eastern and central Washington. These Missoula floods scoured the land
surface, locally eroding the Ringold Formation, the basalts, and sedimentary interbeds, leaving a

2-12



DOQOE/RL-93-99, Rev. 0

network of buried channels crossing the Pasco Basin (Tallman et al. 1979). Thick sequences of
sediments were deposited by several episodes of Pleistocene flooding with the last major flood
sequence dated at about 13,000 years before present (Myers et al. 1979). These sediments have
locally been divided into two main facies, termed the "Pasco Gravels” facies and the "Touchet
Beds" facies (Myers et al. 1979).

Volcanic deposits in the Pasco Basin are limited to occasional, thin layers of airfall
tephra from a few millimeters to 10 cm (4 in.) thick. Eolian sediments consisting of loess and
sand dunes (both active and inactive} locally veneer the surface of the Hanford Site.

2.4.2.1 Suprabasalt Sediments. The suprabasalt sedimentary sequence at the Hanford Site is
up to approximately 230 m (750 ft) thick in the west-central Cold Creek syncline, while it
pinches out against the anticlinal ridges that bound or are present within the Pasco Basin. The
suprabasait sediments are dominated by laterally extensive deposits of the late Miocene to
Pliocene-age Ringold Formation and the Pleistocene-age Hanford formation. Locally occurring
strata separating the Ringold and Hanford formations are assigned to the informally defined
Plio-Pleistocene unit, early "Palouse" soil, and pre-Missoula gravels comprising the remainder
of the sequence.

Ringold Formation. Overlying the Columbia River Basalt Group is the late Miocene to
Pliocene-age Ringold Formation (Fecht et al. 1987, DOE 1988). The Ringold Formation
accumulated to thicknesses of up to 365 m (1,200 ft) in the Pasco Basin. On the Hanford Site,
the Ringold Formation is up to 185 m (600 ft) thick in the deepest part of the Cold Creek
syncline south of the 200 West Area and 170 m (560 ft) thick in the western Wahluke syncline
near the 100-B Area. The Ringold Formation pinches out against the anticlinal flanks that
bound or are present within the Pasco Basin, and is largely absent in the northern and
northeastern parts of the 200 East Area and adjacent areas to the north (Delaney et al. 1991,
Lindsey et al. 1992).

Post-Ringold Pre-Hanford Sediments. Thin alluvial deposits situated stratigraphically
between the Ringold Formation and Hanford formation are found within the Pasco Basin. The
three informally defined units include: (1) the Plio-Pleistocene unit; (2) the early "Palouse” soil;
and (3) the Pre-Missoula gravels. The Plio-Pleistocene unit and early "Palouse” soil are
described in detail in Last et al. (1989) and Lindsey et al. (1991). The pre-Missoula gravels are
discussed in PSPL (1982a) and Fecht et al. (1987).

Hanford formation. The informaily designated Hanford formation consists of
unconsolidated, glaciofluvial sediments that were deposited during several episodes of
cataclysmic flooding during the Pleistocene Epoch. The sediments are composed of pebble to
boulder gravel, fine- to coarse-grained sand, and silt. These sediments are divided into three
facies: (1) gravel dominated, (2) sand-dominated, and (3) silt-dominated (Lindsey et al. 1992).
These facies are referred to as coarse-grained deposits, plane-laminated sand facies, and
rhythmite facies, respectively (Baker et al. 1991). The silt-dominated deposits are also referred
to as "Touchet” beds, and the gravel-dominated facies generally correspond to the Pasco
gravels.

The Hanford formation is thickest in the vicinity of the 200 Areas where it is up to 107

m (350 ft) thick (Lindsey et al. 1992). The formation was deposited by cataclysmic flood
waters that flowed out of glacial lake Missoula (Fecht et al. 1987, DOE 1988, and
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Baker et al. 1991). The deposits are absent from ridges above approximately 360 m (1,180 ft)
AMSL, the highest level of cataclysmic flooding in the Pasco Basin (Delaney et al. 1991).

Holocene Surficial Deposits. Holocene surficial deposits consist of silt, sand, and
gravel that form a <4.9 m (< 16 ft) veneer across much of the Hanford Site. These sediments
were deposited by a mix of eolian and alluvial processes.

2.4.3 Local Geology

This section focuses on the geologic characteristics of the ERDF site and vicinity.
Information presented has been compiled from a variety of sources, including technical reports
and documents of the 200 Areas, as welil as the resuits of the recent field investigative work
undertaken for the ERDF site.

2.4.3.1 Topography and Geomorphic Setting. The surface topography and geomorphic
features in the vicinity of the ERDF site are depicted in Figure 2-23. The topography in the
vicinity of the proposed ERDF site was formed primarily by Pleistocene cataclysmic floods
beginning at least 750,000 years ago and ending approximately 13,000 year ago (Baker et al.
1991). These floods left behind an array of unique landforms including anastomosing flood
channels, giant current ripples, and giant flood bars. As shown in Figure 2-23, the proposed
ERDF site is situated at an elevation of approximately 210 m (700 ft) AMSL on the south slope
of one of these landforms, the Cold Creek Bar (Bretz et al. 1956). This flood bar is a
compound bar built by multiple floods (DOE 1988). During flooding it prograded southward to
its present position. The northern part of the bar has undergone erosion by flood waters

_.- .receding from the basin, resulting in the creation of at least four major channels, as well as

additional minor channels, that have been recognized near the Gable Mountain, Gable Butte area
(Fecht 1978).

2.4.3.2 Local Stratigraphy. Figures 2-24, 2-25, 2-26, and 2-27 present geologic cross
sections of the proposed ERDF site. The ERDF is in a geologic transitional zone between the
200 East and 200 West Areas where geologic units present in the western portion of the ERDF

__may not be present. in the eastern portions. The proposed- ERDF site is-underlain by 159 to 177

Columbia River Basalt Group. The ascending geologic sequence from the Elephant Mountain
Member basalt starts with the Ringold Formation, comprising gravel unit A, followed by the
lower mud sequence, gravel unit E, and the upper unit. Overlying the Ringold Formation in
this area is the Plio-Pleistocene unit, early "Palouse” soil, and the Hanford formation. Each
geologic unit and its stratigraphic characteristics are discussed in the following sections.

m (521 to 580 ft) of suprabasalt sediments that rest on the Elephant Mountain Member of the

The Elephant Mountain Member is the upper most basalt unit and existing information
“indicates that it is continuous beneath the proposed ERDF site (Weekes and Borghese, 1993).
There is no evidence of significant erosion at the top of the Elephant Mountain Member and no
indication of erosional "windows" through the basalt to the underlying Rattlesnake Ridge
interbed. The basalt dips to the south into the Cold Creek syncline at about 60 m/km (317
ft/mi). The Elephant Mountain Member is about 39 m (128 ft) thick in the area of the ERDF
site (Weekes and Borghese 1993).

The Ringold Formation overlies the uppermost basalts beneath the proposed ERDF site.
The Ringold Formation generally dips to the south and ranges in thickness from 72 to 111 m
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(235 to 363 ft). The Ringold Formation units present (in ascending order) are the fluvial
gravels of unit A, the lower mud sequence, the gravels of unit E, and the sand and lesser muds
of the Ringold Formation upper unit. The fluvial gravels of the B, C, and D units are not
present beneath the site. The Ringold Formation "A" unit ranges in thickness from 15 to 36 m
(50 to 118 ft), the lower mud unit ranges in thickness from 8 to 29 m (27 to 95 ft), and the "E"
unit thickness varies from 19 to 83 m (61 to 273 ft). The upper Ringold unit is present in the
western portion of the site and pinches out to the east. The thickness of the upper unit ranges
from 0 to 13 m (0 to 42 ft).

The Plio-Pleistocene unit overlies the Ringold Formation and ranges in thickness from 0
to 11 m (0 to 35 ft). The unit is mostly present in the areas of the site adjacent to the 200 West
Area and pinches out to the east within the proposed ERDF site. The unit is composed of
laterally discontinuous interbedded carbonate-rich strata and carbonate-poor strata.

Although not shown on any of the cross-sections, the Early "Palouse” soil may be
present in the extreme western side of the ERDF site. The Early "Palouse” soil consists of
unconsolidated sands and muds. The upper contact of the unit with the Hanford Formation is
poorly defined (Weekes and Borghese 1993).

The Hanford formation is present through the ERDF site and ranges in thickness from 41
to 97 m (135 to 319 ft). The formation is thickest on the north side of the proposed ERDF site
and thins to the south. The Hanford formation is divided into three lithologic facies: gravel-
dominated, sand-dominated, and silty. The sand-dominated facies is considered to be the
principal facies under the site and consists of fine- to coarse-grained sand and gravel deposits.

__Clastic dikes are present within the Hanford formation as vertical to irregularly shaped dipping

fissures filled with sand and gravel. Ash deposits are also present within sand-dominated facies
of the Hanford formation at the ERDF site.

__Sand dunes (Holocene eolian deposits) present above the Hanford formation cover most

" of the ERDF site and range in thickness from 0 to 3 m (0 to 10 ft).

2.4.4 Seismicity

A comprehensive network of seismic stations that provides accurate locating information
for most earthquakes larger than magnitude 2.5 was installed in eastern Washington in 1969.
DOE (1988) provides a summary of the seismicity of the Pacific Northwest, a detailed review of
the seismicity in the Columbia Plateau region and the Hanford Site, and a description of the
seismic networks used to collect the data. Seismicity of the Columbia Plateau, as determined by
the rate of earthquakes per area and the historical magnitude of these events, is relatively low
when compared to other regions of the Pacific Northwest, the Puget Sound area and western
Montana/eastern Idaho. Figure 2-28 shows the locations of all earthquakes that occurred in the
Columbia Plateau before 1969 with MMI of IV or larger and with magnitude of 3 or larger.
The largest known earthquake in the Columbia Plateau occurred in 1936 around
Milton-Freewater, Oregon. This earthquake had a magnitude of 5.75 and a maximum MMI of
VII, and was followed by a number of aftershocks that indicate a northeast-trending fauit plane.

In the central portion of the Columbia Plateau, the largest earthquakes near the Hanford

Site occurred in 1918 and 1973. These two events had magnitudes of 4.4 and intensity V and
were located north of the Hanford Site. Earthquakes often occur in spatial and temporal clusters
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"

in the central Columbia Plateau, and are termed "earthquake swarms." The region north and
east of the Hanford Site is a region of concentrated earthquake swarm activity, but earthquake
swarms have also occurred in several locations within the Hanford Site. The magnitude of these
swarms is too small to show up on Figure 2-28,

Estimates for the earthquake potential of structures and zones in the central Columbia
__ Plateau have been developed during the licensing of nuclear-power plants at the Hanford Site.
In reviewing the operating license application for the Washington Public Power Supply System
o - - - - Project WNP-2, the NRC (NRC 1982) conciuded that four earthquake sources should be
considered for the purpose of seismic design: the Rattlesnake-Wallula alignment, Gable
Mountain, a floating earthquake in the tectonic province, and a swarm area.

