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This document describes a contaminant characterization and a biological and human dose/risk
assessment study for the near-shore of the Columbia River at the 300 Area of the U.S. Department of
Energy’s (DOE’s) Hanford Site. The study was conducted in August to October 2001 to coincide with
expected low river stage and, thus, represented a likely worst-case scenario with respect to contaminated
groundwater discharging to the Columbia River. The low river stage facilitated locating and sampling
riverbank spring water and other media along the Columbia River shoreline. A number of contaminants
are present in groundwater at the 300 Area and the near-shore environment can be exposed through
riverbank springs and groundwater upwelling. Therefore, the sampling locations selected for this study
were centered near historic riverbank spring discharges and the contaminants of concern were primarily
known groundwater contaminants (i.e., anions, metals, radionuclides, and volatile organics); however,
when possible, screening assays (e.g., gross alpha, gross beta, and gamma-emitting radionuclides) and
expanded suites of analytes (e.g., anions, metals, and volat : organics) were used to check for other
possil  contaminants.

Section 2.0 presents the objectives and regulatory drivers for this study. Section 3.0 provides a
description of the sample collection and analysis processes. Analytical results and discussion for both
radiological and chemical samples are summarized in Section 4.0 and tabulated in the Appendixes.
Sections 5.0 and 6.0 present human and ecological dose/risk assessments based upon the analytical
results. Finally, the conclusions of this study are presented in Section 7.0.
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2.0 Objectives and Drivers

The objective of this study was to characterize the radiological and chemical conditions existing in
the near-shore environment of the Columbia River at the 300 Area by collecting water, biota, and sedi-
ment samples and measuring external radiation levels during a time period when the effects of riverbank
spring discharges and groundwater upwelling into the river was likely to be greatest. Additionally, this
study assessed the potential impact on resident ecological receptors and people that may visit this
location.

Environmental surveillance of the Hanford Site and the surrounding region is conducted to demon-
strate compliance with environmental regulations, confirm adherence to DOE environmental protection
policies, support DOE environmental management decisions, and provide information to the public. The
Hanford Site Public Safety and Resource Protection Program (PSRPP) conduc 1 this study through the
Surface Environmental Surveillance Project (SESP) under DOE Orders 5400.1 and 5400.5.

The Wa ngton State Department of Health conducted this study under their legislative mandate.

ais study was conducted in a CERCLA operable unit. Although this study was not required by the
U.S. Environmental Protection Agency (EPA) or Washington State Department of Ecology as part of the
ongoing CERCLA and Resource Conservation and Recovery Act of 1976 (RCRA) monitoring, it
provides information for designing future monitoring efforts. The Operation and Maintenance Plan for
the 300-FF-5 Operable Unit (DOE/RL 2002) contains groundwater and shoreline monitoring require-
ments pursuant to the 1996 CERCLA Record of Decision and the 300 Area Process Trench Groundwater
Monitoring Plan (Lindberg and Chou 2001) contains groundwater monitoring requirements pursuant to
the RCRA closure plan for the 300 Area process trench. Additional drivers for 300 Area CERCLA moni-
toring include the records of decision for 300-FF-1, 300-FF-2, and 300-FF-5. The records of decision are
legally binding documents that define cleanup and allowable residual contamination. Supporting docu-
ments that address monitoring in the 300 Area CERCLA operable units include: remedial design/
remedial action work plans, sampling and analysis plans, 5-year review reports, and operations and
maintenance plans (DOE/RL 1993; DOE/RL 1995; DOE/RL 1997; DOE/RL 2000a; DOE/RL 2002).
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3.0 Sample Collection and Analysis Methods

ais study required the collection of samples of shallow groundwater beneath the riverbed, riverbank
spring water, river water, sediment, aquatic biota, riparian biota, and measured external radiation levels at
the 300 Area and a control location near Vernita Bridge that is upriver from the Hanford production areas
(~68 kilometers) upriver from the 300 Area).

Where applicable, samples were collected according to the Surface Environmental Surveillance
Procedures Manual (P~ MA-580) or using the methods described in Survey of Radiological Contami-
nants in the Near-Shore Environment at the Hanford Site 100-N Reactor Area (Van Verst et al. 1998).
Non-routine sampling methods were documented in field record notebooks.

Field record forms and sample labels were prepared for all sediment and water samples. Biota
samples were logged as they were collected, and chain-of-custody forms were prepared post-collection.
Chain-of-custody forms were not prepared prior to biota sampling because sufficient sample material may
not ive been available at all study sites.

It was not possible to collect all samples on the same day because of the large study area, numerous
target biota, and the large amount of samples required. Water sampling dates (all in 2001) 2  daily
(24-hour) average flow conditions for the Columbia River measured at Priest Rapids 'am (Poston et al.
2002) are discussed below. The 300 Area and Vemnita Bridge river water and 300 Area riverbank spring
water was ¢ ected on August 27 at 2,680 cubic meters (95,700 cubic feet) per second river flow.
Vernita Bridge cross-river water samples were collected on September 7 at 1,220 cubic meters
(43,600 cubic feet) per second river flow. The 300 Area cross-river water samples were collected on
Septemb  } at 2,220 cubic meters (79,300 cubic feet) per second river flow. . allow groundwater
samples from drive points were collected on September 17 at 1,520 cubic meters (54,300 cubic feet) per
second river flow and on September 18 at 1,740 cubic meters (62,100 cubic feet) per second river flow.
The August 27 water samples were collected during a period where river stage increased during the
sampling day; however, the 300 Area water samples were all collected during a time period when river-
bank springs were actively flowing and the specific conductivity values for the riverbank springs indi-
cated a high percentage of groundwater was present. Specific conductivity values for riverbank spring
water were similar for samples collected on August 27, September 7, and September 18 despite a
1.8-fold variation in daily average flow conditions. Sediment, riparian and terrestrial vegetation, clams,
aquatic vegetation, periphyton, and external radiation measurements were collected on August 27 and 28,
2001. Invertebrates, mice, fish, and crayfish were collected over the period August 26 to S tember 11,
2001.

