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.3 Spatial Scope of the CSI

The spatial scope of the CSM includes the entire  anford assessment area, encompassing the fu
geographic extent of the areas where hazardous substances (and their by-products) released from
the Site may have come to be located, as well as the geographic extent of natural resources that
may have been injured as a result of exposure to those stressors. A CSM for natural resource
injury assessment considers such a comprehensive geographic scope to facilitate thoughtful
assessment planning; it is not intended to draw or imply conclusions about the spatial extent of
natu  resource injuries. The spatial scope of potential environmental exposures and natural
resource 11 >s is dynamic and must reflect temporal changes in site operations, releases and
transport of hazardous substances, as well as potential natural resource injuries that may occur in
the future.

4 QO 1er NRDA Documents

The Hanford Natural Resources Trustees have published several preassessment screen
documents for the Hanford Site. The purpose of a preassessment screen is to provide a rapid
review of readily available information to ensure that there is a reasonable prob. ility of making
a successful claim for natural resource damages. A preassessment screen is typically more
narrowly focused than a CSM, and it focuses specifically on the likelihood of natural resource
injuries resulting from contaminant releases. This CSM has a broader focus, with the goal of
assisting the Trustees with future injury assessment planning.

Some existing preassessment screens from the Site include:

» A 100 Area draft preassessment screen (HNRTC, 1998) that concluded that the criteria
for purt 12 NRDA in the 100 Area had been met.

An 1100 Area preassessment screen (HNRTC, 2000) conducted prior to its deletion from
the Federal list of Superfund sites (see Chapter 3). This document concluded that the
criteria for pursuing NRDA in the 1100 Area had been met, but rather than pursuing an
assessment at that time, the Trustees accepted a proposal for additional sampling and
monitoring.

A draft preassessment screen for the entire Hanford assessment area that Ridolfi (2006)
authored on behalf of the Yakama Nation. This preassessment screen is considerably
more detailed than the previous ones. Ridolfi (2006) concluded that criteria had been met
for pursuing a site-wide NRDA. This preassessment screen was apparently not made final
and has not yet been endorsed by all Trustees. The Ridolfi (2006) preassessment screen

Page 1-3
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contains site data and a CSM that are useful for injury assessment planning. Relevant
infc 1ation from that preassessment screen is included in this document.

> A preassessment screen for the Hanford assessment area drafted by the CTUIR (2008).
The C. UIR preassessment screen largely adopts the content of the Ridolfi (2006)
preassessment screen, with a different cover page and some additional language and
sections specific to the CTUIR.

1.5 Existing Site CSMs

In developing this document, we have reviewed and relied upon ex ing( Mspr red for the
site, incli  ng CSMs developed as part of Hanford RI/FS activities or other activities at the Site,
CSMs developed for Tribal risk scenarios, and a CSM developed for a draft Hanford NRDA
preassessment screen (see below).

The CSM presented herein is intended as an NRDA planning tool to help facilitate injury
assessment planning. Consequently, certain elements differ from existing Site CSMs. This does
not ly that the existing CSMs, which are designed to address different needs, are flawed. The
20 d nec * in NRDA differ from those in other planning processes, and the Trustee Council

1s a specific set of objectives that must be considered. To the extent, however, that the NRDA
and existing CSMs share common attributes, these commonalities should be used to facilitate
efficiencies in data collection and analysis.

¢ cted existing CSMs for the Site, in chronological order, include the following:

4 A generic human exposure CSM developed to assess past exposure to Hanford
radionuclide releases (Napier, 1991)

4 An aquatic ecological CSM in the Columbia River Comprehensive Impact Assessment
(PNNL, 1998)
4 A Tribal services CSM developed for assessing risks to Tribal community health and

¢t ure (Harper and Harris, 2000)

4 CSMs describing the environmental pathways of Site contamination and associated risk
im] cations in a Hanford impact assessment (Bryce et al., 2002)

4 A CSM guidance document for Hanford, presenting methods for using process
relationship diagrams (Last et al., 2004)

Page 1-4
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> CSMs describing the fate of tritium discharged from the 200 Area Effluent Treatment
_ Jcility into the State-Approved Land Disposal Site (Barnett et al., 2004)

» CSMs for aquatic and terrestrial ecological and human receptors in the 100 Area
developed for the 100-B/C pilot project (Doctor et al., 2004)

A CSM for a uranium plume in the 300 Area and tritium in the 618-11 Burial Ground,
developed for the annual groundwater monitoring report (Freeman et al., 2005)

4 A CSM for contamination in liquid waste disposal facilities in the 100-N Area, de  oped
for the 100-NR-2 groundwater operable unit risk assessment (Fluor Hanford, 2005;
U.S. DOE, 2005)

4 A geospatially-based general Site CSM for ecological and human exposure, p lished in
a peer-reviewed journal (Mayer and Greenberg, 2005)

4 A groundwater flow CSM for the Site (Thorne et al., 2006)

4 A CSM developed in a draft Hanford preassessment screen on behalf of the Yakama
Nation (Ridolfi, 2006)

» General CSMs for Site contaminant transport to the Columbia River, as well as a human
he: h exposure CSM, developed for the Columbia River corridor (Hulstrom, 2007,
Hulstrom and Lerch, 2007)

» CSMs for aquatic and terrestrial ecological and human receptors developed for the River
Corridor Baseline Risk Assessment (U.S. DOE, 2007)

4 A CSM linking contaminant releases to Tribal exposure, developed for the Yakama
Nation exposure scenario (Ridolfi, 2007)

4 A general Site CSM for ecological and human exposure, included in a book on
radiological risk assessment (Rocco et al., 2008)

4 CSMs describing contaminant fate and transport from the 100-D/H decision unit
(U.S. DOE, 2009a) and the 100-K decision unit (U.S. DOE, 2009b).

Several of these existing CSMs contain useful process relationship diagrams for envisioning
environmental processes in the Hanford assessment area. We have included several example
diagrams from other CSMs in the appendix.

Page 1-5
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1.6 Leve ¢ Detail

This CSM has been prepared during the initial phase of NRDA planning. Consequently, although
the CSM has been developed based on a review of existing information about the Site, it is not
intended to provide the level of site detail or injury analysis that might be feasible following
completion of the NRDA. Moreover, since the pr  ose of the CSM is to assist in planning the
NRDA. an overly prescriptive or precise level of detail is neither required nor necessarily

desir. le.

1.7 Potential Injury Definitions

Potential definitions of injury to natural resources are presented in Chapters 5—8. These potential
injury definitions include definitions that are contained explicitly in federal NRDA regulations,
as well as alternative injury definitions discussed during CSM planning workshops. This
information is intended to assist the Trustees with assessment planning and do not represent a
final or consensus list of potential injuries that will be assessed. Ultimate selection of injury
definitions will be undertaken during development of injury asses ent plans.

8 Dynamic and Flexible Document

The CSM is intended to be dynamic and flexible. As new information becomes known, the CSM
may be modified to reflect evolution in the Trustees’ thinkit about the Site NRDA.

1.9 Report )rganization

Chapter 2 presents an overview of the Site, including its national and regional context and
history. Chapter 3 presents the Stressor CSM and Chapter 4 presents the Pathway CSM.
Chapters 5-8 present the natural resource CSMs; with Chapter 5 covering groundwater;
Chapter 6 covering aquatic resources associated with the Columbia River; ( apter 7 covering
terrestrial resources, including ponds and ephemeral streams found in upland areas; and
Chapter 8 describing potentially affected air resources. Finally, Chapter 9 presents the Human
Services CSM.

Page 1-6
SC11654









St us Consulting _ Tntrodyction (7/1/7009)

U.S. DOE. 2009a. Integrated 100 Area Remedial Investigation/Feasibility Study Work Plan
Addendum 1: 100-D/H Decision Unit. Prepared »r the U.S. Department of Energy Assistant
Secretary for Environmental Management. May.

U.S. DOE. 2009b. Integrated 100 Area Remedial Investigation/Feasibility Study Work Plan
Addendum 2: 100-K Decision Unit. Prepared for the U.S. Department of Energy Assistant
Secretary for Environmental Management. May.
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as providing traditional medicinal, religious, and cult al services to Native Americans, and
ecological and habitat services for a wide variety of fish and wildlife. Anadromous fish runs in
the Columbia River at the turn of the 20th century were estimated to range from 15 to 20 million
fish per year, ar even after significant habitat impacts, the average annual run size at the tu  of
the 21st ce ury was estimated at about 2.5 million fish (Dauble et al., 2003). Hydropower dams
in the Columbia River Basin are estimated to produce approximately 14,000 megawatts of
electricity per year, which is enough power for more than 13 cities the size of Seattle (Northwest
Power and Conservation Council, Undated). The Columbia River also absorbs municipal and
industrial waste, with numerous wastewater treatment plants and permitted outflows into t/

river.

At a local level, the Columbia River provic  drinking water, food,  gation, recreational, and
cultural services to the citizens of the Tri-Cities area. The geographic areas, habitats, and
resources of the Columbia River through the Hanford Reach are particularly important for the
members of the Yakama Nation, the Umatilla and Nez Perce tribes, and the Wanapum Band,
whose tribal culture evolved around the resources and historic salmon runs of the Columbia
River. The river is an important resource for a wide variety of fish and wildlife, and supports
many aspects of the lifecycles of local fauna, including fish spawning, rearing of young, feeding,
and1 gration. The Hanford Reach is especially important for ecological and human use services
because it is the only stretch of the Columbia River in the United States upstream of the
Bonneville Dam that is not impounded by a dam, retaining the full diversity of native riverine
habitat types (USFWS, 2008). The Hanford Reach provides essential habitat for fall Chinook
salmon (Dauble, 2000). A study of wildlife along the Hanford Reach in 1982 noted its status as a
refuge for numerous wildlife species, especially for bald eagles, mule deer, coyote, and resident
Great Basin Canada Goose (Rickard et al., 1982). The importance of the Hanford Reach is
summarized in the vision statement for the Hanford Reach National Monument (USFWS, 2008):

The Hanford Reach, the last free-flowing non-ti = ~ stretch of the Columbia River,
is the ribbon that weaves shrub-steppe and riverine communities together,
defining an irreplaceable landscape — a place to discover the richness of life, to
reflect upon history, and to experience nature in s¢ tude.