For the Rattlesnake-Wallula alignment, which passes along the southwest boundary of the
Hanford Site, the NRC estimated a maximum magnitude of 6.5, and for Gable Mountain, an
east- west structure that passes through the northern portion of the Hanford Site, a maximum
magnitude of 5.0. These estimates were based upon the inferred sense of slip, the fault length,
and/or the fault area. The floating earthquake for the tectonic province was developed from the
- —--—largest-event-located in the Columbia Plaieau, ithe magnitude 5.75 Miiton-Freewater earthquake.
The maximum swarm earthquake for the purpose of WNP-2 seismic design was a magnitude 4.0
event, based on the maximum swarm earthquake in 1973. (The NRC concluded that the actual

magnitude of this event was smaller than estimated previously.)

2.5 PEDOLOGICAL CHARACTERISTICS

The term "pedology” is used to refer broadly to the study of the nature, properties,
formation, distribution, classification, function and use of soils. The term "soil" is also used
broadly as a synonym for regolith, or all unconsolidated materials which overlie bedrock.
Pertinent soil characteristics provided in this section include soil classification, and general
engineering and physical properties for the regional and local scales.

The earliest study of soils in Benton County, which includes most of the Hanford Site,
was performed in 1916 by Kocher et al. (1921). Maps generated from this survey indicate that
the soils in the Hanford Site belong within four major groups that can be classified according to
their origin. The four groups included:

Soils derived from loessial or wind-blown material

Soils derived from eolian or wind-blown material

Soils derived from old valley-filling material, mainly lake-laid
Soils derived from stream laid material.

Kocher et al. (1921) mapped 26 classes of soils within these four groups, and three
- ... classes of miscellaneous nonagricultural-material,-including scabland, river wash, and dune
sand.

In a later study (Western States Land Grant Universities and Colleges and Soil
Conservation Service [SCS] 1960), which consisted of a generalized soil survey of the western
-Inited States, the soils of the Hanford-Site area were-characterized as targely immature soiis
formed on unconsolidated upland materials and eolian sands with few clearly-defined horizons.
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Few, or no, clearly defined soil horizons are present in regosols, or soils largely
dominated by the characteristics of the parent materials. The regosols of the Hanford Site occur
on glaciofluvial deposits that have been continually shifted and sorted by wind-erosion and
deposition. These soils support a shrub-steppe vegetation community, and are principally used
for grazing and limited rrigation ciop production (SCS 1960). Hajek (1966) lists and describes
15 different soil types on the Hanford Site. The soil types vary from sand to silty and sandy
loam. These are shown in Figure 2-29 and briefly described in Table 2-1. The ERDF is
located in an area with Rupert Sand and Burbank I.oamy Sand.

2.6 HYDROGEOLOGICAL CHARACTERISTICS

This subsection presents the regional and local hydrogeology for the ERDF site. The
discussion on regional hydrogeology summarizes groundwater conditions in the Pasco Basin,
detailing the primary aquifers and providing the regional context necessary to understand the
local hydrogeology.

2.6.1 Regional Hydrogeology

The multiaquifer system within the Pasco Basin has been conceptualized as consisting of
four geohydrologic units: (1) the Grande Ronde Basalt; (2) Wanapum Basalt; (3) Saddle
Mountain Basalt; and (4) suprabasalt Hanford and Ringold Formation sediments.
Geohydrologic units oider than the Grande Ronde Basait are probably of minor importance to
the regional hydrologic dynamics and system. Lateral groundwater movement is known to
occur within a shallow, unconfined aquifer consisting of fluvial and lacustrine sediments lying
on top of the basalts, and within deeper confined to semi-confined aquifers consisting of basalt
flow tops, flow bottom zones, and sedimentary interbeds (DOE 1988). These deeper aquifers
are intercalated with aquitards consisting of basalt flow interiors. Vertical flow and leakage
between geohydrologic units is inferred and estimated from water level or potentiometric surface
data but is not quantified, and direct measurements are not available (DOE 1988).

Groundwater at the Hanford Site occurs under unconfined and confined conditions. The
unconfined aquifer is contained within the glaciofluvial sands and gravels of the Hanford
formation and the Ringold Formation. The bottom of the unconfined aquifer is the basalt
surface or, in some areas, the clay zones of the lower member of the Ringold Formation. The
confined aquifers consist of sedimentary interbeds and/or interflow zones that occur between
dense basalt flows in the Columbia River Basalt Group. The main water-bearing portions of the
interflow zones occur within a network of interconnecting vesicles and fractures of the flow tops
or flow bottoms.

From the recharge areas to the west, the groundwater flows downgradient to the
discharge areas, primarily along the Columbia River. This general west-to-east flow pattern is
interrupted locally by the groundwater mounds in the 200 Areas. From the 200 Areas, there is
also a component of groundwater flow to the north, between Gable Mountain and Gable Butte.
These flow directions represent current conditions; the aquifer is dynamic, and responds to
changes in natural and artificial recharge.

The uppermost aquifer is part of a flow system that is local to the Pasco Basin, as are the
uppermost basalt interbed aquifers (Gephart et al. 1979, DOE 1988). Groundwater in these
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aquifer systems is probably recharged and discharged locally. Deeper in the basalt, interbed
aquifer systems are part of the regional, or interbasin, flow system, which extends outside the
margins of the Pasco Basin (DOE 1988). Groundwater in the uppermost aguifer system is
e —regionally unconfined and occurs within the giaciofluvial sands and gravels of the Hanford
formation and the fluvial/lacustrine sediments of the Ringold Formation. Confined to semi-
confined aquifers of more limited extent also occur in the suprabasalt sediments of the Pasco
Basin. These confined zones are generally located within the local flow system, between the
- unconfined aquifer and the underlying basalt surface. Further discussion of the aquifer system
is provided below.

2.6.1.1 Unconfined Aquifer. The unconfined aquifer is laterally extensive, occurring below
most of the Hanford Site with saturated thicknesses ranging up to 90 m (295 ft) under the 200
West Area. The unit thins and is locally absent along the flanks of anticlinal structures (i.e.,
Gable Mountain/Gable Butte and Yakima Ridge) (Gephart et al. 1979). The base of the
unconfined aquifer is generally defined as the top of the uppermost basalt flow. Fine-grained
overbank and lacustrine deposits of the Ringold Formation, however, locally form confining or
semi-confining layers for underlying Ringold fluvial gravels.

The main body of the unconfined aquifer generally occurs within the sediments of the
Ringold Formation. In the southwestern portion of the Pasco Basin, the position of the water
table is generally within Ringold fluvial gravels. In the northern and eastern Pasco Basin, the
water table generally occurs within the Hanford formation.

2.6.1.1.1 Recharge. Natural recharge to the unconfined aquifer occurs primarily from
run-off of precipitation from higher elevation areas including Saddle Mountains, Umtanum and
Yakima ridges, and Rattlesnake Mountain (Deju and Fecht 1979, Gephart et al. 1979, DOE
1988), as well as water infiltrating from small ephemeral streams. The Yakima and Columbia
rivers also contribute to the natural recharge in places, as may the deep basalt aquifers (DOE
1988).

The movement of precipitation through the unsaturated (vadose)} zone has been studied at
several locations on the Hanford Site (Isaacson et al. 1974, Jones 1978, Gee and Heller 1985,
Gee 1987, Routson and Johnson 1990, Rockheld et al, 1990). Although conclusions from these

- studies vary the estimates of deep percolation to the uppermost aquifer are consistently low
{from 0 to 7.87 cm/yr [0 to 3.1 in/yr]). Little, if any, recharge to the groundwater occurs from
percolating rainfall on the broad areas of the desert terrain because of the high rates of

-—e - -gvapetranspiration. Gee (1587) and Routson and Johnson (1990) concluded that no downward
percolation of precipitation occurs on the 200 Areas Plateau where the sediments are layered
and vary in texture, and that all moisture penetrating the soil is removed by evapotranspiration.

Artificial recharge of the unconfined aquifer system occurs from the disposal of large
volumes of wastewater on the Hanford Site and from large irrigation projects surrounding the
Hanford Site:-Recharge through ponds and cribs in the 200 Areas is the largest single artificial
echarge source, beginning in the late 1940s and continuing to the present. Recharge from
waste-water disposal was estimated to be about 5.5x107 L/d (1.4x10’ gal/d) or about 10 times
the amount of natural recharge entering the unconfined aquifer system within the Cold Creek

Valley (DOE 1988). Other artificial recharge sources include irrigation loss west of the 200

Areas (Graham 1983), infiltration ponds at Advanced Nuclear Fuels Corp (USGS 1978), and

infiltration ponds at the City of Richland well field (CWC-HDR, Inc. 1988).
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2.6.1.1.2 Movement. Figures 2-30 and 2-31 illustrate the groundwater table for the
Hanford Site during January 1944 and June-August 1990, respectively. As seen in the figures,
effluent disposal has altered the groundwater flow directions and gradients at the Hanford Site.
Before operations at the Hanford Site began in 1944, the hydraulic gradient in all but the
southwestern-most portion of the Hanford Site was approximately 0.9 m/km (5 ft/mi). Regional
groundwater flow was generally toward the east-northeast. Groundwater flow north of Gable
Mountain now trends in a more northeasterly direction as a result of mounding near reactors
and flow through Gahle Gap... South of Gable Mountain, -flow-is-interrupted locally by the

_groundwater. mounds in the 200 Areas. Under the influence of mounding, groundwater flow in

the 200 East Area is radial with portions heading northward, passing between Gable Mountain
and Gable Butte (Delaney et al. 1991).

Over the period 1950 to 1980, water levels in the unconfined aquifer are reported to
have risen by as much as 3.7 m (12 ft) in the 200 East Area and 24 m (80 ft) in the 200 West
Area (DOE 1988). The rate of increase was most rapid from 1950 to 1960; the rate of increase
was slower from 1960 to 1970. From 1970 to 1980, only small increases in water table
elevation occurred, and the unconfined aquifer appears to have been in approximate steady-state
with recharge sources. This rise in water-table elevations increased the potential for downward
movement of groundwater from the unconfined to the confined basalt and interbed aquifers.
The degree of exchange which occurred between the groundwater systems. is-net known.

