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M-30-01." Milestone M-30-01 is, "Submit a report (secondary docur nt) to EPA and
Ecology evaluating the impact to the Columbia River from contam! ated springs and seeps
as described in the operable unit work plans listed in M-30-03."

.- satisfy Milestone M-30-02, a preliminary impact evaluation was conducted to
assess the adequacy of existing data and proposed data collection | ograms for evaluating
cumulative health and environmental impacts to the Columbia River due to past practices
at the Hanford Site. The results of this evaluation were used to :velop a plan that would
ensure collection of sufficient data to ensure adequate characteriza n of the Columbia
River along the 100 Area for CERCLA purposes. By using such ar pproach, both key
exposure pathways and potential risk-driving contaminants are id: tified. In addition, the
potential risks to human health and the environment are prelim*~~-ly quantified.

The use of a preliminary impact evaluation of contaminant relea  :ttributable to Site
operations is a practical way to evaluate and prioritize the neces  and effectiveness of
existing monitoring programs and proposed characterization an toration activities.
Thus, the objective of the plan included in this document is to e ate impacts to the
Columbia River in the vicinity of 100 Area and its environs and . is the need for specific
characterization efforts that will provide information for the 100 L risk assessment.
Based on the guidance in Milestone M-30-00, this docume: cuses on the Hanford
Reach of the Columbia River (see subsection 2.1.1) along the 100 3, including: river
sediments, islands, both river banks, and associated iota. Inad  n, the study extends

upstream a sufficier distance to provide appropriate control inf  ation for evaluating
impacts. The use of sample locations at Priest Rapids Dam or V a Bridge as controls
assumes that these areas have not been significantly impacted b inford Site air
emissions. In general, the downstream impact evaluation bounc was the Hanford
Townsite, except the City of Richland was used to evaluate resic ~ al d 1king water
exposure, and the entire 94 km (58 mi) section of the Hanford R for human ingestion
of fish. The evaluation was conducted for existing land and wa se conditions.

Although this plan is limited in scope to the 100 Area and contaminants that are
found there, the DOE, EPA & Ecology agree that an entire Hanf  Reach approach to
future river assessments is desirable. A quantitative baseline Ha  d Reach risk
assessment should be conducted to support final records of deci..-.. at Hanford. The
method for achieving this is under discussion.

1.2 IMPACT EVALUATION APPROACH

For this report, impacts are defined as identifiable and meas able contamination
that results from past and present 100 Area operations. Significan .dverse impacts are
defined, to be consistent with the National Oil and Hazardous Su :ance Pollution
Contingency Plan (NCP; 40 CFR §300.430(d)2), as contaminant cor ntrations that pose a
potential threat to human health or the environment in the absen__ of remedial action.
The main parameters for detection and quantification of impact: elevated
concentrations of contaminants relative to control (i.e. reference rea-specific
background) conditions.
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Priest Rapids Dam, based on 68 years of record, is approximately 3,70 m?s (120,000 ft¥/s)

(McGavock et al. 1987).

Along the Hanford Reach, the river channel is generally 37
ft) wide and 3-to-12-m (10-to-39-ft) deep (ERDA 1975). The chan
strongly, but contains large longitudinal bars, of which a few ma
The river channel remains relatively stable because the river flow
upstream dams. Channel sediments consist primarily of sands a
that range up to 20 cm (8 in) in diameter. Silt- and clay-sized m:
of low-energy flow, such as pools and channel margins.

2.14 Ecological Ch: cteristics of the Hanford Reach

550-m (1,200-to-1,800-
loes not meander
pport tree grow

» is regulated by
ravels with cobl s

1] accumulates in areas

For this report, the Hanford Reach is comprised of two gene | habitat types:
riverine (river channel to the high-water mark) and riparian (depe! ent solely on water
provided by the river and may be subjected to periodic inundation, The diversity and
largely unaltered character of these habitats makes the Hanford Reach ecosystem unique.

Many of the wetlands along the Hanford Reach were classified z
open water wetland y the U.S. Fish and Wildlife Service (USFW
wetland types identified along the Reach included lacustrine, litt
seasonal, and impounded; and palustrine, emergent, persistent,

Because these habitats have been impacted and disturbed
eastern Washington, the Hanford Reach may be particularly im

endangered, threatened, and sensitive species. Based on an ecol _
Hanford Reach received the second highest rating from the USF™*™"

Washington as an i1 »ortant fish and wildlife habitat. More det
resources of the Hanford Reach can be found in Fickeisen et al. .
Sackschewsky and Landeen (1992), and Weiss and Mitchell (1992

2.1.4.1 Riverine Zone. The riverine zone is comprised of those
submerged for much of the year. The river supports a large anc
plankton, periphyton, macrophytes, benthic invertebrates, and fi
diatoms (90% of the community), blue-green algae, red algae, gr

brown algae (Neitzel et al. 1982). These forms are typical of tho:_ __

" sustrine, limnetic, and

76 ab,c,def,g). Other
unconsolidated shore,
»nal, and impounded.

ughout much of

ant to certain

al approach, the
(1978) in the State of
of the ecological

)), Cushing (1988),

itic habitats that are
rerse assemblage of
Phytoplankton include
algae, and yellow-

und in lakes and

ponds, and likely originate in upstream reservoirs. These communities are largely

transient, flowing from one reservoir to another, as river flows a
Reach for endemic populations to develop.

A number of free-floating algae originate as benthic perip}
and suspended by currents and frequent water-level fluctuation:
develop on suitable solid substrates wherever there is sufficient .
(Neitzel et al. 1982). Both the phytoplankton and periphyton se:
sources for herbivores, such as immature aquatic insects and cer

"o high in the Hanford

1 that become detached
hese organisms

for photosynthesis

1s important food
fishes.