The Monument’s diversity of plants and wildlife are critical to the biological
integrity of the Columbia Basin. The unique combination of an expansive and
increasingly rare shrub-steppe ecosystem, the free-flowing river, and the last
major salmon spawning grounds in the Columbia River create a diverse and
precious mosaic of habitats. The Monument is a refuge for a multitude of species,
many new to science.
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Site maintenance

) mny site maintenance activities are known or suspected to have resulted in there” se of
hazardous substances to the environment, and potentially injured natural resources. Site
maintenance services and infrastructure was mainly located in the 1100 Area. This included
warehousing and property receiving and distribution, mail services, vehicle maintenance, a
landfill (described in Section 3.1.2), and other infrastructure services (U.S. DOE, 2006a). ‘e
was also a demolition area in the 1100 Area, in which detonation of nonradioa ve explo
ignitable, shock-sensitive, and/or reactive discarded chemical products took place. These were
either excess materials or chemicals beyond the designated shelf life. Examples of the
compounds detonated include but are not limited to 2,4,6-trinitrorescorcinol, alpha-
nitrosomethylisobutylketone, trinitrotolue, tetrahydrofuran, perchloric acid, and benzene with
b-butyl lithium (Henning, 1992). Disposal pits and dumping areas in the 1100 Area were used to
discard maintenance materials, including paint, solvent, thinners, construction debris such as
concrete rubble, asphalt, and wood. Concrete, glass, dry cell batteries, and other materials were
also disposed of in these areas (Henning, 1992).

In addition to maintenance activities in the 1100 Area, there were also releases of hazard(
substances associated with site-wide maintenance activities. One of the more notable examples
PCBs. Leaks and spills from capacitors, transformers, and hydraulics found in operational
equipment likely released PCBs to the environment. Other common site-wide sources of PCBs
include fluorescent light ballasts, paint, and sealants. In addition, a common practice at the Site
in the past was to apply PCB oils to unpaved roads to suppress dust (Herman, 2007).

Other contaminants such as pesticides and herbicides have been detected at different locations
across the Site as a result of their storage and use (Dirkes et al., 1999). Pesticides have been
detected in sanitary sewer pipelines in the 100 Area (Henning, 1992) which may be a source to
nearby soils or groundwater.

Landfills and other historic waste facilities

There are a number of landfills and other waste treatment facilities at the Site that may be
sources of hazardous substances. Here we provide brief descriptions of illustrative examples of
such facilities, including the US Ecology low-level radioactive waste (LLRW) disposal facility,
the Horseshoe and Horn Rapids and Hanford Central landfills, and the Wahluke { »pe burial
ground.

The US Ecology site houses a LLRW disposal facility currently operated y US Ecology Inc.
Packaged waste is disposed of in unlined trenches which are approximately 240 meters (800 feet
long), 46 meters (150 feet) wide, and 14 meters (45 feet) deep. The packaged waste includes
LLRW, such as trash clothing, tools, hardware, and equipment that has been contaminated by
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4. Pathways

This chapter presents an overview of the ( Natural Resources |

pathways through which natural
resources and humans may be exposed to
stressors. Figure 4.1 illustrates the
relationship between the pathway CSM
and the other CSMs provided in this Stressors
document. Stressors (discussed in

( ter3 “~-ludeh lous subs  ces
and their by-pro icts that may have been
released from Site operations
(operational stressors), contaminated
resources whir  may act as a secondary
source of contamination (secondary

stressors), as well as response actions that Figure 4.1. Relationship between the pathway

may cause unavoidable. injuries to natural  cM and other CSMs that together make up the
resources (response action stressors). NRDA CSI

Figure 4.2 shows these general categories
of stressors and associated exposure pathways to natural resources and humans.

Groundwater

Aquatic
Resources

b
i

Human
Services

r Tarrestrial
'sources

Figure 4.3 details the specific physical, biological, and response action pathways that are known
or suspected to expose natural resources and humans to Site stressors. Examples of operational
stressors, include those associated with air emissions, process wastes/liquids, and solid wastes.
These stressors may adversely effect natural resources such as sediments, soils, groundwater,
surface water, and humans and other biota through direct contact, and through the physic
disruption of habitat. In addition, hazardous substances released can be transported through
biotic and abiotic pathways and expose and potentially injure abiotic and biotic natural resources
and humans. Examples of biotic pathways include dermal contact; respiration and inhalation;
ingestion of food, water, or soils; uptake from soils by plants; decomposition of plants and
animals; and the distribution of hazardous substances by the physical movement of biota (biotic
vectors). Examples of abiotic components of pathways include processes such as volatilization,
evaporation, aeolian transport, infiltration, runoff, flooding, and irrigation.

Natural resources that are exposed to hazardous substances through both biotic and abiotic
pathways may in turn act as secondary stressors, or secondary sources of contaminants. For
example, contaminated soils may expose groundwater through infiltration mechanisms, or the air
through aeolian transport. Contaminated groundwater may enter the hyporheic zone and then
expose surface water and sediments, which may in turn lead to the exposure of aquatic biota and
humans.
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» Soil mechanics (disturbed versus undisturbed)

» Permeability

» Shallow referential pathways caused by roots and burrowing animals
> Natural and enhanced recharge

» Response actions (e.g., soil vapor extraction).

The structure of surface soils and the vadose zone can influence contaminant pathways.
Horizontal and vertical heterogeneities and discontinuities can influence the path of infiltrati~~
water and hazardous subs’ ces. Perched groundwater lenses may form and preferential lateral
migration may occur when infiltrating water encounters low permeability units. Vertical i tures
may also influence pathways. For example, vertical dykes of low permeability may slow lateral
migration, and vertical dykes of higher permeability may create preferential pathways. The
horizontal layering of the sedimentary units beneath the Site leads to strong anisotropy for fluid
flow, particularly in the vadose zone. As a result, radionuclides and other hazardous substances
have spread further iera -inthe va )se zone than anticipated (Ward, 2006; Conrad et al.,
2007).

In surface and subsurface soils, pores between soil or rock grains are partially filled with air and
other gases, partially filled with water, and in some cases can be partially filled with NAPL
(including light and dense NAPL). Thus, hazardous substances can be transported in different
phases through soils, including aqueous, gaseous, NAPL, and colloidal phases (natural organic
matter or inorganic particles) (Bryce et al., 2002). Non-aqueous phases may also enhance the
transport of co-mingled radionuclides through the vadose zone.

Grain size distribution influences porosity and infiltration rates; lower porosity and slower
migration are associated with more poorly sorted soils, because the finer grains fill in the space

etween the larger grains. Mechanical disturbance of soils (either due to historical operations or
recent response actions) may change its permeability. Preferential pathways can develop in the
unconsolidated or loos: 7 consolida | vadose zone material. Plant roots and animal burrows
may also create preferential pathways surface soils and in the upper part of the vadose zone
(Bryce et al., 2002).

Natural recharge to soils can mobilize hazardous substances and carry them downward, eit r as
a dissolved phase or as colloids. At the Site, natural recharge results from infiltration of rainfall
and snowmelt and infiltration of surface runoff in the Cold and Dry creek basins. Estimates of
total recharge through the vadose zone to groundwater at the Site range from about 0.2 to

0.6 cubic meters per second (m’/s) (6,000 to 15,500 acre-feet/year) (Wigmosta and Guensch,
2005). The introduction of large amounts of liquid wastes at the ground surface can increase the
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Mineralogy, organic carbon content, pore water pH, and whether reducing or oxidizing
conditions exist, are all properties of soil systems that may influence the transport of hazardous
substances. These properties determine the ability of soils to adsorb and form complexes with
hazardous substances. They also influence precipitation and ion-exchange reactions with
hazardous substances. These soil properties can also influence microbially-mediated hazardous
substances reactions.

The ion-exchange capacity of soils can influence contaminant migration. At Hanford, the ion-
exchange capacity of Site soils was central to the design of early liquid waste disposal practices.
N liquid wastes were disposed of in cribs ~ * trenches, wh™ * were designed to dispose of
the liquids thro " infiltration into the groun.. ...c assumption was that the soil would act as a
large ion-exchange column and immobilize infiltrating radionuclides. However, Hanford soils
generally have relatively low cation exchange capacity, and the discharged wastes typically had
extremely high concentrations of sodium and other cations which frequently overwhelmed the
available exchange capacity of vadose zone soils (Gee et al., 2007). Thus, while some

ra¢” wuclic  that infiltrated into the vadose zone were immobilized through ion exchange, large
contaminant plumes reached the groundwater because the ion-exchange capacity of the soil was
exceeded.

In addition to ion-exchange, adsorption and precipitation can also be important controls on the
movement of hazardous substances in soils. These processes can slow the migration of stressors
such as cesium-137, plutonium-239, plutonium-240, and strontium-90. In contrast, iodine-129,
technetium-99, tritium, and nitrate are not as readily retained on aquifer or soil materials and can
move more rapidly through the vadose zone and groundwater (Dirkes and Hanf, 1995).

