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Washington State Department of Health regulations. The remaining 291 waste sites are

evaluated in the RI/FS to determine the need for remedial action.
This RI/FS, which supports the Proposed Plan, has the following objectives:
e Provide information concerning the hysical environmental setting for 100-D/H.

e Draw conclusions concerning the nature and extent of contamination present in

100-D/H and the potential for migration of contamination.

e Evaluate e potential for adverse effects on human health and the environment if no

action is taken and exposure occurs.

e Develop and evaluate an appropriate range of remedial action alternatives for

100-D/Hto  :ss unacc erisktohun  hea and the environment.

This RI/FS was prepared based on information gathered from historical studies,
investigations, process knowledge, data collected during implementation of interim
action RODs, and recent field investigations. Soil and groundwater cleanup actions and
assessments have been performed since the early 1990s. The recently completed RI work
was conducted to provide information to supplement the considerable body of
information previously collected regarding site contamination. This supplemental work
included five test pits, 17 groundwater monitoring wells, and 10 soil borings/temporary
monitoring wells to resolve ren  ning data needs identified in the 100-D/H Work Plan3.
In addition, a select network of wells was sampled to determine spatial and temporal

variations in groundwater contamination.

)0-D/H Backgro 1d
The 100-D  Areas encompass 20 km® (7.8 mi?) adjacent to the Columbia River in the

northwest portion of the Hanfo;  Site. This section of the Columbia River is within the
Hanford Reach, a non-tidal free-flowing section of the Columbia River. The Reach
extends from Priest Rapids Dam downstream to the slack waters of Lake Wallula, created
by McNary Dam. The Hanford Site contains some of the most important archaeological

sites in the region. Hanford Site cultural resources are diverse, ranging from early

3 DOE/RL-2008-46-ADD1, 2010, Integrated 100 Area Remedial Investigation/Feasibility Study Work Plan,
Addendum 1: 100-DR-1, 100-DR-2, 100-HR-1, 100-HR-2, and 100-HR-3 Operable Units, Rev. 0, U.S. Department of
Fnernv Richland Onaratinne Offire Richland Washinaton Available at:
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prehistoric times to the Atomic Age. Cultural resources surveys across the 100 Areas are
routinely conducted as part of site evaluation to protect culturally sensitive areas. The

results of these surveys are used in planning an appropriate remedial action.

1T = )0-D/H Areas include three deactivated nuclear reactors and support facilities that
produced plu i 1 from 1945 to 1967. The reactors were built to irradiate uranium fuel
rods to produce plutonium and other special nuclear materials. The reactors and processes
associated with operations generated large quantities of liquid and solid wastes. Solid
wastes included sludge, reactor components, and various other contaminated items
associated with reactor operations. Waste generated from reactor operations was

contai «d with radionuclides, hazardous chemicals, or both. Liquid wastes were
released to the environment by discharging effluent to temporary surface impoundments,
cribs, ditches, and the Columbia River. Solid waste was generally placed in burial
grounds. The waste sites in 100-D/H included storaget s, ponds, trenches, cribs,

French drains, solid waste burial grounds, retention basins, pipelines, and spills/leaks.

Physical/lEnvironmental Setting

The conceptual site model includes consideration of the physical and chemical
characteristics of vadose materials, geologic features of the area, local groundwater
characteristics, and the interaction of these elements with the Columbia River. The
physic: characteristics of the study area influence the movement of contaminants within

the environment.

The topography is relatively flat inland from the Columbia River; elevation ch: ies are
greatest near the Columbia River, where the riverbank slopes steeply. The semiarid
climate at 100-D/H has occasional high winds, and the majority of the land surface is an
undisturbed shrub-steppe community. Riparian areas immediately adjacent to the river

shoreline represent unique ecological communities.

The Hanford formation is the dominant material in the vadose zone (unsaturated zone)
and consists of a sand and gravel unit that increases in thickness away from the river.

The unconfined aquifer is predominantly within the Ringold Formation unit E in the
100-D Area. The unconfined aquifer is predominantly within the Hanford formation in
the )O-H Area with the horn area being a transition from Ringold unit E to Hanford unit.
The changing river levels directly influence groundwater elevations close to the river

with decreasing effects inland. Groundwater flow is normally toward the river except
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when the river is high, which causes groundwater to flow away from or parallel to the

river.

Nature and _.:tent of Contan 1atio

This document describes the current distribution of contaminants in environmental
media, predicts the migration rate of contaminants through the physical setting (fate and
transport), and evaluates the potential for contaminants to enter the Columbia River.
Disposal of large volumes of liquid effluent to the vadose zone during reactor operations
contributed to significant alterations in local hydrologic conditions and resulted in the
accelerated transport of contaminants to deeper portions of t  vadose zone and
unconfined aquifer groundwater in 100-D/H. Today, contaminant migration rates are
currently much slower than during operating periods because those discharges have

stopped.

Contaminants in the vadose zone include radionuclides, anions, and metals. The
analytical rest s from the RI characterization indicated the localized presence of
hexavalent chromium ’r(VI)] in the deep vadose zone to the water table. Cr(VI) is the
most widespread contaminant in the groundwater beneath 100-D/H. Other groundwater
contaminants are total chromium, strontium-90, and nitrate. Chromium is collocated with
the Cr(VI) plume. Strontium-90 is present in the groundwater in localized areas within
the 100-H Area and at one well in 100-D Area. Nitrate is present over larger areas but

within boundaries of the Cr(VI) plume.

Waste site cleanup in 100-D/H began in 1997 under an interim action ROD# and is

« going. These cleanups will continue to meet the requirements of the interim action
ROD until a new ROD is issued. Interim action waste site cleanup consists primarily of
removing and disposing of contaminated material followed by backfill and revegetation

to protect human heal and the environment.

Groundwater . :anup was initiated in 1997 under the same interim action ROD
(EPA/ROD/R10-95/126) with the startup of the first pump-and-treat system at 100-H.

The use of pump-and-treat was expanded under a 2004 interim action ROD Explanation

4 EPAJROD/R10-95/126, 1995, Interim Remedial Action Record of Decision for the 100-BC-1, 100-DR-1, and
100-HR-1 Operable Units, Hanford S Agency, Region
10, Seattle, Washington. Available at
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of Significant Differences® to include a stand alone pump-and-treat system to capture a
newly discovered portion of the plume. Routine monitoring of the 100-HR-3 OU
revealed an expansion of the plume across the horn area towards 100-H Area and an
increase in Cr(VI) concentrations in the 100-D Area. The 2009 interim action ROD
Explanation of Significant Differences® increased the groundwater extraction rate and the
capacity of the pump-and-treat systems to capture the Cr(VI) plume. Two pump-and-treat
systems are currently operating and are designed to remediate the Cr(VI) plume and
provide a measure of protection to the Columbia River. Concentrations and plume

footprint areas in groundwater are declining.

Ex; iure/ sest. . :nt

Scenarios of how human and environmental receptors might come into contact with
contaminants, with resultant health impacts, were evaluated. The principal contaminants
identified in the soil beneath one or more waste sites include radionuclides, metals,

poly  »rinated biphenyls, and polynuclear aromatic hydrocarbons. The risk assessment
identified chromium, Cr(} | nitrate, and strontium-90 as the principal groundwater
contaminants. Potential remedial technologies in the FS mitigate these soil and

groundwater contaminants.

In addition, 143 waste sites in 100-D/H had closeout verification data collected following
the implementation of interim action removal and disposal that was quantitatively
evaluated. New soil screening levels (SSLs) and preliminary remediation goals (PRGs)
were established for each environmental media of interest (soil and groundwater), each
type of contaminant (hazardous substances and radionuclides), human and ecological
receptors, and each potentially complete exposure pathway. The SSLs and PRGs are
based on updated U. S. Environmental Protection Agency (EPA) guidance and a
conservative scenario that includes assumptions of uniform vadose zone contamination
{100:0 initial source distribution model for low distribution coefficient 4] contaminants

an 70:30 initial source distribution model for high K, contaminants) and an

6 EPA, Ecology, and DOE, 2009, Explanation of Significant Differences for the 100-HR-3 and 100-KR-4 Operable

U Washington, U.S. Environmenta rotection
A >nt of Energy, Olympia, Washington. Available
at
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infiltration/recharge rate based on irrigated | ulture for SSLs and conservation land

use for PRGs.

Alternatives Devel¢ ment

The FS portion of the RI/FS consists of four phases: development of remedial action
objectives (RAOs), screening of remedial technologies, development of remedial
alternatives, and ‘taile analysis of alternatives. Remedial technologies were assembled

into alternatives that address contamination on a media- or source-specific basis.

RAOs are identified for groundwater, surface water, and soil. RAOs are general
descriptions of what acli  up under CERCLA is expected to accomplish. These are
narrative = zments define the extent to which waste sites require ¢©  aup to protect
human health and the environment. To meet RAOs, PRGs are established fore 1
contaminant, receptor, exposure pathway, |  rironmental media of inter il
PRGs are provided for the protection of groundwater and surface water based on
site-specific data for the 100-D/H Area and specific parameters including a natural
recharge rate scenario (i.e., no irrigation) and an irrigation scenario. Both PRGs are used

for remedial alternative development and evaluation.

A range of general response actions to meet RAOs is identified for the vadose zone and
groundwater contaminants of concern (COCs). Response actions include a range of
technologies and process options for vadose zone and groundwater. Process options and
technologies for the range of response actions are evaluated for relative effectiveness,

implementability, and cost.

The remedial technologies, retained from the screening process, were combined into
remedial alternatives that provide a range of technologies for integrated waste site and
groundwater remediation. The remedial alternatives were developed to achieve the RAOs
and be responsive to National Contingency Plan’ (NCP) and CERCLA programmatic

goals. Alternatives evaluated include:

e Alternative 1 (No Action [as requirec y the NCP])

7 40 CFR 3 lations.

Available at

Vi
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Hanford-related contamination of the 100-D/H Area began with reactor construction in 1943 and

co1 ed until related operations ceased. Radir »gical and chemical contamination of soil and
groundwater resulted that remains to date. Characterization efforts have delineated the nature and extent
of groundwater and vadose zone contamination. Risks to human health and the environment were
recognized early, resulting in operational actions to limit transport of contaminants to potenti re IS,
Despite those actions, contamination levels exceeding standards have resulted. Interim remedial a 1S,
inch  ng groundwater pump-and-treat and in situ treatments have been deployed to address groundwater
contamination. Similarly, demolition of surface facilities and excavation of contaminated sc have been
performed to b n the process of restoring the land and groundwater to beneficial use.
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Figure 4-59. Seasonal Fluctuations in River Elevations lllustrating the Cyclic Nature of Maximum
High and Low Elevations Over Multiple Years
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50. Annual Trends in River Elevations at a Single Location
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retention basins. Concentrations in Well 199-H3-2C, west of the “ridge,” are typically between 50 and
80 ug/L e extent of contamination in the first water-bearing unit of the RUM is not d neated to the
south, but appears to follow the area of downward RUM surface slope along the river.

Deeper water bearing units, such as those within the Ringold Formation unit B, the Ringold Formation
wer mud, and the basalt units are also presented in cross sections A-A’, B-B’, D-D’, and E-E’,
ncentrations in these lower units are consistently below 10 pg/L.
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e Constructing a capture efficiency map by counting the number of times a particle originati:  from a
location was captured by awe an dividing this count by the total number of releases (that is, 12)

Figure 5-11 shows the current capture efficiency of the )0-DX/HX pump-and-treat system for the
unconfined aquifer unde ring 100-D/H. The calculated capture efficiency suggests there are areas where
the capture is very efficient and areas where the capture is less efficient, although always above

50 percent. Areas of efficient capture encompass almost the entire Cr(VI) plume footprint providing river
protection along much of the shoreline, particularly close to the pump-and-treat wells. Areas where
capture is less efficient include only parts of 2 plume footprint near the shoreline, where pump-and-treat
wells are absent or relatively sparsely placed. The ability to place wells close to the shoreline is
constrained by cultural resource issues, ecologic. resource issues, and topographical limitations because
of the steep riverbank in many locations.

This evaluation considered a “no further action” condition as the baseline. The continued operation of the
current pump-and-treat system, as well as selected optimization schemes for extraction and injection well
placement and operation, are evaluated in the FS presente in Chapter 8 and 9.

5.8.3.2 Contaminant Plume Migration

» present a simulated baseline of groundwater contaminant migration at 100-HR-3 OU, the results of
simulations described as Alternative 1, which does not include continued active pump-and-treat
groundwater remediation in future years (no further action after December 2012), are shown in the
fc owing figures:

e Figures 5-12 to 5-17 show the simulated dissolved Cr(VI) plume distribution in December in the
years 2012, 2015, 2020, 2040, 2060, 2070, and 2087, respectively, based on the current well
configuration and treatment system. (Note: Figure 5-8 showed the initial condition for dissolved
Cr(VI) plume in December 2010.)

e Figures 5-18 to 5-27 show the simulated plume distributions for strontium-90 in December in the
years 2012, 2015, 2020, 2030, 2040, 2050, 2060, 2070, and 2087, respectively. (Note: Figure 5-9
showed the initial condition for dissolved strontium-90 plume in December 2010.)

e Figures 5-28 to 5-35 show the simulated plume distributions for nitrate in December in the
years 2012, 2015, 2020, 2030, 2040, 2060, 2070, and 2075, respectively. (Note: Figure 5-10 showed
the initial condition for dissolved nitrate plume in December 2010.)

The depicted plumes were simulated assuming the current pump-and-treat system is turned off on
Dec  ber31,2012. Eaa mod simulation is run either until the modeling period expires or the COC is
below the respective AWQC or MCL.