3. Radic »gical Procedures

The analytical methods used by SESP for radiological analysis of water, sediment, and biota samples
are described in detail in DOE/RL 2000b and include methods for gross alpha, gross beta, gamma-
emitting radionuclides, tritium, strontium-90, technetium-99, iodine-129, and uranium isotopes. Thorium
samples were analyzed by alpha spectrometry following radiochemical processing. In ad  ion, uranium
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traversed along the high water mark and along the river’s edge. Similar readings also were collected on
the river near the shoreline by boat. Data were transferred to computer using GPS Pathfinder Office 2.70,
and exported as ASCII files for use by mapping software.

8 Qu: ty Assurance and Quality Control

Samples were collected according to the Surface Environmental Surveillance Project Procedures
Manual (PNL-MA-580). Samples were issued unique sar le nur 2rs and chain of cu »dy was docu-
mented on field record forms. Fi  notes were documented in permanently bound notebooks with
photocopies «  the notebooks pages placed into the SESP project files.

An. rsis of the samples was divided between the Washington State Department of  :alth and SE!
At some locations, Washington State Department of Health and SESP separately collected and analyzed
the same media for quality assurance purposes (Section 4.5 and Appendix D). Severn Trent >0 ory,
Richland, Washington, analyzed the SESP radionuclide samples. The Washington State W. R. Giedt
Public Health Laboratories (Shoreline, Washington) analyzed Washington State Department of Health
samples. Both the SESP and Washington State Department of Health operate under qu: ty assurance
programs that include quality control elements to ensure analytical proficiency and accuracy. Both
laboratories’ quality assurance programs inc Je analysis of samples distributec y the federal govern-
ment’s quality assurance programs; split samples distributed on a smaller scale between cooperating
federal, state, and private laboratories; and internal procedures relating to the counting facilities and
analytical techniques (Poston et al. 2001). The quality assurance programs assure that sample collection,
sample transport, data entry, and analyses were performed in accordance withd 1mented procedures.

39




4.0 Sample Results and Discussion

Analytical results (both radiological and chemical) for environmental samples collected for this study
are presented and discussed in this section. In addition, results of the biological monitoring effect are also
presented and discussed.

4.1 Water

Water samples collected for this study included riverbank spring water, near-shore water, and shallow
groundwater from drive points. In addition, the results from annual sampling efforts at 300 Area near-
shore and cross-river transect locations by the SESP and Washington State Department of Health are
included in this report. Results from this study will be compared to values determined for a 1992 study of
300 Area riverbank sprii , near-shore water, and sedir 1t thatv  also conducted during a low river
stage period (Friant and Hulstrom 1993).

4.1.1 Near-Shore and River Water

Radiological Results. Radionuclides consistently detected in near-shore river water included gross
alpha, gross beta, tritium, technetium-99, and uranium (Appendix B, Table B.1). Total uranium and gross
alpha exceeded the state ambient water quality criteria at Location 9; however, these criteria were only
exceeded at the location nearest to the shore (0.25 meter depth), which was in the immediate vicinity of a
riverbank spring. All other measured river water concentrations were less than ambient surface water
quality criteria. Cobalt-60, strontium-90, and cesium-137 were all below minimum detectable levels in
the 300 Area near-shore river water samples.

Figure 4.1, Figure 4.2, and Figure 4.3 show the near-shore river water and riverbank spring water
concentration profiles for specific conductivity, tritium, and total uranium for the 300 Area near-shore and
Vernita Bridge samples (riverbank spring water is discussed separately in Section 4.1.3). All three of
these analytes show similar patterns of elevated concentration at the two major riverbank spring areas
(Locations 7 and 9), and the highest river water concentrations were found at the nearest-to-shore sample
site at Location 9. Generally, the highest concentrations were found at the nearest-to-shore sample sites.
The samples taken at greater river depth (equivalent to greater distance from shore) generally had concen-
trations that decreased with increasing depth.

The river water samples at Locations 7 DR, 9 DR, and 11 DR, located ~100 meters downriver of the
major spring locations generally had lower specific conductivity and concentrations of tritium and
uranium than those at the major springs. The concentrations at Locations 7/9, 9/11, and 14 (the farthest
sampling site downstream of the 300 Area and near an unimproved public boat launch) were only slightly
elevated compared to those at Vernita Bridge.

The data suggest that for the river stage conditions at the time sampling occurred, the major riverbank
springs were the primary pathway for radionuclides to enter the river along the 300 Area shoreline.
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Tritium concentrations at both riverbank spring locations ranged from 6,200 + 150 to 8,400
460 pCi/L and were elevated ¢« pared to the Vernita Bridge background con tration of 35 +
6.9 pCi/L; however, the levels were less than the state ambient surface water criteria value of
20,000 pCi/L.. Technetium-99 was detected in riverbank spring water at both locations with a maximum
concentration of 34 + 3 pCi/L at Location 9; however, this level was below the state ambient surface
water quality criteria of 900 pCi/L. Thorium (thorium-228, -230, and -232) was detected at Location 7
but was near or below the detection limits for samples from Location 9. In contrast to thorium, uranium
had higher concentrations at Location 9 compared to Location 7. The thorium concentrations at Loca-
tion 7 were elevated compared to the Vernita Bridge background site. Iodine-129 concentrations at both
riverbank spring locations in the 300 Area ranged from 0.0034 + 0.00040 to 0.0041 + 0.00047 pCi/L and
were elevated compared to the maximum concentration measured in 2000 at the SESP background
location at Priest Rapids Dam (0.0000082 + 0.0000050 pCi/L) (Poston et al. 2001); however, all values
from the 300 Area samples were less than the state ambient surface water quality criteria of 1 pCi/L.