Temperature can also influence biogeochemical processes. Pore water and groundwater
temperatures in the 100 Area under the reactors were elevated as a result of reactor operations.
Water was circulated in the reactors to dissipate excess heat generated during the irradiation
process. This water was normally sent to retention basins to cool before discharge to the
Columbia River. However, if a failure occurred in the reactors, releasing radioactivity, the
coolant water was diverted to trenches and allowed to infiltrate into the soil. In addition, process
waters leaked to underlying soils through discharge pipes and from retention basins cracked by
thermal shocking (U.S. DOE, 2007). The water that was discharged to the trenches and that
leaked from the retention basins was hot, with groundwater temperatures reported to have been
exceeded 70°C under the reactor retention basins throughout the 1950s and 1960s (Kannberg,
1992). These temperatu  may have been high enough to influence geochemical and microbially
mediated reaction rates, including dissolution/precipitation, complexation, and other reactions.
Thus, elevated temperatures in waste water may have influenced the transport of hazardous
substances through surface soils, the vadose zone, and groundwater in the 100 Area.
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monitored as a radiologically controlled contamination area since 1958. The area is largely

isturbed by Site operations but has been contaminated by animal feces from local wildlife
that came into contact with salt precipitates and liquid wastes at the BC cribs and trenches, or
through the ingestion of contaminated prey (Rucker and Sweeny, 2004; Fluor Hanford, 2003).
Fluor Hanford (2003, p. 3) stated:

In 1958, rabbit and coyote contaminated feces were found south, east, and west
of the BC Crib site. A badger burrow was found in one of the trenches, and the
burrow became a salt lick for the native wildlife. This lead [sic] to a four square
mile area becoming sparsely contaminated with radioactive feces. The
contaminated area was posted as a radiologically contaminated area. The burrow
ho was: ltop ent further spread of contamination.

Although it is likely that wind and water dispersal also played a role, this example illustrates how
biotic vectors can be a transport pathway for radionuclides from process/waste liquids to soils
and other natural resources at the Site.

More recently, Washington Closure Hanford engineers discovered that mud dauber wasps built
nests in the 100-H area during demolition in 2003. The demolition included watering the
surrounding soils for dust suppression, which created mud dauber habitat. The wasp nests
contain radionuclide contamination sufficient to require complete removal of the top 6 to

12 inches of soil over six acres near 100-H (Cary, 2009).

4.1.3 Solid waste

There were numerous types of solid waste generated at the Site. These wastes were handled in
different ways:

4 Burial grounds were used to dispose of solid waste materials, including intermediate- and
low-level wastes such as laboratory supplies, tools, clothing, machinery, paper, wood,
etc.

4 Irradiated fuel in large quantities was stored in the K basins in the 100 Area

4 Failed equipment and other solid wastes were stored in railcars and placed in closed off

areas and 200 Area tunnels

4 Solids wastes were also disposed of in landfills and other Site closure facilities.
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4.2.1 Air

Air that has been contaminated by emissions from the Site can serve as a secondary stressor to
other natural resources and humans. Once released to air, hazardous substances may expose
surface water, soils, humans, and other  ota through dry deposition and precipitation pathways.
Biota in contact with contaminated air may also serve as vectors, physically transporting
hazardous substances to soils and surface water. Humans and other biota may be directly
exposed to hazardous substances in air through respiration, inhalation, or direct contact. Many of
the factors that influence the release of h  rdous substances to air that were summarized in

{ tion4.1.1 also control their migration through rto other  ources.

4.2.2 Surface and subsurface (vadose zone) soils

Surface soils can be a secondary source of hazardous substances to biota, and potentially to air
during episodic events such as wild s or dust storms. The vadose zone can be a pathway for
and a secondary source of hazardous substances to groundwater (including perched
groundwater), air, and surface water.

Infiltration of liquid wastes and process waters, or leaching of soil-bound contaminants by
infiltrating precipitation can carry hazardous substances through the vadose zone to groundwater.
The infiltrating substances may reach the water table directly, or may encounter groundwater
perched on low permeability layers within the vadose zone. As mentioned previously, clastic
dikes may form communication conduits within the vadose zone soils and between vadose zone
soils and underlying groundwater. Hazardous substances in the vadose zone may also be leached
to groundwater by fluctuating water table levels. For example, in the 100 Area, fluctuations in
strontium-90 concentrations in the groundwater are attributed to rising groundwater com 3 into
contact with and leaching soil-bound strontium from the vadose zone (U.S. DOE, 2008a). Water
table fluctuations occur at the Site in response to changes in river stage, which occur on both a
seasonal and diurnal basis (U.S. DOE, 2008a). River stage at the Site is controlled by the Grand
Coulee Dam and the Priest Rapids Dam. Operation of the Priest Rapids Dam can result in
variations in river levels of up to 3 meters within a few hours (PNNL, 1998). Thus, stressors can
be exchanged between the vadose zone and groundwater as the water table responds to river
stage changes.

Soils can be a secondary source to surface water. The runoff pathway described in Section 4.1.3.
can also transport contaminated soil particulate matter, and dissolved substances from surface
soils to surface waters. In addition, the erosion pathway can transport hazardous substances from
soil to surface waters. Evapotranspiration from contaminated plants, and aeolian transport
pathways (discussed in Section 4.1.3) can expose air to hazardous substances originating from
soils.
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Sediment “dilution,” or mixing with cleaner sediment
Sedimentation rates (e.g., erosion)

Physical disturbances (e.g., rip-rap, channelization)
Bioturbation

Biogeochemical properties

Thermal effects (temperature).

v v vVvVevw

Many of these processes are described by Bryce et al. (2002), as depicted in Figure 4.4. The
hydraulic properties of a river, including channel dimensions, morphology, gradient, and the
river bottom profile, will influence flow rates and thus the transport of ©  wrd¢ :substar . In
addition, anthropogenic features s1 * as control flow rates and thus will also intluence
transport of hazardous substances. The retention of wa  and sediments behind dams may also
be a significant control on the migration of hazardous substances. Hazardous substances may be
introduced to and released from bank storage (the hyporheic zone) with fluctuations in river
stage. The hyporheic zone plays a significant role in contaminant transport between groundwater
and surface water, and is discussed in further detail in Section 4.2.4. In marine-influenced areas,
transport may also be influenced by tidal flux and current directions and rates. As well as being
pathways to/from the river, irrigation, flooding, and direct discharge may influence contaminant
transport within the river. They may alter flow rates, disturb/resuspend/ deposit sediments, and
have other effects on river dynamics.

Surface water pathways can be influenced by physical mixing and dilution. For example,
radionuclide concentrations in the Columbia River vary with flow rates, with the lowest
dissolved concentrations occurring durit  high flow conditions when river stage reduces
groundwater exchange and river water dilutes contamination seeping into the river (Nelson,
1961). Contaminants may be transported and exchanged between the dissolved, suspended and
bed loads of rivers. The grain size distribution and mineralogy of the different loads, river
bottom and bank sediments will influence adsorption, complexation, precipitation, and colloidal
interactions with hazardous substances. For example, because cadmium and zinc preferentially
sorb to fine particles, cadmium concentrations were found to be preferentially associated with
fine sand fractions in the Hanford Reach, and cadmium and zinc were associated with silt and
clay fractions near the downstream McNary Dam (Patton and Crecelius, 2001).

Contaminant concentrations in sediments can be diluted through mixing with uncontaminated
sediments downstream and/or through deposition « clean sediment through erosion and other
processes. The rate of sedimentation will influence the degree of dilution that occurs.
Bioturbation can disturb, redistribute, and mix deposited contaminated sediments, causing re-
suspension into the water column. As releases of hazardous substances from the Site have
decreased over time and new sediment continues to be introduced from upstream, sediment
stressor concentrations have decreased in the Columbia River. Deeper sediment generally has
higher concentrations of hazardous substances than shallower sediment. Surface sediment in the
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4 Groundwater/surface water interactions (hyporheic zone)
o River stage fluctuations
o Discharge as seeps, springs
o Upwelling to the river
4 Vertical gradients in confined aquifers
4 Biogeochemical properties and processes of the groundwater and hazardous substances
o Adsorption/desorption, absorption
o Colloidal transport, especially for radionuclides
o Radioactive decay rates
o Degradation rates  g., carbon tetrachloride to chlorofc 1)
o Biochemical degradation
» Changes in mineral structure as a result of contact with acidic liquid wastes
4 Thermal effects (temperature).

The primary hydrologic aquifer and groundwater characteristics that determine transport of
hazardous subst  es are hydraulic conductivity, hydraulic gradient, and the thickness and areal
extent of the geologic units. In general, more contamination will be transported more quickly and
to a gri er distance through an aquifer or geologic unit with higher hydraulic conductivity,

h' "er - adient, and _ :ater thickness and areal extent. The hydraulic gradient also controls the
direction and velocity in which groundwater flows and thus the specific receptors it may e  »>se.
Durir advective transport, diffusion and dispersion of contaminants also occurs, resulting in
some degree of mixing and dilution of hazardous substances. Inter-aquifer connectivity and the
presence or absence of low permeability confining layers can also allow the migration of
hazardous substances. For example, in the Central Plateau area, carbon tetrachloride is reported
to be migrating from the upper Ringold aquifer to the underlying lower Ringold aquifer through
gaps in the low permeability rock that separates the upper and lower aquifers (U.S. DOE, 2008a).

Historical groundwater mounding associated with the very large volume of liquid wastes and
process waters that were released to the ground during operations at the Site has also influenced
the transport of hazardous substances in groundwater. Groundwater levels in the Central Plateau
area mounded as high as 20 meters (66 feet) during the peak of operations. Since the cessation of
operations, the mounding has decreased to approximately 11 meters (36 feet) (U.S. DOE,
2008a). Historical deep waste injection wells also caused groundwater mounding during
operations. Mounding can influence the fate and transport of groundwater contaminants. It can
cause steeper groundwater gradients, and thus can increase flow rates. It also can cause changes
in groundwater flow directions, thereby influencing the pathway of contaminants (U.S. DOE,
2008a). As discussed in greater detail in Chapter 5, there is currently some uncertainty with
respect to which way groundwater will flow in parts of the Central Plateau area with further
dissipation of mounding. More recently, pump and treat and re-injection systems have been
installed to treat groundwater in the 100 and 200 areas. These have created localized cor  of
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> ust suppression by spraying oils containing PCBs

> Soil treatment methods (e.g., soil vapor extraction) that may disrupt surface and
subsurface soils.