Studies have shown that the existing general flow pattern may reverse and return to the

_ pre-operational pattern if the artificial recharge were- discontinued, allowing the groundwater

mound to dissipate (DOE-RL 1990c). Data presented in Kasza et al. (1992) indicate that this
expected mound dissipation is occurring in the 200 Areas. Water level data from 1988 most
nearly corresponds to the highest groundwater levels measured in the recent past. A general
lowering of the water table is occurring beneath the 200 Areas in response to the closure of the
Gable Mountain pond and the U pond, and the decrease in disposal of process water to B pond.
From December 1988 to December 1991, the water table beneath the 200 Areas decreased in
elevation by as much as 1 m (3.3 ft). To the north of the 200 East Area, in the vicinity of West

_ Lake, the decrease was lower (about 0.5 m [1.6 fi]).

2.6.1.1.3 Discharge. Groundwater discharge from the unconfined aquifer is almost
exclusively to the Columbia River along the eastern and northeastern margins of the Pasco Basin
(Deju and Fecht 1979, Gephart et al. 1979, DOE 1988). Downward leakage to the lower
confined aquifers may be occurring under the eastern groundwater mound beneath B Pond and
through features such as erosional windows discussed in Section 2.4.2 (Regional Geology).

West Lake is hydraulically connected to the unconfired aquifer and represents a
topographic depression that intersects the water table. Because of high water evaporation rates
and low surface overland flow, the lake is expected to result in a net loss of groundwater, and
thus constitute a local discharge zone (DOE-RL 1990c).

2.6.1.1.4 Hydraulic Properties. Hydraulic conductivity estimates for the unconfined
aquifer have been mapped over the Hanford Site, as shown in Figure 2-32 (DOE 1988). The
hydraulic conductivities were obtained from pumping tests (Biershenk 1957, Kipp and Mudd
1973) and are not layer specific, but apply to the combined conductivity of all layers stressed
during the test. The hydraulic conductivity range is from approximately 10 to 1 cm/s (1 to 10°
f/d), reflecting heterogeneity of the soils. Transmissivities vary widely regionally because of
the variable saturated thickness of the unconfined aquifer.
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Generally, saturated hydraulic conductivity is greater in the Hanford formation, where
values from 107 to 10! ecm/s (10° to 10 ft/d) are typical, than in the Ringold Formation where
hydraulic conductivities are generally from about 10 to 10" cm/s (107 to 10 ft/d). The lower

hydraulic conductivities are associated with the low-permeability aquitards.

Fewer data are available on specific yield for the unconfined aquifer. Storage
coefficients determined in multiple well pumping tests from the unconfined aquifer ranged from
0.0002 to 0.2 (DOE 1988). Values determined at Hanford formation wells ranged from 0.03 to
0.2, whereas values in Ringold Formation wells were generally less than (.06.

2.6,1.2 Confined Aquifers. Confined aquifers occur within the lower portion of the Ringold
Formation, but are generally more limited in areal extent than the unconfined aquifer. In the
western portion of the Pasco Basin, a confined-to-semi-confined aquifer is present within the
basal unit of the Ringold Formation (as defined by DOE 1988). A thick silt deposit (the lower
unit of the Ringold Formation as defined in DOE 1988) forms the aquitard between the
unconfined and confined zones, Other confined-to-semi-confined zones occur locally within the
middle and lower units of the Ringold Formation as a result of interfingering silt aquitards and
more permeable lenses of sand and gravel. These zones appear to be laterally discontinuous and
likely merge with the unconfined system.

A multiple confined aquifer system occurs within the Columbia River Basalt Group
underlying the Pasco Basin (Deju and Fecht 1979, Gephart et al. 1979, DOE 1988). The
confined aquifers consist primarily of interbeds within the basalt (DOE 1988). The interbeds
occur between basalt flow tops of the older flows and basalt flow bottoms of the younger flows
(Graham 1983). Flow interiors, comprised primarily of dense basalts, separate the interbeds
forming confining aquitards.

The uppermost interbed aquifers are found in the Saddle Mountains Basalt and include,
from youngest to oldest, the Rattlesnake Ridge, Selah, Cold Creek and Mabton interbeds.
Inierbed aquifers of the Saddle Mountains Basalt range in thickness from 6 to 35 m (20 to 110
ft) and are likely localized to the Pasco Basin by geologic structures along the basin margin
(Gephart et al. 1979, DOE 1988). Deeper interbeds which occur in the underlying Wanapum
and Grande Ronde Basalt formations,-appear-to be hydrsulically connected with the regional
flow system outside the Pasco Basin (DOE 1988).

2.6.1.2.1 Recharge. Recharge to the interbeds of the Saddle Mountains Basalt is
obtained directly from precipitation onto the exposed basalt ridges surrounding and within the
Pasco Basin (Deju and Fecht 1979, Gephart et al. 1979, DOE 1988). Leakage from the
unconfined aquifer also recharges at least the uppermost interbed aquifer (the Rattlesnake Ridge
interbed, which underlies the Elephant Mountain basalt member) below the 200 Areas plateau,
especially where artificial recharge has caused mounding in the unconfined aquifer (Graham
1983, DOE 1988, Delaney et al. 1991, and Connelly et al. 1992). In this area, erosion of the
Elephant Mountain member may have lead to an enhanced hydraulic connection between the
Rattlesnake Ridge interbed and ihe unconfined aquifer (Graham 1983).

The deeper basalt interbed aquifers, between and within the Wanapum and Grande Ronde
Basalt Formations, obtain recharge waters in the Pasco Basin from vertical leakage of overlying
interbed aquifers within the Saddle Mountains Basalt, and horizontal inflow from the regional

- flow systemto-the east and west.
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2.6.1.2.2 Movement. Within the Pasco Basin, groundwater potentials of Saddle
Mountains Basalt indicate that groundwater flow is generally from topographically high to
topographically low regions, similar to flow in the unconfined aquifer (DOE 1988). Steep
groundwater gradients occur on the flanks of the major anticlines, including the Horse Heaven
Hills, Frenchman Hills, Ratilesnake Mountain, and Saddie mountains. Lateral groundwater
flow in the Saddle Mountains Basalt appears to mirror the surface topography and is generally
toward major surface drainage features. The predominant generalized flow direction across the
Hanford Site is from west to east (DOE 1988).

Groundwater flow in the Wanapum and Grande Ronde basalts is thought to be controlled
less by local surface drainage patterns and more by the major rivers, streams, and coulees.
Potentiometric levels in the deeper interbeds of the Wanapum and Grande Ronde basalts are
. interpreted to have a.smoother form-as 2-consequence of being less influenced by smaller
surface drainage features (DOE 1988).

2.6.1.2.3 Discharge. Potentiometric and hydrochemical data presented in DOE (1988)
portray the Pasco Basin, in relation to the surrounding Columbia Plateau, as an area of regional
groundwater flow convergence and probably of groundwater discharge. Regional discharge
from basalts appears to take place in the topographically low and well-dissected regions of the
plateau where groundwater flows into stream courses (DOE 1988).

Within the Pasco Basin, the Saddle Mountains Basalt apparently discharges along the
Columbia River from the confluence of the Columbia River with the Walla Walla northward,
except across the northern portion of the Hanford Site. The Saddle Mountains Basalt
- -potentiometric surface indicates that the Columbia River is the ultimate discharge for
groundwater from these Basalts in most places where it flows over the unit. The Saddle
Mountains Basalt may also discharge into the lower Snake and Yakima rivers. In much of the
area of discharge, the Saddle Mountains Basalt discharges to the surface through the suprabasalt

sediments (DOE 1988).

2.6.1.2.4 Hydraulic Properties. Hydraulic conductivities within the basalt interbeds are
generally orders of magnitude lower than those observed in the unconfined aquifer. Aquifer
testing in interbeds of the Saddle Mountains Basalt yielded hydraulic conductivities ranging from
0% to 10 cm/s (10" to 1 fi/d) (DOE 1988). No values of storativity are currently available.
Storativity values, however, are anticipated to be within the range commonly reported (i.e., 10°
to 10 for confined aquifers (DOE 1988).

The flow interiors of the basalt formations have hydraulic conductivities orders of
magnitude lower than the interbeds, ranging from 107* to 107 cm/s (10™ to 10* ft/d) (DOE
1988). Storativity estimates for the basalts have not been made, but likely range from 107 to
10° (DOE 1988).

2.6.2 Local Hydrogeology

2.6.2.1 Vadose Zone. The vadose zone is the region above the water table in which the fluid
pressures of the sediments are negative with respect to local atmospheric pressure. It occurs
between the ground surface and the water table and is the zone through which natural and
manmade recharge waters may flow to the water table. The vadose zone beneath the ERDF site
is estimated to range from 70 to 100 m (230 to 330 ft) thick and consist of the following
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lithologic units: Hanford formation sediments, Plio-Pleistocene unit, the upper Ringold unit and
Ringold Gravel unit "E". Flow characteristics through the vadose zone depend on a variety of
properties, including particle and pore size, interconnectiveness of pores and moisture content.

2.6.2.2 Suprabasalt Aquifers. The suprabasalt aquifers beneath the proposed ERDF site

* consist of the fluvial sands and gravels of the Ringold Formation and the lower Plio-Pleistocene

unit. The silts of the Plio-Pleistocene unit, the upper Ringold unit and the Ringold lower mud
unit may act as aquitards or confining units within the aquifer. The uppermost aquifer is
contained primarily within unit E of the Ringold Formation. The lower mud unit of the Ringold
Formation is known to occur beneath this aquifer in the western side of the site but the lateral
extent is not known beneath the eastern side of the ERDF. Where the lower mud unit is
present, confined aquifer conditions exist in unit A of the Ringold Formation. Units A and E of
the Ringold Formation would be combined in a single unconfined aquifer in areas where the
lower mud unit is not present. As shown on the cross-sections (Figures 2-24 to 2-27, locations
shown on Figure 2-33) the thickness of the uppermost aquifer beneath the ERDF generally
appears to range from 20 to 70 m (65-230 ft).

Groundwater levels in the area have risen significantly since the 1950’s as a result of
wastewater disposal activities conducted in the 200 West Area.. The groundwater levels

___stabilized in the late 1960’s and started to decline in the mid 1980’s. The groundwater level

decrease is probably due to reductions in wastewater disposal occurring in the 200 West Area.
As shown on Figure 2-33, the water table elevation generally ranges from 123 m (405 ft) along
the east side of the proposed site to 139 m (455 ft) along the west side of the site.

