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is "primary contact," which provides for activities that
downstream from Grand Coulee Dam
may involve complete submersion by the participant. The entire Columbia River is designated
for all water supply and miscellaneous uses by the State of Washington (Poston et al. 2010).
In 1999, members of the Washington congressional delegation renewed their effort to
identify the 82-km (51 -mi) Hanford Reach as a Wild and Scenic River. The Hanford Reach is the
last free-flowing segment of the Columbia River and an important spawning habitat for far-north
migrating Chinook salmon. In 2000, President Clinton signed an Executive Order creating the
Hanford Reach National Monument. At 79,000 ha (195,000 ac), the Hanford Reach National
Monument is the second largest nationally protected area in Washington, and it is the only
national monument managed by the USFWS (Dicks 1999; Tate 2005).
Metals and anions in water from the Columbia River have been detected at locations
upstream and downstream of the Hanford Site. Arsenic, antimony, cadmium, chromium, copper,
lead, mercury, nickel, selenium, thallium, and zinc were detected in most samples, with similar
concentrations at most locations. When taking into account total hardness (47 to 77 mg/L) as
calcium carbonate (CaCO 3 ) from 1992 through 2008, all metal and anion concentrations in river
water were less than the Washington ambient surface water quality criteria for the protection of
aquatic life. Arsenic concentrations exceeded the EPA human health standard for the
consumption of water and organisms; however, this value is 10,500 times lower than the state
chronic toxicity value (Poston et al. 2010).
Columbia River samples collected along cross-river transects had slightly elevated
concentrations of nitrate, chloride, and sulfate along both shorelines at the 100-North Area in
2009. They were also elevated at the city of Richland and the 300 Area. Elevated nitrate
concentrations at the Hanford Site shoreline are from the contaminated groundwater plumes
emanating from the 200 Area. Elevated concentrations of nitrate, chloride, and sulfate in other
samples have been attributed to groundwater seepage associated with high fertilizer usage and
extensive irrigation upstream of the Columbia River to the north and east (Poston et al. 2010).
Radionuclide concentrations monitored in Columbia River water were low throughout
2009. Tritium (H-3), U-234, U-238, and naturally occurring K-40 were consistently detected in
filtered river water at levels greater than their reported minimum detectable concentrations.
Sr-90, U-235, Pu-238, and Pu-239/240 were detected occasionally, but at levels near the
minimum detectable concentrations. The concentrations of all other radionuclides were typically
below the minimum detectable concentrations. Tritium, strontium, and plutonium are present in
worldwide fallout from historical nuclear weapons testing as well as in effluent from Hanford
Site facilities. Tritium and uranium are naturally occurring elements in the environment. The
average gross alpha and gross beta concentrations in Columbia River water at Richland during
2009 were less than the Washington State criteria for ambient surface water quality of 15 and
50 pCi/L, respectively (Poston et al. 2010).
Surface water Sampled across transects at various locations along the Columbia River
shows a statistical increase in tritium and uranium between samples taken upstream of the site at
Vernita Bridge and those taken downstream of the site at the Richland pump house. These
constituents are known to be entering the river from contaminated groundwater beneath the
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Hanford Site. For samples collected in 2009, the highest tritium concentration measured in crossriver transect water was 60 ± 7.0 pCi/L; the highest concentration in near-shore water was
180 + 72 pCi/L (both samples were collected near the Hanford town site). Both tritium
concentrations are far less than the Washington State ambient surface water quality criterion of
20,000 pCi/L. The highest uranium concentration, 0.67 ± 0.10 pCi/L, was measured for the
sample from the Franklin County shore of the 300 Area transect. For comparison, the EPA
drinking water standard for uranium is approximately 20 pCi/L. Elevated uranium in this
location was likely the result of groundwater seepage and water from irrigation return canals that
had elevated uranium levels from the use of phosphate fertilizers (Poston et al. 2009).
Measurements of Sr-90 at the Richland pump house were not statistically higher than
those at the Vernita Bridge, even though Sr-90 is known to enter the river through groundwater
inflow at the 100-North Area. The maximum Sr-90 concentration for 2009 was
0.056 + 0.023 pCi/L for a near-shore sample collected at the Vernita Bridge transect location
(Poston et al. 2010).
During 2009, samples of the surface layer of Columbia River sediment were collected
from six locations that were permanently submerged. Samples were also collected from the
Priest Rapids Dam Reservoir and from the McNary Dam Reservoir and were obtained from slack
water areas along the Hanford Reach and at the City of Richland. Radionuclides consistently
detected at low levels in Columbia River sediment in 2009 included K-40, Cs-137, U-234,
U-235, U-238, Pu-238, Pu-239/240, and progeny products from naturally occurring
radionuclides. Detectable amounts of most metals were found in all river sediment samples.
Maximum and average concentrations of most metals were higher for samples collected
upstream of Priest Rapids Dam than for samples from either the Hanford Reach or McNary Dam
and may be associated with mining in the area. There are no Washington freshwater sediment
quality criteria for comparison to the measured metal values (Poston et al. 2010).
Two on-site ponds, West Lake and the Fast Flux Test Facility (FFTF) Pond
(Figure 6.1.3-1), were also sampled in 2009. Samples were obtained quarterly and included
water from both ponds and sediment from West Lake. All water samples were analyzed for
tritium, and samples from the FFTF pond were also analyzed for gross alpha, gross beta, and
gamma-emitting radionuclides. All radionuclide concentrations in on-site pond water samples
were less than the applicable DOE-derived concentration guides and Washington State ambient
surface water quality criteria (Poston et al. 2010). Concentrations in West Lake sediment
samples were similar to concentrations measured in prior years (i.e., detectable concentrations
for gross alpha, gross beta, K-40, Sr-90, Cs-137, and uranium isotopes) (Posten et al. 2010).

6.1.3.2 Groundwater

6.1.3.2.1 Unsaturated Zone. Groundwater occurs in both the unsaturated (vadose) and
saturated zones at Hanford. The unsaturated zone at Hanford consists of glacio-fluvial sands and
gravels. The depth to saturated groundwater varies from about zero in the vicinity of the
Columbia River to more than 100 m (330 fi) in the area of the central plateau (Chamness and
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1 Sweeney 2007). In the vicinity of the GTCC reference location, the thickness of the vadose zone
2 is about 100 m (330 ft) (DOE 2012). The lower part of the unsaturated zone also consists of
3 fluvial-lacustrine sediments of the Ringold Formation (Thorne and Last 2007).
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6.1.3.2.2 Aquifer Units.
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the more porous interflow zones of the basalt flow layers compose the confined aquifers within
the Columbia River Basalt Group. Groundwater in this aquifer system generally flows toward the
Columbia River; however, vertical interaquifer flow also occurs between the unconfined aquifer
system and the confined aquifer system. Water chemistry data indicate that interaquifer flow has
occurred in an area north of the 200 East Area, near the Gable Mountain anticlinal structure
(Thorne and Last 2007). Figure 6.1.2-3 shows a stratigraphic column for Hanford.

Unconfined (Suprabasalt) Aquifer System. The unconfined aquifer system in the
200 East Area is composed primarily of the unconsolidated glaciofluvial sands and gravels of
the Hanford Formation and Unit A gravels of the Ringold Formation. In some areas, such as
most of the 200 West Area and some portions of the 100 Area, the fluvial-lacustrine sediments
(Unit E) of the Ringold Formation make up the lower portion of the unconfined aquifer system.
The pre-Missoula gravels of the Cold Creek Unit lie between these formations and below the
water table. The other subunits of the Cold Creek Unit are generally above the water table. Along
the southern edge of the 200 East Area, the water table is in the Ringold Unit E gravels. The
upper Ringold facies were eroded in most of the 200 East Area by the ancestral Columbia River
and, in some places, by the Missoula floods that subsequently deposited Hanford gravels and
sands on what was left of the Ringold Formation. On the north side of the 200 East Area, there is
evidence of erosional channels that may allow interaquifer flow between the unconfined and
uppermost basalt-confined aquifer. Depth to groundwater ranges from 0 m (0 ft) at the Columbia
River to more than 100 m (330 ft) beneath parts of the central plateau (Thorne and Last 2007).
Horizontal hydraulic conductivities in the Hanford Formation sands and gravels and the
coarse-grained multilithic facies of the Cold Creek Unit (pre-Missoula gravels) range from about
10 to 3,000 rn/d (30 to 900 ft/d). Sediments in the underlying Ringold formation are more
consolidated and partially cemented and are 10 to 100 times less permeable than the sediments of
the Hanford Formation. Because the Hanford Formation and possibly the Cold Creek Unit sand
and gravel deposits are much more permeable than the Ringold gravels, the water table is
relatively flat in the 200 East Area, but groundwater flow velocities are higher (Thorne and
Last 2007).
Slug tests at five monitoring wells in the vicinity of the GTCC reference location indicate
permeabilities ranging from more than about 25 m/d (82 ftid) to more than 45 m/d (148 ftid)
(Reidel 2005).
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The hydrology of the 200 Area has been strongly influenced by the discharge of large
quantities of wastewater to the ground over a 50-year period between the 1940s and 1990s. The
discharges caused elevated groundwater levels across much of the Hanford Site, resulting in a
large groundwater mound beneath the former U Pond in the 200 West Area and a smaller mound
beneath the former B Pond, just to the northeast of the 200 East Area. The general increase in
groundwater elevation caused the unconfined aquifer to extend upward into the Hanford
Formation over a larger area, particularly near the 200 East Area. This resulted in an increase
in groundwater velocity because of both the greater volume of groundwater and the higher
permeability of the newly saturated Hanford Formation sediments (Thorne and Last 2007).
Discharges to the ground have greatly decreased since 1984 and currently contribute a
volume of recharge to the unconfined aquifer system that is in the same range as the estimated
natural recharge from precipitation. Decreases in the water table elevation in the past 20 years
have been greatest at the 200 West Area and are estimated to be more than 8 m (26 ft). Water
levels are expected to continue to decrease as the unconfined groundwater system reaches
equilibrium with the new level of artificial recharge (Hartman et al. 2007; Thomne and
Last 2007).

6.1.3.2.3 Groundwater Flow. Groundwater in the unconfined aquifer system flows from
recharge areas in the elevated region near the western boundary of the Hanford Site toward the
Columbia River on the eastern and northern boundaries (Figure 6.1.3-5). The Columbia River is
the primary discharge area for the unconfined aquifer. The Yakima River borders the Hanford
Site on the southwest and is generally regarded as a source of recharge. The rate of total
discharge of groundwater from the Hanford Site aquifer to the Columbia River is in the range of
1.1 to 2.5 cms (39 to 88 ft3 /s), a very small rate relative to the river's average flow of 3,300 cms
(116,500 ft3 /s) (Hartman et al. 2007; Thorne and Last 2007).
Along the Columbia River shoreline, daily river-level fluctuations may result in changes
in the water table elevation of up to 3 m (10 ft). During the high-river-stage periods of 1996 and
1997, some wells near the Columbia River showed water-level changes of more than 3 m (10 ft).
As the river stage rises, a pressure wave is transmitted inland through the groundwater. The
longer the duration of the higher-river stage, the farther inland the effect is propagated. The
pressure wave is observed farther inland than the water actually moves. For the river water to
flow inland, the river level must be higher than the groundwater surface and must remain high
long enough for the water to flow through the sediments. Typically, this inland flow of river
water is restricted to within several hundred feet of the shoreline (Thorne and Last 2007).
Because precipitation at the Hanford Site is low (long-term average annual precipitation
is 7 in. or approximately 17 cm) and because evapotranspiration is high (in an arid climate,
potential evapotranspiration can exceed precipitation), recharge rates to underlying aquifers are
low (Hoitink et al. 2005). In the vicinity of the GTCC reference location, annual recharge is
estimated to be approximately 3.5 mm (0.14 in). (DOE 2005).
At the 200 East Area, the water table is relatively flat because of the highly permeable
sediment of the Hanford Formation. The hydraulic gradient near B Pond in the 200 Area varies
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from about 0.003 east of the mound apex to 0.006 west-southwest of the former location of the
main pond (PNNL 2005). Groundwater enters the 200 East Area vicinity from the west and
divides, with some migrating to the north through Gable Gap and some moving to the southeast
toward the central part of the site. Groundwater flow in the unconfined aquifer is currently
5 altered where extraction or injection wells are used for pump-and-treat systems
6 (Hartman et al. 2007; Thorne and Last 2007).
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Studies have indicated that the residence time of groundwater at the Hanford Site is on
the order of thousands of years in the unconfined aquifer and more than 10,000 years for
groundwater in the shallow confined aquifer, consistent with the recharge conditions expected
for a semiarid climate. However, groundwater travel time from the 200 East Area to the
Columbia River has been shown to be much faster, in a range of 10 to 30 years, because of the
large volumes of wastewater discharged at the site in the past and the relatively high
permeability of the Hanford Formation sediments. Travel times from the 200 Area to the
Columbia River are expected to decrease because of the decrease in wastewater volume
discharged in these areas and the reduced hydraulic gradient that will occur over time as a result
(Thorne and Last 2007).
The subsurface hydrology of the 200 Areas has been strongly influenced by the discharge
of large quantities of wastewater to the ground for more than 50 years. Those discharges have
caused elevated water levels across much of Hanford, resulting in a groundwater mound beneath
the former B Pond east of the 200-East Area and a larger groundwater mound beneath the former
U Pond in the 200-West Area. Water table changes beneath the 200-West Area have been
greatest because of the lower transmissivity of the aquifer in this area. After the beginning of
Hanford operations during 1943, the water table rose about 27 m (89 ft) under the U Pond
disposal area in the 200 West Area and about 9.1 m (30 fi) under disposal ponds near the
200 East Area. The volume of water that was discharged to the ground at the 200 West Area was
actually less than that discharged at the 200 East Area. However, the lower hydraulic
conductivity of the aquifer near the 200 West Area inhibited groundwater movement in this area,
resulting in a higher groundwater mound. The presence of the groundwater mounds locally
affected the direction of groundwater movement, causing radial flow from the discharge areas.
Until about 1980, the edge of the mounds migrated outward from the sources over time.
Groundwater levels have declined over most of the Hanford Site since 1984 because of
decreased wastewater discharges; however, a residual groundwater mound beneath the 200 West
Area is still shown by the curved water table contours near this location. A small groundwater
mound near the wastewater disposal sites of the 200 Area Treated Effluent Disposal Facility
(TEDF) (east of 200 East Area) and State-Approved Land Disposal Site (SALDS) (north of
200 West Area) is also still apparent (Thorne and Last 2007).
In recent years, discharges of water to the ground have been greatly reduced, and
corresponding decreases in the water table elevation have been measured. The decline in part of
the 200-West Area has been more than 8 m (26 ft). Water levels are expected to continue to
decrease as the unconfined groundwater system reaches equilibrium with the new level of
artificial recharge (Duncan 2007). Currently, the water table elevation is about 11 m (36 ft)
above the estimated water table elevation prior to the start of Hanford operations. Computer
simulations show that when equilibrium conditions are established in the aquifer after site
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water table
closure, the water table may still be 5 to 7 m (16 to 23 ft) higher than the pre-Hanford
because of modeling uncertainties, artificial recharge from off-site irrigation, or differences in
current Columbia River conditions as compared with pre-Hanford times, such as dam
construction (DOE 2010).
Across the 200-East Area, the depth to the water table varies from approximately 65 m
(213 ft) to 100 m (328 fi), and the thickness of the saturated zone above the top of the basalt
varies from 0 m in the north to about 80 m (262 ft) in the south. The depth to the water table in
the 200-West Area varies from about 50 m (164 ft) to greater than 100 m (328 ft). Beneath the
200-West Area, the saturated thickness of the unconfined aquifer varies from about 65 m (213 ft)
to greater than 150 m (492 ft) (Hartman 2000).
Groundwater beneath the 200-West Area generally flows from west to east across most
but it is locally influenced by the 200-ZP-1 groundwater pump-and-treat remediation
the
area,
of
system. The decline in liquid effluent discharges to the soil in the 200-West Area and the
resulting decline in the water table have changed the flow direction in the northern part of the
area about 35 degrees over the past decade from a north-northeast to a more eastward direction.
Flow in the central part of the 200-West Area (the south part of the 200-ZP- 1 Operable Unit) is
strongly influenced by the operation of the 200-ZP- 1 groundwater pump-and-treat remediation
system. This system extracts water from the vicinity of the 216-Z cribs and trenches (ditches),
treats it to remove carbon tetrachloride and other volatile organic compounds, then reinjects the
water into the aquifer west of the area (DOE 2010).
Recharge rates from precipitation across the Hanford Site are estimated to range from
near zero to more than 100 mm/yr (3.94 in./yr). Between 1944 and the mid 1990s, the volume of
artificial recharge from Hanford wastewater disposal was significantly greater than the natural
recharge. An estimated 1.7 x 1012 L (4.44 × 1011 gal) of liquid was discharged to disposal ponds
and cribs during this period. Because of the reduction in discharges, groundwater levels are
falling, particularly around the operational areas (Chamness and Sweeney 2007). Vertical
gradients between the basalt-confined aquifer and the unconfined aquifer are upward on most of
the Hanford Site (Murray et al. 2003; Hartman et al. 2007; Thomne and Last 2007).
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American Indian Text