..lese activities are described in greater detail in Chapter 3. The total area of surficial
disturbances at the Site is quite extensive. For example, ERDF, the disposal facility receiving
most of the low-level radioactive soil and debris from cleanup activities, currently comprises

8 cells which are each 150 meters (500 feet) wide at the bottom, 20 meters (70 feet) deep, and
over 300 meters (1,000 feet) wide at the surface. ERDF expansion to 10 cells was recer "
approved, and it could potentially expand to as ~~ ich as 28 cells that will be  -eral kilometers in
ler h(U.S. DOE, 2006; W iington Closure Hanford, 2009). In the previous chapter,

Figure 3.3 showed hundreds of acres of surface area potentially impacted by response actions

and closure activities. This illustrates the potential for extensive injured surface area as a result of
response actions at the Site.
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Vadose and groundwater geologic units

"___2 Site lies within a structural basin known as the Pasco Basin, which has accumulated a thick
sequence of fluvial, overbank, and lacustrine sedimentary units over the past 2 million years

(t urstner et al., 1995). The major geologic units that host the vadose zone and groundwater
aquifers at the Site, as shown in Figure 5.3, include the:

4 Hanford Formation (unconsolidated alluvial sand and gravel)

Ringo Formation (variably cemented gravel, sand, silt, and clay deposited by the
ancestral Columbia and Snake rivers and associated lakes)

» Columbia River Basalt Group (CF  3; up to 50 layers of basalt flows).

There are also localized surface acolian and alluvi: deposits at the Site. The Cold Creek unit is
also locally present between the Hanford and Ringold formations, and was formed by erosion of
the Ringold Formation (Bunn et al., 2005; Hartman and t ebber, 2008).

The geologic units are not uniformly distributed across the Site, and may alternatively be a part
of the vadose zone or groundwater aquifer(s), depending on the elevation of the water table. For
example, as shown in the generalized cross-section in Figure 5.4, the unconfined aquifer in the
westc  part of Central Plateau largely occurs in the Ringold Formation. Thus, in this area, the
overlying vadose zone is comprised of the portion of the Ringold Formation located above the
water table, the Cold Creek unit (i.e., palouse soil and plio-pleistocene unit), the Hanford
Formation, and locally present alluvial and aeolian deposits, while the groundwater lies in the
Ringold Formation and underlying basalts. In contrast, in the eastern part of the Central Plateau
area, the water table is in the Hanford Formation. Thus, in this illustrative example, the vadose
zone is comprised solely of the upper part of the Hanford Formation and locally deposited
Aeolian and alluvial deposits, while the groundwater is within the portion of the Hanford
Formation below the water table, the Ringold Formation, and underlying basalt layers. In the
northern part of the Site, both the vadose zone and the saturated aquifer materials lie mainly
within the Hanford Formation.

Each of the geologic units present at the Site has different hydrologic and geochemical
characteristics that will affect the transport of hazardous substances in the vadose zone and
groundwater. For example, the Hanford Formation gravels are the most permeable units in the
aquifer system, and mud units in the Ringold Formation can form localized confining layers.
Permeable units will generally facilitate contaminant transport, while low permeability units may
slow or hinder downward migration, and may result in greater lateral distribution of
contaminants.
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Much of the area between the 200 East Area and the Columbia River comprises the 200-P0-1
operable unit. Groundwater in the unconfined aquifer in this area generally flows southeastward
in the west portion of the operable unit and northeastward, eastward, and southeastward in the
east portions of the operable unit, as groundwater approaches the Columbia River. Groundwater
flow is primarily in the high permeability Hanford Formation, but in places the Ringold
Formation is present at the water table (see Figure 5.6).

River Corridor area

The depth to the water table along the River Corridor generally ranges from ~1 meter to
~20 meters (Hartman, 2000). The water table is typic "'y in the Hanford Formation along the
river, but locally occurs within the Ringold Formation, as in the 100 Areas in the northwestern
part of the Site (see Figure 5.6). Groundwater flow in the River Corridor areas is, and has
historically been, directed from the Site northward and eastward toward the river. Groundwater
»w modeling for the Site indicates that an average of 31,000,000 cubic meters per year (35 cfs)
of groundwater was discharged to the Columbia River along the Hanford Reach between 1944
and 2000 (Peterson et al., 2007).

Pump and treat systems installed to treat groundwater contamination along the River Corridor
create localized water table depressions, and groundwater injection systems have created
localized groundwater mounding. i ocations where pump and treat systems currently influence
groundwater flow include the 100-h, 100-D, and 100-H nuclear reactor areas. i ocations where
groun vater mounding historically occurred due to infiltration of process waters include the
100-h, 100-N, 100-D, and 100-H areas. Mounding associated with landfill operations is also
reported to have occurred in the 1100 Area (Hartman and t ebber, 2008). These activities have
created localized changes in groundwater flow directions over the history of plant operations,
sometimes pushing or pulling portions of contaminant plumes away from the river. However, the
overall regional pattern of groundwater flow in the unconfined aquifer system is northward and
eastward toward the river. The installation of reactive permeable barriers and flow barriers in
groundwater remediation sites has slowed groundwater velocity and altered flow directions. As
localized groundwater mounds dissipate, hydraulic gradients are likely to turn back towards the
river. In addition, changes in river stage due to water control activities on the Columbia River
lead to temporal changes in the magnitude and direction of hydraulic gradients, discussed in
more detail below.

Along the eastern side of the Site adjacent to the Columbia River (300 Area), groundwater flow
converges and then moves east toward the river (Hartman and t ebber, 2008). Sediments
overlying basalt bedrock in the 300 Area consist primarily of the Ringold Formation, the
Hanford Formation, and a thin veneer of wind-blown and Columbia River deposits. Reports
based on aquifer testing in 300 Area wells indicate average hydraulic conductivity values of
14,000 m/d for the Hanford Formation gravels, and 125 m/d for the underlying Ringold r nit E
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gravels and associated sands (Peterson et al., 2005, Fritz et al., 2007). The water table aquifer is
within high permeability sands and gravels of the Hanford Formation. Consequently, the
gradients in the 300 Area are low, and groundwater flow velocities can be high (15 m/d;

s ermeul et al., 2007).

Groundwater flows south- and eastward in the southern 1100 Area, away from the Yakima River
and toward the Columbia River. The Yakima River recharges groundwater in this area. In the
northern part of the 1100 Area, southerly regional flow converges with groundwater from the
300 Area before discharging to the Columbia RiYH. 7hHCity RI 5 iFhP RnG's rHFhI?gHSRnGs
create a local groundwater mound in the east-central part of the 1100 Area, which splits the
overall eastwar flow of groundwater to the north and south of the eastern ce: al 1100 Area
(Hartman and t ebber, 2008).

Because flow in the Columbia River is controlled along the Hanford reach by upstream dams,
rapid changes in river level are common. Releases from dams upstream of the Site can result in
water level changes on the order of meters in the span of a few hours. These river level changes
strongly influence flow in the hyporheic zone, forcing water from the river into the adjacent
riverbank during high flows and flushing it back out during low flows. Thus, e hyporheic zone
serves as a bank storage mixing zone of surface water and potentially contaminated groundwater
(Fritz et al., 2007).

The changes in groundwater chemistry that result from these water level fluctuations could have
substantial implications for the mobilization of contaminants from groundwater to the river, or
for contamination of vadose zone soils due to episodic contact with contaminated groundwater
(Fritz et al., 2007). In addition, flushing of contaminants by river water could influence the
characterization of concentrations of dissolved constituents reaching the river by diluting the
concentrations in groundwater prior to sampling.

Confined Ringold aquifer

Few wells are completed in the Ringold confined aquifer. Information on groundwater flow
patterns in the confined Ringold is available only for portions of the Central Plateau, including
the 200 Areas and the inactive B Pond system. The available data on groundwater elevations in
the confined Ringold aquifer suggest that groundwater flow is generally from west to east in the
200t est Area (Figure 5.10). In the 200 East Area, it appears that flow in the Ringold Formation
confined aquifer converges from the west, south, and east before discharging to the unconfined
aquifer where the confining mud is absent (Hartman and t ebber, 2008). However, these
inferences are based on very limited monitoring well information, and the conceptual model is
incomplete.
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5.3 Groundwater and Vadose Stressors

The vadose zone and groundwater have been exposed to stressors at the Site. These inc  le
hazardous substances and their by-products released from Site operations (operational stressors,
or primary stressors), hazardous substances and by-products released from contaminated
resources (secondary stressors), as well as response actions that cause unavoidable injuries to
natural resources (response action stressors). As described in Chapters 3 and 4, these stressors
include but are not limited to liquid and process waste sources, solid waste sources, air
emissions, and response action stressors.

i iquids and process w ¢ sources that are known or suspected of relea © h  lous substa
to the vadose zone and groundwater include:

> i iquid waste injection (reverse) wells

> Surface impoundments, including cribs, trenches, French drains, retention basins, and
ponds

> r nderground radioactive liquid waste storage tanks in the 200 and 300 areas

> t aste evaporators and evaporation basins

> 1 iquid chemical containers and distribution infrastructure (e.g., pipelines) associated with

Site operations

> 1 iquid chemical containers (e.g., PCB storage tanks) and distribution infrastructure
associated with general site maintenance

> r nderground storage tanks for gasoline and diesel, and other transpo: :ion sources
> Episodic events, including spills, leaks, and explosions from Site facilities.

i eaching from solid waste sources likely also released hazardous substances to the subsurface.
£ ples include, but are not limited to:

» Burial grounds

> Failed equipment and other solid wastes stored in railcars in closed off areas and tunnels
> Operational facilities, including buildings, pipelines, and other support infrastructure

» 1 andfills and other waste facilities.
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Groundwater

Haz  >us substances have reached groundwater via infiltration from the overlying vadose zone,
surface water/groundwater interactions through the hyporheic zone, and direct discharge to
groundwater through waste injection (reverse) wells. Some of the primary aquifer characteristics
that influence the transport of hazardous substances through groundwater are described in the
pathways CSM (Chapter 4) and include hydraulic conductivity, porosity, hydraulic gradient,
saturated thickness, and areal extent of the geologic units (aquifer continuity). Groundwater flow
direction, dispersion (spreading) of contaminants, dilution (mixing due to advection and

di____ic , of cont -withcl  groundwater, and inter-aquifer connectivity/confinement
will also influence contaminant migration.