- - _Groundwater flow beneath the proposed ERDF site is predominately from west to east

(see Flgure 2-33). Saturated hydraulic gradients based on groundwater elevations shown in
Figure 2-33 range from 0.0045 along the northern boundary of the site to 0.0025 along the
southern boundary. Limited data are available for aquifer properties of transmissivity and
hydraulic conductivity in the aquifer beneath the ERDF site. However, two wells near the site
completed to the "E” unit of the Ringold Formation were tested in 1958 and 1973. Wells 299-
W21-1 and 699-33-56 had transmissivity values of 2,700 m?*/day (29,000 ft*/day) and 1,950
m*/day (21,000 ft*/day), respectively (Connelly et al. 1992) (Weekes and Borghese, 1993).

- Assuming a saturated thickness of 40 m (130 ft), the hydraulic conductivities equal 70 m/day

(220 ft/day) and 50 m/day (160 ft/day).

) nla]
2.7 HUMAN RESQURCES

2.7.1 Land Use

2.7.1.1 Regional Land Use. Land use in the areas surrounding the Hanford Site includes
urban and industrial development, irrigated and dry-land farming, and grazing. Industries in the
Tri-Cities are mainly those related to agriculture and energy production (DOE 1989). Wheat,
corn, alfalfa, hay, barley, and grapes are the major crops in Benton and Franklin counties.

2.7.1.2 Hanford Site Land Use. The Hanford Site encompasses 1,450 km?® (560 mi®) and
includes several DOE operational areas. The major areas are as follows:
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¢ The entire Hanford Site has been designated a National Environmental Research
Park (NERP).

¢ The 100 Areas, bordering on the south shore of the Columbia River, are the sites
of the eight retired plutonium production reactors and the N Reactor (also for
plutonium production), which was recently shutdown. The 100 Areas occupy
about 11 km? (4 mi®).

¢ The 200 West and 200 East Areas are located on a plateau about 8 and 11 km (5
and 7 mi), respectively, from the Columbia River. These areas have been
dedicated to waste management and disposal activities. The 200 Areas cover
about 16 km? (6.2 mi®).

e The 300 Area, located just north of the City of Richland, is the site of nuclear
research and development. This area covers 1.5 km? (0.6 mi?).

¢ The 400 Area is about 8 km (5 mi) north of the 300 Area and is the site of the
FFTF used in the testing of breeder reactor systems. Also included in this area is
the Fuels and Material Examination Facility.

¢ The 600 Area includes all of the Hanford Site not occupied by the 100, 200, 300,
or 400 Areas. Land uses within the 600 Area include the Arid Land Ecology
Reserve (ALE), a U.S. Fish and Wildlife Service wildlife refuge, support
facilities for controlled access areas, and other lands leased to Washington state
and the Washington Public Power Supply System (Cushing 1992).

¢ The 1100 Area includes the 3000 Area and the Horns Rapids Landfill. It is used
for Hanford site support services.

Public Law 100-605 authorized a study of the Hanford Reach of the Columbia River.
The purpose of this study was to identify and evaluate the outstanding features of the Hanford
Reach of the Columbia River and immediate environment, and to examine alternatives for their
preservation. The draft report recommends that Congress designate the Hanford Reach of the
Columbia River a wild and scenic river (NPS 1992). The final report is expected for public
release in 1994,

'2.7.1.3 Land Use at the Proposed ERDF Site. The ERDF site (including the operational
and south of the proposed road from the 200 East Area to the 200 West Area. The area of the
site is approximately 4.1 square kilometer (1.6 square miles) with dimensions of 3.2 km (2 mi)
by 1.3 km (0.8 mi). The site is not currently used.

2.7.2 Water Use

2.7.2.1 Surface Water. Water use in the Pasco Basin is primarily from surface diversion.

- The Columbia River is the most significant surface-water body in the region. It is used as a
source of drinking water, industrial process water, crop irrigation, and for a variety of
recreational activities, including fishing, hunting, boating, water skiing, and swimming,.
Industrial and agricuitural usage represent about 13% and 75%, respectively, and municipal use
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about 12%. The Hanford Site uses about 41% of the water withdrawn for industrial purposes
(r‘lnh1no 1097

..... ASFa].

__The Hanford Reach of the. Columbia River is a popular recreational sport fishing area.

" Anadromous salmonids represent the majority of the sport fish harvested. Other significant

sport catches include white sturgeon (Acipenser transmontanus), smallmouth bass (Micropterus
dolomieui) and walleye (Stizostedion vitreum) (DOE-RL 1990d).

Swimming and water skiing are popular recreational activities as well. The McNary
Reservoir is the main location for these activities in the region. A public swimming area has
also been established at Leslie R. Groves Park, which is approximately 0.8 km (0.5 mi)
downstream from the city water intake (DOE-RL 1990d).

River water intakes that are downstream from the proposed ERDF location include the
Ringold Fish Hatchery intake, the Ringold Flats irrigation intakes, the Taylor Flats irrigation
intakes, the WPPSS intake, the 300 Area process and drinking water intake, the Battelle Farm
Operations irrigation intake, the Washington State University Center irrigation intake, and the
City of Richland drinking water intake (EPA 1987),

The PNL Observatory relies on water from a spring on the side of Rattlesnake Mountain
(U.S. Army Corps of Engineers 1994).

2.7.2.2 Groundwater. Groundwater diversions account for less than 10% of water use in the
Pasco Basin. Approximately 50% of the wells in the Pasco Basin are for domestic use and are
" generally shallow [less than 150 m (500 ft)]. Agricultural wells, used for irrigation and stock
supply, make up the second-largest category of weil use, about 24% for the Pasco Basin.

Industrial users account for only about 3% of the wells (DOE 1988).

The principal users of groundwater within the Hanford Site are the FFTF, with a 1988
e of 142,000 m® (37 miilion gailons) from two wells in the unconfined aquifer.

the proposed ERDF site is not used for either drinking or irrigation. The nearest drinking water

_._supply wells are those that serve the 400 Area. They are located about 15 km (9 mi) to the

southeast of the proposed ERDF site (PNL 1988a). However, these wells are not directly
downgradient from the proposed ERDF site.

2.7.3 Historical, Archaeological, and Cuitural Resources

The Hanford Site contains numerous, well-preserved archaeological sites representing

_..both the prehistoric-and historical periods.- Management of Hanford’s cuitural resources follows

the Hanford Cultural Resources Management Plan (Chatters 1989) and is conducted by the
Hanford Cultural Resources Laboratory (HCRL) of PNL (1988b).

2.7.3.1 Archaeological Resources. More than 10,000 years of prehistoric human activity in
the Middle Columbia River region have left extensive archaeological deposits along the river
shores (Leonhardy and Rice 1970, Greengo 1982, and Chatters 1989). Well-watered areas
inland from the river show evidence of concentrated human activity (Chatters 1982, 1989,
Daugherty 1952, Greene 1975, Leonhardy and Rice 1970, and Rice 1980), and recent surveys

2-24



DOE/RL-93-99, Rev. 0

have indicated extensive, although dispersed, use of arid lowlands for hunting. Graves are
common in varijous settings, and spirit quest monuments (rock cairns) may still be found on
summits of the mountains and buttes (Rice 1968a). Throughout most of the region,
hydroelectric development, agricultural activities, and domestic and industrial construction have
destroyed or covered the majority of these deposits. Because of the limited public access to the
Hanford Site, some of the archaeological deposits found in the Hanford Reach of the Columbia
River and on adjacent plateaus have been preserved.

There are currently 228 prehistoric archaeological sites recorded in the files of the
HCRL. Forty-seven of these sites are included on the National Register of Historic Places

(National Register), two as single sites (45BN121, Hanford Island Site; 45GR137, Paris Site)
and the remainder in seven archaeological districts, listed in the table below. In addition, a
nomination has been prepared for one cultural district (Gable Mountain/Gable Butte), and
renomination for two additional archaeological districts is pending (Wahluke, Coyote Rapids).
Two other sites, 45BN90 and 45BN412, are considered eligible for the National Register.
Archaeological sites include remains of numerous pithouse villages, various types of open
campsites, and cemeteries along the river banks (Rice 1968a, 1980), spirit quest monuments,
hunting camps, game drive complexes and quarries in mountains and rocky bluffs (Rice 1968b),
hunting/kill sites in lowland stabilized dunes, and small temporary camps near perennial sources
of water located away from the river (Rice 1968b).

Historic Properties on the Hanford Site Listed on the National Register of Historic Places
(Cushing 1992):

Property Name Site(s) Included
==~ "Wooded Isiand 45BN107 through 45BN112, 45BN168

Archaeological District

Savage Island 45BN116 through 45BN119, 45FR257 through

Archaeological District 45FR262
Hanford Island Site 45BN121
Hanford North 45BN 124 through 45BN133, 45BN134,
Archaeological District 45BN178
Locke Island 45BN137 through 45BN140, 45BN 176,

Archaeological District

Ryegrass Archaeological
District

Paris Site

Rattlesnake Springs
Archaeological District

Snively Canyon
Archaeological District

100-B Reactor

45GR302 through 45GR305
45BN 149 through 45BN157

45GR137
45BN170, 45BN171

45BN172, 45BN173

Not Applicable

2.7.3.2 Native American Cultural Resources. In prehistoric and early historic times, the
Hanford Reach of the Columbia River was heavily populated by Native American people of
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various tribal affiliations. The Wanapum and the Chamnapum bands of the Yakama tribe dwelt
along the Columbia River from south of Richland upstream to Vantage (Relander 1956,
Spier 1936). Some of their descendants still live nearby at Priest Rapids, and others have been
incorporated into the Yakama and Umatilla reservations. Palus people, who lived on the lower
Snake River, joined the Wanapum and Chamnapum to fish the Hanford Reach and some
inhabited the river’s east bank (Relander 1956, Trafzer and Scheuerman 1986). Walla Walla
and Umatilia people aiso made periodic visits to the area to fish. These peoples retain
traditional secular and religious ties to the region, and many have knowledge of the ceremonies
and practices of their aboriginal culture. The Washane, or Seven Drums religion, which has
ancient roots and had its start on the Hanford Site, is still practiced by many people on the
Yakama, Umatilla, Warm Springs, and Nez Perce reservations. -Native plant and animal foods,
some of which can be found on the Hanford Site, are used in the ceremonies performed by sect
members. Tribal members have expressed an interest in renewing their use of these resources
in accordance with the Treaties of 1855, and the DOE is assisting them in this effort. Certain
___Jandmarks, especially Rattlesnake Mountain, Gable Mountain, Gable Butte, Goose Egg Hill, the
White Bluffs Road and various sites along the Columbia River, are considered important or
sacred to them. The many cemeteries found along the river are also sacred.