Cobalt-60, strontium-90, ru  2nium-106, and cesium-137 were not detected in riverbank spring water
from the 300 Area.

In addition to traditional ri  ochemical counting techniques, ICP-MS wasu 1toanal :for
uranium isotopes in 300 Area riverbank springs and river water from the Vernita Bridge location. These
results are given in Appendix B, Table B.4 and isotopic abundances of uranium-234, -235, and -236 are
shown in Figure 4.9. The rest s for total uranium by ICP-MS were of similar magnitude as the radio-
logical counting results although the ICP-MS values were lower by roughly 20% to 30%. Both riverbank
spring water samples (Locations 7 and 9) had elevated concentrations of all uranium isotopes compared to
the Vernita Bridge water samples. However, the uranium isotopic abundances (see Figure 4.9) were
similar for all locations and did not reveal isotopic enrichment from fuel production processes at the
300 Area.

Comparison to 1992 Near-Shore Report and 1996-2000 SESP Data. Both the 1992 (Friant and
Hulstrom 1993) and this study collected riverbank spring water at Locations 7 and 9. In addition, the
SESP project collected annual samples at Location 7 (1996 to 2000) and Location 9 (1999 to 2000)
(Poston et al. 2001). Figure 4.10 provides plots of specific conductivity, tritium concentrations, and
total uranium concentrations for Location 7 using the 1992, 1996-2000 SESP, and the 2001 (this study)
results. At Location 7, contaminant concentrations were directly proportional to specific conductivity
measurements with the correla ns of r = 0.83 for tritium verses specific conductivity and r = 0.74 for
total uranium verses specific conductivity. For 1992 to 2001, total uranium concentrations ranged from
29 £3.6to 110+ 6.1 pCi/L. Tritium concentrations ranged from 3,400 + 36( ) 10,000 + 530 pCi/L and
specific conductivity ranged from 320 to 412 uS. Overall, the concentrations of tritium and total uranium
remained similar throughout this time period. However, assessing concentration trends for total uranium
is difficult because in some cases samples with similar specific conductivity had a two-fold difference in
total uranium levels.

For Location 9, data was only available for 1992, 1999, 2000, and 2001. It appears that concentra-
tions of tritium and total uranium have increased at this location since 1992. However, the 1992 samples
hi arelatively low specific ¢t ductivity of 277 pS/cm compared to 1999, 2000, and 2001 samples,
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Water samples from riverbank spring Locations 7 and 9 and the Vernita Bridge sites were analyzed
for 23 volatile organic compounds by gas chromatography-mass spectrometry using EPA Method 8260
(Appendix C, Table C.3). All results were below the detection limits except for trichloroethylene
(2 pg/L) and cis-dichloroethylene (0.32 pg/L) at Location 9, and possibly methylene chloride. The
trichloroethylene concentration in riverbank spring water from Location 9 was ~7 times higher than the
detection limit of 0.29 pg/L; however, the cis-dichloroethylene concentration was <1.4 times the detection
limit of 0.24 ug/L. Several of the results for methylene chloride were flagged with both a “J”” and “B”
data qualifier by the analytical laboratory. The “J” and “B” data qualifiers means that the reported
values were less than the contract reportable limit but above the minimum detectable limit, and that the
analytical blank associated with the sample had a reported value above the minimum detectable value;
respectively. Methylene chloride in riverbank spring water samples from Location 7 (0.56 pg/L),
Location 9 (0.66 pg/L), and one of two river water samples at Vernita Bridge (0.5¢ g/L) were reported
from the analytical lab with “JB” data qualifiers. Therefore, the values for methylene chloride are suspect
because of the blank contamination and values near the detection limit.

Comparison to 1992 Near-Shore Report. For metals, both the 1992 (Friant and Hulstrom 1993)
and 2001 riverbank sampling efforts generally had similar results for filtered riverb: * spring water
sam) s collected from Locations 7 and 9. However, the 1992 study had higher limits of detection and
several results were flagged as having blank contamination. The largest differences between the two
sampling periods were for lead and zinc. Lead concentrations were below 0.04 pg/L for 2001 samples
from both locations, whereas the 1992 results were 2.4 pg/L at Location 7 (flagged for blank contami-
nation) and 1.9 pg/L at Location 9. Zinc concentrations in the 1992 study (28 pg/L at Location 7 and
43 pg/L at Location 9) were roughly 10 times higher than the 2001 results (3.0 pug/L at Location 7 and
3.6 pg/L at Location 9). Barium concentrations were roughly 1.5 times higher for the 1992 results, com-
pared to the 2001 values; however, both 1992 results for barium were flagged for blank contamination.

For volatile organics, both the 1992 (Friant and Hulstrom 1993) and 2001 riverbank spring sampling
efforts had similar results for samples collected from Locations 7 and 9. For 1992, all results below the
detection limit of 10 pg/L for both locations. The 2001 samples had a lower detection limit and all results
for both Location 7 and Location 9 were below 1 pg/L (except for ethyl cyanide which was below
2 pg/L); except for Location 9 where trichloroethylene (2.0 pg/L) and cis-dichloroethylene (0.32 pg/L)
were tected.