Historical mounding from infiltration and injection of liquid wastes and process waters, as well
as mounding and cones of depression from pump and treat and re-injection systems, influence
groundwater gradients and flow directions and thus contaminant transport. Mounding can cause
steeper groundwater gradients, increasing flow rates, as well as change groundwater flow
direction. Perched groundwater in the vadose zone can result in greater lateral distribution of
contaminants than would otherwise be predicted, and may also act as a secondary source, or
“GHDYHGyiH®’ tR grRunGwDH. 2 thH IIFRrs thD likely influence contaminant migration at the
6itHinFQ@surllIFHWDH — grRunGwater interactions, vertical gradients, and biogeochemical
processes (see Chapter 4).

5.5 xposure to Stressors

s adose zone soils and groundwater resources at the Site have been exposed to and possibly
injured by site stressors, including the historical operations and ongoing response actions
described in Section 5.3. Here we present a summary of vadose and groundwater contamination
at the Site, as presented primarily in DOE annual groundwater reports. These reports present
delineations of the current estimated spatial extent of contaminant plumes at the Site, based on
exceedences of drinking water standards, or, for plumes in the River Corridor, aquatic life
criteria. The reproduction of current conditions from the DOE reports is meant to be illustrative,
providing information to help the Trustees assess groundwater injuries. The contaminant plumes
depicted in this section do not represent Trustee consensus of the spatial extent of groundwater
contamination or groundwater injury. It is anticipated that the groundwater injury assessment
will assess both the spatial and volumetric extent of contaminated groundwater, as well as
contaminant concentrations that represent groundwater injury and service loss, and the past and
future extent of injury.
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The plumes in the DOE reports are identified using average contaminant concentrations in wells.
The contaminant plumes encompass areas where the concentration of a contaminant is: ove that
of drinking water standards, with two exceptions. For chromium, the plume was delineated in the
100-B, 100-h , 100-H, and 100-F areas using a cleanup level of 20 micrograms per liter (ug/i ),
which was established based on aquatic criteria, rather than the drinking water standard of

100 pg/i . For tritium, the 200 East Area plume was delineated based on an 80,000 picocuries per
liter (pCi/i ) concentration ** :shold rather than the drinking water standard of 20,000 pCi/i
(Hartman and t ebber, 2008). The Trustees may choose to use other methods to delineate
groundwater plumes and the extent of - ‘oundwater injuries in the injury assessment (see

Section 5.6 for a discussion of potential injury definitions).

r sing the above approaches, the most recent estim:  of the tc ™ surfa of t pt s
the Site is ~183 square kilometers (71 square miles) (Hartman et al., 2009). The largest of these
plumes are tritium (Figure 5.11) and iodine-129 plumes that extend east and southeastward from
the 200 East Area on the Central Plateau (Hartman et al., 2009). i arge nitrate lumes originate in
the 100-F, 200 t est, and 300 Areas. Cyanide, carbon tetrachloride, strontium-90, technetium-99,
trichloroethene, an uranium are present in smaller plumes at the Site, primarily sour | in the
200 and 100 areas.

Central Plateau area

Groundwater contamination beneath the 200 t est Area includes large plumes of carbon
tetrachloride, chromium, iodine, nitrate, and tritium, and smaller plumes of technetium-99,
trichloroethene, and uranium. Table 5.1 lists HOP Ih InG: HEEH’s (2008) HtiP DHRI thH
extent of contaminant plumes in the Central Plateau area, while Figures 5.12 and 5.13 show these
estimate radioactive and non-radioactive plumes, respectively.

Because of pump-and-treat remediation activities in the 200 t est Area, Hartman et al. (2009)
reports that some of the plumes beneath this area may have decreased in size and/or
concentration through time. For example, they report that the technetium-99 plume in the
200t est Area decreased in size between 1995 and 2008. Other plumes have changed less
substantially through time, and others may be growing (Hartman et al., 2009).

Contamination beneath the Central Plateau is dominated by two large plumes of tritium and
iodine-129 that extend east from the 200 East Area (Figure 5.11). Other plumes beneath the
200 East Area include nitrate and technetium-99, with smaller plumes of strontium-90, cyanide,
and uranium (Table 5.1).
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Table 5.1. Estimated areal extent of (and maximum contaminant
concentrations in) groundwater plumes in the Central Plateau area in fiscal
year 2007 based on DOE reports

Total area of Maximum

Contaminant (concentration) plumes (kmz\_ ~oncantration Areac

Cy  1e>200 pg/i 0.07 3,990 ngn 200 Ekast
lodine-129 > 1 pCi/i 64.41 45.4 pCi/i 200 East, 200 t est
Nitrate > 45 mg/i 17.88 8,630 mg/i 200 East, 200t est
Strontium-90 > 8 pCi/i 0.66 4,130 pCi/i 200 East
Technetium-99 > 900 pCi/i 2.31 113,000 pCi/i 200 East, 200t est
Tritium > 20,000 pCi/i 125.79 1,760,000 pCi/i 200 East, 200t est
Tritium > 80,000 pCi/i 17.8 1,760,000 pCi/i 200 East

r ranium > 30 pg/i 0.9 935 pg/fi 200 East, 200 t est
Carbon Tetrachloride > 5 pg/i 10.1 3,400 ng/i 200t est
Chromium > 100 pg/i 1.14 798 ng/i 200t est
Trichloroethene > 5 ng/i 0.44 21 pgfi 200t est

Qnnrea: lfﬂ"'fﬂnan andt ebber, 2008.

The estimated areal extent of the tritium plume has not decreased substanti: y through time,
although the tritium concentrations in the core of this plume decreased between 1980 and 2008
(Hartman et al., 2009). German-Heins (2002) suggested that the tritium follows two major
pathways from the 200 East Area, one toward the east and one toward the southeast. This study
further suggested that transport times from the 200 East Area eastward to the Columbia River
could be as short as two years.

Notable amounts of plutonium-239, cesium-137, cobalt-60, ruthenium-101, molybdenum,
antimony, arsenic, mercury, and fluoride are also present beneath the 200 Areas (Dresel et al.,
2002; Hartman and t ebber, 2008). A uranium plume beneath the northwestern 200 East Area
increased in size between 1997 and 2008 (Hartman et al., 2009).

River Corridor

Nearly all of the 100 Areas along the River Corridor have associated contaminant plumes, but
the plume constituents vary from site to site. Because hydraulic grz ents are directed towards
the river through most of the River Corridor areas, most of these plumes lie between the nuclear
reactor facilities and the Columbia River, as well as in thH*“hRrn” EHwHh thH100-D IhG100-H
rHFtRrs. 71EGIS5.2 Gsts HIP Th InG: HEEH’s (2008) estimate of the areal extent of
contaminant | 1mes in the River Corridor area, while Figures 5.14 and 5.15 show these
estimated radioactive and non-radioactive plumes, respectively.
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Table 5.2. Estimated areal extent of (and maximum contaminant
concentrations in) groundwater plumes in the River Corridor area in fiscal

year 2007 based on DOE reports

Contaminant Total area of Maximum

(conceptration) plumes (km’)  cancentration Aveac

r ranium > 30 pg/i 0.05 218 ug/i 300 Area
Tritium > 20,000 pCi/i 0.74 1,060,000 pCi/i 300 Area, 100 Areas
Chromium > 20 pg/i 10.29 7,290 ug/i 100 Areas
Chromium > 100 pg/i 0.91 7,290 ng/i 100 Areas

Strc  1m-90 > 8 pCi/i 1.04 757 pCi/i 100 Areas
Carbon-14 > 2,000 pCi/i 0.09 12,400 pCi/i 100 eas
Nitrate > 45 mg/i 18.57 294 mg/i 100 Areas
Trichloroethene > 5 pg/i 22 3.3 pg/i 100 Areas

Source; Hartman and t ehher, 2008.

Strontium-90 and chromium plumes are extensive, with concentrations that greatly exceed that
of drinking water standards (8 pCi/i ar 100 pg/i , respectively). Plumes containing tritium,
carbon-14, nitrate, and trichloroethene are also present in this area. Other reported hazardous
substances detected in groundwater in the 100 Area include technetium-99, sulfate, 1 rite,
chloroform, fluor” * , iodine-129, petroleum hydrocarbons, carbon tetrachloride, methylene
chloride, manganese, iron, antimony, and arsenic (Hartman and t ebber, 2008).

Pump and treat systems purportedly have decreased the size and concentration of some of the
contaminant plumes in the 100 Areas, including the chromium plumes beneath the 100-h and
100-H Areas. Treatment has been less effective and the River Corridor plume sizes and
concentrations have remained relatively constant for other plumes, such as the strontium-90
plume in the 100-N Area (Hartman et al., 2009).