Purity of water is very important to the Indian People, and thus DOE should be

managing for an optimum condition conrsidering Tribal cultural connection and direct
use of water, rather than managig for a minimum water quality threshold. From the
perspective of the Indian People, the greatest long-term threat at the Hartford site lies in
the contaminated groundwater. There is insufficient characterization of the vadose zone
and groundwater. There is a tremendous volume of radioactive and chemical

contamination in the groundwater. The mechanisms of flow and transport of
contaminants through the soil to the groundwater are still largely unknown. The
volumes of contamination within the groundwater and direction of flow are still only
speculative. Due to lack of knowledge and limited technical ability to remediate the
vadose zone and groundwater puts the Columbia River at continual risk.
34
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6.1.3.2.4 Groundwater Quality. The natural quality of groundwater at the Hanford Site
varies depending on the aquifer system and depth, which are generally related to the residence
time in the aquifer. Some of the shallower basalt-confined aquifers in the region (e.g., the
Wanapum basalt aquifer) have exceptionally good water quality. Deeper basalt-confined
aquifers, however, typically have a high dissolved solids content, and some have fluoride
concentrations that exceed the drinking water standard of 4 mg/L (Thorne and Last 2007).
Groundwater in the unconfined aquifer beneath large areas of the Hanford Site has been
contaminated by radiological and chemical constituents because of past site operations. These
contaminants were primarily introduced through wastewater discharged to cribs, ditches,
injection wells, trenches, and ponds. Additional contaminants from spills, leaking waste tanks,
and burial grounds (landfills) have also entered groundwater in some areas. Contaminant plumes
had sources in the 200 East Area and extend to the east and southeast; contaminant
concentrations in these plumes are expected to decline through radioactive decay, mineral
adsorption, chemical degradation, and dispersion. However, contaminants also exist within the
vadose zone beneath waste sites as well as in waste storage and disposal facilities. These
contaminants have the potential to continue to move downward into the aquifer
(Hartman et al. 2007; Thorne and Last 2007).
Groundwater contamination is being actively remediated through pump-and-treat
operations at the 200 West Area, 100-D Area, and 100-H Area. Extraction wells in the 100-K,
100-D, 100-H, and 200 West Areas capture contaminated water from the surrounding areas.
These operations are summarized in Hartman et al. (2007). At the 100-N Area, pump-and-treat
remediation has been terminated, and a passive treatment barrier is being used to reduce
contaminant migration. Currently, no active groundwater remediation is occurring at the
operable unit (200-PO- 1) underlying the southern portion of the 200 East Area
(Hartman et al. 2007).
Radiological and chemical constituents in groundwater at the Hanford Site are monitored
to characterize physical and chemical trends in the flow system, establish groundwater quality
baselines, assess groundwater remediation, and identify new or existing groundwater problems.
Groundwater monitoring is also performed to verify compliance with applicable environmental
laws and regulations. Samples were collected from 778 wells and 247 shoreline aquifer tubes
during FY 2006 to determine the distributions of radiological and chemical constituents in
Hanford Site groundwater. A total of 3,357 samples of Hanford groundwater were analyzed for
chromium, 1,680 samples for nitrate, and 1,180 for tritium. Figure 6.1.3-6 shows the distribution
of radionuclides and chemicals across the Hanford Site. Other constituents frequently analyzed
include Tc-99, uranium, and CC14 . The monitoring results are reported in the Hanford Site
groundwater monitoring reports, which are produced annually.
Operable Unit 200-PO-1 encompasses the southern portion of the 200 East Area and a
large part of the Hanford Site extending to the east and southeast. Groundwater within 200-PO- 1
is contaminated with plumes of tritium, nitrate, and I-129. Tritium concentrations continued to
decline as a result of radioactive decay and dispersion. Other contaminants (e.g., Sr-90 and
Tc-99) were detected in limited areas near cribs or tank farms (Hartman et al. 2007).
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FIGURE 6.1.3-6 Distribution of Major Radionuclides and Hazardous Chemicals in the
Unconfined Aquifer System during the 2909 Reporting Period
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TABLE 6.1.3-1 Maximum Concentrations of Selected Groundwater
Contaminants at Operable Unit 200-PO-1 during FY 2006

Contaminant/Unit

DWS (DCG)a

Antimony (filtered) (lag/L)b
Arsenic (filtered) (iag/L)
Carbon tetrachloride (jig/L)
C-14 (pCi/L)
Cs-137 (pCiIL)
Chloroform (TCM)C (jig/L)
Chromium (dissolved) (pag/L)
cis- 1,2-Dichloroethene (•tgiL)
Co-60 (pCiiL)
Cyanide (lig/L)
Fluoride (mg/L)
Gross alpha (pCi/L)
Gross beta (pCi/L)
1-129 (pCiIL)
Mercury (jig/L)
Nitrate (mgiL)
Nitrite (mg/L)
Pu-239/240 (pCi/L)
Sr-90 (pCi/L)
Tc-99 (pCiiL)
Tetrachloroethene (PCE)C (lig/L)
Trichloroethene (TCE)C (lig/L)
Tritium (pCi/L)
Uranium (j•tg/L)
a
b

Wells

6
10

Aquifer
Tubes

10.5
0.44

5
2,000 (70,000)
200 (3,000)
100
100
70
100 (5,000)
200
4
15
50
1 (500)
2
45
3.3
NMd (30)
8 (1,000)
900 (100,000)

0.62
41.1

7.3

0.21

33.5
2,020
9.11
0.09
127
1.05
20.6
7,740
1.7
0.81
571,000
27.2

5
5
20,000 (2,000,000)
30

3.27

5.75

3,790

DWS = drinking water standard, DCG = DOE derived concentration guide.
Detection limit is higher than DWS; not a known contaminant of interest on
the Hanford Site.
cTCM

d

=

chloroform, PCE

=

tetrachloroethylene, TCE

=

trichloroethylene.

NA = no DWS for Pu-239/240.

Source: Hartman et al. (2007)
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6.1.3.3 Water Use
Prior to closure of the plutonium processing facilities at Hanford, a large quantity of
process water was used. This water was primarily obtained from the Columbia River. Since the
plutonium facilities were closed and the FFTF was placed on standby in 2007, much less water is
being used. Currently, the 100-B Area Export Water System supplies raw/untreated water to the
200 Area Plateau and provides source water for fire protection, processing, and domestic water
systems located across the entire Hanford Site (Klein 2007). Water is pumped from the
Columbia River by using a 28,000-L/min (7,500-gpm) pump at the 181B River Pump Station.
Water flows to the 182B Pump House and Reservoir for further distribution across the site. In
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1 1998, the 200 East Area of Hanford had an annual water use of about 690 million L
2 (182 million gal) and a capacity of about 2.6 billion L (686 million gal). This water was supplied
3 by the Export Water System (DOE 1998).
4
5
American Indian Text
Hantford has delineated contamination areas called operable units (OUs); both
subsurface contamination OUs and surface contamination OUs. When describing the
affected environment for land use it is essential to reference this information that should
be presented in the soils and groundwater sections. Understanding the types and extent
of surface and subsurface contamination will give better understanding of the CLUP
land use designations. For example, the proposed GTCC site at Hantford lies somewhere
in or near the 200 ZP-l groundwater OU. This QU has contamination from uranium,
technetium, iodine 129 and other radioactive and chemical constituents.

6
7
8 6.1.4 Human Health
9
10
Potential radiation exposures to the off-site general public residing in the vicinity of the
11 Hanford Site could result from the airborne release of radionuclides through stacks or vents,
12
13
American Indian Text
Tribal health involves access to traditional foods and places. Both of these are located on
the Hantford facility and can be impacted by placement of the GTCC waste in the
200 area.

Definition of Tribal health - Native American ties to the environment are much more

complex and intense than is generally understood by risk assessors. All of the foods and
implements gathered and manufactured by the traditional American Indian are
interconnected in at least one way, but more often in many ways. Therefore, if the link
between a person and his/her environment is severed through the introduction of
contamination or physical or administrative disruption, the person's health suaffers, and
the well being of the entire community is affected.
To many American Indians, individual and collective well being is derived from
membership in a healthy community that has access to, and utilization of, ancestral
lands and traditional resources. This weilness stems from and is enahanced by having
the opportunity and ability to live within traditional community activities and values. If
the links between a tribal person and his or her environment were severed through
contamination or DOE administrative controls, the well being of the entire community is
affected.

14
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discharge of liquid effluent to the Columbia River, and movement of contaminated groundwater
to the Columbia River. As a result, potential exposure pathways for members of the off-site
public include inhalation, air submersion, ingestion of foods contaminated through air deposition
and water irrigation, external radiation from ground deposition, ingestion of aquatic food taken
from the Hanford Reach of the Columbia River, and external radiation and ingestion of water
through boating, swimming, and shoreline activities along the Hanford Reach of the Columbia
River (Poston et al. 2010).
The doses to the general public in the vicinity of the Hanford Site are a small fraction of
the dose limit of 100 mrem/yr set by DOE to protect the public from the operations of its
facilities (DOE Order 458.1). Table 6.1 .4-1 provides the radiation doses estimated for an
individual located in the Horn Rapids Road area of the site vicinity in 2014. In addition to doses
for this individual, the table also provides the collective dose for the population living within
80 km (50 mi) of the Hanford Site. The collective dose was estimated by considering similar
exposure pathways to the highest exposed individual, with estimated fractions of the population
expected to be affected by each pathway (DOE 2015a).
The off-site dose to the individual receiving the highest impacts from airborne releases
was estimated to be 0.11 mrem/yr (DOE 201 5a), which represents less than 1.1% of the EPA
standard of 10 mrem/yr for airborne releases given in 40 CFR Part 61. When the estimated dose
from radioactive liquid effluents is added to this, the total dose received by the off-site individual
would be about 0.33 mrern/yr (DOE 2015a). This dose is well below the DOE limit of
100 mrern/yr from all applicable exposure pathways.
The collective radiation dose for the population of about 553,516 living within 80 km
(50 mi) of the Hanford Site was estimated to be about 2.1 person-rem in 2014. When the
collective dose is distributed evenly among this population, the average dose received by an
off-site individual would be about 0.004 mrem/yr. This is about 0.00064% of the dose expected
for a member of the U.S. population from natural background radiation and man-made sources
(620 mrem/yr).
_ _ _ _ _ _ _ _ _ _ _ _ _ _ __

_ _ _ _ _ _ _ _ _ _ _ _ _

American Indian Text
Risk assessments should take a public health approach to defining community and
individual health. Public health naturally integrates human, ecological, and cultural

health into an overall definition of community health and well-being. This broader

approach used with risk assessments is adaptable to indigenous comm-unlities that,
unlike westernized communities, turn to the local ecology for food, medicine, education,
religion, occupation, income, and all aspects of a good life.
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TABLE 6.1.4-1 Estimated Annual Radiation Doses to Workers and the General Public at the Hanford Site

Receptor
On-site workers

General public

Water ingestion
Inhalation0.6
Direct radiation

0.01 9a
62C

40.7C

Airborne release

Submersion, inhalation, ingestion of plant foods
(contaminated through deposition), direct radiation
from deposition
Direct radiation from recreation, ingestion of water
and plant foods (contaminated through irrigation)
Direct radiation0.1
Ingestion of fish

0.1 1 d

0.86e

0.04f

1.234g

0.18i

0.066i

On-site waste management and storage
Liquid effluent
Worker/public

Dose to
Population
(person-rem/yr)

Groundwater contamination
Air contamination
Soil contamination and waste storage

Liquid effluent

4I

Exposure Pathway

Radiation Source

Dose to
Individual
(mrem/yr)

Natural background radiation and
man-made sources

62k340,000'

Dose corresponds to drinking 1 L of water per day for 250 days in a year. It was calculated on the basis of measured groundwater concentrations at
the FETE in 2014 (DOE 2015a).
b The inhalation dose was calculated with CAP88-PC along with stack emission data. According to the CAP88-PC results, in 2014, the dose from
stack emissions to a worker at the Laser Interferometer Gravitational Wave Observatory was 0.36 mrenm/yr (DOE 2015Sa).
a

cIn 2014, 659 workers receiving measurable doses had a collective dose of 40.7 person-rem. When this collective dose is distributed evenly, the
average individual dose is calculated to be 62 mrem/yr.
dThe radiation dose from an airborne release was estimated with Hanford Site air emission data and the GENII computer code. In 2014, the location
of the individual receiving the highest impacts was determined to be at 638 Horn Rapids Road. In addition, the dose from airborne releases at this
location was also calculated by CAP88-PC to demonstrate compliance with the 10-mrem/yr standard given in 40 CFR Part 61. The dose calculated
by using CAP88-PC was well below the standard (DOE 201 5a).
Footnotes continue on next page.