Plume migration patterns under Alternative 1 conditions (with no active pump-and-treat operations after
December 2012) indicate that a of the mobile contaminants migrate toward, and ultimately discharge
into the Columbia River. The predicted concentrations of the contaminants decrease according to their
natural decay rate (for example, for radionuclides), or because of dispersion as they move through the
aquifer. Those contaminants with low attenuation (that is, low K,4) move more rapidly toward the river
than those with higher attenuation (that is, higher Ky).
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Prediction results for Cr(VI) in groundwater underlying 100-D/H show that the highest concentrations of
Cr(VI) persist along the shoreline of 100-D (Figure 5-18). The shoreline is where initial concentrations
above 40,000 pg/L attenuate slowly and stay above the 10 pg/L level for more than 75 years under
natural fate and transport conditions (if the pump-and-treat system is tw1 :d off at the end of CY 2012).
The highest concentrations remain between the 100 and 500 pg/L concentration contour interval.
Therefore, the model simulation predicts that after 75 years of natural attenuation Cr(VI) concentrations
in groundwater would exceed the AWQC value of 10 pg/L at points where groundwater discharges to
surface water.

When groundwater pump-and-treat remedial systems are initially developed and evaluated in an FS,

a two-tiered approach to defining the system components (number of wells, well locations, and flow
rates) is used. This two-tiered approach includes simulating the performance of a remedial systems (that
is, mass removal and time to cleanup) using the COCs maximum concentration over times, as well as
using the COCs EPC value over time. The maximum concentration simulations provide the most
conservative analysis of the systems performance and the EPC simulation provides reasonably expected
results (with a statistical confidence level of 95  zrcent). From these simulations, the systems components
are identified, including a range from short times to cleanup using aggressive mass removal approaches to
longer periods that re ~ ve less mass and take advantage of various degrees of natural attenuation.

The remedial alternatives resulting from these simulations (using the maximum and the ...’C approach)
cover a broad range of performance, times to cleanup, certainty in achieving the predicted performance
and overall remedy life-cycle cost. Remedy system performance data ar groundwater compliance
demonstration data that show cleanup levels have been met will be generated using guidance provided by
Washington State (“Groundwater Cleanup Standards” [WAC 173-340-720(9)(d)(i)]) and EPA (Methods
for Evaluating The Attainment Of Cleanup Standards Volume 2: Ground Water [EPA 230-R-92-014]).
These guidance documents support the use of a broad and robust monitoring well network and the use of
a statistical data presentation such as an EPC. Therefore, the remedial alternatives performance criteria
are generally defined using the statistical EPC approach, while understanding the implications of the COC
maximum concentrations and where in the OU those maximum concentrations occur for the longest time
(e.g., hot spots and isolated areas above cleanup levels). The monitoring well network and performance
monitoring program will be defined in the remedial design phase of the project. The groundwater
transport model is used to present the predicted efficacy of alternative pump-and-treat strategies in the FS.

5.9 Uncertainties that Apply to Groundwater and Vadose Zone Model ¢

This uncertainty discussion is based primarily on the current vadose zone and groundwater modeling
objectives, and the use of these models to evaluate future conditions under no action and active
remediation scenarios. Although these uncertainties exist and must be considered in decision making,
conservative assumptions incorporated into the vadose zone and groundwater transport simulations can
reduce the effects of uncertainty on successfully remediating 100-D/H waste sites and groundwater.

5.9.1 ncertainty in the Conceptual Site Model

Conceptual model uncertainty is often the main uncertainty when using models to predict future
contaminant fate and transport. Assumed values for vadose zone and aquifer physical properties, together
with assumed values for contaminant transport properties, contribute to overall predictive uncertainty.
Assumptions of spatially invariant material properties are often necessary to develop initial flow and
transport models to perform and obtain acceptable calibration, despite the recognition that the processes
that deposited the soil materials produce stratified and heterogeneous sequences. Local variation in
vadose an  or aquifer material properties can result in contaminant transport variations. Conceptual
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in most instances of water intrusion into the formation, the volume of water was modest and should not
have caused dramatic removal of mobile contaminants. Additional uncertainties related to specific
measurements (for example, batch leaching tests) are discussed earlier in this chapter.

Assumptions within the model input parameters have an effect on the simulation outcomes. The key
assumptions used for 100-D/H are as follows (with other assumptions presented in STOMP 1-D Modeling
for Determination of Soil Screening Levels and Preliminary Remediation Goals for 100 Areas D, H,

and K Source Areas [ECF-HANFORD-11-0063] in Appendix F):

The vadose zone is considered homogeneous in nature, within the stratigraphic cross sections
developed for the simulations, without consideration to the presence of thin finer grained
material, which can retard the downward migration of contaminants. This constitutes a balanced
representation of the vadose zone with respect to contaminant arrival time and peak groundwater
concentration. If preferential pathways exist, these would function to decrease arrival time and,
stentially, increase peak groundwater concentration. Such pathways are difficult to identify in
most cases, 1t if present would be surmised to have had the largest impact prior to the present.

Based on current revegetation activities, rev  tation of a waste site after remediation is typically
occurri  within one totwc ~owi 3 ms. In the modeli  rev™ - tation of the area is
assumed to start after 5 years, with bare soil present for the tirst 5 years. This assumption results
in more water infiltrating to the vadose zone an may actua - occur.

The estimated recharge scenario used in development of SSLs and PRGs includes a progression
from bare ground through developing shrub-steppe plant community to a long-term mature
shrub-steppe community. This recharge scenario may be subject to specific uncertainty because
of the potential for wildfire effects. Wildfires occur periodically (and can be characterized by a
recurrence frequency), and the effects of these events would likely result in a net increase of the
long-term recharge rate to groundwater underlying affected areas. This effect is due to the
removal of the mature plant communities at the ground surface (effectively to bare ground) in a
fire event, followed by a plant recovery succession, and culminating in the mature shrub-steppe
community if the time until the next fire event allows. The magnitude of this effect on average
recharge rates is not quantified, but would depend on factors such as the fire event recurrence
frequency, the intensity of individual fire events, and the recovery periods for specific plant
communities. A typical fire cycle would include the fire year, during which the surface is
assumed to be bare ground and recharge is maximized, followed by rapid establishment of
cheatgrass (Bromus tectorum) over 1 to 2 years. Subsequent re-establishment of the young
shrub-steppe community follows, with eventual development of the mature shrub-steppe. A
realistic treatment of the fire cycle should address uncertainty in the fire recurrence frequ  :y. To
account for this  ‘ertainty, the recharge rates used in the vadose zone models are selected from
the upper end of available rates based on about 30 years of field measurements (lysimeter studies)
and long-term isotopic recharge studies that necessarily incorporate the effects of the history of
all land surface changes at the measurement sites, including past wildfires.

Groundwater is assumed to have negligible mixing with the Columbia River. In calculating the
values for surface water protection, the point of calculation is the upper 5 m (16 ft) of
groundwater at the downgradient edge of the waste site. No attenuation or decay of contaminants
is assumed between the source area and groundwater further downgradient of the waste, or at

the river. This results in conservative SSL and PRG estimates because most waste sites are
located some distance from the river, and sc > mixing will occur between the waste site and
locations downgradient as well as in the river.
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It is assumed that no continuous source is present in the aquifer or vadose zone that would affect the
contaminant distribution.

5.10 Summary of Contaminant Fate and Transport

Intentional and unintentional releases of primary waste source materials occurred during nuclear material
production at the inford Site. The EPCs of each remediated waste site, soil group, and COPC, as well as
the results of vadose zone soil analysis for soil samples collected during the previous CVP, LFI and this
RI, were compared to the SSLs calculated using the irrigation recharge scenario with 100:0 and 70:30
profiles as well as the PRGs calculated using the nominal scenario (that is, non-irrigated, natural recharge
conditions) with 100:0 and 70:30 profiles. After excluding COPCs with peak concentration times greater
than 1,000 years, no waste sites were found to exhibit EPCs greater than the SSLs for residual
contamination in the vadose zone. None of the EPC concentrations for metals fell outside the reported

b 1 concentration range for Hanford Site soils. Metals are believed to be 1  resentative of

n Cl rback; 1nd con trations, with potential contribution from b orical agricultural
application of lead arsenate pesticides to orchards that pre-dated Hanford Site operations near 100-H.
Waste sites that have not yet been remediated were carried into the FS for evaluation with COPCs based
on process knowledge.

Groundwater contaminant flow and transport modeling over an extended future period and historical
monitoring indicate that the groundwater pump-and-treat systems have provided, and will continue to
provide, protection to the Columbia River along the shoreline in almost all areas.

The source area waste sites that have been remediated under interim action did not exceed the SSLs or |
PRGs protective of groundwater and surface water for Cr(VI). While the RI data indicate that i
contamination in the vadose zone has been remediated, groundwater monitoring indicates that there is ‘
potential for low level residual contamination. Unremediated waste sites have significant inventory in the |
shallow vadose zone. At some locations (for example, the 100-D-100 and the 100-D-104 waste sites),

R ) down to the water table may be required to completely remediate the contaminated soil.

In 100-H, pumping is currently being conducted within the first water-bearing unit of the RUM.
Characterization of the RUM confirmed that Cr(VI) contamination consistent with cooling water is
present in this horizon below the unconfined aquifer only in localized portions of 100-H. The cross
sections presented in Chapter 3 indicate that a significant thickness of silt occurs between the
contaminated RUM water-bearing unit beneath 100-H and the channel of the river, blocking the pathway
further out from the shoreline. Therefore, continued pumping of this water-bearing unit will capture the
Cr(VI) and protect the river farther out into the channel from the shoreline.

Plume migration patterns, as estimated by the model, indicate a diminishing footprint of the Cr(VI) plume
because of pump-and-treat operations. Concentrations in groundwater above 20 pg/L appear sufficiently
controlled by the current combined extraction/injection activity across the area of interest as shown by the
hydraulic containment in 2012 evaluation (Section 5.8.3.1). Model results indicate that concentrations
between 10 and 20 pg/L are fairly well contained, except in areas west of 100-D and east of 100-H where
the plume slowly discharges to the river. Based on the modeling results, Cr(VI) concentrations in
groundwater underlying 100-D/H will decline over time, although the rate of decline is not uniform across
the area of interest.

Strontium-90 concentrations in groundwater above the MCL are within the capture zone of the recovery
we at 100-D, but sm:  areas are outside the capture zone at 100-H. Recirculated strontium-90
concentrations reinjected into the aquifer are always below the MCL and modeling results suggest that
concentrations will decline over time.
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Nitrate concentrations in groundwater above the MCL are within the capture zone of the recovery wells
although a small area is outside the capture zone in 106 south. Recirculated nitrate concentrations
injected back into the aquifer are always below the MCL and modeling results suggest that concentrations
will decl  slowly over time.

Simulation of the base case groundwater contaminant plume migration indicates that there is a clear basis
for remedial action to address the existing plumes underlying 100-D/H. Turning off the pump-and-treat
systems at the end of 2012 (as represented in the base case groundwater modeling) will result in the
existing plumes persisting and slowly discharging into the Columbia River. Without the implementation
of remedial action, such as the current pump-and-treat systems, unacceptably large concentrations of
groundwater contaminants (for example, Cr[VI]) will continue to discharge to the Columbia River.

The evaluation of EPCs indicated that remediated waste sites should not contribute to continuing
groundwater contamination based on lack of any exceedances of SSLs protective of groundwater or
surface water (Section 5.7.3). Uncertainties remain regarding the potential for continued contribution of
residual vadose zone contaminants to underlying groundwater. Strategies for addressing potential residual
contamination will be discussed in the FS. Remedial alternatives evaluated in the FS portion of this report
will consider nito ~ jrequ  nents that will verify the assumptions for vadose zone contaminant
behavior. Existing gro  ~ vater plumes of Cr(VI), strontium-90, and nitrate near the reactor condensate
cribs, the FSBs, the retention basins, the cribs, and the cooling water head houses should be considered
for specific monitoring of potential future vadose zone contributions.

Chapter 5 describes and predicts how quickly or slowly contaminants migrate and their potential to enter
the Columbia River. The potential to be harmful depends on specific human and environmental receptors,
as well as exposure times and patterns that might bring receptors and contaminates into contact. The ways
that the contaminants could come into contact with, and affect, human health and the environment are
called pathways. Chapter 6 addresses the human heal pathway; scenarios of how humans might come
into contact with contaminants in the setting with resultant health effects are evaluated. Chapter 7
addresses the biological receptor pathway. Scenarios of how plant, animal, bird, or invertebrate species
might co1 : into contact with contaminants in the setting and be affected are evaluated in Chapter 7.
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Interim action ROD cleanup activities for the 100 Areas were based on an unrestricted scenario that was
the basis for the remedial action goals. The interim action ROD residential scenario for radionuclides is a
Rur: Residential scenario that, in addition to direct contact, includes food chain exposure pathways

(for example, ingestion of homegrown produce, beef, and milk). The interim action ROD residential
scenario for chemicals is based on the MTCA Method B So Cleanup Levels (“Unrestricted Land Use
Soil Cleanup Standards” [WAC 173-340-740]). The MTCA (WAC 173-340) Method B levels are based
solely on incidental soil ingestion and do not ac  ess the food exposure pathways that were included for the
radionuclide Rural Residential scenariod. The interim action remedial action goal for arsenic was based on the
MTCA Method A soil cleanup level (“Unrestricted Lanc  se Soil Cleanup Standards” [WAC 173-340-7401]).
The interim action remedial action goal for lead was calculated using Guidance Manual for the Integrated
Exposure Uptake Biokinetic Model for Lead in Children (EPA/540/R-93/081). :should be noted that the
radionuclide PRGs for the residential scenario used in the soil risk assessment incorporate exposure
assumptions that were updated to reflect current EPA guidance as described in Section 6.1.2. |

CVPs or RSVPs were prepared to document completion of interim action ROD cleanup actions in
accordance with the applicable decision document and support waste site reclassification.