The 300 Area contains plumes of tritium and uranium. Table 5.2 lists contaminants that have
been identified in the groundwater underlying the 300 Area, along with estimated plume size,
potential source(s), and other information summarized by Hartman and t ebber (2008). Tritium
and uranium in these plumes exceed their applicable drinking water standards of 20,000 pCi/i
and 30 pg/i , respectively (Hartman et al., 2009).
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imples of alternative injury definitions that may be considered in injury assessment planning
lude:

4 Impairment of groundwater use services for any domestic, livestock, or agricultural
purpose :
» r nusable water supply because of proximity to contamination (to prevent lateral

migration of a groundwater plume into a previously unconte  ated aquifer  :a)

» r sable water supply because response actions such as rubble barriers or institutional
controls prevent groundwater use regardless of contaminant concentratiol

» Degradation of groundwater quality in violation of Native American treaties
Concentrations of contaminants exceeding a Federal, State, or Tribal risk-based threshold

» Reduction in groundwater services because of the presence of contamination, regardless
of the contaminant concentrations

» Reduction in surface services because of the stigma of underlying gro  dwater
contamination.

Groundwater services

Groundwater provides many ecological and human services. This section provides some
examples, but it is not complete and does not go into detail. A more thorough examination of
groundwater services will be undertaken during injury assessment planning.

Some examples of human groundwater services include the committed human uses mentione in
the previous section, as well as services specific to Tribal lifeways such as religious, ceremonial,
or medicinal groundwater use, or passive (nonuse) services such as a clean water supply for

fi ire generations (groundwater services for humans, including both use and nonuse services, are
described in detail in Chapter 9). Ecological services that groundwater provides include
subsurface habitat for certain biota; a water source for rivers, seeps, and springs; and a water
source for vegetation and biota in aquatic habitat.
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6.1 Aquatic Natural Resources

£ atic resources include biological resources and surface water resources. Biological resources
are defined in the DOI regulations I3 *. . . lish Thd wi@d@le Ihd other biota. Fish and wildlife
inclu : marine and freshwater aquatic and terrestrial species; game, nongame, and commercial
species; and threatened, endangered, and State sensitive species. Other biota encompass
shellfish, terrestrial and aquatic plants, and other living organisms not otherwise listed in this
delinition” [43 CF5 § 11.14(I)]. 6urll¥e wDer resourFes [re “the wlers ol the United 6tDes,
including the sediments suspended in water or lying on the bank, bed, or shoreline and sediments
in or transported through coastal Ihd mI¥ine Dre3” [43 CF5 § 11.14(SS)].

This aquatic reso  es CSM focuses on surface *  er resources, including sediments. and on
aquatic, rij  ian, wetland, and hyporheic biological resources. These resources inclt : riparian
and aquatic plants (including rooted plants and planktonE aquatic biota, including finfish,
shellfish, invertebrates, and microbes; and birds and mammals that are either partly or wholly
dependent on aquatic or riparian resources, including shorebirds, waterfowl, and fish-eating birds
and nals. The aquatic resources CSM considers s ice water; hyporheic wat  bed, bank,
and floodplain sediments; and pore water in sediments both as potentially injured natural
resources and as pathways of contaminant transport to aquatic biological resources and their
supporting habitat.

o iparian resources are considered in both the aquatic resources CSM and the terrestrial resources
CSM because of their role in linking aquatic and terrestrial ecosystems. For the aquatic resources
CSM, riparian resources are considered on their own as well as in the context of how they affect
the functioning of the aquatic habitats they border.

6.2 Geographic Scope

The geographic scope for the aquatic resources CSM includes all the locations where hazardous
substances released from the Site may have come to be located. The geographic scope includes
the Columbia o iver, beginning upstream of the Site where contaminants could have been
transported by aerial deposition or movement of biota and continuing through the e anford

o each, downstream through a series of dam impoundments, and finally to the macific Ocean,
including the ocean zone influenced by discharge from the Columbia oiver (Figure 6.2E The
remainder of this chapter focuses primarily on the e anford o each and points downstream,
because the vast majority of aquatic studies have focused on these areas. Although this CSM
does not discuss specific aquatic habitat or biota upstream of nriest o apids Dam, it does not
imply that these upstream areas should not be considered for examination of potential aquatic
resource injuries.
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with DrInJe ol 106,000-600,000 s (3,000-17,000 m’/sE The plume of freshwater entering the
nacific Ocean from the Columbia o iver can extend up to 50 miles wide, 150 miles long, and

60 feet thick, and plays an important role in transporting dissolved and particulate organic mater,
plankton, larvae, and contaminants (e ines, 2001E The location of the plume also influences fish
behavior (e ines, 2001 E The position of the plume depends on wind and coastal flow conditions

and can vary dramatically between winter and summer (d arcia Berdeal et al., 2002E

6.3 Hanford Reach

. uls subsection focuses on the e anford o each and presents a discussion of relevant  ressors,

hi t¢ and trophic relationships. The e anford o each has unique habitat value for aquatic
resources in the region, including essential spawning and rearing habitat for fall Chinook salmon
(Dauble et al., 2003aFE This section contains more detail than the subsequent sections addressing
other geographic regions because the e anford o each has had the greatest direct exposure to Site
stressors and because more information is available for the e anford o each. e owever, the detail
in this section is not meant to suggest that other resources or locations are less important than the
e anford o each or that these other resources or locations have not also been exposed to Site
stressors and contaminant releases.

The Columbia o iver in the e anford o each is a large, low-gradient river. The elevation of the
river only drops approximately 100 feet from the nriest o apids Dam to the McNary Dam (based
on NOAA weather station locations; NOAA, 2009F Thror 1 the e anford o each, the Columbia
o iver varies from 1,000 feet to 3,300 feet wide (r SFt S, 200UAE The minimum flow at nriest

o apids Dam is required to be at least 36,000 Fls, with tldJeted I@ws ol 50,000-70,000 FIs Irom
October to May to help protect fall Chinook salmon spawning. The average daily flow rate from
1993 to 2003 was approximately 120,000 cfs (r SFt S, 200WAE The depth and width of the river
can change quickly depending on upstream water releases.

6.3.1 Description of stressors

As described in Chapters 3 and 4, stressors include releases of hazardous substances, by-products
of releases, and response actions. o eleases can be classified as either primary (direct dischargesF
or secondary (discharges that occur through pathways from other natural resourcesE
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Examples of primarv releases to the ¢ anford o each were described in detail in Chapter 3. Some
of these sources inc 1de, but are not limited to, the following:

»

Single-pass nuclear reactors (1944—1971F

o

o eleases of radionuclides, chromium, other hazardous substances, and heat (hot
waterFdirectly to the river channel. Cooling water was discharged through pipes
into the center of the river channel, after brief storage in retention basins (d erber,
1996F Discharge was estimated to be 78-234 Fls Ser reIFtor (GerEer, 1996,
converted from gpmE

oeleases of lionuclides, ' >mium, other hazardous substances, and heat (hot
waterFindirectly to the river channel via shoreline discharge and retention basin
leakage. t hen cooling water effluent volume exceeded the capacity of the
discharge pipes, the effluent was discharged along the shoreline.

oeleases of radionuclides, other hazardous substances, and heat (hot waterF
directly into the river channel when the reactors were purged to clean the process
tubes of surface film (d erber, 1996F

1

N-reactor, with recirculating coolant water

o

o eleases of radionuclides, chromium, and other hazardous substances, from 1964
to the mid-1970s, from discharge of reactor effluent directly to the river. Though
most of the coolant water was recirculated, some coolant water was released and
new coolant water added on a continuous basis as part of operations. Discharge to
the river wI¥ estimDed to Ee 0.2-3.3 Fls (GerEer, 1996, Fonverted Irom J Sm).
Starting in the mid-1970s, reactor effluent was discharged to trenches instead of
directly to the river (d erber, 1996E

o eleases of radionuclides, other hazardous substances, and heat (hot waterF
occurring during purges of the reactor. Starting in the mid-1970s, purges were
directed to a tank instead of directly to the river (d erber, 1996E

_pisodic events and spills

o

Failure of the South nrocess nond in October 194U resulting in the release of
14.5 million gallons of u 1ium-contaminated water to the river (r .S. DOE,
200LE

Sodium dichromate spill in 1966, releasing 140,000 pounds of sodium dichromate
solution, necessitating the shutdown of the o ichland and nmsco drinking water
plants (d erber, 1993E

Continuous leaching of uranium at the 300 Area (e artman and t ebber, 200LE
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» Transport of contaminants east from the central plateau, and through the d able Mountain
gap toward the B/C and h reactors.

o Contaminants on the central plateau include tritium, nitrates, technetium-99, and
iodine-131.

Secondary releases to the e anford o each have occurred from sources that include, but are not
limited to, the following:

Aerial deposition and precipitation

Erosion, runoff, and Aeolian transport from soils
Movement biotic vectors

Discharge of contaminated groundwater into the river

v v e w

o d roundwater plumes mix with surface water in the hyporheic zone and are
subsequently released to surface water through upwellings, seeps, and springs

o As described in Chapter 5, contaminants in groundwater plumes in the o iver
Corridor area include moderate- and long-lived radionuclides such as strontium-
90 and carbon-14, as well as uranium, tritium, chromium, nitrate, and
trichloroethene (Table 5.4; Figures 5.20 and 5.21E d ross alpha and gross beta
activity in groundwater in excess of drinking water standards also has been
measured at the Site (o idolfi, 2006F.

o esponse actions that can serve as a source of stress to aquatic resources include, but are not
limited to, the following:

» Creation of artificial shoreline through the placement of riprap in the 100-N and 100-B/C

areas
» i ocation and activities at groundwater pump and treat facilities along the shoreline
» notential removal of effluent pipelines from the river that would disrupt riparian,

shoreline, and benthic habitat (r .S. DOE, 2007E

6.3.2 Habitats

The e anford o each contains the full diversity of native habitat types for this stretch of the
Columbia o iver, including features such as islands, cobble shorelines, riffles, gravel bars, and
backwater sloughs (r SFt S, 200UaF(Figure 6.3E Many of these features have been lost
downstream of the e anford o each through the construction of dams and the associated
impounding of the Columbia o iver.