~1

TABLE 6.1.4-1 (Cont.)
eThe collective dose was estimated for the population residing within 80 km

(50 mi) of a Hanford Site facility. The maximum population size is about5,16(O20a)

SThe radiation dose attributable to liquid effluents was calculated on the basis of the differences in radionuclide concentrations between upstream and
downstream sampling points on the Columbia River (DOE 201 5a).[
collective dose was calculated by considering a population of 130,000 for the drinking water pathway, 125,000 for the aquatic recreation
pathway, and 2,000 for the ingestion of plant foods (contaminated through irrigation) pathway.

gThe

collected over years indicate the current radiation levels are at or near background levels and are stable or decreasing as on-site cleanup
activities progress (Poston et al. 2010). Thermoluminescent dosimeter (TLD) measurements indicate the highest external dose rate at the site
boundary is along the 100-N Area shoreline, with a reading of 0.002 mrem/h greater than the average shoreline readings (Poston et al. 2006). An
assumed stay time of 5 hours per year along the 100-N Area shoreline would give a dose of 0.01 torem/yr. The boundary external exposures were not
included in the dose estimated for the general public because no one could actually reside in these boundary locations. However, the Columbia River
allows public access to within approximately 100 m (330 fi) of the N Reactor and supporting facilities at this location (Poston et al. 2006).

hData

iThe dose was estimated to result from ingesting 40 kg (88 lb) of fish caught from the Columbia River (DOE 2015Sa).
JThe collective dose was estimated by assuming a total catch of 15,000 kg (33,075 lb) per year from the Columbia River. All of the catch was
consumed by the population surrounding the Hanford Site (DOE 201 5a).
dose to a member of the U.S. population as estimated in Report No. 160 of the National Council on Radiation Protection and Measurements
(NCRP 2009).

kAverage

1Collective dose to the population of 553,516 within 80 km (50 mi) of the Hanford Site from natural background radiation and man-made sources.
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American Indian Text
The following four categories of an undisturbed environment contribute to individual
and community health. Impacts to any of these functions can adversely affect health.
Metrics associated with impacts within each of these categories are presented by Harper
and Harris.
Human Health-Related Goods and Sekrvices: This category includes the provision of
water, air, food, and native medicines. In a tribal subsistence situation, the land
provided all the food and medicine that was necessary to enjoy long and healthy lives.
From a risk perspective, those goods and services can also be exposure pathways.
Environmenal__ Functions and Services: This category includes environmental
functions such as soil stabilization and the human services that this provides, such as
erosion control or dust reduction. Dust control in turn would provide a human health
service related to asthma reduction.
Environmental functions such as nutrient production and plant cover would provide
wildlife services such as shelter, nesting areas, and food, which in turn might contribute
to the health of a species important to ecotourism. Ecological risk assessment includes
narrow examaination of exposure pathways to biota as well as examination of impacts to
the quality of ecosystems and the services provided by individual biota, ecosystems, and
ecology.
S~ocial and CuNltural Goods, Frun.ctions, Services, and Uses: This category includes
many things valued by suburban and tribal communities about particular places or
resources associated with intact ecosystems and landscapes. Some values are common
to all communities, such as the aesthetics of undeveloped areas, intrinsic existence
value, environmental education, and so on.
Egconomic Goods and Services: This category includes conventional dollar-based items
such as jobs, education, health care, housing, and so on. There is also a parallel nondollar indigenous economy that provides the same types of services, including
employment (i.e., the functional role of individuals in maintaining the functional
community and ensuring its survival), shelter (house sites, construction materials),
education (intergenerational knowledge reuie to ensure sustainable survival
throughout time and maintain personal and community identity), commerce (barter
items and stability of extended trade networks), hospitality, energy (fuel), transportation
(land and water travel, waystops, navigational guides), recreation (scenic visitation
areas), and economic support for specialized roles such as religious leaders and
teachers.
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Individuals working at the Hanford Site are routinely monitored for radiation exposure.
The primary radiation dose limit established by DOE to control worker exposure is 5 remn/yr
(10 CFR Part 835). As discussed in Section 5.3.4.1.1, DOE established an administrative control
level of 2 rem/yr for all DOE activities. The Hanford Site established a site-specific
administrative control limit of 500 inmrem/yr for the majority of the workers, and only on rare
occasions would workers incur doses greater than 500 mrem/yr. Worker doses at the Hanford
Site have been significantly below the 500-mrern/yr limit, largely as a result of the
implementation of the ALARA program. Use of DOE's ALARA program ensures that worker
doses are kept well below applicable standards.
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For on-site workers, potential radiation exposures from the inhalation and water ingestion
pathways were much smaller than those from the external radiation pathway. The estimated
inhalation dose to a non-DOE individual working at the site was estimated to be 0.0055 mrem/yr
(DOE 2015a), and the estimated dose to an on-site worker from drinking contaminated water
was estimated to be 0.019 mrem/yr (DOE 2015Sa). Both of these dose estimates are conservative;
the actual doses from these two pathways were probably much lower (DOE 2015a).
According to the worker radiation exposure data published by DOE (20 15b), in 2015,
659 workers received measurable doses from activities at the Hanford Site. A collective dose of
40.7 person-rem was recorded, which would result in an average individual dose of 62 mrem/yr.
6.1.5 Ecology
The Hanford Site is located within a shrub-steppe desert dominated by perennial shrubs
and bunchgrasses (Agropyron spp.). The relatively undisturbed shrub-steppe, riverine, and
riparian habitats at the Hanford Site are considered to be biologically important (The Nature
Conservancy 2003b). Shrub-steppe habitat is considered a priority habitat (habitat types or
elements with unique or significant value to a diverse assemblage of species) by the State of
Washington (WDFW 2008) and a Level III resource (biological resources that require mitigation
because of their state listing, potential for federal or state listing, unique or significant value for
biota, special administration designation, or environmental sensitivity) under the Hanford Site
Biological Resources Management Plan (DOE 2001lb). On upland, undisturbed areas (especially
on zonal, silt loam soils), the vegetation is dominated by big sagebrush (Artemisia tridentata)
and associated shrubs, perennial bunchgrasses, and forbs, whereas plant communities on sandy
soils and stony loams are characterized by bitterbrush (Purshiatridentata) and several species of
desert buckwheat (Eriogonum spp.). In the areas where fires have removed shrubs, large areas of
grass-dominated communities have developed (Poston and Sackschewsky 2007).
_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_
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American Indian Text
Indian People have lived in these lands for a very long time and thus have learned about
the resources and their ecological interrelationships. They knew about environmental
indicators that foretold seasons and conditions that guided them. When Clif Swallows
first appear in the spring, their arrival is an indicator that the fish are coming up the
river. Doves are the fish counters, telling how many fish are coming. Many natural

phenomena foretell when the earth is coming alive again in the spring, even if things are
dormant underground. The Tribes have traditional ecological knowledge of this
environment and tribal people have ceremonies that acknowledge the arrival of Spring.
The winds bring information about what will happen. It provides guidance about how to
bring balance back to the land.
31
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In 2000, 66,322 ha (163,884 ac) of land were burned by the 24 Command Fire
(a wildfire); 56,246 ha (138,986 ac) of the burning took place within the Hanford Site. This
wildfire consumed nearly all of the vegetative cover within the Fitzner Eberhardt Arid Lands
Ecology Reserve and a large portion of Hanford's central plain (Tiller et al. 2000). The extent of
the fire included areas to the west, south, and east of but not including the GTCC reference
location at the Hanford Site. About 85% of the vegetation was significantly reduced within the
fire area, including 18 ha (44 ac) of willow riparian habitat. Potential long-term impacts from the
fire include establishment of invasive species and changes in natural plant communities
(DOE 2012). Most of the disturbed areas at Hanford (including areas burned by wildfire and
abandoned farmlands), where the native shrub component has been modified severely or
replaced altogether, are dominated by nearly pure stands of cheatgrass (DOE 1999).
Invasive plant species are one of the most serious threats to native biodiversity at the
Hanford Site (The Nature Conservancy 2003a,b). About 25% of the nearly 730 plant species that
occur on the Hanford Site are nonnative species (Sackschewsky and Downs 2001), with
cheatgrass and diffuse knapweed (Centaurea diffusa) being among the dominant nornative
species. Vegetation types with a significant cheatgrass understory (which often occur in heavily
grazed or disturbed areas) are generally of lower habitat quality than those areas with a
bunchgrass understory (Poston and Sackschewsky 2007).
The GTCC reference location primarily contains a sagebrush/bunchgrass-cheatgrass
plant community (Poston et al. 2010). The dominant plant species on the 200 Area Plateau are
big sagebrush, rabbitbrush (Chrysothamnus spp.), cheatgrass, and Sandberg's bluegrass (Poa
secunda) (Sackschewsky and Downs 2001). The understory vegetation in these communities
includes forbs, bunchgrasses, and a cryptogamic soil crust. The common bunchgrass species
include needle-and-thread (Hesperostipacomata), Indian ricegrass (Achnatherum hymenoides),
Cusick's bluegrass (Poa cusickii), and Idaho fescue (Festuca idahoensis)(Sackschewsky and
Downs 2001). Most of the waste disposal and storage sites in the 200 Areas are planted with
nonnative crested or Siberian wheatgrass (Agropyron cristatum or A. fragile) to stabilize surface
soil, control soil moisture, or displace more invasive deep-rooted species, such as Russian thistle
(Salsola kali) (Poston and Sackschewsky 2007). Russian thistle and rabbitbrush that occur in
these areas are deeply rooted. Deeply rooted plants have the potential to accumulate
radionuclides or other contaminants (DOE 1999).
Wetlands on the Hanford Site primarily occur in the riparian zone along the Columbia
River. Rattlesnake and Snively Springs also support riparian wetland habitats. Large wetland
ponds created by irrigation runoff occur north of the Columbia River. These ponds are used
extensively as nesting sites by waterfowl (DOE 2012). Other wetland habitats include the
man-made ponds and ditches occurring on the Hanford Site, including the B Pond Complex near
the 200 East Area. Since effluent flows to the B Pond Complex have ceased, that complex is
slowly reverting to an upland shrub-steppe ecosystem. Wetland plants, such as cattails and
bulrushes, occur in scattered patches at West Lake (DOE 1999). No wetland habitats occur
within the immediate vicinity of the GTCC reference location.
More than 300 species of terrestrial vertebrates occur on the Hanford Site (46 mammals,
246 birds, 12 reptiles, and 5 amphibians) (Poston and Sackschewsky 2007). Common mammal
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species at the Hanford Site include elk (Cervus elaphus), mule deer (Odocoileus hemionus),
coyote (Canis latrans), bobcat (Lynx rufus), American badger (Taxidea tax us), black-tailed
jackrabbit (Lepus californicus), mountain cottontail (Sylvilagus nuttalilii), Townsend's ground
squirrel (Sperm ophilus townsendii), northern pocket gopher (Thomomys talpoides), bushy-tailed
woodrat (Neotoma cinerea), brown rat (Rattus norvegicus), and house mouse (Mus musculus)
(Downs et al. 1993). During summer, the pallid bat (Antrozouspallidus), little brown myotis
(Myotis lucifugus), and Yuma myotis (M. yumanensis) are common at riparian habitats and near
buildings (Downs et al. 1993). The Great Basin pocket mouse (Perognathusparvus)and North
American deermouse (Peromyscus man iculatus) are the most abundant and second most
abundant mammal species on the Hanford Site, respectively. The coyote is the most abundant
large carnivore. Mule deer are common and range over the entire Hanford Site but are most
common along the Columbia River (Downs et al. 1993; Fitzner and Gray 1991). Within the
Hantford Site, elk occur primarily within the Fitzner Eberhardt Arid Lands Ecology Reserve.
They do not occur in the vicinity of the 200 East Area (Tiller et al. 2000) but are occasionally
observed on the 200 Area Plateau and at the White Bluffs boat launch area. A number of bat
species, the Norway rat, and the house mouse are common near buildings (Fitzner and
Gray 1991). The black-tailed jackrabbit is commonly associated with mature stands of
sagebrush, while mountain cottontails are commonly associated with buildings, debris piles, and
equipment laydown areas associated with laboratory and industrial activities (DOE 1999).
Among the bird species that have been recorded at the Hanford Site, 145 species are
considered to be common (Poston and Sackschewsky 2007). Common passerines include the
western meadowlark (Sturnella neglecta), horned lark (Eremop/uila alpestris), long-billed curlew
(Numenius americanus), vesper sparrow (Pooecetes gramineus), sage sparrow (Amphispiza
belli), sage thrasher (Oreoscoptes montanus), grasshopper sparrow (Ammodramus savannarum),
and loggerhead shrike (Lanijus ludovicianus) (DOE 1999). Common upland game birds include
the chukar (Alectoris chukar), California quail (Callipeplacalifornica), and ring-necked
pheasant (Phasianuscoichicus). Western sage grouse (Centrocercusurophasianus), gray
partridge (Perdixperdix),and scaled quail (Callipeplasquamata) also occur on the site. Twentysix species of raptors have been observed on the Hanford Site, with 11 species known to nest on
the site (DOE 1999). These species include the American kestrel (Falco sparverius), red-tailed
hawk (Buteojamaicensis), Swainson's hawk (Buteo swainsoni), golden eagle (Aquila
chrysaetos), northern harrier (Circus cyaneus), prairie falcon (Falco mexicanus), barn owl (Tyto
alba), great horned owl (Bubo virginianus), long-eared owl (Asio otus), and burrowing owl occur
year long at the Hanford Site. The ferruginous hawk (Buteo regalis) will nest on transmission
line support structures (DOE 1999). Bird species that occur within wetland and riparian habitats
include a number of neotropical migrants, migratory waterfowl, and shorebirds. Large numbers
of ducks and geese occur along the Hanford Reach of the Columbia River during fall and winter
months, with white pelicans (Pelecanuserythrorhynchos), double-crested cormorants
(Phalacrocoraxauritus), and common loons (Gavia immer) also occurring during winter months
(DOE 1999). Waterfowl, shorebirds, and other birds also make use of the on-site waste ponds
and West Lake (Fitzner and Gray 1991). Fitzner and Rickard (1975) observed 126 bird species
that utilized the small waste ponds (including their associated vegetation and air space) on the
200 Area Plateau.
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The side-blotched lizard (Uta stansburiana)is the most common reptile species occurring
throughout the Hanford Site. The most common snake species include the racer (Coluber
constrictor), the gophersnake (Pituophiscatenifer), and the western rattlesnake (Crotalus viridis)
(Poston and Sackschewsky 2007). Amphibians reported from the Hanford Site include the Great
Basin spadefoot toad (Spea intermontana),western toad (Anaxyrus boreas), Woodhouse's toad
(Anaxyrus woodhousii), tiger salamander (Ambystoma tigrinumn), bullfrog (Lithobates
catesbeianus),and Pacific treefrog (Pseudacrisregilla) (Poston and Sackschewsky 2007;
Bilyard et al. 2002). They occur near permanent water bodies and along the Columbia River
(DOE 1999).
_______________________________________

American Indian Text
There are big horned rattlesnakes that are very big rattlesnakes. These were a part of

our lives and we treated them with respect. We called them grandfather. Most of these
green and black rattlesnakes began to disappear years ago but some lasted until a few
years ago. These big homned snakes seem to be gone now due to changes in the land.
The elk used to live down here, but now the changes have pushed most of them away
(Wanupum elder).
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The major aquatic habitat on the Hanford Site is the Columbia River (DOE 2012). It is
located about 11 km (6.8 mi) from the 200 East Area (DOE 2012). The Yakima River, a major
tributary to the Columbia River, also crosses through a small portion of the southern boundary of
the site. Other natural aquatic habitats on the site include small spring-streams and seeps located
primarily in the Rattlesnake Hills area; West Lake (also known as West Pond) located north of
the 200 East Area (currently less than 2 ha [5 acres] in size); and three clusters of about 20 vernal
pools and ponds located at the eastern end of Umatanum Ridge, central portion of Gable Butte,
and at the eastern end of Gable Mountain. Several artificial ponds also occur on the Hanford Site.
Three Liquid Effluent Retention Facility impoundments occur just east of the 200 East Area.
None of these habitats occur within the immediate vicinity of the GTCC reference location.
The federally and state-listed species occurring or potentially occurring on the Hanford
Site are listed in Table 6.1.5-1. None of the federally threatened, endangered, or candidate
species occur within the GTCC reference location (Poston and Sackschewsky 2007).