The White Bluffs Road is a former Indian trail and freight road between White Bluffs
Ferry landing on the Columbia River and Rattlesnake Springs in the western part of the Hanford
Site (see Figure 2-34). This road was an important transportation route during the prehistoric
era and during settlement, mining, and cattle ranching eras in the Washington Territory
(Rice 1984). This history of the White Bluffs Road was reviewed by HCRL staff and was
found to meet the criteria for nomination to the National Register of Historic Places. An area is
considered eligible if it is "associated with events that have made a significant contribution to
the broad patterns of our history"” (36 CFR Part 60.4, criterion A).

2.7.3.3 Historic Resources. Sixty-eight historic archaeological sites and 11 other historic
- —---———— —localities have been recorded in published iiterature. Locaiities include the Allard Pumping
Plant at Coyote Rapids, the Hanford Irrigation Ditch, the Hanford townsite, Wahluke Ferry, the
-~ - White Bluffs townsiie, the Richmond Ferry, Arrowsmith townsite, a cabin at East White Bluffs
ferry landing, the White Bluffs road, the old Hanford High School, and the Cobblestone
T Warehouse at Riverland (Rice 1980). Archaeological sites include the East White Bluffs
townsite and associated ferry landings, and-an-assortment of trash-scatters and duinps.
Thirty-eight additional sites, including homesteads, corrals, and dumps, have been recorded by
the HCRL since 1987. ERTEC Northwest was responsible for minor test excavations at some
of the historic sites, including the Hanford townsite locality. In addition to the recorded sites,
there are numerous areas of gold mine tailings along the river bank, and the remains of
homesteads, farm fields, ranches, and abandoned Army installations are scattered over the entire
Hanford Site.

More recent sites are the defense reactors and associated materials processing facilities
that now dominate the area. The first reactors (100-B, 100-D, and 100-F) were constructed in
1943 as part of the Manhattan Project. Plutonium for the first atomic explosion and the bomb

~ that destroyed Nagasaki at the end of World War II were produced in the 100-B Facility.
Additional reactors and processing facilities were constructed after World War II, during the
Cold War. All reactor containment buildings still stand, although many ancillary structures
have been removed. The 100-B Reactor has been listed on the National Register of Historic
Places. Other Manhattan Project facilities remain to be evaluated.
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2.7.3.4 Cultural Resources at the Proposed ERDF Site. The HCRL conducted a cultural
resources survey at the ERDF site during the summer of 1993. The survey identified four
archaeological sites, one paleontological site and nine isolated artifacts. One isolated artifact (a
cobble tool) was also identified during a previous survey. Based on the determination by the
State of Washington Office of Archaeology and Historical Preservation in a letter to DOE/RL
dated February 4, 1994, none of the sites were considered eligible for the National Register.
However, two of the archeological sites may represent part of the greater Euro-American
ranching community in Southeast Washington State and may be considered regionally or locally

— significant viewed in this context. The two sites are located outside of the ERDF boundaries
and will not be impacted by the proposed activities at the ERDF.

2.7.4 Socioeconomics

Activity on the Hanford Site plays a dominant role in the socioeconomics of the
Tri-Cities (Richland, Pasco, and Kennewick) and other parts of Benton and Franklin counties.
The agricultural community also has a significant effect on the local economy. Any major
changes in Hanford activity would potentially affect the Tri-Cities and other areas of Benton and
Franklin counties. Detailed analyses of the socioeconomics are found in Scott et al. (1987) and
Watson et al. (1984).

2.7.4.1 Employment and Income. Two major sectors are currently the principal driving
forces of the economy in the Tri-Cities since the early 1970s: (1) the DOE and its contractors,
operating the Hanford Site; and (2) the agricultural community, including a substantial
food-processing component. Most of the goods and services produced by these sectors are
exported outside the Tri-Cities. In addition to the direct employment and payrolls, these major
sectors also support a sizable number of jobs in the local economy through their procurement of
equipment, supplies, and business services. In addition to these two major employment sectors,
three other components are contributors to the economic base of the Tri-Cities economy; other
major employers, tourism, and retired persons.

L - The unemployment rate fluctuates seasonally due to the agricultural sector. The 1992
average unemployment for the Tri-Cities was 8.5%. Average unemployment in Benton and
Franklin Counties in 1992 was 7.6% and 11.9%, respectively. The unemployment rate in
Franklin County was higher due to the larger agricultural sector in Franklin County
{Washington State Department of Employment Security 1993).

-~ ----2.7.4.2--Hanford and the Local and State Ecomomy. In 1991, Hanford employment
accounted directly for 24 % of total nonagricultural employment in Benton and Franklin counties
and slightly more than 0.6% of all nonagricultural statewide jobs. In 1991, Hanford Site
operations directly accounted for an estimated 42 % of the payroll dollars earned in the area
(Cushing 1992).

Hanford contractors spent nearly $154 million, or 47.5% of total procurement of
$324 million, initially through Washington firms in 1986. About 18% of Hanford orders were
filled by Tri-Cities firms. In many cases, these procurement filled by Tri-Cities firms only
result in retail and wholesale markups; however, a significant portion of all Hanford orders,
"7 7$6.6 million, are placed directly to Washington manufacturers (Cushing 1992).
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Hanford contractors paid a total of $10.9 million in FY 1988 in state taxes on operations
and purchases. Estimates show that Hanford employees paid $27.0 million in state sales tax,
use taxes, and other taxes and fees in FY 1988. In addition, Hanford paid $0.9 million to local

- -government in Benton, Franklin, and Yakima counties in local taxes and fees (Scott et al. 1989).

- 2.7.4.3 Demegraphy.- Estimates by-the U.S. Bureau of the Census for 1990 (U.S. Department

of Commerce 1991) placed the population totals for Benton and Franklin counties at 112,560
and 37,473, respectively. When compared to the 1980 census data in which Benton County had
109,444 residents and Franklin County’s population totaled 35,025, the 1990 Census figures
reflect the current growth occurring in these two counties. Within each county, the 1990
estimates distribute the Tri-Cities population as follows: Richland, 32,315; Kennewick, 42,159;
and Pasco, 20,337. The combined populations of Benton City, Prosser, and West Richland
totaled 10,244 in 1990. The unincorporated population of Benton County was 27, 842. In
Franklin County, incorporated areas other than Pasco have a total population of 2,424. The
unincorporated population of Franklin County was 14,712 (Cushing 1992).

2.7.4.4 Housing. In 1990, nearly 92% of all housing (of 38,781 total units) in the Tri-Cities
was occupied. Single-unit housing, which represents nearly 58% of the total units, has a 96%

—occupancy-rate-throughout the Tri-Cities:- Multipte-unit housing, defined as housing with two or

more units, has an occupancy rate of nearly 91%, a 10% increase from 1989. Pasco has the

-- lowest occupancy rate, 89%, in ail categories of housing; foliowed by Kennewick, 93%, and

Richland, 94%. Representing 9% of the housing unit types, mobile homes have the lowest
occupancy rate, 81%. In 1989, mobile homes had the highest occupancy rate, 93%
(Cushing 1992).

2.7.4.5 Transportation.

2.7.4.5.1 Tri-Cities Area. The Tri-Cities serve as a regional transportation and
distribution center with major air, land, and river connections. The Tri-Cities have direct rail
service, provided by Burlington Northern and Union Pacific, that connects the area to more than
35 states. Docking facilities at the Ports of Benton, Kennewick, and Pasco are important
aspects of this region’s infrastructure. These facilities are located on the 525-km-long
(326-mi-long) commercial waterway, which comprises the Snake and Columbia rivers, that
extends from the Ports of Lewiston-Clarkston in Idaho to the deep-water ports of Portland,
Oregon, and Vancouver, Washington (Evergreen Community Development Association 1986).

- &Ll .

... Daily air passenger and freight services connect the-area with most major cities through the
Y J g

Tri-Cities Airport, located in Pasco. The airport is currently served by one national and two
commuter-regional airlines. The Tri-Cities are linked to the region by five major highways;
Route 395, Route 240, Interstate 84, Interstate 82, and Route 14 (Cushing 1992).

2.7.4.5.2 Hanford Site Transportation. The transportation network for the Hanford
Site is shown in Figure 2-35. The Hanford Site railroad system extends from the west side of

- Richland,; Washington; throughout the-Hanford Site.- The DOE controls the rail ‘access into the

Hanford Site; the agency trackage ties in with the Union Pacific Railroad tracks southeast of the
Richland "Y" area near the U.S. Highway 12 and Route 240 interchange. The Burlington
Northern and Union Pacific have trackage rights over the DOE trackage between the Richland
"Y" area and the DOE 1100 Area. The DOE tracks serving the Hanford Site are installed
parallel to the Route 240 bypass around the Richland, Washington urban area (DOE 1986). The
roads and highways on the Hanford Site are also shown in Figure 2-35. Routes 240 and
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24 traverse the Hanford Site and are maintained by Washington State. Other roads within the
reservation are maintained by the DOE (Cushing 1992).

2.7.4.5.3 ERDF Transportation. The existing transportation network in the ERDF
area is shown in Figure 2-36.

2.7.4.6 Educational Services. Primary and secondary education are served by the Richland,
Kennewick, Pasco, and Kiona-Benton school districts. Post-secondary education in the
Tri-Cities area is provided by a junior college, Columbia Basin College (CBC), and the
Tri-Cities branch campus of Washington State University (WSU-TC). These institutions
emphasize technical and vocational programs (Cushing 1992).

2.7.4.7 Health Care and Human Services. The Tri-Cities have three major hospitals and
four minor emergency centers. The three hospitals are the Kadlec Medical Center, located in
Richland, the Kennewick General Hospital and Our Lady of Lourdes Hospital, located in Pasco.
All three hospitals offer general medical services and include a 24-hour emergency room, basic

- surgical services; intensive care,-and neonatal care {Cushing 1992).

The Tri-Cities offer a broad range of social services, State human service offices in the
Tri-Cities include the Job Services office of the Employment Security Department; Food Stamp
offices; the Division of Developmental Disabilities; Financial and Medical Assistance; the Child
Protective Service; emergency medical service; a senior companion program; and vocational
rehabilitation (Cushing 1992).

2.7.4.8 Police and Fire Protection. Police protection in Benton and Franklin counties is
provided by Benton and Franklin counties’ sheriff departments, local municipal police
departments, and the Washington State Patrol Division headquartered in Kennewick. The
Kennewick, Richland, and Pasco municipal departments maintain the largest staffs of
commissioned officers with 53, 44, and 38, respectively (Cushing 1992).