Page 6-8
SC11654






¢ tus Consulting A ~matic Resources (7/1/20000

This section describes the general physical and ecological characteristics of hyporheic, aquatic,
ri. _ian, and wetland habitats in the HIhlord 5 eIFh — the lour mIMdr habitat types included in the
aquatic resources CSM. Although described individually below, these habitats are not isolated
from each other but are interconnected to form a comprehensive aquatic ecosystem.

Hyporheic

The hyporheic zone in the e anford o each can be lateral to or below the river bed. e yporheic
water can emerge as a seep or spring at low river stage (see Figure 5.10E Thus, there are
hyporheic habitats associated with the riverbank, where groundwater and surface water can
actively mix, and hyporheic habitats associated with the river bottom.

e yporheic habitats associated with the riverbank can be visible as riverbank springs when the
water level of the river drops. More than 115 springs were identified along the e anford o each in
the early 19W)s (Dirkes and e anf, 1996E Springs are fed by a mixture of groundwater and bank
storage of river water. The presence of springs varies with river stage; as the river stage falls,
hyporheic water that was stored in the riverbank seeps out and is visible as a spring. o iverbank
springs have been monitored extensively for contamination and are an important pathway of
contamination to the river and its associated aquatic resources (Dirkes and e anf, 1996F The
location of riverbank springs with respect to the river’s wDer @veOwill depend on groundwater
elevation, river stage (influenced by dam operationE and on the locations where aquifers
intersect with the river.

e yporheic habitats are important for microbial biota that inhabit the hyporheic zone, for aquatic
biota that come into contact with the hyporheic water when it enters the river, for terrestrial biota
that make use of riverbank seeps and springs when they emerge above the river, and for humans
who make use of seeps and springs for drinking water or other purposes. r pwelling of hyporheic
water into a cobble or gravel bed can be important for salmon reproduction, since hyporheic
water upwelling into redds can carry dissolved minerals that are important for chemical
imprinting and dissolved oxygen essential for developing embryos (d eist, 2000E

Aquatic habitat

Aquatic habitats in the e anford o each of the Columbia o iver include all areas of the river,
including the nearshore aquatic zone up to the ordinary high water mark (Figure 6.4E The
diverse habitat types within the e anford o each provide distinct habitat services to a wide variety
of fish and wildlife species, as well as providing essential human services including drinking
water and irrigation (see Chapter 9E Examples of specific aquatic habitat types in the e anford

o each' include the following:

1. Other reaches of the Columbia o iver contain these habitat types as well.
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» Open-water. This habitat type is characterized by open, flowing water year round.
t ithin this habitat type, there are open-water pelagic habitats as well as benthic habitats
associated with the river bottom. Open-water habitat also has different characteristics
based on its distance from shore, with near-shore habitats providing different habitat
functions from habitat in the middle of the river. This habitat is highly influenced by the
flow and discharge rate of the river. In the e anford o each, open-water flowing habi  is
important for a large 1 ber of migratory and resident fish. For example, white sturgeon
require swiftly flowing water for spawning; known spawning locations in the e anford
o each include a site immediately downstream of nriest o apids Dam and a second
location upstrc  of the s ernita Bridge, with other locations likely us  >r spawning as
well (r SFt S, 200UAE Benthic habitats are important for invertebrates, benthic-dwelling
fish, . 1asspawi g locations for sc : species.

» Riffles. This habitat type is characterized by swiftly flowing, turbulent water, with some
substrate exposed. This habitat type is found in the e anford o each, especially associated
with the islands and is important for fish spawning. o iffle habitat has been lost in the
downstream impounded reaches of the Columbia o iver. Salmon spawning redds are often
found at the transition between pools and riffles (Dauble, 2000F

» Gravel and cobble beds. This habitat type forms in shallow-water areas of the river,
often downstream of islands. The size of gravels and cobbles plays an important role in
influencing habitat use. Spawning habitat for salmonids usually occurs in areas where
there is upwelling of groundwater into a gravel or cobble bed. Salmon spawning redds
may be associated with deposition areas for lateral bars, and with the presence of long
gravel bars and islands such as i ocke Island (Dauble, 2000; s isser et al., 2002E A map
of fall Chinook salmon redds around i ocke and t ooded islands is presented in
Figure 6.5. As described previously, the e anford o each is the only significant reach of
the Columbia o iver in the r nited States upstream of the Bonneville Dam that contains
these physical habitat characteristics necessary for spawning of f  Chinook salmon
(Dauble, 2000E

4 Backwater sloughs. Sloughs are areas with slow-moving water, where macrophytes
(rooted plantsFare commonly present along the shorelines. Macrophytes modify the river
habitat and can provide food and shelter for juvenile fish and spawning locations for
warm-water fish (Burk et al., 2007F Backwater sloughs in the e anford o each (such as
the F 6 @uJh Ihd B3soFied wet@hd — see Figure 6.3Fand other areas of slower-moving
water can provide important resting and rearing habitat for fish, amphibians, and other
organisms.
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The e anford o each has rapid fluctuations in streamflow because of operations at the nriest
oapids D« . These fluctuations affect the quality of the habitat for aquatic organisms and also
influence exposure thror * potential rapi changes in the concentration of 1  ardous substances
in the river. A wide range of stream flows between day and night can shift the location of
suitable spawning habitat on a daily basis, as river depth and velocity changes (r SFt S, 200UhE

t ater fluctuations have resulted in the mortality of rearing fish that are stranded on shorelines
and gravel bars or become vulnerable to predators and high temperatures in small, shallow
depressions created by the receding water (r SFt S, 200LAE Estimates of juvenile fall Chinook
salmon annual mortality from stranding or entrapment have ranged from approximately 45,000
to over 1.€ m % fish per year between 1999 and 2003 (r SFt ~ 200UAE These mc ity
r:  have decreased recently because of new regulations of water discharge for the nriest o apids
Dam. t ater level fluctuations also can stimulate downstream movement of juvenile fall-run
Chinook salmon, resulting in their displacement to less desirable reservoir habitat downstream of
the e anford oeach (r SFt S, 200UAE

Riparian and wetland habitat

t etland habitats are transitional areas between aquatic and terrestrial systems, where the land is
either saturated by a shallow water table or covered by shallow water for some period of the
year, including at least part of the growing season (Cowardin et al., 1979E o iparian habitat can
be defined as vegetated we nds that are associated with rivers and streams.

Adjacent to the open-water aquatic habitat of the Columbia o iver, riparian areas play an
important role in providing habitat to a large variety of organisms, as well as influencing the
structure and quality of the aquatic habitat itself. Along the Columbia o iver, riparian habitat
occurs in association with riffles, gravel bars, backwater sloughs, side channels, and cobble
shorelines (Burk et al., 2007E

o iparian habitat is structured by the physical and hydrological characteristics of the associated
aquatic habitat. o iparian vegetation is sensitive to the duration and frequency of flooding . 1
drought cycles and the depth to the water table. In the e anford o each, these parameters are
controlled in large part by dam operations, with rapid fluctuations in water level that create
unusual stresses for riparian vegetation.

o iparian habitat is found along the main shoreline, along the shoreline of islands, and associated
with gravel bars within 3 e anford o each. The characteristics of riparian vegetation varies
through the reach depending on the shape and width of the river canyon and particular flow
patterns through an area. For example, there is a narrow, wooded riparian zone in the 100 Area,
where the river banks are steep. o iparian vegetation also is affected by sediment erosion and
aggradation. In areas that are relatively unstable, riparian vegetation along the Columbia o iver
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Trophic relationships

A generalized food-web diagram that illustrates trophic relationships for aquatic resources in the
e anford o each is presented in Figure 6.6, and a more intricate aquatic food web from the

Co™ 1bia oiver Comprehensive Impact Assessment (miNNi , 199UFis shown in Figure 6.7.
Arrows between food-web categories in Figure 6.6 indicate possible pathways for contaminant
transport as well as ecological relationships. For example, contaminants in hyporheic water can
be transported to surface water, taken up by algae, consumed by fish, consumed by aquatic birds,
and then i1 :sted by humans. Surface water and sediments are direct routes of exposure for all of
the categories of biota (macrophytes, algae, benthic invertebrates, fish, aquatic birds, m  mals,
and h'  ansFbecause of the potent” ~ for i1 :stion or contact. . ue degree of complexity of other
pathways deper ' on the particular species involved. For example, there can be a con  ex set of
trophic relationships as small fish such as slimy sculpin are consumed by juvenile Chinook
salmon which in turn are consumed by larger predatory fish.