T 2 screening-level calculations presented in Chapter 2 of the RCBRA (DOE/RL-2007-21) use the
interim tion ROD risk sessment models, but differ from the calculations used in the CVPs and RSVPs
to document the interim action ROD cleanups.

Twenty-eight waste sites from the 100-D Source OU and eight wastes sites from the 100-H Source OU were
evaluated in the RCBRA (DOE/RL-2007-21). Sixty-seven additional waste sites at the 100-D Source OU
and 39 additional waste sites at the 100-H Source O have been remediated since 2005, and are not
addressed in the RCBRA. Residual cumulative cancer risks from chemicals evaluated in the RCBRA are
less than 1 x 10”° using the interim action ROD residential scenario (that is, MTCA Method B
Unrestricted Land Use scenario). This is with the exception of 100-H-21, where the risk driver is arsenic
with a reasonable maximum exposure (RME) concentration of 13.8 mg/kg, which is less than the direct
exposure remedial action goal of 20 mg/kg published in the 100 Area RDR/RAWP (DOE/RL-96-17).

Residual cumulative cancer risks from radionuclides for all remediated waste sites are less than 1 x 10™
based on the interim action ROD Rural Residential scenario with the exception of the following waste sites:

e 100-D-48:3
e 116-DR-9

The noncancer hazard indices (HIs) for chemicals do not exceed a threshold of 1 at the 28 100-D rem  ated
waste sites and the 8 100-H waste sites. A summary of the risk assessment results for a residential
scenario using approaches from both the RCBRA and the RI/FS is provided in Tables 6-1 to 6-3.

3 Note that for beryllium, cadmium, and Cr(VI), the interim action remedial action goal for direct contact is based on
the inhalation pathway.
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Table 6-6. Summary of Differences in Exposure Assumptions for the Casual Recreational User
hatwean tha RCRRA and RI/FS Rick Accpcemant

Soil ingestion rate

A soil ingestion rate of 100 mg/day for an adult and A soil ingestion rate of 100 mg/day for an adult and

200 mg/day for a child were assumed for this
receptor. Soil ingestion at the waste site was
assumed proportional to the fraction of waking
hours spent at the Site.

Inhalation rate

The RCBRA (D(

200 mg/day for a child were assumed for this receptor. All
soil ingestion was assumed to occur at the waste site.

-21) assumed an
inhalation rate of 1 m’/hour for an adult and

1 m*/hour for a child based on EPA recommended
short-term exposure values for light activity.

The RIFS assumed an inhalation rate of 0.83 m*hour for
an adult, based on an inhalation rate of 20 m3/day, and
0.417 m*/hour for a child, based on an inhalation rate of
10 m3/day (Risk Assessment Guidance for Superfund:
Volume I—Human Health Evaluation Manual (Part B,
Development of Risk-Based Preliminary Remediation
Goals): Interim [EPA/540/R-92/003)).

Particulate Emission
Factor

Time spent on the
local area and the
broad area scale

The RCBRA (DOE/RL-2007-21) used a PEF of
4.3 x 10® m*/kg for the broad area.

The RCBRA (DOE/RL-200%
exposure time of 6 hours/day 1s spent onsite, all in

the broad area.

The RIFS used the EPA default PEF of 7.3 x 10" m'kg
(Supplemental Guidance for Developing Soil Screening
Levels for Suverfund Sites [OSWER 9355.4-24]).

1c of 6 hours/day is
spent onsite, all in the local area.

Gamma shielding
factor

The RCBRA (DOE/RL-2007-21) did not apply
a gamma-shielding factor (all exposure is assumed

to occur outdoors).

The RI/FS did not apply a gamma-shielding factor
(all exposure is assumed to be occurring outdoors).

Radiological decay
factors

Decay of radioisotopes over the exposure duration
was not accounted for.

Decay of radioisotopes over the exposure duration was
incorporated.

PRGs were not calculated in the RCBRA (DOE/RL-2007-21, Volume II) for these additional residential
scenarios. Direct contact and food chain exposure associated with radiological contaminants for
unrestricted land use are represented by the Rural Residential scenario described in Section 6.1.2.

DOE, through discussions wi

the Tribes (“Contract No. DE-AC06-96R1.13200 — Native American

Scenarios in Remedial Investigation and Feasibility Study Risk Assessments and Assuming
Responsibility and Configuration Control of the Soil Inventory Model” [0702827]), has agreed to include
quantitative analysis of Native American scenarios in risk assessments supporting RI/FS documents.

The two scenarios considered are provided by the CTUIR and the Yakama Nation. The RCBRA
(DOE/RL-2007-21, Volume II) presents the risks and hazards calculated for both Native American
exposure scenarios from direct contact, external gamma exposure, inhalation, and food chain pathways
from remediated waste sites. The groundwater risk assessment presented in Section 6.3 presents the
results of both Native American scenarios for potentially complete exposure pathways associated with
groundwater. The groundwater risk assessment presents the risks and hazards calculated for groundwater
used as a source of drinking water and as a source of steam for sweat lodge (see Section 6.3.8.5.1). The
results from the RCBRA for remediated waste sites and the results from the groundwater risk assessment
can be summed to obtain a cumulative estimate of risk for all exposure pathways included in the CTUIR
and Yakama Nation exposure scenarios. These tribal scenarios have been evaluated and presented in
Hanford Site risk assessments to assist interested parties in providing input on remedial alternatives
(Feasibility Study Report for the 200-ZP-1 Groundwater Operable Unit [DOE/RL-2007-28]), and have
not been used for development of PRGs as part of alternatives analyses in the FS.
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An exposure pathway can be described as the physical course that a COPC takes from the point of release
to a receptor. The route of exposure is the means by whi. a COPC enters a receptor. For an exposure
pathway to be complete, all of the following components must be present:

e A source

* A mechanism of chemical release and transport
e Anenv nmental transport medium

e An exposure point

e An exposure route

e A receptor or exposed population

In the absence of any one of these components, an exposure pathway is considered incomplete; therefore,
it creates no risk or hazard!1.

6.2.3.1 Contaminant Sources

The primary sources of contamination in 100-D/H Source OU are three water-cooled nuclear reactors
(105-D. 105-DR, and 105-H) and the structures (for example, fuel storage basins) and processes (for
exam; :, sodium dichromate process) associated with reactor operations. The reactors were built to
irradiate uranium-enriched fuel rods from which plutonium and other special nuclear materials could be
extracted. Effluent generated during operations consisted primarily of contaminated reactor cooling water,
fuel storage basin water, and decontamination solutions.

iquid and solid wastes from reactor operations and associated facilities were released to the vadose zone
column and the Columbia River. Wastes released to the environment created secondary sources of
contamination such as surface impoundments, cribs, ditches, burial grounds, and unplanned release sites.
Contaminant sources (that is, facilities and waste sites) are described in Sections 4.2 and 5.3 of this report.

6.2.3.2 Release Mechanisms and Environmental Transport Media
The primary COPC release mechanisms and transport pathways at 100-D and 100-H are discussed in
Sections 5.4 an 5.5, and include the following:

e 1 gration of contaminated liquids through the vadose zone column through infiltration, percolation,
or leaching

e Direct contact and external radiation from vadose zone material containing COPCs (receptor contact
with shallow vadose zone material replaces release and transport)

e Emission of dusts and vapors during former plant operations

e Generation of dust emanating from shallow vadose zone material to ambient air from wind, or during
maintenance or excavation activities occurring at the 100-D/H Source OU

e Volatilization of COPCs emanating from shallow vadose zone material to ambient air at the
100-D/H Source OU

6.2.3.3 Potentially Complete Humar ~ posure Pathways and Receptors

Based on the current understanding of land use conditions near the 100-D/H Source OU, the most
plausible exposure pathways for calculating PRGs and characterizing the human health risks have been

11 With the exception of external irradiation from radionuclides, environmental contaminants must cross a cellular
barrier and enter the body of a receptor for exposure to occur.
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or an HQ of 1 for noncarcinogens. Inhalation RfD and inhalation carcinogenic potency factors are
determined using the recommended reference hierarchy as described in Superfund HHT Risk Assessment
Values (Cook, 2003). A detailed description of methodology, inputs, and assumptions and the results of
the calculations are presented in Calculation of Inhalation Pathway Preliminary Remediation Goals
Using Standard Method B Air Cleanup Levels for the 100 Areas and 300 Area Remedial
Investigation/Feasibility Study Reports (ECF-HANFORD-11-0033) in Appendix G.

6.2.3.4.3 Calculation of Resident Monument Worker PRGs for Radiological Analytes using EPA
Equations

Thera ological PRGs for the resident Monument worker are calculated using equations consistent with
those published on the EPA Preliminary Remediation Goals for Radionuclides Web site. Resident
Monument worker PRGs are based on an acceptable cancer risk level of 1 x 10 for carcinogens.

A detailed description of methodology, inputs, and assumptions and the results of the calculations is
presented in Documentation of Radiological Preliminary Remediation Goals in Soil for a Resident
Monument Worker Exposure Scenario for the 100 Areas and 300 Area Remedial Investigation/Feasibility
Study (RI/FS) Reports (ECF-HANFORD-11-0142).

6.2.3.4.4 Calculation of Casual Recreational User PRGs for Radiological Ai ytes using EPA
Equations

The radiological PRGs for the casual recreational user are calculated using equations consistent with
those published on the EPA Preliminary Remedi on Goals for Radionuclides Web site. Casual
recreational user radiological PRGs are based on an acceptable cancer risk level of 1 x 10™ for
carcinogens. A detailed description of methodology, inputs, assumptions, and the results of the
calculations is presented in Calculation of Radiological Preliminary Remediation Goals in Soil for a
Casual Recreational User Scenario for the 100 Areas and 300 Area Remedial Investigation/Feasibility
Study (RI/FS) Reports (ECF-HANFORD-10-0446).

6.2.3.4.5 Calculation of Casual Recreational User PRGs for Nonradiological Analytes using EPA
Equations

The nonradiological PRGs for the casual recreational user are calculated using equations consistent with
those published on “Regional Screening Levels for Chemical Contaminants at Superfund Sites”
(hereinafter called Regional Screening Levels ZPA, 2009a]). Casual recreational user nonradiological
PRGs are based on an acceptable cancer risk level of 1 x ) for carcinogens or an HQ of 1 for
noncarcinogens. RfD and carcinogenic potency factors are determined using the recommended reference
hierarchy as described in Superfund HHT Risk Assessment Values (Cook, 2003). A detailed description
of methodology, inputs and assumptions and the results of the calculations are presented in Calculation of
Nonradiological Preliminary Remediation Goals in Soil for a Casual Recreational User Scenario for the
100 Areas and 300 Area Remedial Investigation/Feasibility Study (RI/FS) Reports
CF-HANFORD-10-0445).

6.24 Toxicity Assessment

This toxicity assessment evaluates the relationship between the magnitude of exposure to a contaminant at
the 100-D/H Source OU and the likelihood of adverse health effects to potentially exposed populations.
This assessment provides, where possible, a numerical estimate of the increased likelihood of adverse
effects associated with contaminant exposure. The toxi y assessment contains two steps—hazard
characterization and dose-response evaluation—as discussed in the following sections.
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cleanup level of 20 mg/kg). Arsenic concentrations greater than the Method A cleanup levelr e
between 21.6 and 74.4 mg/kg.

e Twelve soil samples were collected »m the sha »w 2 decision unit and analyzed for arsenic.
Arsenic concentrations range between 7 and )4 mg/kg (nine results greater than the Method A soil
cleanup level of 20 mg/kg). Arsenic concentrations greater than the Method A cleanup level range
between 22.4 and 104 mg/kg.

o Thirteen soil samples were collected from the shallow 3 decision unit and analyzed for arsenic.
Arsenic concentrations range between 8.7 and 68.3 mg/kg (eight results greater than the Method A
soil cleanup level of 20 mg/kg). Arsenic concentrations greater than the Method A cleanup level
range between 26 and 68 mg/kg.

For 600-151 remediated waste site, the lead EPCs for the shallow 2 (267 mg/kg) and shallow 3

(276 mg/kg) decision units are greater than the remedial action goal of 250 mg/kg published in the
100 Area RDR/RAWP (DOE/RL-96-17). A summary of the lead results for the 600-151 remediated
waste site follows:

e Twelve soil samples were collected from the shallow 2 decision unit and analyzed for lead. Lead
concentrations range between 12 and 518 mg/kg (three results greater than the Method A soil clean
level of 250 mg/kg). Lead concentrations greater than the Method A cleanup level range between
286 and 518 mg/kg.

e Thirteen soil samples were co :cted from the shallow 3 decision unit and analyzed for lead. Lead
concentrations range between 6.7 and 641 mg/kg (two results greater than the Method A soil cleanup
level of 250 mg/kg). Lead concentrations greater than the Method A cleanup level are 408 and 641
mg/kg.

Nonradiological Results (Inhalation). As presented in Table G-47 (Appendix G), the potential

cumulative ELCR for the inhalation pathway from all nonradiological carcinogenic COPCs without
ackground contribution ranges from 6.3 x 10" to 4.6 x 10”. The potential cumulative ELCR is less than

the MTCA (“Cleanup Standards to Protect Air Quality” [WAC 173-340-750]) Method B risk value of

1 x 107 for individual carcinogens for 37 remediated waste sites. isks were not reported at five

remediated waste sites because nonradiologic carcinogenic COPC concentrations were less than

background.

As presented in Table G-47 (Appendix G), the potential HI from the inhalation pathway from noncancer
effects without background contributions is less i e EPA target HI of 1 and the MTCA (“Cleanup
Standards to Protect Air Quality” [WAC 173-340-750]) Method B target HI of I for 38 remediated waste
sites. An HI was not reported for four remediated waste sites because nonradiological COPC
concentration were less than background.

Overburden. Nine remediated waste sites are reported with CVP/RSVP data associated with overburden in
the 100-H Source OU. All nine remediated waste sites were sampled using a statistical sampling design.