4.1.4 Shallow Groundwater Drive Points

The results for shallow groundwater collected from drive points are given in Appendix B, Table B.5.
The drive point samples had higher conductivity than the riverbank spring water and the values generally
increased with depth below the riverbed (Figure 4.12). Tritium, technetium-99, and uranium concen-
trations were elevated compared to river water and the background water concentration at Vernita Bridge.
However, the concentrations of tritium, technetium-99, and uranium were similar to the values reported
for the riverbank spring water from the same locations. All total uranium concentrations for 300 Area
near-shore drive point samples were above the ambient water quality criteria with values ranging from 64
to 143 pCi/L (Figure 4.13). Tritium concentrations (Figure 4.14) for the drive point water samples were
all below the ambient water quality criteria (20,000 pCi/L) and ranged from 6,060 to 8,660 pCi/L.. The
tritium concentrations generally increased with increased depth below the riverbed; however, there was
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(0.11 £0.02 pCi/g). These values were all within the range reported for backgr nd sediment collected
from the Priest Rapids Dam reservoir during 1995 to 2000 (Poston et al. 2001).

The concentrations of uranium (uranium-234, -235, and -238) isotopes at all 300 Area sediment
locations were elevated compared to Vernita Bridge. The order of concentration (highest to lowest) was
Location 9, Location 7, Location 11, and Location 14 for all isotopes. Sedim t from Location 9 had a
total uranium concentration of 8.3 pCi/g, which was ~4.4 times higher than the Vernita Bridge value
(Washington State Department of Health data). The total uraniu  concentration at the farthest down-
stream location was only 1.6 t  2s higher than the Vernita Bridge value (SESP data). In addition,
uranium-236 was detected in ¢ sediment samples (Appendix B, Table B.4) from the 300 Area near shore
with concentrations ranging from 0.024 to 0.039 pCi/g. The analytical labor: -y reported a less than
detection value for uranium-236 at the Vernita Bridge background location.

The concentrations of total beta, technetium-99, and thorium isotopes were similar for both 300 Area
near-shore and Vernita Bridge sediment.

4.2.2 Comparison to 1992 Near-Shore Report

The only location where sediment samples were collected for both the 1992 (Friant and Hulstrom
1993) and 2001 sampling efforts was Location 7. The results were similar for both time periods.
Strontium-90 concentrations were below the detection limits for both efforts.  :sium-137 concentrations
were 0.12 £ 0.4 for 1992 and 0.051 £ 0.016 pCi/g for 2001. Total uranium levels were 4.6 = 0.59 pCi/g
for 1992 and 5.3 + 0.66 pCi/g for 2001. Gross beta concentrations were 24 = 4. pCi/g for 1992 and
30 £ 5.1 pCi/g for 2001. Although not measured for the 2001 study, the 1992 study conducted sediment
grain size analysis for a number of 300 Area riverbank spring sediment samples and found that most of
the material was coarse material (i.e., not fines) and were not expected to have | th retention for
contaminants.

4.2.3 Chemical Results

Sediment samples for the major riverbank spring locations and the background location (Vernita
Bridge) were analyzed for antimony, arsenic, beryllium, cadmium, chromium, copper, lead, mercury,
nickel, selenium, silver, thallium, and zinc (Appendix C, Table C.4). Most results were at or below the
concentrations reported for the Vernita Bridge sediment and were similar to those reported in other
studies (Blanton et al. 795; Patton and Crecelius 2001; Poston et al. 2001). The highest concentrations
of antimony, beryllium, copper, lead, nickel, and silver were reported for the V 1ita Bridge location.
Cadmium and zinc concentrations in sediment from Location 9 were 1.6 and 1.4 times higher than the
Vernita Bridge sediment. Concentrations of all other metals in the 300 Area near-shore sediment was
similar to or lower than the Vernita Bridge sediment. The measured metal cc  entrations for Location 7
was generally higher for this study than for the 1992 near-shore study (Friant and Hulstrom 1993) and
likely resulted from different analytical processing. However, both studies g rally found that metal
concentrations in the 300 Area riverbank spring sediment were similar to background values.

Currently, there are no freshwater sediment quality criteria available from! A or Washington State
to compare sediment metals concentrations determined by the study (WAC 173-204; Bates and Cubbage
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1995). However, the Ontario Ministry of Environment and Energy has developed some comparative
guidelines for the protection and management of aquatic sediment quality (Persaud et al. 1992) and
interim sediment quality assessment values have been developed by Environment Canada (EC 1994).

The Ontario sediment criteria are based on a screening level concentration approach that uses field
data (contaminant concentrations and benthic biota abundance) and a ranking process to derive sediment
criteria. Bates and Cubbage (1995) report that the screening level concentration approaches are advanta-
geous because they are based on chronic population-level effects on indigenous benthic species; however,
they are limited in that they do not establish a direct cause and effect relationship between ani1  vidual
contaminant and biotic survival. The Ontario guidelines have two effect levels for metals:

e lowest effect level which indicates a metal concentration that can be tolerate by most benthic
organisms

e severe effect level at which a pronounced ict to benthic org.  sms can be expected.