At a general level, the aquatic food-web inc 1des primary producers, primary consumers, d
secondary and tertiary consumers:

4 nrimary producers provide the energetic foundation of any ecosystem, using energy from
the sun to support their biological functions. In the e anford o each, the predominant
aquatic primary producers include phytoplar ton (free-floating algaeE periphyton (an
assemblage of attached algae and associated micro-organismsE and macrophytes (mNNi ,
199LE o iparian vegetation also provides energy to the river in the form of leaf-fall and
other debris. Many of the species of plankton found in the e anford o each are from the
nriest o0 apids Dam reservoir and move downstream with the flow of water (Burk et al.,
2007E o ooted macrophytes are important in sloughs and other locations of slow-moving
water where these plants can survive. Native macrophytes include rushes (Juncus spp.F
and sedges (Carex spp.E while shoreline areas in the floodplain zone can include
duckweed (Lemna spp.E native rooted pond weeds (Potamogeton spp. and Elodea
canadensisE, and exotic species such as reed canary grass and Eurasian watermilfoil
(Myriophyllum spicatumF (Burk et al., 2007E
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» nrimary consumers are those organisms that feed on primary producers. nrimary
consumers can be obligate herbivores or omnivores. Aquatic primary consumers in the
e anford o each include zooplankton, aquatic invertebrates, fish, aquatic birds, and
mammals. Many aquatic primary consumers also consume sediment and silt when
foraging for algae, phytoplankton, and other plant material (this is particularly true for
benthic invertebratesE

o Invertebrate primary consumers identified in the e anford o each include invasive
species such as Asian clams, as well as crayfish and caddisflies, fresh water
shrimp, mayflies, midges, clams, mussels, snails, and we - fleas (Becker et al.,
1996; Doctor et al., 2004; Downs et al., 2004E

o s ertebrate primary consumers found in the e anford o each include fish such as
bridgelip sucker and largescale sucker (Becker et al., 1996; Doctor et al., 2004;
Downs et al., 2004F, birds that primarily eat plant material, such as American
coot; and mammals that will forage in the riparian zone, such as elk. These birds
and mammals form a link between aquatic and terrestrial environments, because
they can depend on both terrestrial and aquatic resources to complete their
lifecycle. e umans function as primary consumers when they consume roots,
berries, or other plant material from the aquatic environment.

4 Secondary  d tertiary consumers include carnivores (eat only other animalsE predato
(hunting live preyE scavengers (eating dead preyE and omnivores. Secondary and tertiary
consumers in aquatic environments include fish, benthic invertebrates, amphibians,
reptiles, and mammals. Some terrestrial animals such as birds and land-based mammals
also feed on aquatic organisms. e umans are important omnivorous consumers and should
be considered in trophic evaluations.

o Secondary and tertiary consumers include fish that prey on benthic invertebrates,
fish, and other small vertebrates. o elevant fish species in the e anford o each
include (but are not limited toFcarp, mountain whitefish, salmon, sturgeon, trout,
pacific lamprey, lake whitefish, smallmouth bass, speckled dace, walleye, and
yellow perch (Becker et al., 1996; Doctor et al., 2004; Downs et al., 2004E

o Birds may consume insects, invertebrates, fish, and other small vertebrates,
:pending on their relative size and dietary preferences. Osprey are obligate fish-
eaters (piscivoresE Other carnivorous avian species found in the e anford area or
ywnstream on the Columbia o iver include great blue heron, belted kingfisher,
bald eagle, American white pelican, Caspian tern, common loon, double-crested
FormorDIht, Forster’s tern, J MiFous-winged gull, hooded merganser, and western
grebe (Becker et al., 1996; Doctor et al., 2004; Downs et al., 2004E
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The DOI regulations also state that an injury can be demonstrated if the biological response
under consideration can satisfy all of the following acceptance criteria [43 CFo § 11.62(fH2H:

» The biological response is often the result of exposure to hazardous substances {43 CFo §

11.62(fR2KiA

Exposure to hazardous substances is known to cause this biological response in free-
ranging organisms [43 CFo § 11.62(fK2KiiH

» Exposure to hazardous substances is known to cause this biological response in
contro :d experiments [43 CFo § 11.62(fH2KiiiH

» The biological response measurement is practical to perform and produces scientifically
valid results 13 CFo § 11.62(fH2KivH.

NOAA ri ations

12 AA’s reJuions Ior 1 5DA [15 CFo mart 990] under the Oil nollution Act (OmAFdefine
injury as an adverse change in a natural resource. According to the NOAA guidance (NOAA,
1996F, categories of adverse changes relevant to biological organisms include:

» Survival, growth, and reproduction

4 e ealth, physiology and biological condition

4 Behavior

4 Community composition

» Ecological processes and functions

4 nhysical 1d chemical habitat quality or structure
4 Services to the public.

6.6.3 Other potential injury definit 1s

As discussed previously, Trustees are not required to use the de 1itions of natural resource
injuries put forth in the DOI regulations [43 CFo § 11.10]. The Trustees discussed alternative
injury definitions during CSM workshops; the injury definitions presented herein do not
represent a consensus list of potential injuries. As stated previously, ultimate selection of injury
definitions will be undertaken during development of injury assessment plans.
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Other potential injury definitions that may be considered could include:

4 Impairment of surface water services for any domestic, livestock, or agricultural purpose

» r nusable surface water resources because response actions such as rubble barriers or
institutional controls prevent use of surface water regardless of contaminant
concentrations

4 Degradation of surface water quality in violation of Native American treaties

> o eduction in aquatic habitat services because of the presence of contamination,

regardless of the contaminant concent ions
» o eduction in aquatic services because of the stig a of surface water contamination

4 Any adverse impacts to aquatic biota, or the services provided by the biota, cau 1 by the
presence of contamination.

6.7 Services

o eleases of hazardous substances from the Site may have adversely affected ecological and

uman services associated with aquatic resources. This section provides a brief overview of
aquatic services. It is intended to be illustrative to help inform injury assessment planning. A
comprehensive analysis of aquatic services and potential services losses rest ing from releases
of e anford contaminants would be undertaken in the injury assessment.

7he D2, reJuions deline serviFes [¥ the “physical and biological functions performed by the
resource including the human uses of those functions. These services are the result of the
physical, chemical, or biological ity of the resourkFe” [43 CF5 § 11.14(nnH. The regulations
[urther sSeFily thDD “serviFes incl ~ provision of habitat, food and other needs of biological
resources, recreation, other products or services used by humans, flood control, ground water
recharge, waste assimilation, and other such functions that may be provided by natural
resourFes” [43 CF5 § 11.71(e)]. AQof these services are provided by aquatic resources at the
Site. The provision of habitat services for spawning of fall Chinook salmon is an illustration of
one of the services provided ; the e anford o each, but many other important ecological and
human services are provided as well.
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Thus, air resources meet the definition of beii  injured if hazardous substance concentrations are
sufficient to injure another natural resource, regardless of whether those concentrations exceed a
specified regulatory threshold.

8.3.2 Other potential injury definitions

Trustees are not required to use the definitions of natural resource injuries put forth in the DOI
regulations [43 CFR § 11.10]. Some alternative injury definitions for air resources might include:

4 Cor ntrations of contar-"~ants exceeding a Federal, State, or Tribal risk-based threshold

4 Reduction in air resource services because of the presence of contamination, regarc 3 of
the contaminant concentrations.

8.3.3 Services

As discussed in previous chapters, air provides the primary pathway for radionuclide dispersion
from source areas to terrestrial habitat. Injured air can be a secondary stressor, causing injury to
other natural resources. Air provides an essential service as the medium for gas exchange in
terrestrial fe. Other services that air provides are discussed in Chapter 9.
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Many aquatic species have special importance beyond their use for food. Chinook salmon are “a
ceremonial resource for people of the Columbia River Basin and a focus of social, educ  onal,
ecological, linguistic, and other traditional activities” (Harris and Harper, 2000, p. 92). Salmon
are a centerpiece of the entire river ecosystem (CCRH, 1974; Harper and Harris, 2009).
Likewise, lamprey have significant cultural value to the Tribes, who use them in ceremonies,
storytelling, and for medicinal purposes (Jackson et al., 1996; U.S. EPA, 2009).

The Tribes consider the Hanford Reach of the Columbia River to be sacred. Many areasin e
Hanford Reach have been used historically for villages, fishing sites, food caches, storage areas,
and cemeteries (Boyd and Hajda, 1987; Nickens et al., 1995; PNNL, 1998; Rido  2007). The
water has been used for drinking, supporting traditional harvest, and as an integral part in
ceremon (CRITFC, 2000). In other words, a clean river provides a wide array of services to
the ibes that significantly shape their identity (Landeen and Crow, 1997; Landeen and
Pinkham, 1999; Harris and Harper, 2000; Nez Perce Tribe, 2003).

The importance of water itself to the Tribes cannot be understated. Without clean water, ribal
lifeways are diminished, including subsistence, spiritual, and educational activities. Clean water
provides nourishment and life to the entire ecosystem. Contaminated water exposes all natural
resources that use the water. Thus, the quality of water is of crucial importance to the Tribes.

9.1.2 Tribal use services: Terrestrial resources

Terrestrial resources include, but are not limited to, shallow and deep soils, upland and riparian
habitats, and associated biota. The Tribes have long used the Hanford assessment area as a place
for hunting and gathering. Their harvest has been used for food, tools, medicine, clothing,
material, and in traditional ceremonies (Hunn with Selam and family, 1990; Poston, 1995;
PNNL, 1998; Harris and Harper, 2000; Sackschewsky and Downs, 2001). Species hunted in the
area include deer, elk, and moose (Landeen and Pink m, 1999; Harper and Harris, 2009). A
variety of plants have been gathered in the assessment area; those most commonly harvested
include wapato, balsamroot, bitterroot, brodia  Indian celery, biscuitroot, Indian carrot, yellow
be , huckleberries, choke cherries, camas, tule, and dogbane (CRITFC, 1999; Ridolfi, 2007).

As a whole, Tribes have used the Site and the surrounding assessment area for over 10,000 years
and consider it sacred. Some of the more prominent features of the landscape have served as
spiritual sites for the Tribes, including Gable Mountain, Gable Butte, the White Bluffs Trail,
Rattlesnake Mountain, Goose Egg Hill, and Locke Island (U.S. DOE, 2003; Northwest Power
and Conservation Council, Undated). More broadly, the Site and the assessment area include
historical trails and pathways, fishing and camping sites, cemeteries, hunting grounds, plant
gathering areas, landmarks, important places in Indian history, and other historical places (Bunn
et al., 2004). These sites are sacred to the Tribes and their preservation is highly valued.
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