Radiological Results. As presented in Table 6-22 (Appendix G), the potential total ELCR from all
radiological COPCs without background contribution is within the target risk range of 10™ to 10°® for
overburden material associated with five remediated waste sites. Risks were not reported in overburden
material associated with two remediated waste sites because radiological COPC concentrations were less
than background. Radiological COPCs were not reported in overburden material associated with two
remediated waste sites.
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e Twelve soil samples were collected from the overburden material and analyzed for arsenic. Arsenic
concentrations range between 15.1 an  56.8 mg/kg (nine results greater than the Method A soil
cleanup level of 20 mg/kg). Arsenic concentrations greater than the Method A cleanup level range
between 23.5 and 56.8 mg/kg.

e Twelve soil samples were collected from the overburden material and analyzed for lead. Lead
concentrations range between 73.6 and 406 mg/kg (four results greater than the Method A soil
cleanup level of 250 mg/kg). Lead concentrations greater than the Method A cleanup level range
between 278 and 406 mg/kg.

Nonradiological Results (Inh: 1tion). As presented in Table G-49 (Appendix G), the potential
cumulative ELCR for the inhalation pathway from all nonradiological carcinogenic COPCs without
background contribution ranges from 5.9 x 10" to 7.7 x 10®. The potential cumulative ELCR is less than
the MTCA (“Cleanup Star rds to Protect Air Quality” [WAC 173-340-750]) Method B risk value of

1 x 10°® for individual carcinogens for overburden material associated with the nine remediated waste
sites.

As presented in Table G-49 (Appendix G), the potential HI for the inhalation pathway from noncancer
effectsw w1  undcontt itions is less than the EPA target HI of 1 and the MTCA (“Cleanup
Standards to Protect Air Quality” [WAC 173-340-750]) Method B target HI of 1 for overburden material
associated with the nine remediated waste sites.Staging Pile Area. Four remediated waste sites are
reported with CVP/RSVP data associated with a staging pile area in the 100-H Source OU. The four
remediated waste sites were sampled using a statistical sampling design, with one site having two
statistically distinct decision units.

Radiological Results. As presented in Table 6-24, the potential total ELCR from all radiological COPCs
without background contribution are within the target risk range of 10 to 10°® for staging piles associated
with two remediated waste sites. Risks were not reported for one staging pile associated with one
remediated waste site because radiological COPC concentrations were less than background. Radiological
COPCs were not reported at one staging pile area associated with one remediated waste site.

Nonradiological Results (Direr Contact). As presented in Table 6-25, the potential cumulative ELCR
from direct contact for all nonradiological carcinogenic COPCs without background contributions is
greater than 1 x 107 for staging pile material associated with two remediated waste sites and is less than
1 x 10°® for staging pile material associated with one remediated waste site. Risks were not reported in
staging pile material associated with one remediated waste site because nonradiological carcinogenic
COPC concentrations were less than background.

As reported in Table 6-25, staging pile material associated with two remediated waste sites report
individual carcinogens greater than the WAC 173-340-740 acceptable cancer risk level of 1 x 10, and are
also greater than the MTCA (“Human Health Risk Assessment Procedures” WAC 173-340-708(5)])
cumulative risk threshe | of 1 x 10”°. The cancer risk levels for the residential scenario are as follows:

e 116-H-5 (staging pile area) reports a cumulative nonradiological ELCR of 1.6 x 107, The primary
contributor to risk is arsenic (1.5 x 10”°; 96 percent contribution).

e 128-H-1 (staging pile area footprint 2) reports a cumulative nonradiological ELCR of 8.1 x 10”°. The
primary contributor to risk is arsenic (8.1 x 10”°; > 99 percent contribution).

Arsenic is the primary contributor to risk in staging pile material from two remediated waste sites. With
the exception of the arsenic EPC in staging pile material from 128-H-1, the EPC for arsenic at 116-H-5 is
10.3 mg/kg. Although this EPC is greater than the lognormal 90™ percentile value of 6.5 mg/kg, it is
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e One remediated waste site was sampled using both a statistical and a focused sampling design
(consisting of three statistical decision units and two focused decision units).

The remaining 35 remediated waste sites were not excavated deeper than 4.6 m (15 ft) bgs and are not
discussed in this section. The Residential scenario results for the deep vadose zone are summarized by
decision unit in Table G-52 (Appendix G).

Ra ological Results. As presented in Table 6-26, the total ELCR is greater than the upper risk threshold
of 1 x 10™* for nine remediated waste sites and is within e target risk range of 10 to 10°® for one
remediated waste site. Risks were not reported at one remediated waste site because radiological COPC
concentrations were less than background. Re ological COPCs were not detected at one remediated
waste site.

6.2.5.5.2 Resident Monument Worker Scenario

PRGs developed for the Resident Monument Worker scenario represent reasonably anticipated future
land use. The results of this comparison are used to confirm that cleanup actions are protective of the
reasonably anticipated future land uses that DOE and the USFWS anticipate for the River Corridor.
The Resident Monument Worker sc "o is described in Section 6.2.3.3.

For completeness in analysis, all risk estimates for each remediated waste site decision unit are provided in
Appendix G. The risk estimates, which includes all radiological COPCs regardless of their EPCs relative to
the background concentration are presented in Tables G-53 through G-56 (100-D Resident Monument
Wo rscenario) and Tables G-64 through G-67 (100-H Resident Monument Worker scenario).

Appendix G also includes risk estimates for each remediated waste site decision unit, which include only
those radiological COPCs with EPCs greater than background values or that do not have a background
value in Tables G-57 through G-60 (100-D Resident Monument Worker scenario in Appendix G) and
Tables G-68 through G-71 (100-H Resident Monument Worker scenario in Appendix G). Only these
results are discussed in the risk characterization because it is this information that is used for decisions
concemning appropriate remedial actions.

100-D Source OU. Risk estimates were calculated for the shallow vadose zone material, overburden
material, and staging pile area material decision units within a remediated waste site. Risk estimates were
not calculated for the deep zone decision units because the direct contact exposure pathway is incomplete.
The results for the Resident Monument Worker scenario are presented in Table G-57 (Appendix G).

An overall summary of the cumulative risk estimates for the resident Monument worker scenario for each
of the remediated waste sites evaluate is pro' led in Table G-61 for the shallow zone, Table G-62 for
overburden material, and Table G-63 for staging piles. These tables list the OU that each remediated
waste site resides in, the reclassification status, the remediated waste site, the associated waste site

(if applicable), the decision unit reported with an exceedance (if applicable), the total ELCR, and the risk
driver and percent contribution (if applicable).

Shallow Zone. As presented in Table G-61, the total ELCR for radionuclides is greater than the upper
risk threshold of 1 x 10 at two remediated waste sites, is within the target risk range of 10 to 10®at 29
remediated waste sites, and is less than the lower ri  threshold of 1 x 107 at eight remediated waste sites.
Risks were not reported at 21 remediated waste sites because radiological COPC concentrations were less
than background. Radiological COPCs were not reported at 32 remediated waste sites. Following are the
results of the Resident Monument Worker scenario compared to the Residential scenario.
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An overall summary of the cumulative risk estimates for the resident Monument worker scenario from
each of the remediated waste sites evaluated is provided in Table G-72 for the shallow zone material,
Table G-73 for overburden materials, and Table G-74 for staging piles. These tables list the OU that each
remediated waste site resides in, the reclassification status, the remediated waste site, the associated waste
site (if applicable), the decision unit reported with an exceedance (if applicable), the total ELCR, and the
risk driver and percent contribution (if applicable).

Shallow Zone. As presented in Table G-72, the potential total ELCR for radionuclides is within the target
risk range of 10 to 10°® for ten remediated waste sites and less than the lower risk threshold value of

1 x 10°® for ten remediated waste sites. Risks were not reported at five remediated waste sites because
COPC concentrations were less than background. Radiological COPCs were not reported at 17
remediated waste sites. Following are the results of the Resident Monument Worker scenario compared to
the Residential scenario.

Two remediated waste sites report concentrations of Hanford Site-related COPCs that exceed the upper risk
threshold of  x 10 for the Residential scenario (see Tal : 6-20). Whereas, shallow zone remediated waste
sites do not exceed the upper risk threshold of 1 x 10™ for the Resident Monument Worker scenario.

Nonradiological Re. ‘ts ~ rect Contact and Inhalation). As described in Section 6.2.3.3, the MTCA
Method B Soil Cleanup Levels (“Unrestricted Land Use Soil Cleanup Standards” [WAC 173-340-740])
are the PRG values used to achieve protection of the resident Monument worker. Table 6-21 provides the
results for the residential scenario.

Overburden. As presented in Table G-73, the total ELCR for lionuclides is within ¢ target risk range
of 10 to 10°® for overburden material associated with two remediated waste sites and is less than the
lower risk threshold of 1 x 10 for overburden material associated with three remediated waste sites.
Risks were not reported at two remediated waste sites because radiological COPC concentrations were
less than background. Radiological COPCs were not reported at two remediated waste sites.

Results for the Residential scenario are similar to the Resident Monument Worker scenario, as overburden
material associated with remediated waste sites did not exceed the upper risk threshold of 1 x 10™.

Nonradiological Results (Direct Contact and Inhalation). As described in Section 6.2.3.3, the MTCA
Method B Soil Cleanup Levels (“Unrestricted and Use Soil Cleanup Standards” [WAC 173-340-740])
are the PRG values used to achieve protection of the resident Monument worker. Table 6-23 provides the
results for the residential scenario

Staging Pile Area. As presented in Table G-74, the total ELCR is within the target risk range of 10™ to
10°° for staging pile area material associated with one remediated waste site and is less than the lower risk
threshold of 1 x 107 for staging pile area material associated with one remediated waste site. Risks were
not reported in staging pile material associated with one remediated waste site because radiological COPC
concentrations were less than backgrowr  Radiological COPCs were not reported in staging pile material
associated with one remediated waste site.

Results for the Residential scenario are similar to the Resident Monument Worker scenario, as staging
piles associated with remediated waste sites did not exceed the upper risk threshold of 1 x 10,

Nonradiological Rest s (Direct Contact and Inhalation). As described in Section 6.2.3.3, the MTCA
Method B Soil Cleanup Levels (“Unrestricted Land Use Soil Cleanup Standards” [WAC 173-340-740])
are the PRG values used to achieve protection of the resident Monument worker. Table 6-25 provides the
results for the residential scenario.

6-104






—_ e el ek —_ =
0 2O bW — O O 0 2 ON b W N -

N —
[eiiNe}

NN NN
0 2N b W=

W W W W N
WK —~ O O

W W W W w
(e IR Be N UL T 'S

& bW
— O \O

B b
w N

DOE/RL-2010-95, DRAFT A
DECEMBER 2012

cumulative risk threshold of 1 x 107 (see Table 6-14). For the Casual Recreational User sce o, one
remediated waste site (100-D-31:4) is greater than the MTCA (“Human Health Risk Assessment
Procedures” [WAC 173-340-708(5)]) cumulative ri  threshold of 1 x 107,

As presented in Table G-84, the potential HI from direct contact for noncancer effects without
background contribution is less than the EPA target HI of 1 for 69 remediated waste sites. An HI was not
reported at 19 remediated waste sites because nonradiological COPC concentrations were less than
background. Nonradiological COPCs were not detected at four remediated waste sites. The results of the
Casual Recreational User scenario compared to 2 Residential scenario follow.

Noncancer hazards for the Residential scenario are similar to the Casual Recreational User scenario as
shallow remediated waste sites were less than the EPA target HI of 1 and the MTCA (“Unrestricted Land
Use Soil Cleanup Standards” [WAC 173-340-740]) target HI of 1.

Overburden. As presented in Table G-85,the total ELCR from all radiological COPCs without
background contribution is within the target risk range of 10 to 10°® for overburden material associated
with two remediated waste sites and is less than the lower risk threshold of 1 x 10 for overburden
material associated with 14 remediated waste sites. Risks were not reported at 11 remediated waste sites
because radiological COPC concentrations were less than background. Radiol: “cal COPCs were not
reported at five remediated waste sites. Following are the results of the Casual Kecreation. User scenario
compared to the Residential scenario.

Results for the Residential scenario are similar to the Casual Recreational User scenario, as overburden
material associated with remedi d waste sites did not exceed the upper risk threshold of 1 x 10™,

As presented in Table G-86, 3 total ELCR for nonradionuclides from direct contact for all
nonradiological carcinogenic COPCs without background contribution is within the target risk range of
10" to 10 for overburden material associated with one remediated waste site and is less than 1 x 10 for
overburden material associated with 20 remediated waste sites. Risks were not reported for overburden
material associated with nine remediated waste sites because nonradiological carcinogenic COPC
concentrations were less than background. Risks were not reported for overburden material associated
with two remediated waste sites because nonradiological carcinogenic COPCs were not reported.
Following are results of e Casual Recreational ser scenario compared to the Residential scenario.

For the Residential scenario, overburden material associated with three remediated waste sites report a
total ELCR greater than 1 x 10°; however, there were no individual carcinogens reported with risks
greater than the target risk level of 1 x 10°. For the Casual Recreational User scenario, overburden
material associated with one remediated waste site reports a total ELCR greater than 1 x 107°; similarly,
there were no individual carcinogens reported with risks greater than the target risk level of 1 x 107,

As presented in Table G-86, the potential HI from direct contact for noncancer effects without
background contribution is less than the EPA target HI of 1 for overburden material associated with 30
remediated waste sites. An HI was not reported for overburden material associated with two remediated
waste sites because COPC concentrations were less than background. Following are results of the Casual
Recreational User scenario compared to the Residential scenario.

Noncancer hazards for the Residential scenario are similar to the Casual Recreational User scenario as
shallow remediated waste sites were less than the EPA target HI of 1 and the MTCA (“Unrestricted Land
Use Soil Cleanup Standards” [WAC 173-340-740]) target HI of 1.