6.1.6 Socioeconomiics
Socioeconomic data for Hanford describe an ROI consisting of two counties, Benton and
Franklin Counties in Washington, that surrounds the site. More than 90% of Hanford workers
reside in these counties (Fowler and Scott 2007).
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American Indian Text
Columbia River salmon runs, once the largest in the world, have declined over 90%
during the last century. The 7.4 - 12.5 million average annual number of fish above
Bonneville Dam have dropped to 600,000. Of these, approximately 350,000 are
produced in hatcheries. Many salmon stocks have been removed from major portions of
their historic range.
Multiple salmon runs reach the Hantford Nuclear Reservation. These runs include Spring
Chinook, Fall Chinook, Sockeye, Silver and Steelhaead. The runs tend to begin in April
and end in November. Salmon runs have been decimated as a result of loss and change
to habitat. The changes include non-tribal commercial fisheries, agriculture interests,
and especially construction of hydro-projects on the Columbia River. Protection and
preservation of anadromous fisheries were not a priority when the 227 Columbia River
dams were constructed. Some dams were constructed without fish ladders and
ultimately eliminated approximately half of the spawning habit available in the Columbia
System.
The Hanford Reach is approximately 51 miles long and is the only place on the upper
main stem of the Columbia River where Chinook salmon still spawn naturally. This
reach is the last free flowing section of the Columbia River above Bonneville Dam. It
produces about eighty to ninety percent of the fall Chinook salmon run on the Columbia
River.
Tribal elders say that the last runs of big salmon (Chinook) that camne through the
Hartford Reach occurred in 1905. Non-Tribal Commercial fisheries on the lower
Columbia are largely responsible for the loss of the large Chinook salmon. The Columbia
River Tribes, out of a deep commitment to the fisheries and in spite of the odds, plan to
restore stocks of Chinook, Coho, Sockeye, Steelhead, Chum, Sturgeon and Pacific
Lamprey. This effort was united in 1995 under a recovery plan called the Wy-Kan-UshMi Wa-Kish-Wit (Spirit of the Salmon). Member tribes are the Nez Perce Umatilla, Warm
Springs and Yakama.
Indian People see themselves as the keepers of ancient truths and laws of nature.
Respect and reverence for the perfection of Creation are the foundation of their culture.
Salmon are part of our spiritual and cultural identity. Tribal values are transferred from
generation to generation with the salmon returns. Without salmon, tribes would lose the
foundation of their spiritual and cultural identity.
All tribes affected by the Hantford site are co-managers of Columbia River fisheries
including assisting in tagging fry and counting redds along the Hartford Reach for the
purposes of estimating fish returns. This information is essential in the negotiation of
fish harvest between the USA and Canada as well as between Indian and non-Indian
fishermen. In many ways, the loss of salmon mirrors the plight of native people. Elders
remind us that the fate of humans and salmon are linked. The circle of life has been
broken with the loss of traditional fishing sites and salmon runs on the Columbia River.
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Endangered,
TABLE 6.1.5-1 Federally and State-Listed Threatened,
and Other Special-Status Species on the Hanford Site

Common Name
(Scientific Name)

Statusa
Federal/State

Plants
Awned halfchaff sedge (Lipocarphaaristulata)
Beaked spike-rush (Eleocharisrostellata)
Canadian St. John's wort (Hypericum ma]us)
Chaffweed (Anagallis minima)
Columbia milkvetch (Astragalus columbianus)
Columbia yellowcress (Rorippacolumbiae)
Coyote tobacco (Nicotianaattenuata)
Desert cryptantha (Cryptantha scoparia)
Desert dodder (Cuscuta denticulata)
Desert evening-primrose (Oenotheraprimiveris)
Dwarf evening primrose (Camissoniapygmaea)
Fuzzytongue penstemon (Penstemon eriantherus)
Geyer's milkvetch (Astragalusgeyeri)
Grand redstern (Ammannia robusta)
Gray cryptantha (Cryptantha leucophaea)
Great Basin gilia (Gilia leptomeria)
Hepatic monkeyflower (Mimulusjungermannioides)
Hoover's desert parsley (Lomatium tuberosum)
Lowland toothcup (Rotala ramosior)
Palouse goldenweed (Pyrrocoma liatriformis)
Piper's daisy (Erigeronpiperianus)
Rosy pussypaws (Cistanthe rosea)
Small-flowered evening primrose (Camissonia minor)
Snake River cryptantha (Cryptantha spiculifera)
Spreading loeflingia (Loeflingia squarrosassp. squarrosa)
Suksdorf's monkeyflower (Mimulus suksdorfii)
Umutanum desert buckwheat (Eriogonum codium)
Ute ladies'-tresses (Spiranthes diluvialis)
White Bluff bladderpod (Lesquerella tuplashensis)
White eatonella (Eatonella nivea)

-/ST
-/SS
-/SS
-/ST
SC/SS
SC/SE
-/SS
-/SS
-/ST
-/SS
-/SS
-/SS
-/ST
-/ST
SC/SS
-/ST
SC/X
SC/SS
-/ST
SC/ST
-/SS
-/T
-/SS
-/SS
-/ST
-/SS
C/SE
T/E
C/ST
-/ST

Molluscs
Califormia floater (Anodonta californiensis)
Giant Columbia River spire snail (Fluminicolacolumbiana)
Shortfaced lanx (Fisherolanuttalli)

SC/SCa
SC/SCa
-/SCa

Insects
Columbia clubtail (Gomphus lynnae)
Columbia River tiger beetle (Cicindela columbica)
Silver-bordered fritillary (Boloriaselene atrocostalis)

SC/SCa
-/SCa
-/SCa

Fish
Bull trout (Salvelinus confluentus)
Leopard dace (Rhinichthysfalcatus)
Marg~inal_ .sculpin_(_Cottus_ margina~tu~s~)....

T/SCa
-/SCa
SC/S S
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TABLE 6.1.5-1 (Cont.)

Common Name
(Scientific Name)
Fish (Cont.)
Mountain sucker (Catostomus platyrhynchus)
Pacific lamprey (Lampetra tridentata)
River lamprey (Lampetra ayresii)
Steelhead (redband trout) (Oncorhynchus mykiss)
Western brook lamprey (Lampetra richardsoni)

Statusa
Federal/State

-/SCa

SC/SC/SCa
SC/SCa

SC/-

Amphibians and Reptiles
Northern sagebrush lizard (Sceloporus graciosusgraciosus)
Sagebrush lizard (Sceloporus graciosus)
Striped whipsnake (Masticophis taeniatus)
Western toad (Anaxyrus boreas)

SC/SCa
SC/SCa
-/SCa
SC/SCa

Birds
American white pelican (Pelecanus erythrorhynchos)
Bald eagle (Haliaeetusleucocephalus)
Burrowing owl (Athene cunicularia)
Common loon (Gavia immer)
Ferruginous hawk (Buteo regalis)
Flamulated owl (Otusfiammeolus)
Golden eagle (Aquila chrysaetos)
Greater sage-grouse ( Centrocercusurophasianus)
Lewis's woodpecker (Melanerpes lewis)
Loggerhead shrike (Lanius ludovicianus)
Merlin (Falco columbarius)
Northern goshawk (Accipiter gentilis)
Peregrine falcon (Falcoperegrinus)
Sage sparrow (Amphispiza belli)
Sage thrasher (Oreoscoptes montanus)
Sandhill crane (Grus canadensis)
Western grebe (Aechmophorus occidentalis)
Yellow-billed cuckoo (Coccyzus americanus)

-/SE
SC/SS
SC/SCa
-/SS
SC/ST
-/SCa
-/SCa
C/ST
-/SCa
SC/SCa
-/SCa
SC/SCa
SC/SS
-/SCa
-/SCa
-/SE
-/SCa
C/SCa

Mammals
Black-tailed jackrabbit (Lepus californicus)
Merriam's shrew (Sorex merriami)
Pallid Townsend's big-eared bat (Corynorhinus townsendii
pallescens)
Pygmy rabbit (Brachylagusidahoensis)
Townsend's ground squirrel (Spermophilus townsendii)
Washington ground squirrel (Sperm ophilus washingtoni)
White-tailed jackrabbit (Lepu~s townsendiO
..

-/SCa
-/SCa
SC/SCa
E/E
SC/SCa
C/SCa
/....

Footnotes continue on next page.
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TABLE 6.1.5-1 (Cont.)

aC (candidate): A species for which the USFWS or National Oceanic and

Atmospheric Administration (NOAA) Fisheries has on file sufficient
information on biological vulnerability and threats to support a proposal to
list as endangered or threatened.
E (endangered): An animal or plant species in danger of extinction
throughout all or a significant portion of its range.
SC (species of concern): An informal term referring to a species that might
be in need of conservation action. This may range from a need for periodic
monitoring of populations and threats to the species and its habitat, to the
necessity for listing as threatened or endangered. Such species receive no
legal protection under the ESA and use of the term does not necessarily
imply that a species will eventually be proposed for listing.
SCa (state candidate): Under review for state listing.
SE (state endangered): In danger of becoming extinct or extirpated from
Washington.
SM (state monitor): Taxa of potential concern.
SS (state sensitive): Vulnerable or declining and could become endangered
or threatened in state.
ST (state threatened): Likely to become endangered in Washington.
T (threatened): A species likely to become endangered within the
foreseeable future throughout all or a significant portion of its range.
X: Possibly extinct or extirpated from Washington.
-:

Not listed.

Sources: Caplow (2003); DOE (2009); Poston and Sackschewsky (2007);
Poston et al. (2009); USFWS (2007a,b,c); WDFW (2009); WDNR (2009);
letter from K.S. Berg, USFWS, to A.M. Edelman, DOE (see Appendix F of this
ELS)
1

2
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American Indian Text
Artificial light can be a "pollutant" when it creates measurable harm to the environment.
Light can affect nocturnal and diurnal animals such as bats, owls, night crawlers and
other species. Night light also has known affects on diurnal creatures and plants by
interrupting their natural patterns. Light can affect reproduction, migration, feeding and
other aspects of a living organism's survival. Artificial light can also reduce the quality of
experience, including star gazing, during tribal culttural and ceremonial activities.
Extensive light pollution is already being produced by the Hantford site.

3
4
5
6
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1
6.1.6.1 Employment
2
In 2011, total employment in the ROI stood at 123,978 (U.S. Department of Labor 2012).
3
4 Employment grew at an annual average rate of 2.6% between 2002 and 2011. The economy of
5 the ROI was dominated by the agricultural and service industries, with employment in these
6 activities contributing about 72% to all employment (Table 6.1.6-1). Trade was also a large
7 employer in the ROI, contributing about 14% to total ROI employment. During fiscal year
8 (FY) 2006, an average of 9,759 employees were employed by DOE and its contractors (Fowler
9 and Scott 2007).
10
11
12
6.1.6.2 Unemployment
13
Unemployment rates have varied across the counties in the ROL (Table 6.1.6-2). Over the
14
15 10-year period 2002-20 11, the average rate in Franklin County was 7.7%, with a lower rate of
16 6.3% in Benton County. The average rate in the ROI over this period was 6.6%, lower than the
17 average rate in the state of 7.0%. Unemployment rates for 2011 were slightly higher than those
18 for 2010; in Franklin County, the unemployment rate increased from 8.7% to 8.8%, while in
19 Benton County, the rate rose from 7.4% to 7.6%. The average rates for the ROI rose from 7.8%
20 to 7.9%, and those for the state dropped from 9.9% to 9.2% during this period.
21
22
23
TABLE 6.1.6-1 Hanford Site: County and ROI Employment by Industry
24
in 2009

Sector

Benton
County

Franklin
County

ROI Total

Agriculturea
Mining
Construction
Manufacturing
Transportation and public utilities
Trade
Finance, insurance, and real estate
Services
Other
Total

20,427
0
3,808
3,224
814
10,229
2,718
35,380
2
76,665

13,636
60
1,324
2,058
949
4,096
689
6,700
0
29,515

34,063
60
5,132
5,282
1,763
14,325
3,407
42,080
2
106,180

% of ROI
Total
32.1
0.1
4.8

5.0
1.7
13.5
3.2
39.6
0.0

USDA (2008).
Source: U.S. Bureau of the Census (201 2a)
a

25

26
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American Indian Text

Direct production by tribes is part of the economy that needs to be represented,
especially considering the Tribe's emphasis on salmon recovery. This type of individual
commerce in modern economics is termed and calculated as "direct production". The
increase in direct production would be relational to the region's salmon recovery, yet
there is no economic measure (within the NEPA process) to account for this robust
element of a traditional economy.
In a traditional sense, direct production is a term of self and community reliance on the
environment for existence as opposed to employment or modern economies. Direct
production is use of salmon and raw plant materials for foods, ceremonial, and
medicinal needs and the associated trading or gifting of these foods and rmaterials.
Dietproduction needs to be understood, and should include elements like: use of
plant foods, ceremonial plants, medicinal plants, beadwork, hide work, tule mats and
dried salmon.
An example of this economy would be the documented number of Native Americans that
fished at Celflo Falls; as many as 1500 fisherman assembled at the site not far from
Hantford during the peak fishing seasons. Trading between and among tribes include but
are not limited to items like dentalia shells, mountain sheep horns, bows, horses,
baskets, tule mats, art, bead work, leather and raw hide, and buffalo.

2
3
4
5

TABLE 6.1.6-2 Hanford Site: Average
County, ROI, and State Unemployment
Rates (%) in Selected Years

Location

2002-2011

2010

Benton County
Franklin County
ROT
Washington

6.3
7.7
6.6
7.0

7.4
8.7
7.8
9.9

2011

7.6
8.8
7.9
9.2

Source: U.S. Department of Labor (2012)

6
7
8
9
10
11
12
13
14

6.1.6.3 Personal Income
Personal income in the goI stood at almost $8.9 billion in 2009, growing at an annual
average rate of growth of 3.8% over the period 2000--2009 (Table 6.1.6-3). ROI personal income
per capita also rose over the same period, reaching $36,214 in 2009, compared with $33,048 in
2000. Per-capita incomes were higher in Benton County ($40,164 in 2009) than elsewhere in the
ROI.