There were 117 paid fire-fighters in the Tri-Cities in 1992. The Hanford site has its own

__fire fighters. There are 126 firefighters in the Hanford Fire Patrol, trained to dispose of

hazardous/dangerous waste and to fight chemical fires. Each statlon has access to a Hazardous
Material Response Vehicle that is equipped with chemical fire extinguishing equipment, an
attack truck that carries foam, halon, and Purple-K dry chemical, a mobile air truck that
provides air for gasmasks; and a transport tanker that supplies water to six brush trucks. They
have five ambulances and contact with local hospitals (Cushing 1992).

2.7.4.9 Parks and Recreation. The convergence of the Columbia, Snake, and Yakima rivers
offers the residents of the Tri-Cities a variety of recreational opportunities. The Lower Snake
River Project provides boating, camping, and picnicking facilities in nearly a dozen different
areas along the Snake River. In 1986, nearly 385,000 people visited the area and participated in
activities along the river. The Columbia River also provides ample water recreational

‘opportunities on the lakes formed by the dams. . Lake Wallula, formed by McNary Dam, offers

a large variety of parks and activities, which attracted more than 3 mllhon visitors in 1986. The
Columbia River Basin is also a popular area for migratory waterfowl and upland game bird
hunting (Cushing 1992).
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2.7.4.10 Utilities.

2.7.4.10.1 Water. The principai source of water in the Tri-Cities and the Hanford Site
is the Columbia River from which the water systems of Richland, Pasco, and Kennewick draw a
large portion of the average 11.38 billion gallons used in 1991. Each city operates its own
supply and treatment system (Cushing 1992). More information on water use is presented in
Section 2.7.2.

The major incorporated areas of Benton and Franklin counties are served by municipal
wastewater treatment systems, whereas the unincorporated areas are served by onsite septic
systems. Richland’s wastewater treatment system is designed to treat a total capacity of 27 mil-
lion m*yr (7,100 million gal/yr). Currently, the daily average flow is 34,000 m*/day
(8.9 million gal/day) with a peak flow of 170,000 m*/day (144 million gal/day) (Cushing 1992).

2.7.4.10.2 Electricity. In the Tri-Cities, electricity is provided by the Benton County
Public Utility District, Benton Rural Electrical Association, Franklin County Public Utility
District, and City of Richland Energy Services Department. All the power that these utilities
provide in the local area is purchased from the Bonneville Power Administration (BPA), a
federal power marketing agency. Natural gas, provided by the Cascade Natural Gas
Corporation, serves a small portion of residents, with 4,800 residential customers in June 1992
(Cushing 1992).

Electrical power for the Hanford Site is purchased wholesale from BPA. Energy
requirements for the Site during FY 1988 exceeded 550 average MW (Cushing 1992). The
—Hanford electrical distribution system is used to distribute power to the bulk of the Hanford
Site. The City of Richland distributes power to the 700, 1100, and 3000 areas, which constitute
approximately 2% of the total Hanford Site usage (DOE-RL 1993d).

2.7.4.10.3 200 Area Utilities. Sanitary wastes are currently disposed of through septic
tanks and drain fields at the 200 Area. The construction of a central collection and treatment
evaporation plant is being considered to handle the sanitary sewer (DOE-RL 1993d).

The 200 Areas have two types of water: sanitary (potable) water used for sanitary uses
such as drinking water, showers, and laundry; and raw (export) water used for fire protection
and other non-potable uses. The sanitary water is pumped and treated. Raw water is drawn
from the Columbia River. A looped water system was installed in the 200 areas in 1992. This
allows for fire protection and repairs to take place at the same time (DOE-RL 1993d). The
communication system is a fiber network system.

2.7.4.11 Visual Resources. The land in the vicinity of the Hanford Site is generally flat with
little relief. Rattlesnake Mountain, rising to 1060 m above mean sea level, forms the western
boundary of the site, and Gable Mountain and Gable Butte are the highest land forms within the
site. Both the Columbia River, flowing across the northern part of the site and forming the
eastern boundary, and the spring-blooming desert flowers provide a visual source of enjoyment
to people. The White Bluffs, steep bluffs above the northern boundary of the river in this
region, are a striking feature of the landscape (Cushing 1992).
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2.7.5 Noise

Studies at Hanford of the propagation of noise have been concerned primarily with occu-
pational noise at work sites. Environmental noise levels have not been extensively evaluated
because of the remoteness of most Hanford Site activities and isolation from receptors that are
covered by federal or state statutes. The majority of available information consists of model
predictions, which in many cases have not been verified because the predictions indicate that the
potential to violate state or federal standards is remote or unrealistic (Cushing 1992).

2.7.5.1 Background Noise Levels at the Hanford Site. Environmental noise measurements
were made in 1981 during site characterization of the Skagit/Hanford Nuclear Power Plant Site
(PSPL 1982b). Fifteen sites were monitored and noise levels ranged from 30 to 60.5 dBA
(Leq). The values for isolated areas ranged from 30 to 38.8 dBA. Measurements taken around
the sites where the Supply System was constructing nuclear power plants (WNP-1, WNP-2, and
WNP-4) ranged from 50.6 to 64 dBA. Measurements taken along the Columbia River near the
intake structures for WNP-2 were 47.7 and 52.1 dBA compared to more remote river noise
levels of 45.9 dBA (measured about 5 km [3 mi] upstream of the intake structures).
Community noise ievels in North Richland (3000 Area at Horn Rapids Road and the By-Pass
Highway) were 60.5 BA (Cushing 1992).

In addition, site characterization studies performed in 1987 included measurement of
background environmental noise levels at five sites on the Hanford Site. Noise levels are
expressed as equivalent sound levels for 24 hours (Leg-24). Wind was identified as the primary
contributor to background noise levels with winds exceeding 12 mph significantly affecting noise
levels. Coleman concludes that background noise levels in undeveloped areas at Hanford can
best be described as a mean Leq-24 of 24 t0 36 dBA. Periods of high wind, which normally
occur in the spring, would elevate background noise levels (Cushing 1992).

2.7.5.2 Hanford Site Sound Levels. Although most industrial facilities on the Hanford Site
are located far enough away from the site boundary that noise levels at the boundary are not
distinguishable from background noise levels, there is the potential for producing noise from
field activities, such as well drilling and sampling (Cushing 1992).

______ In the interest of protecting Hanford workers and complying with Occupational Safety
and Health Administration (OSHA) standards for noise in the workplace, the Hanford
Environmental Health Foundation has monitored noise levels resulting from several routine
operations performed at Hanford. Occupational sources of noise propagated in the field are
summarized in the table below. These levels are reported here because operations such as well
sampling are conducted in the field away from established industrial areas and have the potential

P Y. Y. 3
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Monitored Levels of Noise Propagated from Outdoor Activities at the Hanford Site

(Cushing 1992)

Activity Average Noise Maximum Noise Year
Level (Decibels) Level (Decibels) Measured

Water wagon operation 104.5 111.9 1984
Well sampling 74.8 - 78.2 1987
Truck 78 - 83 1989
Compressor 88 -90
Generator 93 -95
Well drilling, Well 32-2 98 - 102 102 1987
Well drilling, 32-3 105 - 11 120 - 125 1987
Well drilling, 33-29 89 - 91 1987
Pile driver (diesel 5 ft from 118 - 119 1987
source)
Tank farm filter building 86 1976
(30 &t from source) :

2.8 ECOLOGY

The Hanford Site is a relatively large, undisturbed area [1450 km? (~ 560 mi?%)] of
shrub-steppe habitat that contains numerous plant and animal species adapted to the region’s
semiarid environment. The relatively undisturbed native sagebrush-steppe habitat, riparian
habitat, sand dunes and unique habitats associated with canyons, basalt outcrops and cliffs,
promote biodiversity and support ecologically important species. Important species include
plant species of medicinal and dye value, commercial and recreational wildlife including state-
and federal-listed and candidate threatened or endangered species, as well as species making up

_critical habitat used by listed and_candidate species. The site consists of mostly undeveloped

land with widely spaced clusters of industrial buildings located along the western shoreline of
the Columbia River and at several locations in the interior of the site. The industrial buildings

- are interconnected by roads, raiiroads, and electrical transmission lines. The major facilities

and activities occupy about 6% of the total available land area, and their impact on the

- .surrounding ecosystems is minimal. Most of the Hanford Site has not experienced tillage or

livestock grazing since the early 1940s. Fire can affect the distribution of vegetation. The
wildfires that occurred in 1981 and 1984 burned much of the sagebrush from Rattlesnake
Mountain. This is discussed further in Section 2.8.1.1.

The Columbia River flows through the Hanford Site, and although the river flow is not

- directly-impeded-by- artificial-dams within the- Hanford Site, the historical daily and seasonal

water fluctuations have been changed by dams upstream and downstream of the site (Rickard
and Watson 1985). The Columbia River and other water bodies on the Hanford Site provide
habitat for aquatic organisms. The Columbia River is also accessible for public recreational use
and commercial navigation. Other descriptions of the ecology of the Hanford Site can be found
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in ERDA (1975), Rogers and Rickard (1977), Jamison (1982), and Watson et al. (1984), among
others. Some of the information presented in this section is adapted from Downs et. al. (1993).

2.8.1 Hanford Site Terrestrial Ecology

- 2.8.1.1 Vegetation. The Hanford Site has been botanically characterized as shrub-steppe
habitat (Daubenmire 1970) and is considered to contain one of the largest tracts of undisturbed
native sagebrush steppe remaining in the State of Washington. The vegetation mosaic of the
Hanford Site currently consists of 10 major kinds of plant communities:

sagebrush/bluebunch wheatgrass

sagebrush/cheatgrass or sagebrush/Sandberg’s bluegrass
sagebrush-bitterbrush/cheatgrass
greasewood/cheatgrass-saltgrass

winterfat/Sandberg’s bluegrass

thyme buckwheat/Sandberg’s bluegrass
cheatgrass-tumble mustard

willow or riparian

spiny hopsage

sand dunes.

The distribution of the dominant plant communities is shown in Figure 2-37. The
sagebrush/cheatgrass (Sandberg’s bluegrass) community is perhaps the most common in the 200
Area. In the early 1800s, the dominant plant in the area was big sagebrush with an understory
of perennial bunchgrasses, especially Sandberg’s bluegrass and bluebunch wheatgrass.
Livestock grazing and crop raising have altered the natural vegetation mosaic and subjected it to
persistent invasion by alien annuals, especially cheatgrass. Today, cheatgrass is the dominant
plant on fields that were cultivated 40 years ago and is also well established on rangelands at
elevations less than 244 m (800 ft) (Rickard and Rogers 1983).