Staging Pile Area. As presented in Table G-87, the potential total ELCR from direct contact for all
radiological COPCs without background contribution is less than the lower target risk threshold value of
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reported at 17 remediated waste sites. Following are results of the Casual Recreational User scenario
compare to the Residential scenario.

Two remediated waste sites report concentrations of Hanford Site-related COPCs that exceed the upper
risk threshold of 1 x 10™ for the Residential scenario (see Tal : 6-20). Whereas, shallow zone remediated
waste sites do not exceed the upper risk threshi | of 1 x 10 for the Casual Recreational User scenario.

As presented in Table G-98, the total ELCR from all nonradiological COPCs without background
contribution is within the target risk range of 10™*to 10°® for 20 remediated waste sites and less than

1 x 10 for 7 remediated waste sites. Risks were not reported at five remediated waste sites because
nonradiological carcinogenic COPC cc entrations were less than background. Following are results of
the Casual Recreational User scenario compared to the Residential scenario.

For the Residential scenario, 21 remediated waste sites report individual carcinogens greater than the
WAC 173-340-740 acceptable cancer risk level of 1 x 10, 19 of the remediated waste sites are greater
than the MTCA (“Human Health Risk Assess mt Procedures” [WAC 173-340-708(5)]) cumulative risk
threshold of 1 x 10 (see Table 6-21). For the Casual Recreational User scenario, 20 remediated waste
sites report individual carcinogens greater than the WAC 173-340-740 acceptable cancer risk level of

1 x 10°%; however, all of the remediated waste sites are less than the MTCA (“Human Health Risk
Assessment Procedures” [WAC 173-340-708(5)]) cumulative risk threshold of 1 x 107,

As presented in Table G-98, the potential HI from direct contact for noncancer effects without background
contribution is less than the EPA target HI of 1 for 40 remediated waste sites. An HI was not reported at
two remediated waste sites because nonradiological COPC concentrations were less than background.
Following are results of the Casual Recreational User scenario compared to the Residential scenario.

For the Residential scenario, two remediated waste sites report a HI greater than the EPA target HI of 1
and the MTCA (“Human Health Risk Assessment Procedures” [WAC 173-340-708(5)]) target HI of 1.
For the Casual Recreational User scenario, noncancer hazards were less than the EPA target HI of 1 and
the MTCA (“Unrestricted Land Use Soil Cleanup Standards” [WAC 173-340-7401) target HI of 1.

Overburden. As presented in Table G-99, the potential total ELCR from all radiological COPCs without
background contribution is within the target risk range of 10 to 10 for overburden material associated
with one remediated waste site and less than the lower risk threshold value of 1 x 10°® for overburden
material associated with four reme: ted waste sites. Risks were not reported in overburden material
associatt v  two remediated waste sites because radiological COPC concentrations were less than
background. Radiological COPCs were not detected in overburden material associated with two
remediated waste sites. Following are results of the Casual Recreational User scenario compared to the
Residential scenario.

Results for the Residential scenario are similar to the Casual Recreational User scenario, as overburden
material associated with remediated waste sites did not exceed the upper risk threshold of 1 x 10,

As presented in Table G-100, the potential cumulative ELCR from direct contact for all nonradiological
carcinogenic C( s without background contribution ranges is within the target risk range of 10%to 10°
for overburden material associated with four remediated waste sites and is less than 1 x 10°® for
overburden material associated with five remediate  waste sites. Following are results of the Casual
Recreational User scenario compared to the Residential scenario.

For the Residential scenario, overburden material associated with four remediated waste sites report
individual carcinogens eater than the WAC 173-340-740 acceptable cancer risk level of 1 x 10°%; all
four are also greater than the MTCA (“Human He. h Risk Assessment Procedures”
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were less than the EPA target HI of 1 and the M CA (“Unrestricted Land Use Soil Cleanup Standards”
[WAC 173-340-740]) target HI of 1.

6.2.6 Uncertainties in the Soil I 'k Assessment

The purpose of this soil risk assessment is to determine whether a further remedial action is warranted
under CERCLA. Estimating and evaluating health risk from exposure to environmental contaminants is
a complex process with inherent uncertainties. Uncertainty reflects limitations in knowledge, and
simplifying assumptions must be made to quantify health risks.

In this assessment, uncertainties are associated with sampling and analysis data, sampling design, the
EPCs, radiological decay, exposure, toxicity assumptions, and risk characterization.

6.2.6.1 Uncertainties Associated with Sampling and Analysis Data

Sampling and analysis data used in this soil risk assessme  represent post-remediation conditions of waste
sites with a “no action” or an “interim closed out” remediation status. All soil samples were collected in
accordance with the requirements stated in the 100 Area SAP (DOE/RL-96-22). These data were collected
specifically to determine whether the remedial actior ‘ocesses implemented  ler the work plan met the
RAOs and remedial action goals stated in the interim action RODs listed in Section 6.2.1.1.

Some uncertainties may be associated with the changing requirements associated with the analysis of COCs
identified in each ROD. When remediation initia ' began in 1996 in the 100 Area, only those analytes
identified as COCs were analyzed and reported by the laboratory. However, as remediation continued,
analytical methods improved, guidance was superseded, and reporting requirements changed. Currently,
analytes identified as COCs are analyzed using a methods-based approach, which requires each laboratory
to report the concentration of the COC and all associated target analytes included in the analytical method.

Waste sites associated with the earliest interim action RODs are generally the radioactive high volume
liquid effluent sites. In general, verification samples collected to determine whether RAOs had been met
report fewer analytes than those that have been remediated more recently. The majority of waste sites
typicallyinclude verification samples an: rzed using a methods-based approach. These generally include
burial grounds and waste sites identified during the discovery process. If a method-based approach were
used, risks may be slightly higher but would remain protective of human health. This conclusion is
supported by results of the method-based approach used for RI samples collected for this report.

6.2.6.2 Uncertainties Associated with Sampling Design and Exposure Point Concentrations

C: wlating UCL for EPCs (OSWER 9285.6-10) recommends using a 95 percent UCL on the mean for
estimating EPCs. Section 6.2.2.2 describes the methodology for calculating the EPCs for detected analytes.

When the following conditions were met, the maximum concentration rather than the 95 percent UCL
was selected as the EPC:

e Samples are collected using a focused sampling design.

e A valid 95 percent UCL cannot be calculated because of a limited number of detections (fewer
than five).

e Awvali 95 percent UCL is greater than the maximum detected concentration.

When these conditions are met, statistical bias is introduced, resulting in the potential to overstate risk.
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Activities of all radionuclides decayed to a total ELCR of less than 1.0 x 10™* by year 2009 at 100-D-47.

Europium-152 and nickel-63 concentrations at 100-D-42, 100-D-43, and 100-D-45 decayed to a total
ELCR of less than 1.0 x 10™ " 2012.

Strontium-90 concentrations at 118-H-1:1 decayed to levels less than the residential RBSL in year
2011. Activities of all radionuclides will decay to a total ELCR of less than 1.0 x 10 by year 2016.

Strontium-90 concentrations at 116-H-5 decay to levels less than the residential RBSL in year 2013.
Activities of all radionuclides will decay to a total ELCR of less than 1.0 x 10* by year 2016.

Activities of all radionuclides decayed to a total ELCR of less than 1.0 x 10 by year 2022 at 118-D-6:4.

Cesium-137 concentrations at 116-DR-9 decay to levels less than residential RBSLs in year 2035.
Activities of a radionuclides will decay to a total ELCR of less than 1.0 x 10* by year 2038.

Cesium-137 concentrations at 116-D-8 decay to levels less than residential RBSLs in year 2035.
Activities of all radionuclides will decay to a total ELCR of less than 1.0 x 10 by year 2035.

Technetium-99 is detected at the 118-DR-2:2 shallow decision unit at concentrations that result in
risks above 1 x 10-4.  zcay does not occur within a reasonable period for technetium-99 because the
half-life is 213,000 years and is not included in the above calculations.

The following lists the year that concent ions of radioisotopes currently measured in deep decision units
decay to activity levels less than residential RBSLs:

Activities of all radionuclides decayed to a total ELCR of less than 1.0 x 10 by year 2019 at 100-H-21.

Cesium-137 concentrations at 100-D-48:2 decayed to levels less than residential RBSLs in year 2003.
Activities of all radionuclides will decay to a total ELCR of less than 1.0 x 10* by year 2034,

Strontium-90 concentrations at 100-D-48:3 decayed to levels less than residential RBSLs in year 2008.
Activities of all radionuclides will decay to a total ELCR of less than 1.0 x 10 by year 2028.

iropium-152 concentrations at 100-D-49:4 decay to levels less than residential RBSLs in year 2016.
Activities of all radionuclides will decay to a total ELCR of less than 1.0 10* by year 2027.

Cesium-137 and strontium-90 concentrations at 118-H-6:2, 118-H-6:3,118-H-6:6, )0-H-9,
100-H-10, 100-H-11, 100-H-12, 100-H-13,100-H-14, and 100-H-31 decay to levels less than
residential RBSLs in year 2069. Activities of all radionuclides will decay to a total ELCR of less than
1.0 x 10 by year 2108.

Cesium-137 and europium-152 concentrations at 116-DR-6 decay to levels less than residential
RBSLs in year 2026. Activities of all radionuclides will decay to a total ELCR of less than 1.0 x 10™
by year 2048.

Cesium-137 and europium-152 concentrations at 116-DR-9 decay to levels less than residential
RBSLs in year 2037. Activities of all radionuclides will decay to a total ELCR of less than 1.0 x 10
by year 2064.

Cesium-137, cobalt-60, and europium-152 concentrations at 116-H-3 decay to levels less than
residential RBSLs in year 2036. Activities of all radionuclides will decay to a total ELCR of less than
1.0 x 10™* by year 2056.
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conservative but more likely to occur wi  n a population, with the latter being favored in risk assessment.
In general, these assumptions are intended to be conservative and yield an upper bound of the true risk
or hazard.

6.2.6.5 Uncertainties Associated with Toxicity Assessment

The toxicologici Jatabase was also a source of uncertainty. EPA has outlined some of the sources of
uncertainty as defined in the risk assessment guide (EPA/540/1-89/002) and in Superfund HHT Risk
Assessment Values (Cook, 2003). These sources may include or result from the extrapolation from high
to low doses and from animals to humans. This is contingent on the species, gender, age, and strain
differences in the uptake, metabolism, organ distribution, and target site susceptibility of a toxin.

The human population’s variability with respect to diet, environment, activity patterns, and cultural
factors are also sources of uncertainty.

Traditionally, EPA has developed toxicity criteria for carcinogens by assuming that all carcinogens are
nonthreshold contaminants. However, EPA recently has published revised cancer guidelines

(Guidelines for Carcinogen Risk Assessment I [EPA/630/P-03/001F]) in which they have modified their
former position of assuming nonthreshold action for all car ms. This new guidance emphasizes

estal  1ing the specific toxicokinetic mode of action that leads to development of cancer. In the future,
toxic  criteria for carcinogens in the United States will be developed assuming no threshold for
contaminants that exhibit genotoxic modes of action, or where the mode of action is not known. However,
currently available EPA toxicity criteria for carcinogens were all derived assuming a nonthreshold model.

In most of the world, nonthresh: | toxicity criteria are developed only for those carcinogens that appear
to cause cancer through a genotoxic mechanism (International Toxicity Estimates for Risk database

[ERA, 2011]). Specifically, for genotoxic contaminants, the cancer dose-response model is 1sed on
high-dose to low-dose extrapolation and assumes there is no lower threshold for the initiation of toxic
effects. Cancer effects observed at high doses are found in laboratory animals or are extrapolated from
occupational or epidemiological studies. Cancer effects observed at low doses are commonly found in
environmental exposures. These models are essentially linear at low doses, so no dose is without some
risk of cancer.

Slope Factors for Cr(Vl). The oral RfD of 0.003 mg/kg-day published by IRIS is used to develop the
MTCA (“Unrestricted Land Use Soil Cleanup Standards” [WAC 173-340-740]) direct contact soil
cleanup level for Cr(VI). NJDEP has recently published an oral carcinogenic potency factor of

0.5 (mg/kg-day)™ (Derivation of an Ingestion-Based Soil Remediation Criterion for Cr*® Based on the
NTP Chronic Bioassay Data for Sodium Dichromate Dihydrate [NJDEP, 2009]). If the NJDEP value
were used to calculate the MTCA (“Unrestricted Land Use Soil Cleanup Standards”

[WAC 173-340-740]) direct contact soil cleanup level, the concentration would decrease from 240 mg/kg
to 2.0 mg/kg. The use of the oral RfD published by IRIS may result in underestimating risk.

6.2.6.6 Uncertainties Associated with Risk Characterization

In the risk characterization, the assumption was made that the total risk of developing cancer from
exposure to Hanford Site contaminants is the sum of the risk attributed to each individual contaminant.
Likewise, the potenti. for the development of noncancer adverse effects is the sum of the HQs estimated
for exposure to each individual contaminant. This approach, in accordance with EPA guidance, did not
account for the possibility that constituents act synergistically or antagonistically, resulting in an
overestimation or underestimation of risk.
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cause adverse environmental impacts.’4 It is important to note that all conditions do not need to be
present for action and 2 conditions may be independent of each other.”

EPA guidance provided in “Role of the Basel = Risk Assessmen’ = Superfund Remedy Selection
Decisions” (Clay, 1991) describes how to use the baseline risk assessment to make risk management
decisions such as determining whether reme: 1l action under CERCLA Section 104 or Section 106 is
necessary. The “Role of the Baseline Risk Assessment in Superfund Remedy Selection Decisions”

(C 1y, 1991) describes the following conditions when a CERCLA action is generally warranted:

e The baseline risk assessment indicates that a cumulative site risk to an individual using RME
assumptions for either current or future land use exceeds the 10* ELCR end of the risk range.

e For groundwater actions, MCLs and nonzero maximum contaminant limit goals (MCLGs) will
generally be used to gauge whether remedial action is warranted.

e Chemical-specific standards that define acceptable risk levels also may be used to determine whether
an exposure is associated with an w  :ceptable risk to human health and the environment and whether
remedial action is warranted.