The Environment Canada interim sediment quality assessment values are based on a modified
national status and trends program that uses data from multiple approaches such as equilibrium partition-
ing studies, spiked sediment toxicity studies, field sample bioassays, and sediment criteria from other
regulatory agencies (Bates and Cubbage 1995). This approach for deriving sediment criteria has the
advantage of using a wide range of data sources, but is limited because individual studies are not
comparable because of differing sediment geochemistry, biotic communities, and variability in a
test methods. The Environment Canada values have two effect levels:

e threshi | effect level below which adverse impacts to benthic organisms are rarely observed
e probable effect :vel where adverse effects to benthic organisms are frequently observed.

Sediment quality for the 300 Area near-shore and Vernita Bridge sediment samples were evaluated by
comparing the maximum metal concentrations to the guidelines in Appendix A, Table A.3. No sediment
quality criteria were available for antimony, beryllium, selenium, or thallium. All metal concentrations in
the 300 Area near-shore sediment were below both the Ontario severe effect level and the Environment
Canada probable effect level. Metals concentrations of arsenic, cadmium, chromium, copper, lead,
nickel, and zinc were above or sim ir to the Ontario lowest effect level and e Environment Canada
threshi | effect level.

4.3 Biologica Monitoring

The ability of organisms to accumulate and concentrate pollutants from the aquatic environment into
their bodies has been known for sometime; however, the practical utility of biota as a contaminant
surveillance tool was only widely recognized in the 1960s when low concentrations of radionuclides
present in seawater limited the ability to detect ambient levels, but sampling and analyzing bi-valve
organisms were able to identify areas with: :vated levels of radionuclides osenberg and Resh 1993).
Biological monitoring can be generally split into two disciplines: (1) biological surveillance to detect the
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shell), and sculpin samples identified Locations 7, 9, 11 as having 3 to 4 times higher concentrations than
the upstream reference site. Soft tissue of clams measured at these sites and midpoints between Loca-
tions 7 and 9 and Locations 9 and 11 had dramatically lower concentrations that the samples from the
active riverbank spring discharge areas at Locations 7 and 9 (Figure 4.15). The maximum concentrations
were found in samples collected from near the active riverbank springs (within 4 meters of ¢ shoreline)
and well-defined peaks were apparent in samples from a depth of 0.5 meter (2 to 10 meters from shore).
Although results still appeared slightly elevated in clams collected at the deepest sample points examined
at Locations 7 and 9 (~15 meters out from the shorelines), the values were sim ir to the highest reported

result from the upstream reference site (2.99 pg/g dry wt.).
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Figure 4.15. Chromium in Soft Tissues of Asian Clams

Estimate of Spatial Extent of Chromium Influence. Clams were sampled along transects at the
active riverbank spring discharges (Locations 7 and 9), at locations downriver from the riverbank springs
discharges (Locations 7 DR and 9 DR), and at two near-shore locations between the primary sampling
sites (Locations 7/9 and 9/11). Location 7 DR was 130 meters downstream from Location 7 and Loca-
tion 9 DR was 65 meters downstream from Location 9 (Table 4.9). Elevated chromium concentrations
were apparent at both Location 7 DR and Location 9 DR (see Figure 4.15), but the results from the near-
shore samples collected at Location 7/9 and Location 9/11 were lower than the upstream results which
were closer to the active riverbank springs. An area extending 15 meters into the river channel (gradual
sloping banks) by 210 meters of shoreline length and enclosing roughly 3,150 square meters would
approximate the spatial extent of the Location 7 benthic communities that contain three to four times
more chromium (attributable to 300 Area groundwater contamination) than upstream reference samples.
At Location 9, an area ~5 meters into the river channel (steep river banks) by 100 meters of shoreline
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Figure 4.16. Selenium in Soft Tissues of Asian Clams

Uranium. Elevated uranium concentrations were measured in the aquatic community at Locations 7,
9,11, an to alesser degree at Location 14, the farthest downstream study site (1,305 meters downstream
from Location 11; Figure 4.17). Uranium was detected in all aquatic biota measured at the upstream
reference site, with sculpin liver found to generally contain the least amount of uranium (generally at or
near the analytical detection limit of 0.01 pg/g dry wt.). Since uranium typically accumulates in kidney
and bone tissues, a sample of sculpin bone was analyzed specifically for comparison of uranium results
between individuals and sites. These results were consistently above analytical detection limits and were
about 2 to 3 times higher at Location 7 (see Table 4.7) compared to the other locations.

The highest uranium concentrations were generally seen in lower trophic-level systems (macrophytic
non-native plant — milfoil, periphyton (algae/diatoms), and adult mayflies. However, these biota were
represented (when present) with a single composite sample of hundreds of individuals that were found as
close to the riverbank spring locations as possible. Multiple samples of clam-soft tissue, clamshell, and
crayfish hepatopancreas collected from each study site contained elevated concentrations of uranium at
Locations 7, 9, and 11 (see Figure 4.17). The highest concentrations measured in soft tissues of clams
were found at Locations 7 and 9 were ~10 to 20 times greater than maximum results reported from
upstream reference samples. Concentrations in clamshells generally mimicked the uranium pattern and
concentrations reported in the soft-tissues. The only noticeable differences were higher levels found at
Locations 7 DR and 9 DR at the deepest transect points (a depth of 1.5 meters). Crayfish h atopancreas
also accumulated uranium at Locations 7, 9, and 11 at levels 3 to 10 times the levels reported in the
upstream reference samples. The highest median and maximum crayfish hepatopancreas concentrations










A cursory inspection was conducted of those species that possess life-history characteristics that best
fit the “ideal” biological indicator species of healthy ecosystems (Rosenberg and Resh 1993). Target
organs (i.e., known to accumulate and/or to be adversely affected by excessive levels of the contaminants
in their environment) were sampled from all mice, crayfish, and sculpin colle during this study and
submitted for necropsy and histopathological analysis of injuries. Basic morf  »gical measurements
also were recorded for each animal and maintained in a database for each individual sampled. Samples of
bone, muscle, ver, kidneys, gonads, and lung or gill were collected from each small mammal and sculpin
and were prepared individually for interpretation. For crayfish, samples of the hepatopancreas (the toxin-
filtering organ of a crayfish), exoskeleton, muscle, gonads, eggs or sperm, gills, and any anomalous
tissues encountered during the tissue dissection and sample preparation process. The small total number
of samples collected (see Table 4.1) of ea  species at each location prevented statistical comparisons of
anii  injury rates. However, the data provided some insight into the level of effort necessary for a more
comprehensive characterization study of biological health at these sites.