15

16
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American Indian Text
Modern Tribal Economy

A subsistence economy is one in which currency is limited because many goods and
services are produced and consumed within families or bands, and currency is based as
much on obligation and respect as on tangible symbols of wealth and immediate barter.
It is well-recognized in anthropology that indigenous cultures include networks of
materials interlinked with networks of obligation. Together these networks determine
how materials and information flow within the community and between the environment
and the community. Today, there is an integrated interdependence between formal
(cash-based) and informal (barter and subsistence-based) economic sectors that exists
and must be considered when thinking of economics and employment of tribal people.
Indian People engage in a complex web of exchanges that often involves traditional
plants, minerals, and other natural resources. These exchanges are a foundation of
community and intertribal relationships. Thus there are natural resource issues, some
of which are located on Hantford, that involve direct production that permeate Indian life.
Indian People catch salmon that become gifts to others living near and far. Sharing selfgathered food or self-made items is a part of establishing and mirantaining reciprocal
relationships. People have similar relationships between places and elements of nature,
which are based on mutual respect for the rights of animals, plants, places and people.
Use of the Hantford site and surrounding areas by tribes was tied primarily to the robust
Columbia River fishery. Past social activities of native people include gatherings for such
activities like marriages, trading, feasts, harvesting, fishing, and mineral collection.
Tnibal families and bands lived along the Columbia either year round or seasonally for
catching, drying and smoking salmon. The reduction of salmon runs, loss of fishing sites
due to dam impoundments and Hanford land use restrictions have contributed to the
degradation of the supplies necessary for this gifting and barter system of our tribal
culture.
The future of salmon and treaty-reserved fisheries will likely be determined during the
life of the GTCC waste. With the tremendous efforts to recover salmon (and other fish
species) by tribes, government agencies, and conservation organizations, Tribal
expectations are that these species will be recovered to healthy populations.
If aquatic species were to recover, the regional economy and tribal barter economy would
likely greatly increase in the Hanford area. These fish retuxrns and the associated social
and economic potential should be considered within the lifecycle of a GTCC waste
repository.
l
2
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2

TABLE 6.1.6-3 Hanford Site: County, ROT, and State Personal Income
in Selected Years

Income

2000

2009

Average Annual
Growth Rate (%),
2000-2009

Benton County
Total personal income (2011 $ in billions)
Personal income per capita (2011 $)

5.0
35,444

6.8
40,164

3.3
1.4

Franklin County
Total personal income (2011 $ in billions)
Personal income per capita (2011 $)

1.3
26,130

2.1
27,619

5.8
0.6

ROI total
Total personal income (2011 $ in billions)
Personal income per capita (2011 $)

6.3
33,048

8.9
36,214

3.8
1.0

Washington
Total personal income (2011 $ in billions)
Personal income per capita (2011 $)

250.2
42,454

299.5
44,949

2.0
0.6

Source: DOC (2012)

3

4
5

6
7

8
9
10
11
12
13
14
15

16

6.1.6.4 Population

The population of the ROI was at 253,340 in 2010 (U.S. Bureau of the Census 2012b)
and was expected to reach 267,833 by 2012 (Table 6.1.6-4). In 2010, 175,177 people were living
in Benton County (about 69% of the ROT total). Over the period 2000-2010, the population in
the ROT as a whole grew moderately, with an average annual growth rate of 2.8%, with a higherthan-average annual growth in Franklin County (4.7%). The population in Washington as a
whole grew at a rate of 1.3% over the same period.
TABLE 6.1.6-4 Hanford Site: County, ROI, and State Population in Selected
Years

Location

1990

2000

2010

Average Annual
Growth Rate (%),
200(02010

Benton County

112,560
37,473
150,033
4,866,692

142,478
49,347
191,825
5,894,121

175,177
78,163
253,340
6,724,540

2.1
4.7
2.8
1.3

Franklin County
ROI total
Washington

2012a
182,568
85,694
267,833
6,904,167

a Argonne National Laboratory projections.

Source: U.S. Bureau of the Census (20 12b)

6-61

January 2016
January 2016

Final GTCC EIS

1

2

FinaHanford
GTCEIS6:
Site (Alternatives 3, 4, and 5)

6.1.6.5 Housing

The housing stock in the ROI as a whole grew at an annual rate of 2.6% over the period
3
4 2000-2010 (Table 6.1.6-5). A total of 20,994 new units were added to the existing housing stock
5 in the ROI between 2000 and 2010. In 2010, 4,492 housing units in the ROI were vacant, of
6 which 1,449 were rental units that could be available to construction workers at the GTCC
7 LLRW and GTCC-like waste disposal facility.
8
9
10
6.1.6.6 Fiscal Conditions
11
Expenditures of the various jurisdictions and school districts in the ROI are presented in
12
Table
6.1.6-6.
Additional revenues to support these expenditures could come primarily from
13
14 state and local sales tax revenues associated with employee spending during construction and
15 operations and be used to support additional local community services currently provided by
16 each jurisdiction.
17
18
19
6.1.6.7 Public Services
20
Data on employment related to providing public safety, fire protection, community and
21
22 educational services, and local physician services in the counties, cities, and school districts
23
24
25
TABLE 6.1.6-5 Hanford Site: County
26
and ROI Housing Characteristics in
27
Selected Years
Parameter

28

2000

2010

Benton County
Owner occupied
Rental
Vacant units
Total units

36,344
16,522
3,097
55,963

44,852
20,722
3,314
68,618

Franklin County
Owner occupied
Rental
Vacant units
Total units

9,740
5,100
1,244
16,084

23,245
7,846
1,178
24,423

ROI
Owner occupied
Rental
Vacant units
Total units

46,084
21,622
4,341
72,047

67,827
28,568
4,492
93,041

Source: U.S. Bureau of the Census (2012b)
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TABLE 6.1.6-6 Hanford Site: County, ROI, and State
Public Service Expenditures in 2006 ($ 2011 in millions)a

1
2

Location
Benton County
Franklin County
ROL total
Washington
a

Local Government

School District
147.1

124.5
48.4
172.9
34,005

66.5
213.6
8,648

Argonne National Laboratory projections.

3
4
5

6
7
8
9
10
11
12
13
14

likely to host relocating construction workers and operations employees are presented. This
information is used to determine whether additional demands on these various public services
could result from the construction and operations of a GTCC LLRW and GTCC-like waste
disposal facility. Table 6.1.6-7 presents data on employment and levels of service (number of
employees per 1,000 population) for public safety. Table 6.1.6-8 provides staffing and level-ofservice data for school districts. Table 6.1.6-9 covers physicians.
TABLE 6.1.6-7 Hanford Site: County, ROI, and State Public
Service Employment in 2009

Benton County

Service
Police protection
_Fire protectionb

No.

Level of
Servicea

No.

Level of
Servicea

0.3
0.9

27
47

0.3
0.6

56
150

Washingtonc

ROL

Service
Police protection
Fire protectionb

No.
83
197

Franklin County

Level of
Servicea
0.3
0.8

No.

9,527
6,696

Level of
Servicea
0.5
1.0

a

Level of service represents the number of employees per 1,000 persons
in each county.

b

Does not include volunteers.

C

2006 data.

Sources: U.S. Bureau of the Census (2008a,b; 2012b,c); FBI (2012); Fire
Departments Network (2012)

15

6-63

January 2016
January 2016

Final GTCC EIS

FinaHanford
GTC EIS6:Site (Alternatives 3, 4, and 5)

TABLE 6.1.6-8 Hanford Site:
County, ROI, and State Education
Employment in 2011

Location
Benton
Franklin
ROI total
Washington
a

TABLE 6.1.6-9 Hanford Site:
County, ROI, and State Medical
Employment in 2010

No. of
Teachers

Level of
Servicea

County

1,590

20.4
19.2
19.9
19.3

Benton
Franklin
ROI total
Washingtonb

870
2,460
53,448

Level of service represents the number

Level of
Servicea

452
68
520
16,243

2.6
0.9
2.1
2.5

of service represents the
number of physicians per 1,000
persons imeach county.

aLevel

of teachers per 1,000 persons in each
county.

b2006 data.

Sources: National Center for Educational
Statistics (2012); U.S. Bureau of the
Census (20 12b,c)

Sources: AMA (2012); U.S. Bureau of
the Census (2008b, 201 2b)

2

3
4

No. of
Physicians

6.1.7 Environmental Justice

5

6
7

8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Figures 6.1.7-1 and 6.1.7-2 and Table 6.1
show the minority and low-income
compositions of the total population located in the.7-1
80-km (50-mi) buffer around the Hanford Site
from Census Bureau data for the year 2010 and from CEQ guidelines (CEQ 1997). Persons
whose incomes fall below the federal poverty threshold are designated as low income. Minority
persons are those who identify themselves as Hispanic or Latino, Asian, Black or African
American, American Indian or Alaska Native, Native Hawaiian or other Pacific Islander, or
multi-racial (with at least one race designated as a minority race under CEQ). Individuals
identifying themselves as Hispanic or Latino are included in the table as a separate entry.
However, because Hispanics can be of any race, this number also includes individuals who also
identified themselves as being part of one or more of the population groups listed in the table.

A large number of minority and low-income individuals are located in the 50-mi (80-kin)
area around the boundary of the reference location. Within the 50-mi (80-kmn) radius in Oregon,
38.4% of the population is classified as minority, while 14.9% is classified as low income.

However, the number of minority individuals does not exceed the state average by 20
percentage points or more, and the number of minority individuals does not exceed 50% of the
total population in the area; that is, there is no minority population in the Oregon portion of the
50-mi (80-kin) area as a whole based on 2010 Census data and CEQ guidelines. The number of
25 low-income individuals does not exceed the state average by 20 percentage points or more and
26 does not exceed 50% of the total population in the area; that is, there are no low-income
27 populations in the Oregon portion of the 50-mi (80-kin) area around the reference location as a
28 whole.
29
30
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FIGURE 6.1.7-1 Minority Population Concentrations in Census Block Groups within an
80-km (50-mi) Radius of the GTCC Reference Location at the Hanford Site (Source:
U.S. Bureau of the Census 2012b)
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FIGURE
Concentrations in Census Block Groups within
an 80-km 6.1.7-2
(50-mi) Low-Income
Radius of thePopulation
GTCC Reference
Location at the Hanford Site (Source:
U.S. Bureau of the Census 2012b)
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TABLE 6.1.7-1 Minority and Low-Income Populations within an 80-km
(50-mi) Radius of the Hanford Site

Population

Total population
White, non-Hispanic
Hispanic or Latino
Non-Hispanic or Latino minorities

Oregon Block
Groups

Washington
Block Groups

44,846
27,620

566,519
312,541
218,904
35,074

15,183
2,043

One race
Black or African American
American Indian or Alaskan Native
Asian
Native Hawaiian or other Pacific Islander
Some other race
Two or more races
Total minority
Percent minority
Low-income
Percent low-income
State percent minority
State percent low-income

1,427
438
441
440
71
37
616
17,226

25,391
5,648
9,757
8,714

496
776
9,683
253,978

38.4%

44.8%

2,081

28,365

14.9%

16.0%

21.5%

27.5%

14.3 %

12.3 %

Source: U.S. Bureau of the Census (2012b)
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Within the 50-nil (80-kmn) radius in Washington, 44.8% of the population is classified as
minority, while 16.0% is classified as low income. The number of minority individuals does not
exceed the state average by 20 percentage points or more, and the number of minority
individuals does not exceed 50% of the total population in the area; that is, there is no minority
population in the Washington portion of the 50-mi (80-kin) area as a whole area based on 2010
Census data and CEQ guidelines. The number of low-income individuals does not exceed the
state average by 20 percentage points or more and does not exceed 50% of the total population in
the area; that is, there are no low-income populations in the Washington portion of the 50-mi
area (80-kmn) area around the reference location as a whole.

6.1.8 Land Use

The 151,775-ha (375,040-ac) Hanford Site was established in 1943 as a defense materials
production site that included nuclear reactor operations, uranium and plutonium processing,
storage and processing of SNF, and management of radioactive and hazardous wastes. To
support its mission, nine plutonium production reactors were constructed on the site. People who
had been residing on the site were relocated, and the existing farmsteads and villages were
abandoned. The reactors operated through the 1960s; most of them were phased out by 1969. By
1970, only the N Reactor was operational. It stopped producing plutonium in 1988 (Fitzner and
25 Gray 1991).
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American Indian Text
President Clinton signed Executive Order 12898 to address Environmental Justice
issues and to commit each federal department and agency to "make achieving
Environmental Justice part of its mission." According to the Executive Order, no single
community should host disproportionate health and social burdens of society's polluting
facilities. Many American Indians are concerned about the interpretation of
"Environmental Justice" by the U.S. Federal Government in relation to tribes. By this
definition, tribes are included as a minority group. However, the definition as a minority
group fails to recognize tribes' sovereign nation-state status, the federal trust
responsibility, or protection of treaty and statutory rights of American Indians. Because
of a lack of the these details, tribal governments and federal agencies have not been able
to develop a clear definition of Environmental Justice in Indian Country, and thus it is
difficult to determine appropriate actions.
American Indian and Alaskan Natives use and manage the environment holistically;
everything is viewed as living and having a spirit. Thus, many federal and state
environmental laws and regulations designed to protect the environment do not fully
address the needs and concerns of American Indian and Alaskan Natives. Land based
resources are the most important assets to tribes spiritually, cutlturally and
economically.
DOE analysis of Environmental Justice is uniformly inadequate to address Native
American rights, resources, and concerns. At Hantford, Tribal rights, health, and
resources are always more impacted than those of the general population due to the
traditional lifeways, close connections to the natural and cultural resources, and natural
resource trusteeship. Thus, Hantford EJ analyses generally find that beneficial impacts
of new missions, such as new jobs or more taxes, accrue to the local non-native
community, yet fail to recognize that the majority of negative impacts accrue to Native
Americans, such as higher health risk, continuation of restricted access, lack of natural
resource improvement, and so on. The identification of rural EJ populations, particularly
Native Americans, is not always obvious if an impacted area is not directly on a
reservation. Further, Native American communities face environmental exposures that
are greater than those faced by other EJ communities because of their greater contact
with the environment that occurs during traditional practices and resource uses.
1
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Since its incorporation into the Hanford Site, the land has been protected from livestock
grazing, agricultural encroachment, and recreational off-highway use (Vaughan and
Rickard 1977). In 1967, a 26,000-ha (64,000-ac) area of Hanford (the Arid Land Ecology
Reserve in the southwestern section of the Hanford Site) was designated as an environmental
research area. In 1977, the entire Hanford Site was designated as a NERP. In 1978, the Hanford
Reach of the Columbia River was re-opened for public access after a period of 25 years of
restricted access. Public access west of the river is still restricted. However, wildlife research by
Hanford Site contractors and university personnel is encouraged within this area (Fitzner and
Gray 1991).
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American Indian Text
The Indian People recomm_'end that DOE continue efforts to identify special places and
landscapes with spiritual significance. Newly identified sites would be added to those
already requiring American Indian ceremonial access and needing long-term
stewardship.
The Tribes maintain that aboriginal and treaty rights allow for the protection, access to,
and use of resources. These rights were established at the origin of the Native People
and persist forever. There are sites or locations within the existing Hantford reservation
boundary with tribal significance that are presently restricted through DOE's
institutional controls and should be considered for special protections or set aside for
traditional and contemporary ceremonial uses. Sites like the White Bluffs, Gable
Mountain, Rattlesnake Mountain, Gable Butte, and the islands on the river are known
to have special meaning to Tribes and should be part of the discussion for special access
and protection. These locations should be placed in co-muanagement with DOE, FWS and
the Tribes for long-term management and protection.