Protectiveness of human heal is evaluatec /com i1 oundwater concentratio.  within the
groundwater OU to existing federal or state MCLs or nonzero MCLGs. Protectiveness of aquatic
receptors is determined by the comparison of groundwater concentrations at the point of discharge to
surface water to water quality criteria established under Section 304 or Section 303 of the Clean Water
Act of 1977 as well as Washington State water quality standards. The point of compliance for surface
water cleanup levels is defined in the MTCA (“Surface Water Cleanup Standards”

[WAC 173-340-730(7)(a)]) as the point or points at which hazardous substances are released to surface
waters of the state. MTCA (“Surface Water Cleanup Standards” [WAC 173-340-730(7)(b)]) indicates that
no mixing zone shall be: owed to demonstrate compliance with surface water cleanup levels.

Groundwater concentrations are compared to MTCA (“Ground Water Cleanup Standards”

[WAC 173-340-720]) and MTCA (“Surface Water Cleanup Standards” [WAC 173-340-730]) to
determine whether EPCs result in a HI greater than one. The EPCs also are used to calculate ELCRs that
are compared to the upper end of the NCP (40 CFR 300) risk range for cumulative carcinogenic site risk
to an individual based on RME for both current and future land use.

EPA guidance provided in “( rification of the Role of Applicable, or Relevant and Appropriate
Requirements in Establishing Preliminary Remediation Goals under CERCLA?” (Fields, 1997) clarifies
the relationship between two statutory mandates of CERCLA: (1) protect human health and the
environment, and (2) attain or waive, if justified, based on site-specific circumstances, ARARs. It remains
EPA’s policy that ARARs will gener y be consi red protective, absent multiple contaminants or |
pathways of exposure. However, the guidance clarifies that, in rare situations, even absent multiple
pathways or contaminants, PRGs should be set at levels more protective than required by a given ARAR,
where application of the ARAR would not be protective of human health and the environment.

The RCBRA (DOE/RL-2007-21) evaluated groundwater data collected from 1998 to 2008. During the
development of the Integrated Work Plan (DOE/RL-2008-46) approximately one year of additional
groundwater data were collected and ev. 1ated. The Integrated Work Plan (DOE/RL-2008-46) identified
the need to collect representative spatial and temporal samples from a subset of wells. These data were
collected over an 8-month period between October 7, 2009 and June 11, 2010. In this RI/FS, three

14 See EPA 540-R-97-013, Rules of Thumb for Superfund Remedy Selection.
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whereas the Native American scenarios :lude high-end exposure assumptions. The Native American
scenarios are discussed in more detail in the uncertainty section (Section 6.3.8.5.1). The results of the
comp on show how the similarities and differences that result in use of RME and high-end
assumptions. The results of the tap water risk assessment are provided in Tap Water Risk Assessment for
the 100-HR-3 Groundwater Operable Unit (ECF-100HR3-10-0478) (Appendix G).

6.3.1 Findings of the River Corridor Baseline Risk Assessment

The RCBRA  OE/RL-2007-21) provides a screening level groundwater risk assessment for the
100-HR-3 Groundwater OU to ev.  ate potential risks associated with groundwater exposure. The results
of the groundwater screening leve sk assessment indicate potential risk above EPA thresholds within
the 100 R-3 Groundwater OU. Noncancer chemical hazard results were also above the EPA’s threshold
value of 1.

Uncertainties associated with the groundwater dataset were identified in the RCBRA (DOE/RL-2007-21).
These uncertainties relate to the ab  y of the groundwater dataset collected from 1998 to 2008 to represent
current baseline conditions and potential exposure within each groundwater OU. Analytical data used for the
screening level assessment were collected to fulfill a variety of state and federal regulations, including
RCRA, CERCLA, the Afomic Energy Act of 1954: and Section 173 of the Washington Administrative
Code. Although the monitoring data can be used 1 risk assessment purposes, there are uncertainties
associated with its use. Specifically, target analytes, sam] ng frequencies, and MDLs (or reporting limits)
are different between programs because the information is used to meet different requirements.

As a result of the uncertainties identified in the RCBRA, the Integrated Work Plan (DOE/RL-2008-46)
added activities that would help reduce uncertainties, verify conclusions of the HHRA presented in the
RCBRA, and ensure that no contaminants were inadvertently overlooked based on the use of the existing
dataset. Section 3.6.5.1 of the Integr :d Work Plan (DOE/RL-2008-46) identifies the following activities
to reduce uncertainties:

Identify existing and/or install new monitoring wells that are spatially representative of the groundwater.
This set of wells will represent locations where a receptor potentially could contact groundwater.

Conduct multiple rounds of sampling to obtain temporal representation of 2 unconfined aquifer from
influence of river stage. Additional rounds of sampling at spatially representative monitoring wells will
represent current groundwater conditions and capture the influence of river fluctuations on COPC
concentrations.

Analyze all spatially representative monitoring wells for a focused list of groundwater COPCs identified
for each round of sampling. Analyzing each of the monitoring wells for COPCs will provide a dataset that
is representative of potential releases to the groundwater.

Evaluate sample results from characterization activities to support final remedial action decisions
for groundwater.

The RCBRA evaluated exposure to groundwater for three residential scenarios (Subsistence Farmer,
CTUIR Resident, and Yakama Resident scenarios) and the residential component of the resident Monument
worker exposure scenario. Direct exposure to contaminants in groundwater was evaluated for household
uses of groundwater in each of these scenarios, such as drinking and cooking (ingestion) and bathing
(dermal absorption). If VOCs were measured in groundwater, indirect exposure by inhalation of VOCs in
air may occur while bathing or when using groundwater in the home for other purposes. The inhalation
pathway for VOCs associate with househi | use of groundwater is evaluated for VOCs that are identified

6-118

























EiN W N =

o0 [« QR V]

11
12
13
14

15
16

17
18
19

20
21
22
23

24
25

26

27
28
29
30
31
32
33
34
35
36
37
38
39

DOE/RL-2010-95, DRAFT A
DECEMBER 2012

Although the term “action level” is used for screening purposes, :term “action level” is not used to
determine remediation levels nor does it imply that a groundwater action should be taken. Cleanup levels
for groundwater contaminants are developed in the ROD.

The sources of action levels from federal regulations are:

e “National Primary Drinking Water Regulations” (40 CFR 141), MCLs, secondary MCLs, and
nonzero MCLGs established under the Safe Drinking Water Act of 1974 (SDWA)

e National Recommended Water Quality Criteria (EPA, 2009b), Ambient Water Quality Criteria
(AWQC) established under Section 304 of the Clean Water Act of 1977

o “Water Quality Standards” (40 CFR 131) for states not complying with Section 303 of the Clean
Water Act of 1977

The sources of the action levels from Washington State regulations are:

e “Water Quality Standards for Surface Waters of the State of Washington” (WAC 173-201A)
e “Groundwater Cleanup Standards” (WAC 173-340-720)

o  “Surface Water Cleanup Standards” (WAC 173-340-730)

e  “Group A Public Water Supplies,” “Maximum Contaminant Levels (MCLs) and Maximum Residual
Disinfectant Levels (MRDLs)” (WAC 246-290-310)

While surface water and AWQC standards are considered for the identification of action levels, it must be
noted that these standards only apply for groundwater where it enters the Columbia River. For the upland
parts of groundwater, only DWSs are applicable.

Derivation of State of Washington groundwater cleanup :vels is provided in a separate calculation brief
(Calculation of Standard Method B Groundwater Cleanup Levels for Potable Groundwater for the

100 Areas and 300 Area Remedial Investigation/Feasibility Study Reports [ECF-100NPL-10-0462]).
Derivation of State of Washington surface water cleanup levels is provided in a separate calculation bri

(Calculation of Standard Method B Surface Water Cleanup Levels for the 100 Areas and 300 Area
Remedial Investigation/Feasibility Study Reports [ECF-100NPL-10-0463]).

6.3.2.3 COPC ldentification Process

Section 6.3.2.1 defined the analytical dataset and described the analytical data processing steps used in
this section for identifying groundwater COPCs. Section 6.3.2.2 identified the action levels used in this
section for identifying groundwater COPCs. The COPC identification process described in this section is
used to identify a subset of analytes to be carried forward into the risk characterization step provided in
Section 6.3.5. This step of the process uses sam] ng and analysis data collected from the 52 monitoring
we . in the 100-HR-3 Groundwater OU. The purpose of grouping all sampling and analysis data together
from each exposure area (that is, the 100-D Source exposure area, the 100-H Source exposure area, and
the horn exposure area) is to identify those analytes with detected concentrations above ¢ lowest
available action level before an EPC is calculated. A detailed description of the screening process is
provided in Identification of Contaminants of Potential Concern for Groundwater Risk Assessment at the
100-HR-3 Groundwater Operable Unit (ECF-100HR3-10-0469) (Appendix G). The COPC identification
steps, number of records, and number of analytes associated with each step are depicted on Figures 6-9
and 6-10 for the 100-HR-3 Groundwater OU and listed as follows:
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6.5.1.4 Deep Zone Results for Rl and LFI Data

Soil samples were collected from depths greater than 4.6 m (15 ft) bgs from the following locations:
e Twelve RI soil borings (seven from 100-D Source OU and five from 100-H Source OU)

e Fifteen of the RI wells (seven from 100- D Source OU and eight from 100-H Source OU)

e Five RI test pits (three from 100-D Source OU and two from 100-H Source OU)

e Twenty-three LFI soil borings (18 from 100-D Source OU and five from 100-H Source OU)

e Six LFI wells (all from 100-H Source OU)

The conclusions from the evaluation of the deep zone RI and LFI data are consistent with the conclusions
of the soil risk assessment.

For the )0-D Source OU, RI soil boring/well samples from 116-D-1B Trench (C7855), 116 -7

Retention Basin (C7851), and the 118-D-6 Reactor 1 Storage Basin (C7857) and 100-D RUM Well R5

redrill (C8668) report radionuclide concentrations greater than residential RBSLs. LFI soil boring

samp from 116-D-1A Trench (199-D5-21), 116-D-1B Trench (199-D5-29), 116-DR-1&2 Trench

(199-D8-62), 116-D-2 Crib (199-D5-22), 116-D-9 Crib (199-D5-26), and the 132-D-3 Pumping Station

(199-D5-28) also report radionuclide concentr. ons greater than residential RBSLs. Radionuclide

concentrations from each of the above soil borings were decayed to determine the year that activities

would be reduced to levels less than the residential RBSL. e following summarizes the results of the |
comparisons for the previously listed waste sites: |

e LFIdata, CVP/RSVP closeout data, and RI soil boring data are available for the 116-D-1A Trench.
This site is a potential source for groundwater contamination in the D northern Cr(VI) groundwater
plume. The RI data indicate that individual risks from all detected analytes are less than the risk
threshold of 1 x 10", The results of the LFI data analysis and the risk assessment for the deep
decision unit identify similar radioisotopes as contributors to risk (cesium-137, cobalt-60,
europium-152, europium-154, and strontium-90). These radioisotopes are present at depths ranging
between 5.2 and 16.2 m (17 and 53.2 ft) bgs. Concentrations of all isotopes decay to levels less than
residential RBSLs between years 2174 and 2196.

e I andRI soil boring data are available for the 116-D-1B Trench. The results of the RI data analysis
and the LFI data analysis identify similar radioisotopes as contributors to risk (cesium-137, cobalt-60,
europium-152, europium-154, and strontium-90) and concentrations of all isotopes decay to levels
less than residential RBSLs between years 2092 and 2177. Cesium-137 and europium-152
radioisotopes are present at depths ranging etween 4.8 and 7.1 m (15.7 and 23.2 ft) bgs and
strontium-90 is present at depths ranging between 6.3 and 15.8 m (20.7 and 52 ft) bgs in the RI soil
boring. Cesium-137, cobalt-60, europium-152, europium-154, and strontium-90 are present at depths
ranging between 4.3 and 8.1 m (14 and 26.7 ft) bgs. The 116-D-1B Trench is a consolidated waste
site associated with the 16-D-1A Trench; therefore, the risk assessment results reported for the
116-D-1A Trench apply to the 116-D- 3 Trench.

e LFI data, CVP/RSVP closeout data, and RI soil boring data are available for the 116-D-7 Retention
Basin. The RI data analysis identifies cesium-137 as a contributor to risk and the risk assessment for
the 116-D-7 waste site (deep decision unit) identifies cesium-137, cobalt-60, europium-152,
europium-154, and nickel-63 as contributors to risk. Cesium-137 is present at depths ranging between
6.1 and 9.8 m (19.9 and 32 ft) bgs. The LFI data indicate that individual risks from all detected
analytes are less than the risk threshold of 1 x 10™. Based on the results of the RI data analysis and
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e Groundwater and areas of groundwater emergence on the southern and western shorelines of the
Columbia River on the Hanfor Site

The RCBRA (DOE/RL-2007-21) used mi  iple measures of exposure, ecological effect, and
ecosystem/receptor characteristics to evaluate risks at 20 study sites across the River Corridor associate
with remediate  waste sites (10 excavated/backfilled sites and 10 surface removal/native soil sites) and
10 reference areas, as described in the RCBRA SAP (DOE/RL-2005-42). e sites studied were selected
from high-priority waste sites that had been remediated when the study was developed and represent the
types of waste si  and remedial actions addressed by interim action RODs. Based on this set of study
sites, the results from the RCBRA (DOE/RL-2007-21)id ified contaminants in soil as cont  nants of
ecological concern (COECs). The principal COECs were metals and pesticides.