The majority of sample tissues lacked significant lesions. Two of four mice samples collected at
Location 7 had indications of bacterial or viral infections, but no microbes were seen. No other lesions
were reported in mice tissues. Mice were not collected successfully at the up eam reference site, so no
comparison of injury tes was possible.

Four to five crayfish were collected at each of 2 sampling sites in this study, and 22 of 24 individ-
uals examined for histology had essentially normal tissues. One crayfish collected from Location 9 and
one from Location 11 had mild inflammation of the gills. Although no particular causative agent was
identified, infection or poor w r quality could have contributed to this damage, but no microbes were
seen. Location 11 is at the upper reach of Lake Wallula created by McNary Dam, while the Vernita
Bridge site is non-impounded water.

Eight of the 16 sculpin collected and histologically examined (including 5 from the upstream refer-
ence site) showed signs of tissue injury. Three individuals from the upstream r rence location had
granulomas in the testis, necrosis of the gills, and inflammation of the ovaries. These injuries are signs of
bacterial or viral infection or poor water quality. Two of five sculpin collected om Location 7 had
granulomas in the gill ar liver. The single sculpin collected from Location 11 had some non-specific
changes associated with irritation of the gill filaments that could be associated with either poor water
quality or infection. Two of five sculpins collected at Location 14 had granulomas i the musculature and
in the ovary.

These results appear to be random, but the frequency of individual injuries can be summarized by
sites or combined-areas to examine the relative injury rates for the selected species. Eighty percent
(n=14) of the crayfish examined along the 300 Area shoreline (Locations 7, 9, and 11) had essentially
normal tissues with no lesions. This value compares to 100% of the organisms measured at the upstream
reference site (n=5) and at the study site most downstream (site 14, n=5). Half of the sculpins sampled at
the upstream reference site (n=5) were found with no histological lesions, compared to nearly 70% along
the 300 Area (n=10), and 40% of the organisms measured at the most downstream study site (n=5).
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5.0 Human Dose/Risk Assessment

The radiological and chemical risk for individuals who spend time on the Columbia River and its
shoreline near the Hanford Site 300 Area was estimated using data collected in this study. A discussion
of the methods used to assess the current effects to human health from i onuclides is presented in
Section 5.1. Radiation doses for several current-use activities typical of this area are discussed in
Section 5.2. Also discussed in Section 5.2 is the application of the data from this study to future site-use
dose assessments. Section 5.3 summarizes the chemical risk for humans primarily by a comparison to
drinking water standards and ambient water quality criteria.

5. Methods to Assess Current Impact to Human Health »m
. adionuclides

Currently, the most common uses of the stretch of river adjacent to the 300 / :a are recreational
boating and fishing. This report therefore assesses radiation exposures to a person pursuing recreational
boating and fishing activities near the 300 Area shoreline. The human exposure pathways in this assess-
ment inc  le ingestion of river water and clam meat and exposure to external radiation. Ingestion of
riverbank spring water and fish also was considere

ose assessments commonly report results as an ai  1al dose.  ywever, this method is highly
dependent on the exposure scenario chosen to describe an individual’s activities throughout the year. A
single or small: mnber of exposure scenarios are rarely able to encompass the activities and lifestyles of
all populations who use, or might use in the future, the impacted area. To help eliminate the subjective
nature of choosing a particular current site-use scenario, this study utilizes the concept of unit doses.

The unit dose for external radiation is based on a 1-hour exposure to external radiation and is reported
in units of mrem/hr. The unit dose for ingestion of river water is based on ingestion of 1 liter of river
water and is reported in units of mrem/L.  ae unit dose for ingestion of clam meat is based on ingestion
of 1 gram of clam meat and is reported in units of mrem/g. The unit doses can then be used as the basis
for specific exposure scenarios, as discussed in Section 5.2. All the resulting unit doses are reported in
Table 5.1, and they represent doses from the maximum measured contaminant concentrations.

1e external radiation exposure rates at the 300 Area shoreline and the background site near Vernita
Bridge are very similar (see Section 4.4). There is no significant difference in the average external
exposure rate between the 300 Area and the Vernita Bridge background site, and the maximum exposure
rate on the Ci imbia River is slightly higher at Vernita Bridge. The da indicate that external expo:
at the 300 Area shoreline all comes from background radiation. Therefore, there noir ict to people
using the river or shoreline from external radiatic originating at the 300 Area. The unit dose for external
radiation (300 Area exposure rate — background exposure rate) is 0 mrem/hr.
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Mabhler and Larkin 1954). Therefore, the body burd  of radionuclides from fish caught near the

300 Area likely represent what they were exposed to as they matured in e ocean. In addition, any body
burdens of radionuclides in salmon or steelhead associated with feeding from the Hanford Reach is
probably due to background contaminants in the Columbia River, since the fish spend little time near the
shor ne. Therefore, ingesting fish caught from the Columbia River at the 300 Area was not considered
in this human dose assessment. There is some fishing for bass along the 300 Area shoreline. Poston
(1994) reviewed the radionuclide concentrations in Hanford Reach fish for the period 1982 to 1992,
including some samples from the 300 Area; however, bass consumption was not included in this assess-
ment due to the lack of recent data.