1

2

________________________________

American Indian Text
The Native people will continue to work with DOE via its cooperative agreement on
cleanup issues to ensure that treaty rights and cultural and natural resources are being
protected and that interim cleanup decisions are protective of human health and the

environment.
3
4
5
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Land use categories at Hanford include preservation, conservation, recreation, industrial,
and R&D (DOE 2012). Only about 6% of the site has been disturbed for DOE facilities, which
are widely dispersed throughout the site (DOE 2012). Much of the site is undeveloped, providing
a safety and security buffer for the smaller areas used for site operations. Programs currently
conducted at the Hanford Site include management of radioactive wastes; cleanup of waste sites,
soils, and groundwater related to past releases; stabilization and storage of SNF; renewable
energy technologies; waste disposal technologies; contamination cleanup; and plutonium
stabilization and storage. The GTCC reference location would be situated within an industrial
(exclusive) area that borders the extensive conservation (mining) land use area.

15

16
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The 200 Areas cover about 5,100 ha (12,600 ac) within the Central Plateau portion of the
Hanford Site. The 200 East and West Area facilities were built to process irradiated fuel from
production reactors. Subsequent liquid wastes that were produced as a result of fuel processing
were placed in tanks or disposed of in cribs, ponds, or ditches in the 200 Area. Treatment,
storage, and disposal of solid wastes are conducted near the 200 Area. Unplanned releases of
radioactive and nonradioactive waste have contaminated some portions of the 200 Area. The
U.S. Navy also uses Hanford nuclear waste treatment, storage, and disposal facilities. DOE
constructed the Environmental Restoration Disposal Facility (ERDF) next to the southeast corner
of the 200 West Area to provide disposal capacity for environmental remediation waste
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(e.g., LLRW, mixed LLRW, and dangerous wastes) generated during remediation of the 100,
200, and 300 Areas of the Hanford Site. A commercial LLRW disposal facility operated by
American Ecology currently occupies about 40 ha (100 ac) of the 200 Area Plateau. This facility,
located just west of the GTCC reference location, is located on lands leased by the State of
Washington from the federal government and subleased to US Ecology, Inc. Descriptions of the
activities that occur in the other operational areas and other developed areas of the Hanford Site
can be found in DOE (2012).
Most of the Hanford Site is administered by DOE for waste management, environmental
restoration, and R&D. Some portions are administered by other agencies. In 2000, the President
issued a proclamation establishing the 78,900-ha (195,000-ac) Hanford Reach National
Monument that surrounds the central portion of the Hanford Site (The Nature
Conservancy 2003b). The Monument includes land adjacent to the Columbia River and other
areas on the Hanford Site that encompass the Saddle Mountain National Wildlife Refuge and the
Fitzner-Eberhardt Arid bands Ecology Reserve. The USFWS manages most of the lands within
the Monument under existing agreements with DOE. Those lands within the Monument not
subject to existing agreements are managed by DOE; however, DOE must consult with the
Secretary of the Interior when developing any management plans that could affect these lands.
Land use within the vicinity of the Hanford Site includes urban and industrial
development, wildlife protection areas, recreation, irrigated and dry land farming, and livestock
grazing. These land use practices are not expected to change drastically during the upcoming
decades. An LLRW decontamination, supercompaction, plasma gasification,
macro-encapsulation, and vitrification unit (operated by Permafix) and a commercial nuclear fuel
fabrication facility (operated by AREVA) adjoin the Hanford Site.

6.1.9 Transportation

The Tri-Cities (Kennewick, Pasco, and Richland) serve as a regional transportation and
distribution center with major air, land, and river connections. Interstate highways that serve the

________________

______________

A~merican Indian Text[
A Presidential Proclamation established the Hantford Reach National Monument
(Monument) (presidential Proclamation 7319) and it directed the DOE and the U.S. Fish

and Wildlife Service (FWS) jointly manage the monument. The Monument covers an area
of 196,000 acres on the Department of Energy's (DOE) Hantford Reservation. DOE
permits and agreements delegate authorities to FWS for 165,000 acres. The DOE directly
manages approximately 29,000 acres, and the Washington Department of Fish and
Wildlife currently manages the remainder (approximately 800 acres) through a separate
DOE permit. The Monument is co-managed by the FWS and the DOE; each agency has
several missions they fulfill at the Hantford Site. The FWS is responsible for the
protection and management of Monument resources and people's access to

fContinued on next page
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Continued
Monument lands under FWS control. The FWS also has the responsibility to protect and
recover threatened and endangered species; administer the Migratory Bird Treaty Act;
and protect fish, wildlife and Native American and other trust resources within and
beyond the boundaries of the Monument.
The FWS developed a comprehensive conservation plan (CCP) for management of the
Monument as part of the National Wildlife Refuge System as required under the National
Wildlife Refuge System Improvement Act. The COP is a guide to managing the Monument
lands (165,000 acres). It should be understood that FWS management of the Monument
is through permits or agreements with the DOE.
The National Monument encompasses a biologically diverse landscape containing an
irreplaceable natural and historic legacy. Limited development over approximately 70
years has allowed for the Monument to become a haven for important and increasingly
scarce plants and animals of scientific, historic and cultural interest. It supports a broad
array of newly discovered or increasingly uncommon native plants and animals.
Migrating salmon, birds and hundreds of other native plant and animal species, some
found nowhere else in the world, rely on its natural ecosystems. The Monument also
includes 46.5 miles of the last free-flowing, non-tidal stretch of the Columbia River,
known as the "Hanford Reach."
Tribes participated in the development of the COP with regard to protection of natural
and cultural resources and tribal access. Based on the Presidential Proclamation that
established the Hanford Reach National Monument, Affected tribes assume that all of
Hanford will be restored and protected.

American Indian Text
The present DOE land use docuJment for Hantford, called the Comprehensive Land Use
Plan (CLUP), has institutional controls that limit present and future use by Native
Americans. DOE plans to remove some institutional controls over time as the
contamination footprint is reduced as a result of instituting the 2015 vision along the
river and also the proposed cleanup of the 200 area. With removal of institutional
controls, the affected tribes assume they can resume access to usual and accustomed
areas. Future decisions about land transfer must consider the implications for Usual
and Accustomed uses (aboriginal and treaty reserved rights) in the long-term
management of resource areas. The 50-year management time horizon of the CLUP does
not create permanent land use designations. On the contrary, land use designations or
their boundaries can be changed in the interim at the discretion of DOE and/or Hantford
stakeholders. The CLUP is often misused by assuming designations are permanent.
Also, it is important to note that the interim land use designations in the CLUP cannot
abrogate treaty rights. That requires an act of Congress.
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There are several federal regulations, policies, and executive orders that define tribal
access that override institutional controls of the Comprehensive Land Use Plan (CLUP)
or the Comprehensive Conservation Plan (COP) when risk levels are acceptable for
access. The following is a brief summary of those legal references:
*According to the American Indian Religious Freedom Act, tribal members have a
protected right to conduct religious ceremonies at locations on public lands where
they are known to have occurred before. There has been an incomplete effort to
research the full extent of tribal ceremonial use of the Hartford site.
*Executive Order 13007 supports the American Religions Freedom Act by stating that
Tribal members have the right to access ceremonial sites. This includes agencies to
maintain existing trails or roads that provide access to the sites.
*DOE managers that are considering the placement of GTCC waste at Hanford must
evaluate any potential impact to ceremonial access as part of their trust responsibility
to Tribes.
There are locations that have specific protections due to culturally significant findings,
burial sites, artifact clusters, etc. These types of areas are further described under the
Cultural Resources Sections. As decommissioning and reclamation occurs across the
Hantford site, any culturally significant findings will continue to expand the list of sites
and their locations with special protections that override existing land use designation
as outlined in the CLUP or other documents.
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area are 1-82 and I-182. 1-82 is 8 km (5 mi) south-southwest of the Hanford Site. I-182, an urban
connector route that is 24-km (15-mi) long and located 8 km (5 mi) south-southeast of the site,
provides an east-west corridor linking 1-82 to the Tri-Cities area. 1-90, located north of the site, is
the major link to Seattle and Spokane and extends to the East Coast. 1-82 serves as a primary link
between Hanford and 1-90, as well as 1-84. 1-84, located south of the Hanford Site in Oregon, is a
major corridor leading to Portland, Oregon. SR 224, also south of the site, serves as a 16-km
(10-mi) link between 1-82 and SR 240. SR 24 enters the site from the west, continues eastward
across the northernmost portion of the site, and intersects SR 17 approximately 24 km (15 mi)
east of the site boundary. SR 17 is a north-south route that links 1-90 to the Tri-Cities and joins
US 395, continuing south through the Tri-Cities. Northern US 395 also provides direct access to
1-90. SR 240 and 24 traverse the Hanford Site and are maintained by the state.
Access to the Hanford Site is via three main routes: Hanford Route 4S from Stevens
Drive or George Washington Way in the City of Richland, Route 10 from SR 240 near its
intersection with SR 225, or Route 11lA from SR 240. Another route, through the Rattlesnake
Barricade, is located 35 km (22 mi) northwest of Stevens Drive and is accessible only to
passenger vehicles. The estimated total number of commuters to this area is 3,100.
Approximately 87% of the workers commuting to the 200 Areas are from the Tri-Cities, West
Richland, Benton City, and Prosser. Table 6.1.9-1 summarizes traffic counts in the vicinity of the
Hanford Site.
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TABLE 6.1.9-1 Traffic Counts in the Vicinity of
the Hanford Site
Average Daily

Traffic Volume

Location
I-182, vicinity of SR 240
SR 240, between Columbia Center Blvd. and I-182

Stevens Drive
At Horn Rapids Road
North of SR 240
George Washington Way
At Hanford Site entrance
North of McMurray
Just north of I- 182
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35,000
54,000

8,300
22,000
1,800
18,000
43,000

A DOE-maintained road network within the Hanford Site consists of 607 km (377 mi) of
asphalt-paved road and provides access to the various work centers. Primary access roads on the
Hanford Site are Routes 1, 2, 3, 4, 6, 10, and 11lA. The 200 East Area is accessed primarily by
Route 4 South from the east, by Route 4 North off Route 11lA from the north, and by Route 11lA
for vehicles entering the site at the Yakima Barricade. A new access road was opened in late
1994 to provide access directly to the 200 Areas from SR 240. Public access to the 200 Areas
and interior locations of the Hanford Site has been restricted by guarded gates at the Wye
Barricade (at the intersection of Routes 10 and 4), the Yakima Barricade (at the intersection of
SR 240 and Route 11lA), and Rattlesnake Barricade south of the 200 West Area.
The Hanford Site rail system originally consisted of approximately 210 km (130 mi) of
track. It connected to the Union Pacific conmmercial track at the Richland Junction (at Columbia
Center in Kennewick) and to a now-abandoned commercial ROW (Chicago, Milwaukee,
St. Paul, and Pacific Railroad) near Vernita Bridge in the northwest section of the site. Prior to
1990, annual railcar movements numbered about 1,400 sitewide, and they transported materials
such as coal, fu~el, hazardous process chemicals, and radioactive materials and equipment. In
October 1998, 26 km (16 mi) of track from Columbia Center to Horn Rapids Road were
transferred to the Port of Benton and are currently operated by the Tri-City & Olympia Railroad.

6.1.10 Cultural Resources
The Hanford Site is located in central Washington and is bordered on the north and east
by the Columbia River. The Hanford Site is located in an arid shrub-steppe climate. The area is
rich in cultural material and has been used extensively both in the prehistoric and historic
periods. The earliest evidence for human activity at the site dates from roughly 8,000 years ago.
Most activity was concentrated near the Columbia River and its tributaries; the surrounding areas
were used primarily for hunting. Historic use of the area began in 1805 when the Lewis and
Clark expedition traveled through the area on the Columbia River. More permanent settlement
began in the 1860s when a ferry was established on the Columbia River. Towns that developed
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Native people have been traveling this homeland to usual and accustomed areas for a
very long time. Early modes of transportation began with foot travel. Domesticated dogs
were utilized to carry burdens. Dugout canoes were manufactured and used to traverse
the waterways when the waters were amiable. Otherwise, trails along the waterways
were used. The arrival of the horse changed how people traveled. Numerous historians
note its arrival to the Columbia Plateau in the late 1700's but they are mistaken. The
arrival of the horse was actually a full century earlier in the late 1600's. Its acquisition
merely quickened movement on an already extant and heavily used travel network. This
travel network was utilized by many tribal groups on the Columbia Plateau and was
paved by thousands of years of foot travel. Early explorers and surveyors utilized and
referenced this extensive trail network. Some of the trails have become major highways
and the Columbia and Snake Rivers are still a crucial part of the modern transportation
network.
The Middle Columbia Plateau of the Hanford area is the crossroads of the Columbia
Plateau located half way between the Great Plains and the Pacific Northwest Coast. In
this area, major Columbia River tributaries (the Walla Walla, Snake, and Yakixna Rivers)
flow into this section of the main stem Columbia River. These rivers formed a critical
part of a complex transportation network north, south, east, and west through the
region including the Columbia River through the Hartford site. The slow water at the
Wallula Gap was one of the few places where horses could traverse the river year round.
The river crossing at Wallula provided access to a vast web of trails that crossed the
region. Portions of these trails are known to cross the Hantford site.

Present Transportation:
There are two interstate highways that near the site [Interstate 90 (1-90) and Interstate
84 (I-84)]. Interstate 84 was part of the ancient trail system, at one time called the
Oregon Trail, and is a primary transportation corridor for nuclear waste that enters the
State of Oregon at Ontario, Oregon. 1-84 and a Union Pacific rail line also cross the
Umatilla Indian Reservation, including some steep and hazardous grades that are
notorious nationally for fog and freezing fog, freezing rain and snow.
GTCC waste would need to be delivered to Hanford by rail, barge or highway. The Native
people believe that decision-making criteria need to be presented in the EIS to clarify
how rail, barge or highway routing will be determined. Treaty resources and
environmental protections are important criteria in determining a preferred repository
location. The public needs to be assured that the public health and high valued
resources like salmon and watersheds are going to be protected. Northwest river systems
have received significant federal and state resources over recent decades in an attempt
to recover salmon and rehabilitate damaged watersheds. DOE needs to describe how
public safety, salmon and watersheds "fit" into the criteria selection process for
determining a GTCC waste site and multiple shipping options. The protection and
enhancement of existing river systems are critical to sustaining tribal cultures along the
Columbia River. The interstate highway system is a primary transportation corridor for
shipping nuclear waste through the states of Oregon, Washington, and Idaho. Waste
moving across these states will cross many major salmon bearing rivers that are
important to the Tribes. Major rail lines also cross multiple treaty resource areas.
1
2
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along the river include Hanford, White Bluffs, Ringold, Wahluke, and Richland. The locations of
the towns of Hanford and White Bluffs were chosen in 1943 by officials in the Manhattan
Engineer District (Manhattan Project) for the location of a plutonium production plant. The site
was chosen because of its remoteness from population centers and its proximity to railroads and
clean water. Plutonium created at the Hanford Site was used in the Trinity Test and in the bomb
that was detonated over Nagasaki, Japan. The Hanford Site's role in nuclear research expanded
throughout the Cold War (1946-1989).
During 1990, the National Park Service formalized the concept of the traditional cultural
property as a means to identify and protect cultural landscapes, places, and objects that have
special cultural significance to American Indians and other ethnic groups. A traditional cultural
property that is eligible for the NRHP is associated with the cultural practices or beliefs of a
living community that are rooted in that community's history and are important in maintaining
the continuing cultural identity of the community. The Hanford Reach and the greater Hanford
Site are central to the practice of the American Indian religion of the region. Native plants and
animals are used in ceremonial foods. Prominent landforms such as Rattlesnake Mountain, Gable
Mountain, and Gable Butte, as well as various sites along and including the Columbia River,
remain sacred. American Indian traditional cultural properties within Hanford include, but are
not limited to, a wide variety of landscapes, such as archaeological sites, cemeteries, trails and
pathways, campsites and villages, fisheries, hunting grounds, plant-gathering areas, holy lands,
landmarks, and important places of American Indian history and culture (Duncan 2007).
Cultural resources at the Hanford Site are managed through the DOE-Richland
Operations Office (DOE-RL) PNNL Hanford Cultural Resources Management Program with
support from the various Hanford Site contractors. Evidence from both the prehistoric and
historic periods has been found at the Hanford Site (Kennedy et al. 2007); 1,550 cultural
resources sites and isolated finds and 531 buildings and structures have been documented
(Duncan et al. 2007). DOE-RL, the SHPO, and the ACHIP have entered into a programmatic
agreement (PA) to help guide the management of Cold War historic structures at the site.
The DOE Cultural Resources Management Program at the Hanford Site actively engages
and consults with members of area Native American Indian Tribal Governments, including the
Confederated Tribes and Bands of the Yakama Nation (Yakama Nation), Confederated Tribes of
the Umatilla Indian Reservation (CTUIR), Nez Perce Tribe, and Wanapum, concerning activities
that may affect important cultural, religious, and historic resources. Tribal representatives
participate in field activities as well as attend numerous project meetings to provide input into
project planning.
DOE's relationship with American Indian tribes is based on treaties, statutes, and DOE
directives. Representatives of the United States negotiated treaties with leaders of various
Columbia Plateau American Indian tribes and bands in June 1855 at Camp Stevens in the Walla
Walla Valley. The negotiations resulted in three treaties, one with the 14 tribes and bands of the
group that would become the Confederated Tribes and Bands of the Yakama Nation, one with
the 3 tribes that would become the Confederated Tribes of the Umatilla Indian Reservation, and
one with the Nez Perce Tribe. The U.S. Senate ratified the treaties in 1859. The negotiated
treaties are as follows:
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•