The study design of the ERA in the RCBRA (DOE/RL-2007-21) provided risk conclusions that applied
across the entire River Corridor. The study design, coupled with results that identified COECs across the
River Corridor, required development of an ERA approach for the RI/FS that allowed evaluation of risks
on a site-by-site basis as well as supported development of I Gs. That approach incorporates the use of
ecological SSLs and ecological PRGs, which have been developed u = ; the tiered process outlined in
Tier 1 Risk-Based Soil Concentrations Protective of Ecological Receptors at the Hanford Site
(CHPRC-00784) and Tier 2 Risk-Based Soil Concentrations Protective of Ecological Receptors at the
Hanford Site (CHPRC-01311), respectively, found in Appendix H of the 100-K RI/FS. This tiered
process allows the incorporation of more sophisticated ERA methods and increasing levels of ecological
site-specific and site relevant information to provide SSLs and PRGs that are more representative of
Hanford Site conditions. Development of the risk-based concentration values (SSLs) and PRGs incorporates
the problem formulation, the conceptual ecological exposure models, and selected bioaccumulation datasets
developed in the RCBRA (DOE/RL-2007-21). These values were used to screen the 75 waste sites in the
100-D (100-DR-1 and 100-DR-2) OUs and 36 waste sites in the 100-H (100-HR-1 and 100-HR-2) OUs,
with verification sampling and analytical information, to provide site-specific ecological risk information for
each site.

The CRC  OE/RL-2010-117)2 used analytical chemistry collected from surface water, sediment, pore
water, and island soil to evaluate the potential for risk to ecological receptors including aquatic life living
within the Columbia River and wildlife frequenting or inhabiting the islands within the river. ased on

a screening-level ERA using refined toxicity and distributional data, the CRC (DOE/RL-2010-117)
identified contaminants in soil as contaminants of potential ecological concern (COPECs). COPECs
principally were metals. The potential for these contaminants to have originated from 100-D or 100-H is
discussed later in this chapter. Three of the 75 waste sites in the 100-D Source OU and 5 of the 36 waste
sites in the 100-H Source OU report only deep-zone data and therefore are not included in the evaluation.

The following approach has been used for addressing ecological risks potentia r associated with waste
sites in the 100-D and 100-H € s:

e Updating the identification of COPCs (Section 7.1).© = RCBRA (DOE/RL-2007-21) went
ough a process to - mtify COPCs for ecological receptors based on a sitewide review of River
Corridor data. This identification process has been updated to account for verification sampling data
specifically in individual 100-D/H waste sites.

2 All citations to the CRC (DOE/RL-2010-117) in this chapter are referring to Volume I: Screening-Level Ecological
Risk Assessment.
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e Site-specific analysis using a kinetic-allometric modeling methodology. Multiple parameters, which
represent contribution to an organism’s internal dose, can be modified to represent site- and
o nism-specific characteristics. These parameters include body mass, consumption rates of food or
soil, inhalation rate, lifespan, and biological elimination rates. Development of the organism-specific
\aracteristics involves usit 1 metric equations that relate these parameters to body mass.

e Site-specific biota dose assessment involving the collection and an.  ’sis of biota samples.

BCGs can be calculated using dose models, equations, and default parameters presented in Graded
Approach for Radiation Doses to Biota (DOE-STD-1153-2002). The values in soil, calculated using
these default methods, are included in Table 6-4 of Graded Approach for Radiation Doses to Biota
(DOE-STD-1153-2002). These dose mod: , equations, and default parameters are also incorporated into
the RESRAD-BIOTA for Windows, Version 1.5 (ANL, 2009a) model (RESRAD-BIOTA: A Tool for
Implementing a Graded Approach to Biota Dose Evaluation, User’s Guide, Version 1 [DOE/EH-0676])
to establish values protective of wildlife populations and plant communities. Effects of lonizing Radiation
on Terrestrial Plants and Animals: A Workshop Report (ORNL/TM-13141) also discusses populations of
wildlife and communities of plants as the basis for the BCGs. RESRAD-BIOTA presents the following
three levels of analysis, which correspond to the following levels in the graded approach:

e Level 1—general screening approach
e Level 2—site-specific screening with representative parameters
e Level 3—site-specific analysis using the kinetic/allometric modeling methodology

The BCGs for plants for this ERA were calculated using the Level 1 analysis in RESRAD-BIOTA and
are shown in Table 7-1.

For wildlife (animals), more receptor-specific SSLs were developed using RESRAD-BIOTA for
Windows, Version 1.5 (ANL, 2009a) with Level 3 assumptions. Values were established for eight species
rep enting feeding guilds at the site. However, Hanford Site-specific tissue residue of radionuclides was
insufficient for developing models so values fromr :van! ublished literature were used (“Derivation of
Transfer Parameters for Use Within the ERICA Tool and the Default Concentration Ratios for Terrestrial
Biota” [Beresford et al., 2008]). Final radionuclide SSLs for wildlife are listed in Table 7-2.

Because the dose from radionuclides is additive (“Principles and Issues in Radiological Ecological Risk
Assessment” [Jones et al., 2003]), the total contribution of radionuclides known to be associated with
Hanford Site processes was also calculated. A total radionuclide exposure estimate was calculated using
the sum of fractions (SOF) method. With the SOF method, e contributions of radionuclides were
reviewed to determine their contribution to dose. Contributions were considered significant if the
radionuclide EPC was greater than the SSL and detected frequently.

7.3.1.2 Effects Assessment for Nonradionuclides

Effects data for the nonradionuclide COPCs are presented below for plants and invertebrates and for
wildlife. Included is a description of the sources of the information used and an explanation of the
selection of ¢ ects data. The overarching theme was to use the ost recent of relevant toxicological
information available as described within ERAGS (EPA 540-R-97-006) and MTCA (“Site-Specific
Terrestria.  ological Evaluation Procedures” NAC 173-340-7493])).
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Ecology’s ecological indicator soil concentrations, presented in Table 749-3 of MTCA (WAC 173-340),
represent soil concentrations expected to be protective at any MTCA (WAC 173-340) site and are provided
for use in eliminating hazardous substances from further consideration under MTCA (“Site-Specific
Terrestrial Ecological Evaluation Procedures” [WAC 173-340-7493(2)(a)(i)]). The ecological indicator
soil concentrations for plants are based on benchmarks published in Toxicological Benchmarks for
Screening Potential Contaminants of Potential Concern for Effects on Terrestrial Plants: 1997 Revision
(ES/ER/TM-85/R3). The ecological indicator soil concentrations for soil biota are based on benchmarks
published in Toxicological Benchmarks for Contaminants of Concern for Effects on Soil and Litter
Invertebrates and Heterotrophic Process: 1997 Revision (ES/ER/TM-126/R2).

Wildlife (Birds and Mammals). Bird and mammal TRVs for both the no observed adverse-effect levels
(NOAELs) and LOAELSs were used in the SSL and PRG development. The TR Vs were used within
models relating the ingested dose of the chemicals (Section 7.3.2, Exposure Assessment) with the TRVs
to establish SSLs or PRGs that represent adverse effects thresholds. The TRVs were obtained from
various sources, with a focus on the most recent sources and those derived or endorsed by EPA and
Ecology (as evidenced by their use in ei er EcoSSLs or the MTCA [WAC 173-340]). The primary
literature sources used were EcoSSLs. The toxicity studies used were selected initially from the following
sources, w h have been listed in order of preference:

e (OSWER Directives

9285.7-56, Ecological Soil Screening Levels for Dieldrin: Interim Final

— 9285.7-57, Ecological Soil Screening Levels for DDT and Metabolites: Interim Final
—  9285.7-60, Ecological Soil Screening Level for Aluminum: Interim Final

— 9285.7-61, Ecological Soil Screening Levels for Antimony: Interim Final

— 9285.7-62, Ecological Soil Screening Levels for Arsenic: Interim Final

— 9285.7-63, Ecological Soil Screening Levels for Barium: Interim Final

— 9285.7-64, Ecological Soil Screening Levels for Beryllium: Interim Final
—  9285.7-65, Ecological Soil Screening Levels for Cadmium: Interim Final
—  9285.7-66, Ecological Soil Screening Levels for Chromium: Interim Final
- 9285.7-67, Ecological Soil Screening Levels for Cobalt: Interim Final

— 9285.7-68, Ecological Soil Screening Levels for Copper: Interim Final

— 9285.7-69, Ecological Soil Screening Level for Iron: Interim Final

— 9285.7-70, Ecological Soil Screening Levels for Lead: Interim Final

— 9285.7-71, Ecological Soil Screening Levels for Manganese: Interim Final
— 9285.7-72, Ecological Soil Screening Levels for Selenium: Interim Final

— 9285.7-73, Ecological Soil Screening Levels for Zinc: Interim Final

— 9285.7-75, Ecological Soil Screening Levels for Vanadium: Interim Final
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IT »
E = Y B,xP xFIR|+[Soil, x P, x FIR||x AUF
LL =1
where:
Et =
total exposure (mg g/day)
Soil; = chemical concentration in soil (mg/kg dry weight)
P, = soil ingestion rate as proportion of diet (unitless)

FIR = food intake rate (kg food/kg body weight/day, dry weight)

Bij = chemical concentration in biota type (i) (mg/kg, dry weight)

P; = proportion of biota type (i) in diet (unitless)

AUF = area use factor (area of site’home range [Appendix H, Table H-¢ of receptor) (unitless)

The bird and mammal effects data (Section 7.3.1.1) were combined with the wildlife exposure model to
calculate avi n SLs and PF © for nonr " muclides. These SSLs and PRGs consist of soil
concentrations asso with estimated dietary exposures equivalent to a selected effect level and were
calculated using the following basic equation:

1= TRV
> (SSLorPRGx DFI)x[(Frac, xC, )+ (Frac, xC,)+(Frac, xC, )+ (Frac,)|
where:
TRV = toxicity reference value (mg/kg body weight/day)
SSL = wildlife soil screening level (mg/kg)
PRG = wildlife preliminary :mediation goal (mg/kg)

Frac, = fraction of diet represented by vegeta n (unitless)

DFI = daily ingestion rate of a food items (kg/kg body weight/day dry weight)

C, = concentration in vegetation tissue (mg/kg dry weight)
Frac; = fraction of diet represented by terrestrial invertebrates (unitless)
G = concel tion in soil invertebrate tissue (mg/kg dry weight)

Frac,, = fraction of diet represented by small mammals/birds (unitless)
Cn, = concentration in small mammal tissue (mg/kg dry weight)
Frac; = fraction of diet represented by incidenta ingested soil (unitless)

The TRV denotes the level of toxicity of the chemical, as reported from literature sources. The wildlife
SSLs and PRGs use the LOAELS, which is consistent with protecting ecological receptors at the
population and community levels. The daily ingestion rate and dietary fractions are specific to bird and
mammal receptors identified for the upland environment of the Hanford Site. The chemical concentration
in the food item (vegetation, soil invertebrate, and small mammal) is estimated by BAFs or

bioaccumi tion regression models to extrapolate to the food source. This equation is solved for wildlife
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(OSWER Directive 92857-55). These models and assumptions represent the most recent equations used
in ERA and are now e standard of practice; thus they were employed for developing SSLs and PRGs
for Hanford.

o Estimating Prey Tissue Concentr; on for SSLs—The concentrations of COPCs in each food item
were estimated rather than measured. For the purposes of exposure estimation, partitioning of
analytes from environmental media tc rey was estimated from literature values and models.

The models presented in the EPA EcoSSLs methodology (Guidance for Developing Ecological Soil
Screening Levels [OSW R Directive 9285.7-55]) were used preferentially for estimation of
bioaccumulation into biota from soil. Consistent with the approach used for the EcoSSLs,
regression-based models (if availal ) and median BAFs from the source selected by EPA were used.
In the absence of applicable bioaccumulation models, a default value of 1 was assumed. In all cases,
it was assumed that tissue uptake occurs under steady-state conditions. Bioaccumulation models used
to derive wildlife SSLs are presented in Table H-4 (Appendix H). The wildlife SSLs are presented in
Tal :7-2 for radionuclides and Table 7-3 for nonradionuclides.

Estimating Prey Tissue C¢ entration for PI s—Development of the PRGs for birds and
mammals focused on the integration of available site-specific bioaccumulation data for plants,

te  strial arthropods, and small mammals with data from the existing bioaccumulation models
(that is, those from Guidance for Developing Ecological Soil Screening Levels OSWER
Directive 9285.7-55]) that were used to develop the EcoSSLs in order to develop a set of more
site-specific and site-relevant bioaccumulation models.® The following Hanford Site-specific and
literature-based datasets were used to develop these bioaccumulation models presented in
Appendix H 1ble H-5):

Hanford Site-specific bioaccumm ition data have been collected in support of the RCBRA
(DOE/RL-2007-21) and other projects at the site. Data representing tissue from terrestrial plants
(foliage shoots, and other aboveground parts of grasses, shrubs, and trees), small mammals (whole
individual mice or composites of multiple whole mice), and terrestrial arthropods (whole individual
invertebrates or composites of multiple whole invertebrates) and collocated soil data were extracted
from ZIS. Only paired sam; s in which the target analytes were detected in both tissue and soil were
retained for the bioaccumulation  tabase; observations that were nondetects in either the soil or tissue
of a sample pair were excluded from consideration.

Literature Derived Bioaccumulation Data for Plants and Small Mammals. Data from previously developed
and published bioaccumulation models for plants and small mammals were used to augment the Hanford
Site-specific data. Specifically, the plant bioaccumulation databases from Empirical Models for the
Uptake of Inorganic Chemicals from Soil by Plants (BJC/OR-133) and “Uptake of Inorganic Chemicals
from Soil by Plant Leaves: Regressions of Field Data” (Efroymson et al., 2001) were used. In addition,
the small mammal bioaccumulation database from Development and Validation of Bioaccumulation
Models for Small Mammals (ES/ER/TM-219) was used. These data also represent the primary
bioaccumulation data for inorganics integrated into Guidance for Developing Ecological Soil Screening
Levels (OSWER Directive 9285.7-55). Electronic copies of the original databases were obtained from the
authors to facilitate integration with Hanford Site-specific data.