5.2 Application to Specific Radionuclide Exposure Scenarios

A goal of this study was to report data that may be used by others to assess current radiological
impacts to various population groups. T  contaminant concentrations, external radiation exposure rates,
an calculated unit doses reported here may be used to assess doses from specific activities and lifestyles
associated with specific population groups. Numerous exposure scenarios are possible. For example, the
CERCLA work at the 300 Area generally uses an industrial exposure scenario (i.e., 500 hour of exposure
per week, with no consumption of groundwater) to establish « :anup goals (EPA 2001). his study
evaluates scenarios specific to the Columbia River shoreline. Three examples, as well as additional
information i developing exposure scenarios, are given below.

1e first example of a current use exposure scenario considers a person fishing on the Columbia
River near the 300 Area. In this example, the person does not go ashore and brings drinking water and
foc from home. In this case, the only exposure pathway is external radiation. Since the unit dose for
external radiation above background is zero, the person’s radiation dose above background will be zero.
This result is independent of the amount of time spent in the area. The same result applies to a boater
who does not go ashore.

The second example considers a boater who is curious about the industrial complex on the bluff. This
person comes a >re and spends time along the shoreline. In this example, the boater spends 30 minutes
in the area, fills a 1-liter water bottle from the river, and collects clams totaling 225 grams (0.5 pound) of
clam meat, which the person consumes later. Using the unit doses in Table 5.1, the boater will receive
zero dose above background from external radiation, a dose of 0.011 mrem from ingesting river water
(0.011 mrem/L x 1 liter), and 0.15 mrem from ingesting clam meat (0.00065 mrem/g x 225 grams), for a
total dose of 0.16 mrem. This dose is significantly smaller than the 100 mrem/year dose limit to offsite
individuals from exposure to DOE facilities (DOE Order 5400.5).

...e final example considers a scientist collecting environmental samples at & 300 Area shoreline.
This example considers that the scientist spends two 8-hour days on the shoreline, and each day consumes
2 liters of water from the river. Using the unit doses from Table 5.1, the scientist will receive zero dose
above background from external radiation and 0.044 mrem from ingesting river water (0.011 mrem/L x
4 liters), for a total dose of 0.044 mrem. Again, this dose is very small compared to regulatory limits.

Use of the near-shore river water as a primary dr  ing water so > was not considered in these
examples. This is because all of the river water samples collected in this study came from areas very near
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extent of uranium water concentrations that exceed the drinking water standard was limited to the river-
bank springs and the river water in the immediate vicinity of the riverbank springs.

For toxic chemicals, the potential human dose from activities at the 300 Area near-shore is primarily
from uranium. Uranium is hazardous as both a radionuclide and as a toxic metal (i.e., chemical hazard).
Uranium was above ambient water quality criteria for shallow groundwater samples, riverbank spring
water, and Columbia River water in the immediate vicinity of the riverbank springs. However, the spatial
extent of the elevated uranium concentration was limited. The human doses from chemical exposure
from likely current-use exposures, fishing and boating, are low and not expected to be harmful for people
engaged in these activities.
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6.0 Ecological Dose/Risk Assessment

Human and ecological dose/risk assessments for radiological and chemical exposure are presented in
this section.

6.1 Methods for Radiological Assessment of Biological Impact

The U.S. Department of Energy has developed a dose assessment method to screen radionuclide
concentrations in water, sediment, or soil against existing or currently proposed biota radiological stan-
dar  (DOE 2002). The standard for aquatic animals and is 1 rad per day (DOE Order 5400.5). Proposed
standards for terrestrial plants is 1 rad per day and the proposed standard for terrestrial animals is 0 ad

)E 2002). Media sampled for this analysis are Columbia River water, riverbank spring er,
itcollecteda + mks i ions (see S ms4.la 42). 7 77 di ssi '
beref  dto as the Biota Dose Assessment Committee (BDAC) method.

Maximum radionuclide concentrations reported for river water, riverbank spring water, and sediment
were used for BDAC screening dose assessments with a module identified as the Biota Dose Calculator.
The initial screen was based on those samples analyzed by radiochemical techniques. Other BDAC
screening calculations was performed based on the uranium results that were obtained by ICP-MS
analysis and results from drive point sampling of shallow groundwater (Appendix E). If data was not
available for sediment, the sediment concentrations were derived with generic distribution coeffici s by
the program. Maximum measured and derived concentrations in water and sediment were compared to
biota concentrations guides (BCGs) with the Biota Dose Calculator module. The BCG is a steady-state
concentration in either water or sediment that would result in a modeled dose rate of 1 rad per day in
aquatic organisms or terrestrial plants, or 0.1 rad per day for terrestrial or riparian animals. Dividing the
measured water or sediment concentration by the BCG value for each radionuclide generates a fraction.
The fractions for each radionuclide from a site are totaled to produce a sum of fractions value. If is sum
of fractions exceeds 1.0, that indicates the potential for the dose rate to exceed the screening level dose
rates of 1 or 0.1 rad per day. In subsequent analyses, the BDAC method was used for more definitive-
assessments based on species- and site-specific considerations.