Treaty with the Walla Walla, Cayuse, etc., Tribes (June 9, 1855; 12 Stat. 945);

°

Treaty with the Yakama Nation (June 9, 1855; 12 Stat. 951); and

•

Treaty with the Nez Perce Tribe (June 11, 1855; 12 Stat. 957).

The Confederated Tribes and Bands of the Yakama Nation of the Yakama Reservation,
the Confederated Tribes of the Umatilla Indian Reservation, and the Nez Perce Tribe of Idaho
are federally recognized tribes that are eligible for funding and services from the U.S. Bureau of
Indian Affairs by virtue of their status as Indian tribes (68 FR 68180, December 5, 2003).
The terms of the three preceding treaties are similar. Each of the three tribal organizations
agreed to cede large blocks of land to the United States. Hanford is within the ceded lands. The
treaties reserved to the tribes certain lands for their exclusive use (the three reservations). The
treaties also secured to the tribes certain rights and privileges to continue traditional activities
outside the reservations. These included (1) the right to fish at usual and accustomed places in
common with citizens of the United States and (2) the privileges of hunting, gathering roots and
berries, and pasturing horses and cattle on open and unclaimed lands. No portion of the Hanford
Site constitutes open and unclaimed land.
The 200 Area at the Hanford Site was created during the Manhattan Project in 1943. The
location was the site of the first chemical separations plant. Chemical separation was the third
step in the process of creating plutonium for use in weapons. The first step was creating the fuel
rods for use in a reactor. The second step was installing the fuel rods in a reactor. Once the fuel
rods were removed from the reactor, they were taken to the 200 Area, where the plutonium was
removed through chemical separation. The 200 Area once contained more than 500 buildings. It
has been heavily disturbed by historic era activity. Numerous archaeological surveys indicate
that the 200 Area was used sporadically. During the historic period, a trail that would later
become White Bluffs Road crossed the 200 Area. Findings indicate that historic activity has
concentrated along White Bluffs Road. White Bluffs Road is located only in the 200 West Area.
No features associated with the road appear in the 200 East Area. Most post- 1943 cultural
resources found in the 200 Area relate to the atmospheric dispersion grid that monitored
contaminant dispersion from Hanford Site facilities. The grid is located between the 200 East
and West Area sites.
Archaeological surveys of the 200 East Area have recovered only isolated artifacts and
not sites (Kennedy et al. 2007). No farming or ranching is reported for the 200 East Area. The
only historically significant structures in the 200 East Area relate to Manhattan Project era
activities. The Hanford Site Plant Railroad historic property is within the viewshed of the
200 East Area. The 200 Area is within the Gable Mountain and Gable Butte Cultural District,
which is associated with American Indian traditional hunting and religious activities.
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American Indian Text
From a tribal perspective, all things of the natural environment are recognized as a
cultural resource. This is a different perspective from those who think of cultural
resources as artifacts or historic structures. The natural environment provides resources
for a subsistence lifestyle for tribal people. Ths daily connection to the land is crucial to
Tribal cultture and has been throughout time. All elements of nature therefore are the
connection to tribal religious beliefs. Oral histories confirm this cultural and religious
connection.

1
2
3 6.1.11 Waste Management
4
Site management of the waste types generated by the land disposal methods for
5
6 Alternatives 3 to 5 is discussed in Section 5.3.11.
7

8
9
10
11
12
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6.2 ENVIRONMENTAL AND HUMAN HEALTH CONSEQUENCES
The potential impacts from the construction, operations, and post-closure of the land
disposal methods (borehole, trench, and vault) are presented in this section for the resource areas
evaluated. The affected environment for each resource area is described in Section 6.1. The
GTCC reference location for Hanford is presented in Figure 6.1-1.

15
1
16
1

17 6.2.1 Climate and Air Quality
18
1
This section discusses potential climate and air quality impacts from the construction and
19
1
20 operations of each of the three disposal methods (borehole, trench, and vault) at the Hanford Site.
1

1
1
1

2

23
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6.2.1.1 Construction

During the construction period, emissions of criteria pollutants (e.g., SO 2 , NOx, CO,
25
PM 10 , and PM 2 .5 ), VOCs, and the primary greenhouse gas CO 2 would be caused by fugitive
dust emissions from earth-moving activities and engine exhaust emissions from heavy equipment
and commuter, delivery, and support vehicles. Typically, the potential impacts from exhaust
emissions on ambient air quality would be smaller than those from fugitive dust emissions.

30
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According to our religion, everything is based on nature. Anything that grows or lives,
like plants and animals, is part of our religion. Horace Axtell (Nez Perce Tribal Elder)
The area you are talking about with this GTCC disposal is in a very important place
which we think of as the center of our lives. Rattlesnake Mountain is one point, Saddle
Mountain is another point, and Hog Butte (a part of Umtanum Ridge) is another point
and together they outline this area. Each of these mountains is connected with the
others and both these mountains and the ceremonies conducted on them are
interrelated. A song from Rattlesnake Mountain can go to Saddle Mountai, then to Hog
Butte and if it comes back to you that is special. When you holler from one mountain to
another and if it came back changed, it would be interpreted then it would be used to
guide life.

This area had a wheel - a calendar which guided us in our movements and activities.
The wheel had spokes which we duplicated at our villages. At each village we placed a
white stone in the ground and atop this we stood a high post. The post would cast a
shadow which was read. When it reached a certain angie, like the spoke in the wheel, we
would respond. The wheel was a reference point that held our time schedules. Gable
Mountain is a central area which is also a point of reference for many of our ceremonies.
Into this area comes the wind. It blows the sand which transforms spirits. Some of these
we call horses which were both real and not real. They lived along the big river. The wind
and some of the spirits were guided (controlled) by stick people, which live between the
river and Rattlesnake Mountain. Across the river is what you call White Bluffs. This is a
part of our physical origin. Many of the reference points you see on the ground are

organized like the stars

-

they are related in important ways that are described in our

detailed songs and stories. So you see, this area is so important to us. We cannot tell

you all the stories - just enough so you understand the importance of this place to us
and why we are so concerned to repair it and have it returned to us as the Creator
intended. (Wanapum People)

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Air emissions of criteria pollutants, VOCs, and CO 2 from construction activities are
estimated for the peak year when site preparation and construction of the support facility and
some disposal cells would take place. Estimates for PM 10 and PM 2 .5 include diesel particulate
emissions. These estimates are provided in Table 6.2.1 -1 for each disposal method. Detailed
information on emission factors, assumptions, and emission inventories is available in
Appendix D. As shown in Table 6.2.1 -1, total peak-year emission rates are estimated to be rather
small when compared with the emission total for the four counties encompassing the Hanford
Site (Adams, Benton, Franklin, and Grant Counties). Peak-year emissions for all criteria
pollutants (except PM 10 and PM 2 .5 ) and VOCs would be the highest for the vault facility
because constructing it would consume more materials and resources than would constructing
the other two facilities. Emissions from building the borehole facility would be almost as high as
those from building the vault facility. Construction of the borehole facility would disturb a larger
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American Indian Text
At Hanford there are three overlapping cultural landscapes that overlie the natural
landscape. These are not displacements of a previous landscape by a new landscape, but
a coexistence of all three simultaneously even if one landscape is more visible in a
particular area. The first represents the American Indians, who have created a rich
archeological and ethnographic record spanning more than 10,000 years. This is the
only stretch of the Columbia River that is still free-flowing, and one of the few areas in
the Mid-Columbia Valley without modern agricultural development. As a result, this is
one of the few places where native villages and campsites can still be found. Still today,
local American Indian tribes revere the area for its spiritual and cultural importance, as
they continue the traditions practiced by their ancestors. The second landscape was
created by early settlers, and the third by the Manhattan Project. Today, DOE is
removing much of the visible portion of the Manhattan landscape, returning the surface
of the site to a more natural state (restoration and conservation) and thus revealing the
cultural landscape that remains underneath.
For thousands of years American Indians have utilized the lands in and around the
Hanford Site. Historically, groups such as the Yakama, the Walla Walla, the Wanapum,
the Palouse, the Nez Perce, the Columbia, and others had ties to the Hantford area. "The
Hanford Reach and the greater Hanford Site, a geographic center for regional American
Indian religious activities, is central to the practice of the Indian religion of the region
and many believe the Creator made the first people here. Indian religious leaders such
as Smoholla, a prophet of Priest Rapids who brought the Washani religion to the
Wanapum and others during the late 19m century, began their teachings here.
Prominent landforms such as Rattlesnake Mountain, Gable Mountain, and Gable Butte,
as well as various sites along and including the Columbia River, remain sacred.
American Indian traditional cultural places within the Hartford Site include, but are not
limited to, a wide variety of places and landscapes: archaeological sites, cemeteries,
trails and pathways, campsites and villages, fisheries, hunting grounds, plant gathering
areas, holy lands, landmarks, important places in Indian history and culture, places of
persistence and resistance, and landscapes of the heart. Because affected tribal
members consider these places sacred, many traditional cultural sites remain
unidentified."

1
2
American Indian Text
Salmon remain a core part of the oral traditions of the tribes of the Columbia Plateau
and still maintains a presence in native peoples' diet just as it has for generations.
Salmon are recognized as the first food at tribal ceremonies and feasts. One example is
the ke'uyit, which translates to "first bite." It is a ceremonial feast that is held in spring
to recognize the foods that return to take care of the people. It is a long-standing
tradition among the people and it is immersed in prayer songs and dancing. Salmon is
the first food that is eaten by the attendants. Extending gratitude to the foods for
sustaining the life of the people is among the tenets of plateau lifestyle. Nez Perce life is
perceived as being intertwined with the life of the Salmon. A parallel can be seen
between the dwindling numbers of the Salmon runs and the struggle of native people.

3
4

6-79

January 2016
January 2016

Final GTCC EIS

FinaHanford
GTC EIS6."
Site (Alternatives 3, 4, and 5)
American Indian Text

Viewsheds tend to be panoramic and are made special when they contain prominent
topography. Viewscapes are tied with songscapes and storyscapes, especially when the
vantage point has a panorama composed of multiple locations from either song or story.
Viewscapes are critical to the performance of some Indian ceremonies. The Native people
utilize vantage points to maintain a spirtual connection to the land. Viewsheds must
remain in their natural state; they tend to be panoramic and are made special when they
contain prominent uncontaminated topography. The viewshed panorama is further
enhanced by abrupt changes in topography and or habitats. Nighttime viewsheds are
also significant to indigenous people who still use the Hanford Reach. Each tribe has
stories about the night sky and why stars lie in their respective places. The patterns
convey spiritual lessons via oral traditions. Often, light pollution from neighboring
developments diminishes the view of the constellations. It is getting difficult to find
places to simultaneously relate the oral traditions and view the corresponding
constellations. There are several culturally significant viewsheds located on the Hanford
site. The continued use of these sites brings spiritual renewal. Special considerations
should be given to tribal elders and youth to accommodate traditional ceremonies.
Interruption of the vista by large facilities or bright lights impairs the cultural services
associated with the viewshed.

American Indian Text
"Subsistence" in the narrow sense refers to the hunting, fishing, and gathering activities
that are fundamental to the way of life and health of many indigenous peoples. The more
concrete aspects of a subsistence lifestyle are important to understanding the degree of
environmental contact and how subsistence is performed in contemporary times. Also,
traditional knowledge can be learned directly from nature. Through observation this
knowledge is recognized and a spiritual connection is often attained as a result.
Subsistence utilizes traditional and modern technologies for harvesting and preserving
foods as well as for distributing the produce through communal networks of sharing and
bartering. The following is a useful explanation of "subsistence," slightly modified from
the National Park Service:
"While non-native people tend to define subsistence in terms of poverty or the
minimum amount of food necessary to support life, native people equate
subsistence with their culture. It defines who they are as a people. Among many
tribes, maintaining a subsistence lifestyle has become the symbol of their
survival in the face of mounting political and economic pressures. To Native
Americans who continue to depend on natural resources, subsistence is more
than eking out a living. The subsistence lifestyle is a communal activity that is
the basis of cultural existence and survival. It unifies communities as cohesive
functioning units through collective production and distribution of the harvest.
Some groups have formalized patterns of sharing, while others do so in more
informal ways. Entire families participate, including elders, who assist with less
physically demanding tasks. Parents teach the young to hunt, fish, and farm.
Food and goods are also distributed through native cultural institutions. Nez
Perce young hunters and fisherman are required to distribute their first catch
throughout the community at a first feast (first bite) ceremony. It is a ceremony
that illustrates the young hunter is now a man and a provider for his community.
Subsistence embodies cultural values that recognize both the social obligation to
share as well as the special spiritual relationship to the land and resources."
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TABLE 6.2.1-1 Peak-Year Emissions of Criteria Pollutants, Volatile Organic Compounds,
and Carbon Dioxide from Construction of the Three Land Disposal Facilities at the

•Hanford Site

Construction Emissions (tons/yr)
Total Emissions
Pollutant
S02

1,655

NOx
CO

23,050

VOCs

PM1 o0

PM 2 .50
CO 2

Trench (%)

(tons/yr)a

0.90
8.1

(0.0 6)b

170,470

3.3

25,930

0.90

47,391

5.0

8,662

1.5

Borehole (%)
3.0
26

(0.18)
(0.11)

(<0.01)

11

(<0.01)

2.7

(0.01)

13

(0.02)

4.1
2,200

(0.04)

670

Vault (%)
3.2
31

(0.20)
(0.13)

(0.01)

11

(<0.01)

(0.01)

3.6

(0.01)

(0.03)
(0.05)

8.6

(0.02)

3.6
2,300

(0.04)

Countyd

4.53 × 106

(0.02)

(0.05)

(0.05)

Washingtone

9.44 x i07

(0.0007)

(0.002)

(0.002)

U.S.c

6.54 x 109

(0.00001)

(0.00003)

(0.00004)

(0.000002)

(0.000007)

(0.000007)

Worldwidee

3.10 x 1010

a

Total emissions in 2002 for all four counties encompassing the Hantford Site (Adams, Benton,
Franklin, and Grant Counties). See Table 6.1.1-1 for criteria pollutants and VOCs.

b

As percent of total emissions.