S These bioaccumulation models are defined as more site-specific and site-relevant because they are based on
both site-specific data and data from published literature sources. This combining of Hanford Site-specific and
literature data was performed to maximize utility of the Hanford Site-specific data collected over comparatively
narrow concentration ranges by expanding the dataset to include literature data collected across a wider
concentration range.
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in Appendix L. As explained in Appendix L, exceedances of ambient water quality criteria for other
chemicals within aquatic media (pore water, seeps, aquifer tubes, groundwater, surface water) were either
anomalous (that is, very low frequency) or because of laboratory reporting issues.

7.5.5.2 Risks to Aquatic Plants

Potential effects on aquatic plants were evaluated through results of a bioassay in sediment and
comparison of sediment and pore water concentrations to SSLs (RCBRA [DOE/RL-2007-21],

Tables 6-88 through 6-91). Based on the combined pore water and sediment concentrations, the RCBRA
(DOE/RL-2007-21) identified cadmium, chromium, Cr(VI), manganese, and uranium as COECs
warranting further evaluation for potential effects on aquatic plants, as noted in Section 8.5.1.1
(DOE/RL-2007-21). The CRC (DOE/RL-201-117) identified the final COECs for pore water and
sediment within the 100-HR-3 ¢ "as al ninum, chromium, Cr(VI), lead, nickel, and nitrate. For the
100-D and 100-H near-shore sampling sites, antimony and phosphorus were detected in sediment at
concentrations greater than the upper threshold sediment biota ESL (Appendix L, Tables L-72 and L-74).
Sediment COPECs/COECs are discussed in more detail below with risks to aquatic invertebrates and in
more detail in Appendix L, with a conclusion that observed sediment concentrations do not warrant
further evaluation. Pore water COPECs from the 100-D/H near-shore sampling sites are discussed in
more detail in Appendix L, Section L4.2, which concluded that concentrations in the pore water, with the
exception of Cr(VI), were not at levels warranting additional evaluation. Of the ey ume contaminants
in the reach of the Columbia River adjacent to 100-D/H OUs, Cr(VI) had concentrations of ecological
relevance in the near-shore environment. Total chromium was above the ESL in near-shore groundwater
wells, aquifer tubes, and seeps. Only total chromium and Cr(VI) represent a potential source for
concentrations that exceeded water quality criteria at the point of exposure (pore water), warranting
further evaluation in the FS.

Laboratory bioassays (that is, toxicity tests) were conducted with field-collected sediments. Significant
relationships were determined with observed response within aquatic plant toxicity tests in association
with confounding factors and st e chemicals. Additionally, there were clear measures of exposure

(that is, accumulation into plants), primarily for inorganic chemicals detected in pore water and sediment.
However, of the significant relationships determined, none was with chemicals for which pore water
concentrations were greater than aquatic plant benchmarks. Further, no risks to aquatic plants were noted
based on toxicity testing.

7.5.5.3 Risks to Aquatic Invertebrates

The primary lines of evidence used to evaluate risks to aquatic invertebrates are field surveys, the results
of bioassays, and comparison of sediment and water concentrations to ESLs

Abiotic Media Concentrations Compared to Literature Values. Pore water concentrations at study sites
across the Hanford Reach were greater than chronic water standards or criteria for five COPECs
(aluminum, cadmium, chromium, Cr(V  and lead; RCBRA [DOE/RL-2007-21], Table 6-90). However,
there are significant uncertainties relative to many of the conclusions based on pore water sampling.
Further, all of these abiotic measurements represent a single point measurement within a dynamic river
system with daily and seasonal fluctuations and flow volumes that can shift the composition of the
substrates sampled. Exceedances should not be ignored as they can indicate exposure at levels presenting
a risk. But because of the uncertainty in the representativeness of the measurements resulting from the
dynamic environment, the exceedances should be considered along with other data that identify

whether there is an ongoing source of the measurements. This analysis is presented in Appendix L.

The interpretation of pore water results as an indication of adverse effects to aquatic invertebrates is the
same as that for aquatic plants, given that the E{ s are protective of both plants and aquatic invertebrates:
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This  luded agreement on the assessment endpoints, representative receptors, and complete exposure
pathways that correspond to those COECs. The final recommendation for the SMDP is a conclusion that
there were no potential risks to ecc Hgical receptors in the upland remediated waste sites and source

OUs warranting further evaluation in the FS. As part of the assessment of contributions to ecological risks
identified in the riparian and near-shore environments of the Columbia River (RCBRA
[DOE/RL-2007-21]) and the main channel, far-shore, and island environment of the Columbia River in
the CRC (DOE/RL-2010-117), total chromium and Cr(VI) in the 100-HR-3 Groundwater OU are
recommended for further evaluation in the FS.

7.6 SMDP Con:¢ lerations

Within the process for conducting ecological risk evaluations or assessments at CERCLA sites, several

cision points oc:  at which risk managers, risk assessors, and other s* * holders agree on a path
forward with respect to ecological risk associated with a site. Typical variations include the following risk
assessment outcomes:

e No unacceptable potential risks to ecological receptors (for example, risks are sufficiently low and
below risk-based thresholds such as SSLs or PRGs).

e Potential for risks to ecologic. receptors, but the risks do not warrant the evaluation of remedial
alternatives in the FS because of a number of considerations. 4

e Potential for risks to ecological receptors, but there is uncertainty in one or more components of the ERA
that warrant the evaluation of remedial alternatives in the FS.

e Need to evaluate remedial alternatives in the FS based on the protection of another receptor or
exposure pathway (for example, human health) that would address potential ecological risks.

e Potential for risk to ecological receptors warranting evaluation of remedial alternatives in the FS.

With the risk assessment outcomes listed above, agreement is needed on the following elements to assist
in the evaluation of remedial alternatives in the FS: the COCs, the assessment endpoints, the exposure
pathways, and the risk questions. To confidently achieve one of the risk assessment outcomes, a number
of factors and supporting information were considered in the conclusion of the risk assessment to assist
risk management decisions. These outcomes were considered within the context of other exposure
pathways and receptors evaluated at the same site. Factors that were considered to interpret the results «
the risk characterization and determine if the site requires evaluation of remedial alternatives in the FS
include the following:

e  Spatial characteristics of the remediated waste site (area and excavation depth of the remediated
waste site)

e Proximity and size of nearby unremediated waste sites and unaffected habitat
e Number and location of samples collected at the site
e Data quality (presence of qualifiers, adequacy of detection limits)

e Frequency that risk-based thresholds are exceeded and the location(s) of those exceedances

14 For example, a wildlife risk for a specific contaminant was driven by an estimated exposure to a badger, but the
size of the site is 20 m? representing a minimal portion of 2 total required foraging area for a badger, and the site
does not represent a preferential feeding area.
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(58 mg/kg) were collected at 4.8 to 7 m (16 to 23 ft) which is below the standard point of compliance of
4.6 m (15 ft) and the maximum depth at which plant roots have been observed at the Hanford Site (3 m
[9.8 ft]; Rooting Depth and Distributions of Deep-Rooted Plants in the 200 Area Control Zone of the
Hanford Site [PNL-5247]). Most vanadium samples were just above background and also collected below
where plant roots have been observed at the Hanford Site. Risk to plants from mercury are unlikely
because of low confidence in the PRG and no exceedance of wildlife PRGs for a bioaccumulative
compound. These were infrequent and in most cases spatially distinct exceedances that would not cause

a community level effect. If localized adverse effects did occur, habitat fragmentation in the 100 OU
would not be likely given the level of ecological services the habitat is providing in the current condition
and the available habitat refugia nearby (see Section 7.6.3)

Invertebrates: Barium and silver were measured at concentrations above terrestrial invertebrate PRGs at
three an one waste site-decision units respectively. These were infrequent and in most cases spatially
distinct exceedances that would not cause a community level effect. Considering these infrequent
exceedances, if deep excavation were to occur, the elevated concentrations would be mixed with much
lower concentration material resulting in a lower exposure concentration. At three of the waste site
decision units, samples were from a depth below the maximum at which invertebrates have previously
been observed at the Hanford Site (2.7 m 7 ftl: Characterization of the Hanford 300 Area Burial
~.ounds: ._.sk.. — Biological .. ansport = L -}. Risk to the terrestrial invertebrate community are
not expected at these waste site decision units and there is ample unimpacted habitat for available in
adjacent areas and along the River Corridor.

Wildlife: Selenium and lead were measured at concentrations above wildlife PRGs at five and four waste
site-decision units respectively. However, selenium measurements were sometimes deep (i.e., below the
maximum depth at which Hanford Site wildlife have been observed to burrow [1 m {3.3 ft} pocket
mouse] “Loose Rock As Biobarriers in Shallow Land Burial” [Cline et al., 1980]) and the size of the
waste sites is small. When the size of the sites was considered relative to the home range of wildlife
receptors (i.e., application of an AUF), HQs were below 1.0. The population density of small mammals
and the number of individuals expected to reside wi  in these small sites was also considered. The final
conclusion was that there are no population level effects to avian and mammalian receptors at any of the
remediated waste sites that were evaluated including those with some measured samples of selenium and
lead above PRGs.

SMDP Conclusion: As indicate in Appendix H, Table H-20, consideration of factors listed above
resulted in the conclusion of no unacceptable risks to terrestrial wildlife or plants and invertebrates
exposed to vadose zone soil and a recon iendation of no further action for the waste sites within the
100-DR-1, 100-DR-2, 100-HR-1, or 100-HR-2 Source OUs. For unremediated waste sites, remedial
actions will consider the PRGs through the SMDP process. More detail in applying that process to
unremediated sites is described in Sections 7.6.2 and 7.6.3.

7.6.1 Recommendations for Evaluating Wildlife in Future Assessments at Unremediated
Waste Sites

Data and process knowledge indicate ecologic. PRGs will be exceeded at unremediated waste sites.
Those exceedances will  : evaluated through the ERA process, including consideration of such factors as
waste site size and wildlife home ranges within a scientific management decision point, to determine

a basis for action. PRGs will be presented in the proposed plans for protection of wildlife receptors.

The PRGs will achieve protection of the populations of wildlife species constituting the food web at the
Hanford Site (Figure 7-1), including a range of feeding guilds. The receptor species selected for
quantitative development of PRGs are 1 nded to represent the species within those feeding guilds.
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(for example, mortality observed in 20 percent or more tested organisms or growth reduced by

20 percent). For other chemicals, this is the lowest concentration tested with undefined adverse effects.
In considering the results of verification data for future remedial actions relative to the PRGs,
consideration must be given to the origins of the toxicity data upon which the exceeded PRGs are based.
This should be considered in the context of the risk management goal (protection of populations of
wildlife), the selected assessment endpoint (reproduction, survival, and growth), and specific life history
data for the selected wildlife receptors selected to represent the end points (for example, home range,
population density).

7.6.2 Recommendations for Evaluating Plants and Invertebrates in Future Assessments at
Unremediated Waste Sites

PRGs for terrestrial plants and invertebrates have been established for the Hanford Site (Tier 2 Terrestrial
Plant and Invertebrate Preliminary Remediation Goals (PRGs) for Nonradionuclides for Use at the
Hanford Site [ECF-HANFORD-11-0158]) and have been useful in screening waste sites for potential
adverse effects to these communities. However, the use of these PRGs in selecting final remediation goals
in the FS or the proposed plan should be considered on a site-specific basis except for waste sites where
listed protected species have been identified (that is, federal or state listed and protected threatened or
endas red species). This recomm " ition is based upon * follov © ' s of evidence: no significant
adverse toxicological effects observed at the highest available concentrations tested in site-specific
bioassays; historical and ongoing biological surveys demonstrating no significant differences from control
areas; and the limited likelihood of habitat fragmentation because of areas with elevated contaminants in
soil. The plant and invertebrate PRGs can help identify where remedial actions have been effective.
However, in cases where verification samples exceed these PRGs and these PRGs represent the limiting
value (that is, the plant or invertebrate RG is lower than all other applicable PRGs), a risk management
decision should be made like the SMDP described in Section 7.6.1. Particular attention should be given to
the number of samples exceeding the PRGs, the spatial area represented by the samples, and the depth at
which samples exceed the PRGs.

Plant and invertebrate bioassays have been conducted at the Hanford Site on both plant and invertebrate
species by DOE (RCBRA [DOE/RL-2007-21]; Central Plateau Ecological Risk Assessment Data
Package Report [DOE/RL-2007-5(  Tier 2 Terrestrial Plant and Invertebrate Preliminary Remediation
Goals (PRGs) for Nonradionuclides for Use at the Hanford Site [ECF-HANFORD-11-0158]) and by
Ecology (Ecological Soil Screening Levels for Arsenic and Lead in the Tacoma Smelter Plume Footprint
and Hanford Site Old Orchards Ecology [Ecology | Hlication 11-03-006]). Results of these studies have
not shown significant adverse effects that can be clearly attributed to soil chemistry that have resulted as
part of past operations or practices at Hanford. Scatter plots of the effects versus chemical concentrations
show no . :ar patterns, and statistical tests have shown no correlation between effects and soil chemistry.
As a result, the highest concentrations est  ished have served as NOECs with no upper bounds, which
have been established as PRGs. Sensitive species may demonstrate adverse effects at concentrations
exceeding these NOECs. However, the risk management goal from DQQO Summary Report for the

100 Area and 300 Area Component of the RCBRA (BHI-01757) was the maintenance of diversity and
abundance of flora and fauna at the community or population level. As noted in Appendix A to Generic
Ecological Assessment Endpoi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>