6.1.1 Results and Discussion

The total sum of fractions for the water and sediment pathways was 0.55 (Table 6.1). The relative
dose contribution from the water pathway was roughly a factor of ) greater in the sediment pathway.
The data entered into the Biota Dose Calculator were the maximum concentrations measured anywhere
along the 300 Area shoreline.

This tot  sum of fraction indicates that by using the maximum sediment and water values, the result-
ing dose to either aquatic, riparian, or terrestrial organisms was less than the corresponding dose guideline
of 1 or 0.1 rad/day. Uranium was the major contributor to radiological dose for both water and sediment
pathways. 1e BDAC results using the maximum concentrations did not exceed the screening value.

The screening assessment with the ICP-MS uranium results indicated lower relative dose rate
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7.0 Conclusions

1is study evaluated the radiological and chemical contaminants in the near-shore environment of the
Columbia River at the 300 Area of DOE’s Hanford Site and at a background location. The study was
conducted at low river stage to facilitate the sampling riverbank spring water and other media and thus,
represents a likely worst-case scenario for contaminants entering the Columbia River from the ground-
water pathway. Near-shore river water, cross-river transect water, riverbank spring water, shallow
groundwater, river sediment, aquatic biota, and riparian biota were all sampled. This study also measured
near- and off-shore external radiation levels. The * arepresent current contaminant levels and were  ed
to evaluate human and ecological impacts.

For riverbank spring water and near-shore river water, only gross alpha and uranium exceeded state

ent e water quality criteria. 7~ watersa  les that exceeded the water criteria were

tly from the riverbank spring discharge or from near-shore water in the immediate vicinity of the
spring (i.e., river depth of 0.25 meter, directly off-shore from the spring). However, the subsequent river
water sample at river depth of 0.5 meter was less than 12% of the water quality criteria for uranium. All
samples taken from the shallow groundwater drive points at Locations 7 and 9 exceeded the water quality
criteria for uranium. Uranium isotopic abundances were similar for all locations and did not reveal
isotopic enrichments in the 300 Area near shore.

Tritium and uranium concentration in river water were highest in the vicinity of the flowing riverbank
springs. Generally, the highest concentrations were detected at the nearest-to-shore locations, with the
samples taken at greater river depth having lower concentrations. Within a specific location, contaminant
concentrations in the water column were usually higher for samples with higher specific conductivity.

At the 300 Area’s southern border, a cross-river water sam] ng transect found that all water samples
were below ambient surface water quality criteria and that  ghtly elevated (compared to both mid-river)
concentrations of anions and total uranium were found for the Franklin County shore. The slightly ele-
vated concentrations of anions and total uranium along the Franklin County  >reline has been observed
in prior sampling efforts and likely resulted from extensive rigation in the area (Poston et al. 2001;

ston et al. 2002).

Shallow groundwater (drive points) had higher specific conductivity than the associated riverbank
spring and the specific conductivity values generally increased with the depth of placement below the
riverbed. Tritium concentration in shallow groundwater generally increased with depth below the
riverbed; however, no clear trend for uranium concentrations verse depth below the riverbed was
observed.

Riverbank springs appear to be the primary source of radionuclides to the 300 Area environment
during w river flow periods. During low river stage, radionuclide upwelling from the river bottom
appears to be a less significant source of contaminants than direct riverbank spring discharges since
radionuclide levels decreased rapidly for both increasing river depth and shoreline distance from the
actively flowing springs. 7 re was evidence for groundwater upwelling of contaminants into the ‘er at
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For chemicals, the human dose from activities at the 300 Area near shore is primarily from uranium.
Uranium was above ambient water quality criteria for shallow groundwater sam; s, riverbank spring
water, and Columbia River water in the immediate vicinity of the riverbank springs. However, the spatial
extent of the elevated uranium concentration was limited due to dilution and dispersion. The human

ises from chemicals from likely current-use exposures, fishing and boating, are low and not expected to
be harmful for people engaged in these activities.

Estimated dose rates for terrestrial animals and aquatic organisms were well below the respective
guidelines of 0.1 and 1 rad per day. The maximum external doses from exposure to river water and
sediment were estimated for the active riverbank spring at Location 9. Site-specific calculations were two
to three orders of magnitude below results from the screening calculations, due to the conservatism built
into the biota dose calculator.

Overall, this study was able to track the progression of 300 Area groundwater ¢t aminants from
shallow  wundwater, to riverbank springs, and ultimately to near- »>re river water, sedime¢ , and «
Discharges of riverbank spring water appear to be the major source of 300 Area groundwater contam-
inants entering the river during low river flow conditions. The contaminants detected in the 300 Area that
were above background levels were similar to those found in previous studies. For shallow groundwater,
riverbank spring water, and near-shore river water samples from the 300 Area, gross alpha ar  uranium
were the only contaminant that exceeded Washington State ambient surface water quality criteria. The
contaminants in the 300 Area near-shore water samples that were elevated compared to the background
location were arsenic, barium, cesium-137, chromium, 1odine-129, selenium, technetium-99, thallium,
tritium, uranium, and zinc. Clam samples were shown to be effective for estimating the aquatic habitat
areain the. ) Area with elevated concentrations of chromium, selenium, and uranium. Similar spatial
profiles were observed for uranium concentrations in near-shore river water (at low river stage) and
uranium in soft tissues of clams (i.e., concentrations decreased with increasing distance from the flowing
riverbank springs). Radiological and chemical exposure assessment for both human and biota exposed to
the 300 Area near-shore environment did not reveal any likely problems.
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Appendix D

Results for Split Radiological Samples
(analyzed by both Washington State
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