C

Estimates for GTCC construction include diesel particulate emissions.

d Emission data for the year 2005. Currently, data on CO 2 emissions at the county level are not
available, so county-level emissions were estimated from available state total CO 2 emissions on the
basis of population distribution.
e

Annual CO 2 emissions in Washington, the United States, and the world in 2005.

Sources: EIA (2008); EPA (2008b, 2009)

4
5

6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

area; thus, fugitive dust emissions fr~om the borehole method are estimated to be highest. Peakyear emissions of all pollutants would be the lowest for the trench method, and this method
would disturb the smallest area among the disposal methods. In terms of contribution to the
emissions total, peak-year emissions of S02 from the vault method would be the highest, about
0.20% of the four-county emissions total, while it is estimated that emissions of other criteri'a
pollutants and VOCs would each be 0.14% or less of the four-county emissions total.
Background concentration levels for PM 1 0 and annual PM 2 .5 at the Hanford Site are well
below the standards (less than 63%), but those for 24-hour PM 2 .5 are about 120% of the standard
(see Table 6.1.1-4). All construction activities at the Hanford Site would occur at least 6 km
(4 mi) from the site boundary and thus would not contribute much to concentrations at the
boundary or at the nearest residence. Construction activities would still be conducted so as to
minimize potential impacts of construction-related emissions on ambient air quality. Also,
construction permits typically require fugitive dust control by established, standard, dust-control
practices, primarily by watering unpaved roads, disturbed surfaces, and temporary stockpiles.
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Although 03 levels in the area approach the standard (about 93%) (see Table 6.1.1-4), the
four counties encompassing the Hanford Site are currently in attainment for 03 (40 CFR 81.348).
03 precursor emissions from the GTCC disposal facility under all methods would be relatively
small, less than 0.13% and 0.0 1% of the four-county total for NOx and VOC emissions,
respectively, and they would be much lower than those for the regional air shed in which emitted
precursors are transported and formed into 03. Accordingly, potential impacts of 03 precursor
releases from construction on regional 03 would not be of concern.

The major air quality concern with respect to emissions of CO 2 is that it is a greenhouse
gas, which traps solar radiation reflected from the earth, keeping it in the atmosphere. The
combustion of fossil fuels makes CO 2 the most widely emitted greenhouse gas worldwide. CO 2
concentrations in the atmosphere have continuously increased, from about 280 ppm in
preindustrial times to 379 ppm in 2005, a 35% increase. Most of this increase has occurred in the
last 100 years (IPCC 2007).
The climatic impact of CO2 does not depend on the geographic locations of its sources
because CO 2 is stable in the atmosphere and is essentially uniformly mixed; that is, the global
total is the important factor with respect to global warming. Therefore, a comparison between
U.S. and global emissions and the total emissions from the construction of a disposal facility is
useful in understanding whether CO 2 emissions from the site are significant with respect to
global warming. As shown in Table 6.2.1-1, the highest peak-year amount of CO 2 emission from
construction would be under 0.05%, 0.002%, and 0.00004%, respectively, of the 2005 fourcounty total, state, and U.S. CO 2 emissions (ETA 2008). Potential impacts on climate change
from construction emissions would be small.
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Appendix D assumes an initial construction period of 3.4 years. The disposal units would
be constructed as the waste became available for disposal. The construction phase would extend
over more years; thus, emissions for nonpeak years would be lower than peak-year emissions in
the table. In addition, construction activities would occur only during daytime hours, when air
dispersion is most favorable. Accordingly, potential impacts from construction activities on
ambient air quality would be minor and intermittent.
General conformity applies to federal actions taking place in nonattainment or
maintenance areas and is not applicable to the proposed action at the Hanford Site because the
area is classified as being in attainment for all criteria pollutants (40 CFR 81.348).

6.2.1.2 Operations
Criteria pollutants, VOCs, and CO 2 would be released into the atmosphere during the
operational period. These emissions would include fugitive dust emissions from emplacement
activities and exhaust emissions from heavy equipment and commuter, delivery, and support
vehicles. Estimated annual emissions of criteria pollutants, VOCs, and CO 2 at the facility are
presented in Table 6.2.1-2. Detailed information on emission factors, assumptions, and emission
inventories is available in Appendix D. As shown in Table 6.2.1-2, estimates indicate that annual
emissions for the trench and vault methods during operations would be at almost the same levels
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TABLE 6.2.1-2 Annual Emissions of Criteria Pollutants, Volatile Organic
Compounds, and Carbon Dioxide from Operations of the Three Land Disposal
Facilities at the Hanford Site

Pollutant
S02
NOx
CO
VOCs
PM 1 0C
PM 2 5. C
CO 2
Countyd1
Washingtone
U.S.e
Worldwidee
a

Total
Emissions
(tons/yr)a
1,655
23,050
170,470
25,930
47,391
8,662

Operation Emissions (tons/yr)
Trench (%)
3.3
27
15
3.1
2.5
2.2
3,200

4.53 x 106
9.44 x 107
6.54 x 109
3.10 > 1010

(0.2 0)b
(0.12)
(0.01)
(0.01)
(0.01)
(0.03)
(0.07)
(0.003)
(0.00005)
(0.00001)

Borehole (%)
1.2
10
6.7
1.2
0.91
0.81
1,700

(0.07)
(0.04)
(<0.01)
(<0.01)
(<0.01)
(0.01)

Vault (%)
3.3
27
15
3.1
2.5
2.2
3,300

(0.04)
(0.002)
(0.00003)
(0.00001)

(0.20)
(0.12)
(0.01)
(0.01)
(0.01)
(0.03)
(0.07)
(0.003)
(0.00005)
(0.00001)

Total emissions in 2002 for all four counties encompassing the Hanford Site (Adams, Benton,
Franklin, and Grant Counties). See Table 6.1.1-1 for criteria pollutants and VOCs.

b As percent of total emissions.
C

Estimates for GTCC operations include diesel particulate emissions.

d Emission data for the year 2005. Currently, data on CO2 emissions at the county level are not
available, so county-level emissions were estimated from available state total CO2 emissions
on the basis of population distribution.
e

Annual CO 2 emissions in Washington, the United States, and the world in 2005.

Sources: EIA (2008); EPA (2008b, 2009)

4
5

and higher than emissions during construction; emissions for the borehole method would be
7 lower than for the trench and vault methods and lower during operations than construction.
Compared with annual emissions for the counties encompassing the Hanford Site, the annual
emissions of SO 2 for the trench and vault methods would be the highest, about 0.20% of the
10 emissions total, while emissions of other criteria pollutants and VOCs would be about 0.01% or
11 less.
12
It is expected that concentration levels from operational activities for PMj0 and PM 2 .5
13
14 (which include diesel particulate emissions) would remain below the standards, except for the
15 24-hour PM 2 .5 level, which is already above the standard. As discussed in the construction
16 section, established fugitive dust control measures (primarily by watering unpaved roads,
17 disturbed surfaces, and temporary stockpiles) would be implemented to minimize potential
18 impacts on ambient air quality.
19
With regard to regional 03, precursor emissions of N0x and VOCs from operations
20
21 would be comparable to those from construction (about 0.12% and 0.01% of the four-county
6
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emission totals, respectively) and are not anticipated to contribute much to regional 03 levels.
The highest CO2 emissions among the disposal methods would be comparable to the highest
construction-related emissions; thus, their potential impacts on climate change would also be
negligible. PSD regulations are not applicable to the proposed action because the proposed action
is not a major stationary source.

6.2.2 Geology and Soils
Direct impacts from land disturbance would be proportional to the total area of land
disturbed during site preparation activities (e.g., grading and backfilling) and construction of the
GTCC LLRW and GTCC-like waste disposal facility and related infrastructure (e.g., roads).
Land disturbance would include the surface area covered for each disposal method and the
vertical displacement of geologic materials for the trench and borehole methods. An increased
potential for soil erosion would be an indirect impact from land disturbance at the construction
site. Indirect impacts would also result from the use of geologic materials (e.g., aggregate) for
facility construction. The impact analysis also considers whether the proposed action would
preclude the future extraction and use of mineral materials or energy resources.

6.2.2.1 Construction
Impacts from disturbing the land surface area would be a function of the disposal method
implemented at the site (Table 5.1-1). Of the three disposal facilities, the borehole facility would
have the greatest impact in terms of land area disturbed. It also would result in the greatest
disturbance with depth, with boreholes being completed in unconsolidated clay, silt, sand, and
gravel (Hanford Formation).
Geologic and soil material requirements are listed in Table 5.3.2-1. Of the three disposal
methods, the vault method would require the most material since it would involve the installation
of interim and final cover systems. This material would be considered permanently lost.
However, none of the three disposal methods are expected to result in adverse impacts on
geologic and soil resources at the Hanford Site, since these resources are in abundant supply at
the site and in the surrounding area. However, follow-on evaluations would have to be done so
that potential impacts on any new borrow area that would be used as the source for the soil
required to build the proposed GTCC LLRW and GTCC-like waste disposal facility would be
considered.
No significant changes in surface topography or natural drainages are anticipated in the
construction area. However, the disturbance of soil during the construction phase would increase
the potential for erosion in the immediate vicinity. This potential would be greatly reduced,
however, by the low precipitation rates at the Hanford Site. Also, mitigation measures would be
implemented to avoid or minimize the risk of erosion.
The GTCC LLRW and GTCC-like waste disposal facility would be sited and designed
with safeguards to avoid or minimize the risks associated with seismic and volcanic hazards. The
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Hantford Site is in a seismically active region, and earthquake swarms of low magnitude occur
frequently on and around the site. The annual probability of a volcanic event (basaltic eruption)
is considered to be negligible, since there has been no such volcanic activity in the last 6 million
years. Volcanic hazard studies that account for volcanism in the Cascade Range estimate that
there would be design ashfall loads at the site. The potential for other hazards (e.g., subsidence
and liquefaction) is considered to be low.

6.2.2.2 Operations
The disturbance of soil and the increased potential for soil erosion would continue
throughout the operational phase as waste was delivered to the site for disposal over time. The
potential for soil erosion would be greatly reduced, however, by the low precipitation rates at the
Hantford Site. Mitigation measures would also be implemented to avoid or minimize the risk of
erosion.
Impacts related to the extraction and use of valuable geologic materials are expected to be
low, since only the area within the facility itself would be unavailable for mining, and the
potential for energy development at the site is considered to be low. Activities on-site would not
have adverse impacts on the extraction of economic minerals in the surrounding region.

6.2.3 Water Resources
Direct and indirect impacts on water resources could occur as a result of water use at the
proposed GTCC LLRW and GTCC-like waste disposal facility during construction and
operations. Table 5.3.3-1 provides an estimate of the water consumption and discharge volumes
for the three land disposal methods; Tables 5.3.3-2 and 5.3.3-3 summarize the impacts on water
resources (in terms of change in annual water use) from construction and normal operations,
respectively. A discussion of potential impacts during each project phase is presented in the
following sections. In addition, contamination due to potential leaching of radionuclides from the
waste inventory into groundwater could occur, depending on the post-closure performance of the
land disposal facilities discussed in Section 6.2.4.2

6.2.3.1 Construction
Of the three land disposal facilities considered for the Hanford Site, construction of a
vault facility would have the highest water requirement (Table 5.3.3-1). Water demands for
construction at the Hantford Site would be met by using surface water from the Columbia River
and the 100-B Area Export Water System. No groundwater would be used at the site during
construction. As a result, no direct impacts on groundwater resources are expected. The potential
for indirect surface water impacts related to soil erosion, contaminated runoff, and sedimentation
would be reduced by implementing good industry practices and mitigation measures. The GTCC
reference location is not within the floodplain for the probable maximum flood along the
Columbia River.
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As of 1998, the water capacity at Hanford's 200 East Area was about 2.6 billion L/yr
(696 million gal/yr). This water is obtained from the Columbia River, which has an average flow
rate of about 197 million L/min (52 million gpm). Construction of the proposed GTCC LLRW
and GTCC-like waste disposal facility would increase the annual water use at the 200 East Area
(as reported in 1998) by a maximum of about 0.4% (vault method) over the 20-year period that
construction would occur. This increase would have a negligible effect on the flow and stage
(water elevation) of the river (with a decrease in flow of about 3 × 10-6 percent).
Construction activities could potentially change the infiltration rate at the site of the
proposed GTCC LLRW and GTCC-like waste disposal facility, first by increasing the rate as
ground would be disturbed in the initial stages of construction and later by decreasing the rate as
impermeable materials (e.g., the clay material and geotextile membrane assumed for the cover or
cap for the land disposal facility designs) would cover the surface. These changes are expected to
be negligible since the area of land associated with the proposed GTCC LLRW and GTCC-like
waste disposal facility (up to 44 ha [110 ac], depending on the disposal method) would be small
relative to the Hanford Site. Disposal of waste (including sanitary waste) generated during
construction of land disposal facilities would have a negligible impact on the quality of water
resources at the Hanford Site (see Sections 5.3.11 and 6.3.11). The potential for indirect impacts
on surface water or groundwater related to spills at the surface would be reduced by
implementing good industry practices and mitigation measures.

6.2.3.2 Operations
Of the three land disposal methods considered for the Hanford Site, operating a trench
facility would have the highest water requirement (Table 5.3.3-1). Water demands for operations
at the Hantford Site would be met by using surface water from the Columbia River and the
100-B Area Export Water System. No groundwater would be used at the site during operations.
As a result, no direct impacts on groundwater resources are expected. The potential for indirect
impacts on surface water related to soil erosion, contaminated runoff, and sedimentation would
be reduced by implementing good industry practices and mitigation measures.
Operations of the proposed GTCC LLRW and GTCC-like waste disposal facility would
increase annual water use at the Hantford Site by a maximum of about 0.65% (vault method). For
the constant rate of use, an additional withdrawal of 10.2 L/min (2.7 gpm) would be required.
This increase would have a negligible effect on the flow and stage (water elevation) of the river
(with a decrease in flow of about 5 × 10-6 percent).
Disposal of waste (including sanitary waste) generated during operations of land disposal
facilities would have a negligible impact on the quality of water resources at the Hanford Site
(see Sections 5.3.11 and 6.3.11). The potential for indirect impacts on surface water or
groundwater related to spills at the surface would be reduced by implementing good industry
practices and mitigation measures.
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