The dryland areas of the Hanford Site were treeless in the years before land settlement;

---however, for several decades before 1943, trees were planied and irrigated on most of the farms

to provide windbreaks and shade. When the farms were abandoned in 1943, some of the trees

- died-but others-have persisted. Today-these trees-are ecologically important because they serve
- as nesting platforms for severai species of birds, including hawks and owls, and as night roosts
_for wintering bald eagles (Rickard and Watson 19835).

The release of water used as industrial process coolant streams at the Hanford Site
facilities created several semi-permanent artificial ponds that did not exist before these
industrial releases commenced. Over the years, stands of cattails, reeds, and trees, especially
willow, cottonwood, and Russian olive, have developed around the ponds. These ponds are
ephemeral and will disappear if the industrial release of water is terminated; in fact, many of
these have been discontinued and no longer exist. No ponds or ditches are located at the ERDF
site.

Almost 600 species of plants have been identified on the Hanford Site (Sackschewsky
et al. 1992). More than 100 species of plants have been identified in the 200 Area Plateau
(ERDA 1975). The dominant plants on the 200 Area Plateau are big sagebrush, rabbitbrush,
cheatgrass, and Sandberg’s bluegrass, with cheatgrass providing half of the total plant cover.
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Cheatgrass and Russian thistle, which are annuals introduced to the United States from Eurasia
in the late 1800s, invade areas where the ground surface has been disturbed. A food web
centered on cheatgrass is shown in Figure 2-38 (modified from Watson et al. 1984). The main
links leading to man would be through mule deer and chukars. Other pathways leading to man
through terrestrial food webs could be via upland game birds and elk. Certain desert plants
have roots that grow to depths approaching 10 m (33 ft) (Napier 1982); however, root

__ penetration to these depths has not been demonstrated for plants in the 200 Areas. Rabbitbrush

roots have been found at a depth of 2.4 m (8 ft) near the 200 Areas (Klepper et al. 1979).
Mosses and lichens appear abundantly on the soil surface; lichens commonly grow on the shrub
stems.

The important desert shrubs, big sagebrush and bitterbrush, are widely spaced and
usually provide less than 20% canopy cover. The important understory plants are grasses,
especially cheatgrass, Sandberg’s bluegrass, Indian ricegrass, June grass, and needle-and-thread
grass. A list of plants is given in Table 2-2.

Mature shrub-steppe provides important habitat for a number of plant and animal species
of concern that depend on the shrub component, usually sagebrush, for nesting, food and
protection. Bitterbrush shrubs provide browse for a resident herd of wild mule deer. Certain
passerine birds rely on sagebrush or bitterbrush for nesting (i.e., sage sparrow, sage thrasher,
and loggerhead shrike). Certain species of birds nest only in the mature big sage located south
of the 200 Areas. For example, loggerhead shrikes prefer to nest in shrubs with an average
height of about 2 meters (6 feet). Loggerhead shrikes are year-round residents that are present
at low densities. Sage sparrows are common summer residents of the Hanford Site that are
restricted almost entirely to sagebrush stands. Mature shrub-steppe habitat also provides prime
foraging habitat for a variety of raptor species. Shrub-steppe habitat available for species of
concern on the Hanford Site may become a more critical issue as agricultural, industrial and
urban development decrease the amount of this habitat type in eastern Washington.

Sagebrush and bitterbrush are easily killed by summer wildfires, but the grasses and
other herbs are relatively resistant and usually recover in the first growing season after burning.
The most recent and extensive wildfire occurred in the summer of 1984. Fire usually opens the
community to wind eresion. The severity of erosion depends on the severity and areal extent of
the fire. Hot fires incinerate entire shrubs and damage grasscrowns. Less intensive fires leave
dead stems standing, and recovery of herbs is prompt. Bitterbrush shrubs are slow to recolonize
burned areas because bitterbrush does not re-sprout even when fire damage is light. Re-
establishment of bitterbrush occurs using seeds.

Hanford Site (ERDA 1975). Grasshoppers and darkling beetles are among the more
conspicuous groups and, along with other species, are important in the food web of the local
birds and mammals. Most species of darkling beetles occur throughout the spring to fall period,
although some species are present only during 2 or 3 months in the fall (Rogers and Rickard
1977). Grasshoppers are evident during the late spring to fall. Both groups are subject to wide

_annual variations in abundance.. Grasshoppers are a food source for the Swainson’s hawk,

which is a federal candidate for threatened and endangered designation.

2.8.1.3 Reptiles and Amphibians. Twelve species (Table 2-3) of amphibians and reptiles are
known to occur on the Hanford Site (Fitzner and Gray 1991). The occurrence of these species

- s infrequent when compared with similar fauna of the southwestern United States. The
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side-blotched lizard is the most abundant reptile and can be found throughout the Hanford Site.
Short-horned and sagebrush lizards are also common in selected habitats. The most common
snakes are the gopher snake, the yellow-bellied racer, and the Western rattlesnake, which are
found throughout the Hanford Site. Striped whipsnakes and desert night snakes are rarely
found, but some sightings have been recorded for the site. Toads and frogs are found near the
permanent water bodies and along the Columbia River.

2.8.1.4 Birds. Fitzner and Gray (1991) and Landeen et al. (1992) have presented data on
birds observed on the Hanford Site. The horned lark and western meadowlark are the most
abundant nesting birds in the shrub-steppe. Some of the more common birds present on the
Hanford Site are listed in Table 24, The game birds inhabiting terrestrial habitats at Hanford
are the chukar, gray partridge, and mourning dove. The chukar and grey partridge are year-
round residents, but mourning doves are migrants. Although a few doves overwinter in south-
eastern Washington State, most leave the area by the end of September (Cushing 1992).
Mourning doves nest on the ground and in trees all across the Hanford Site. Chukars are most
- - —numercus on Rattlesnake Mountain, Yakima Ridge, Umtanum Ridge, Saddle Mountains, and
Gable Mountain areas of the Hanford Site and are somewhat rare on the 200 Area Plateau, but a
few birds are known to inhabit the plateau. Gray partridges are not as numerous as chukars,
and their numbers also vary greatly from year to year. Sage grouse populations have declined
on the Hanford Site since the 1940s, and it is likely that there are no nesting sage grouse on the
- Site at-this time.. The- nearest-viable population is located on the U.S. Army’s Yakima Training
Center, located to the north and west of the Hanford Site. Other game birds present on the
Hanford Site include ring-necked pheasant and California quail.

In recent years, the number of nesting ferruginous hawks has increased, at least in part
because the hawks have accepted steel powerline towers as nesting sites. Only about 50 pairs
are believed to be nesting in the state of Washington. Qther raptors that nest on the Hanford
Site are the prairie falcon, northern harrier, red-tailed hawk, Swainson’s hawk, and kestrel.
Burrowing owls, great horned owls, barn owls, and long-eared owls also nest on the Site but in
smaller numbers.

Passerine species inhabiting terrestrial habitats at Hanford include the loggerhead shrike,
sage sparrow, and the Western meadowlark. Loggerhead shrikes are year-round residents,
although they occur at relatively low densities (Poole 1992). They nest from March through
August in undisturbed portions of the big Sagebrush/Sandberg’s bluegrass community. The
approximate density of the loggerhead shrike is 3.5 pairs/km?® (9.1 pairs/mi®). Sage sparrows
are a common summer resident of the Hanford Site (Fitzner and Rickard 1975). These small
passerines are restricted in their distribution almost entirely to sagebrush stands (Schuler et.al.
1988). Sage sparrow abundance on the 200 Area Plateau has been shown to be related to
sagebrush density (Schuler et, al. 1988). Sage sparrow density is up to 7.5 birds/km? (19
birds/miZ) in undisturbed areas of the 200 Area Plateau.

2.8.1.5 Mammals. Approximately 39 species of mammals have been identified on the
Hanford Site (Fitzner and Gray 1991) (Table 2-5). The largest vertebrate predator inhabiting
the Hanford Site is the coyote, which ranges all across the Site. Bobcats and badgers also
inhabit the Hanford Site but in low numbers. Black-tailed jackrabbits are common on the
Hanford Site, mostly associated with mature stands of sagebrush, Cottontails are also common
but appear to be more closely associated with the buildings, debris piles, and equipment
laydown areas associated with the onsite laboratory and industrial facilities.
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Townsend’s ground squirrels occur in colonies of various sizes scattered across the
Hanford Site and marmots are scarce. The most abundant mammal inhabiting the Site is the
Great Basin pocket mouse. It occurs all across the Columbia River plain and on the slopes of
the surrounding ridges. Other small mammals include the deer mouse, harvest mouse,
grasshopper mouse, montane vole, vagrant shrew, and Merriam’s shrew.

Seven species of bats inhabit the Hanford Site, occurring mostly as fall or winter
migrants. The pallid bat frequents deserted buildings and is thought to be the most abundant of
the various species. Other species include the hoary bat, silver-haired bat, California brown
bat, little brown bat, Yuma brown bat, and Townsend’s big-eared bat.

Mule deer are found throughout the Hanford Site, although areas of highest
concentrations are on the ALE Reserve and along the Columbia River. Deer populations on the
Hanford Site appear to be relatively stable. The herd is characterized by a large proportion of

* very oid animals (Eberhardt et al. 1982). Islands in the Hanford Reach of the Columbia River

are used extensively as fawning sites by the deer (Eberhardt et al. 1979) and thus are a very
important habitat for this species. Hanford Site deer frequently move offsite and are killed by
hunters on adjacent public and private lands (Eberhardt et al. 1984).

2.8.2 Species of Special Concern at the Hanford Site

The remaining undisturbed shrub-steppe habitat at the Hanford Site has been designated
priority habitat by the Washington State Department of Wildlife due to its relative scarcity in the
state and its importance as nesting, breeding and foraging habitat for state- and federal listed or
candidate sensitive species. This designation is a proactive measure to prevent species from
becoming threatened or endangered. Threatened and endangered plants and animals identified
on the Hanford Site, as listed by the federal government (50 CFR 17) and Washington State
{Washington Natural Heritage Program 1994), are shown in Tables 2-3, 2-4, 2-5, and 2-6. No
plants or mammals on the federal list of Endangered and Threatened Wildlife and Plants are
known to occur on the ERDF Site. There are, however, several species of both plants and
animals that are of concern or are under consideration for formal listing by the federal
government and Washington State.

2.8.2.1 Plants. The Washington Natural Heritage Program, administered by the Department
of Natural Resources, is tasked with monitoring the status of vascular plants in the state of
Washington. Plant species are designated as endangered, threatened, sensitive, or monitored
according to the species’ status in Washington state. Columbia milkvetch (Astragalus
coiumpianus) and Hoover’s desert parsley (Lomatium tuberosum) are listed as threatened, and

_ persistentsepal yellowcress (Rorippa columbiae) and northern wormwood (Artemisia campestris

borealis var. wormskioldii) are designated as endangered. These four plant species are also
listed as candidate species by the Federal government. Columbia milkvetch occurs on dry land
benches along the Columbia River in the vicinity of Priest Rapids Dam, Midway, and Vernita;

it also has been found on top of Umtanum Ridge and in Cold Creek Valley near the present

vineyards. Hoover’s desert parsley grows on steep talus slopes in the vicinity of Priest Rapids
Dam, Midway, and Vernita. Yellowcress occurs in the wetted zone of the water’s edge along
the Columbia River. Northern wormwood is known to occur near Beverley and could inhabit
the northern shoreline of the Columbia River across from the 100 Areas.
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Thompson’s sandwort (Arenaria franklinii v. thompsonii} is listed as a monitored species
and is known to occur in stabilized sand dunes in the vicinity of the 200 Area (DOE 1987).
Other plant species designated as sensitive by the Washington State National Heritage program
and likely to be found in the dryland areas of the Hanford Site are Piper’s daisy (Erigeron
piperianus), and gray cryptantha (Cryprantha leucophaea) (DOE 1989). False yarrow
(Chaenactis douglassii var. glandulosa) is also likely to be found in these areas but it has been
re-classified from a sensitive species to a monitor species. A recent survey of the proposed
ERDF site identified stalked-pod milkvetch (Astragalus sclerocarpus), a Washington State
monitored species, as the only state listed plant present. Table 2-6 lists plant species of special
concern and their state and federal status that have been identified at the 200 Area and other
locations on the Hanford Site.

2.8.2.2 Animals. Both the Washington Department of Wildlife and U.S. Fish and Wildlife
Service are responsible for monitoring the status of animal species (Woodruff and Hanf 1992).
The sage sparrow (Amphispiza belli), and sage thrasher (Oreoscoptes montanus) are listed as
state candidate species, and depend on sagebrush and bitterbrush for nesting although the sage
thrasher is not known to nest near the 200 Area (DOE 1987). The loggerhead shrike (Lanius
{udovicianus) is listed as a state and federal candidate species and also inhabits the sagebrush-
bitterhrush environment, The grasshopper sparrow-(4dmmodramus savannarum) is a state
monitored species found at the Hanford Site. Golden eagles (Aqguila chrysaetos) are winter
visitors to the Hanford Site and forage in the vicinity of the 200 Area. Burrowing owls (Athene
- cunicularia) nest on-the ground andforage in the vicinity of the 200 Area. Swainson’s hawks
(Buteo swainsoni) are known to use planted trees in the 200 Area for nesting sites and forage in
the area. The golden eagle, burrowing owl, and Swainson’s hawk are Washington state
candidate species. The long-billed curlew (Nionenius americanus) has been proposed for
monitor status in Washington state, is a federal candidate species, and is known to nest on the
ground in the vicinity of the 200 Area. Table 2-4 lists bird species known to occur at the
Hanford Site and their state and federal status.

The pallid bat (Antrozous pallidus), a state monitored species, is likely to inhabit the 200
Area. Merriam’s shrew (Sorex merriami), a state candidate species, and Townsend’s big-eared
_.. bat (Plecotus townsendif),afederal candidate species, are also found at ihe Hanford Site. The
pygmy rabbit (Brachylagus idahoensis), a federal candidate and is a state endangered species, is
a potential inhabitant of the Hanford Site, but none have been found at the Site. The striped
whipsnake (Masticophis taeniatus) listed by the state as candidate species, and the woodhouse
toad (Bufo woodhousei) and the desert night snake (Hypsiglena torquata desertia) are listed as
monitored species. Table 2-5 lists mammals known to occur at the Hanford Site and their state
and federal status. Table 2-3 lists amphibians and reptiles known to occur at the Hanford Site
and their state status (none are listed by the Federal government).

2.8.3 Wwildlife Refuges

Several national and state wildlife refuges are located on or adjacent to the Hanford Site.
These refuges are shown in Figure 2-39.
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2.8.4 ERDF Ecology

A recent survey of the planned ERDF site found it to be primarily undisturbed sagebrush
habitat that had not sustained significant fire damage. The recent surveys identified long-billed
curlews, sage sparrows, and loggerhead shrikes as nesting in the area. Grasshopper sparrows
were present and possibly nesting at the site. Swainson’s hawks were observed hunting in the
area. Burrowing owls, while not observed during the surveys, have been seen at the site in the
past and are presumed to currently inhabit the area.

2.9 CHARACTERISTICS OF FINE-GRAINED SOILS BORROW SITE
(MCGEE RANCH)

2.9.1 Site Description

The McGee Ranch area is the proposed borrow site for fine-textured soils, although a
complete evaluation of the impacts on cultural, historical, and ecological resources and a
mitigation plan remain to be completed before the site can be developed. As shown in Figure
2-40, McGee Ranch is located approximately 5 km (3 mi) northwest of the 200 West Area.
Figure 2-41 illustrates the general site topography. The ground surface generally slopes to the
east or southeast and is dissected by approximately 10 east-trending ephemeral streams. The
McGee Ranch has been identified as a potential borrow site for fine-grained sediments that may
be used in the construction of closure covers at the ERDF and other locations at the Hanford
Site. The fine-grained materials would be used in the closure covers as top-soil material and
also as low-permeability barrier material. Use of this site as a source of fine-textured soils is

L.

. not impacted by inciusion of the McGee Ranch as part of the 100-1U-1 operable unit.

2.9.2 Characteristics of Site Sediments and Fine-Grained Sediment Volume Estimates

2.9.2.1 Geological Characteristics. The geological characteristics of the McGee Ranch
discussed in this section are based on two characterization efforts conducted within the McGee

~_Ranch. The first characterization effort investigated an area of the site referenced as Area A on
Figure 2-4]1 (Last et al. 1987). The second effort evaluated the area referenced as Area B on
Figure 2-41 (Lindberg 1994).

The evaluation of Area A was based on a series of boreholes drilled, sampled and logged
to the first significant gravel layer detected. Sediments from each boring were classified based
e - on-grain-size into-one of 19 sediment classifications. A layer of fine-grained sediments was
identified immediately below the surface at Area A and ranges in thickness from 0.5 to 10 m
(1.6 to 32.8 ft). A layer of silty-sandy gravel was identified directly beneath the surficial layer
of fine-grained sediments.

____ __ . Characterization of Area B of the Mc(Gee Ranch is also-based on a series of boreholes.
- —--—In-most cases, borehole sampling was discontinued when carbonate-cemented, silty, sandy
gravels were intercepted. However, a few boreholes were drilled into the gravels as far as 4 m
(13 ft). The gravel units encountered at the bottom of the boreholes consist of angular basalt
gravel weakly cemented with calcium carbonate and lesser amounts of silica, The gravel size
~ distribution was not determined because the drilling technique used did not allow representative
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sampling. Observations of recovered fractured gravels indicated the gravels consist primarily of
pebbles with some cobbles. Carbonate concentrations were also estimated to be the strongest in
the upper 0.3 to 0.6 m (1 to 2 ft) of the gravel unit. These gravels are characteristic of the
geologic strata referred to as the Plio-Pleistocene Unit found elsewhere on the Hanford Site.

Hanford formation sediments at the site overlay the Plio-Pleistocene unit and range in
thickness from 0.15 m to 12.2 m (0.5 to 40 ft). The Hanford formation sediments consist of a
series of graded beds composed of silt to fine sands referred to as the Touchet Beds. The beds
of fine sands and siits were occasionally interspersed with small amounts of fine gravels.
Clastic dikes also are identified. These dikes consist of sediment layers aligned paraliel to the
dike walls and composed of sediments similar to the Hanford formation sediments.

Surficial sediments consisting of eolian silt to sandy silt (loess) overlay the Hanford
formation and range in thickness up to 1 m (3 ft). The interface of the upper Hanford
formation and the surficial deposits was difficult to determine due to bioturbation and because
the local loess has been derived from Touchet Bed sediments. Soils in the area investigated are
typical of soils that develop at this altitude under similar conditions. The upper soil layer
contains an abundant quantity of roots and the next lower soil level consists of sandy silt graded
downward to carbonate-cemented sandy silt. The ground surface at the McGee Ranch is
covered with pebbles, some cobble gravels and occasional boulders. The gravels generally
occur in low densities, however areas of significantly high density are also present. Gravels are
composed of both basalt colluvium and exotic gravels. Exotic gravel deposition is the result of
ice rafting during prehistoric glacial flooding.

2.9.2.2 Volume Estimates for Fine-Grained Sediments. The volume of suitable sediments
identified at Area A of the McGee Ranch was calculated based on the information collected
during borehole sampling and logging. The estimated total volume of fine-grained sediments in
Area A suitable for closure cover construction is 3.47 Mm?* (4.55 Myd®) (Lindberg 1994).

Estimated volumes of fine-grained sediments for Area B were developed using three
dimensional modeling. Contour structure maps and isopach maps of intervening intervals were
constructed using data collected from borehole sampling. The isopach maps identify an east-
sloping wedge of fine-grained sediments (Touchet Beds and eolian sediments) thickening in the
direction of the slope. The sediments range in thickness from 3 m (10 ft) in the western section
to over 12 m (40 ft) in the east. An isopach map was constructed by subtracting the lower
surface of the Touchet Beds from the upper ground surface at each borehole and then contouring
the difference. This method considers data between boreholes and adjusts for surficial
topographic features between boreholes. The combined volume of suitable Touchet Bed and
eolian sediments estimated using this technique was estimated by Lindberg (1994) at 32.7 Mm’
(42.8 Myd?).

2.9.3 Archaeological and Cultural Characteristics
A cultural resources pedestrian survey has identified a number of historic and prehistoric

resources at the McGee Ranch Site (Skelly and Wing 1992). Plans are being developed to
address mitigation of impacts to cultural resources at the McGee Ranch.
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2.9.4 wildlife Ecology

_.. . Reconnaissance surveys have been carried out at the proposed borrow site by qualified
professionals. No resident species of plants or animals of special concern were identified.
However, one or more protected species of birds may use the area during the nesting season, or
may exhibit variable patterns of habitation from year to year (Skelly and Wing 1992),

2.10 CHARACTERISTICS OF BASALT BORROW SITE

__The borrow site for crushed basalt for the Hanford Barrier is currently being asvaluated.
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