Macrophytes are sparse in the riverine zone of the Hanford Reach because of the

strong currents, rocky substrate, and fluctuating water levels. Rus

s and sedges may

occur in the riverine zone along sloughs and slack-water areas. Macrophytes are also

present along gently sloping shorelines. Commonly found plants

10

clude duckweed
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In general, the riparian plant communities developed in resp 1se to the shore
substrate and the degree of water level fluctuation (Fickeisen et al. 1J80). Typically, the
riparian vegetation consists of a narrow zone of grasses and forbs, *~terspersed with a few
scattered deciduous shrubs and trees that are able to establish and row in a cobble and
gravel substrate. Predominant plant species include various grasse sedges, rushes, and.
forbs (e.g., reed can: /grass, Phalaris arundinacea; sedges, Carexs;  rushes, Juncus spp.;
wiregrass, Eleocharisspp.; lupine, Lupinus spp.). A detailed listiny  flora known to occur
along the Columbia River within the 100 Area of the Hanford Site can be found in
Sackschewsky and Landeen (1992).

Typical riparian tree species that characteristically bordern  streams and rivers are
scarce along the Hanford Reach. Many of the groves of trees co:  :uous along the

Hanford Reach were planted by ranchers and farmers prior to 1! These trees include
exotics such as black locust (Robinia pseudacacia),Siberian elm (Elr sumila), Russian olive
(Elaeagnus angustifolia), and white mulberry (Morus alba). Native ies such as wi.  ws

(Salix spp.) and cottonwood (Populus trichocarpa)also occur occas  lly. Mulberry, Russian
olive, and cottonwoods serve as invading species at favorable mi ___ites in the riparian
zone. Although many are not native, the trees add to the habitat diversity of this semiarid
region and are important to many wildlife species.

A number of | int species are found in the riparian zone« e Hanford Reach that
are considered endangered, threatened, or sensitive. Persistentsepal yellowcress (Rorippa
columbiae)is found in Washington along the Hanford Reach on ge: 'y sloping gravel banks.
It is considered end: gered by the Washington Department of Na ral Resources (DNR
1990) and is a candidate for listing under the federal Endangered { :cies Act. Four
additional plant spe s that are also found along the Hanford Rea ™1 are considered
sensitive in Washington (DNR 1990): southern mudwort (Limosellt caulis), shining
flatsedge (Cyperus rivularus), dense sedge (Carex densa), and false-pi .pernel (Lindernia
anagallidea). These plants are typically found on periodically inunc ed mud flats, except
dense sedge which is found above the average high-water mark.

sne riparian zone provides valuable habitat for many wildlifc pecies along e
Hanford Reach. Many invertebrates, birds, reptiles, amphibians, a1 mammals (e.g.,
mallard, Anas platyrhynchos; Canada goose, Branta canadensis moffitti zreat blue heron, Ardea
herodias; bald eagle, . iiaeetus leucocephalus;hawks, Buteo spp.; mul deer, Odocoileus
hemionus; badger, Taxidea taxus; bobcat, Lynx rufus) use the riparian _one for food and
cover.

The riparian zone serves as sensitive habitat for several spe ~*-- that are listed as

- endangered or threatened. The bald eagle, a common winter res t along the Hanford

Reach, is a state and federal threatened species. The white pelic:  'elecanus
erythrorhynchos) is a state-endangered species that occasionally us  1e Hanford Rea as a
wintering ground. Other riparian species that are candidates for = ng include the great
blue heron and the common loon (Gavia immer).

12
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On the basis of 1989 results from Evans et al. (1990), the groundwater contaminants
were regarded as contaminants of potential concern in this evaluation if their
concentrations exceeded the more stringent of standards promulgated in either the
drinking-water standards (40 CFR 141 - 143, and Ch. 248-54 WAC) ambient water quality
criteria (EPA 1986a) or the groundwater standards of the Model Toxics Control Act Cleanup
Regulation (MTCACR; Ch. 173-340 WAC) (see Appendix B for further details). Based on
these standards, the following constituents were identified as contaminants: Cr, NO,, 3y,
%3y, technetium-99 (**Tc), and total uranium (U).

Contaminant groundwater plumes and their projected flow directions are discussed
in more detail in Appendix B. The locations of these plumes are only approximate and are
used only for this preliminary impact evaluation in the absence of more specific
information. For illustrative purposes, the relative plume locations and flow directions are
shown on Figure 2-5 (note that this figure is not to scale and is for conceptual purposes
only). [n addition, the groundwater discharge rate for each plume is estimated in
Appendix B.

Table 2-1 shows the mean, standard deviation, and range for contaminants of potential
concern in groundwater plumes identified in Appendix B. These statistics were computed
using data from wells that were samp™ 1 1d analyzed during the indicated period.
Because some wells were not necessarily analyzed  iring each sa pling period and the
locations of wells within a given plume is not necessarily representative of the entire
plume, the statistics are only general indicators of groundwater quality. Thus, this table is
only meant to show re ive trends in groundwater quality. Only 1989 data was used for
this document. Table 2-2 identifies the contaminants, their 1989 maximum source
concentration, and the estimated flow rate for each plume. On the basis of this
information, it is evident that contaminants generated by past operations in the 100 Area
affect the Hanford Reach.

In the following paragraphs, the various contaminant of potential concern will be
discussed individually to provide more detail about the contaminant concentrations at the
riverbank and the locations of the specific plumes which are identified in Appendix B.
These plumes and the contaminant concentrations will serve as the basis for the impact
evaluation in Chapter 4. Althaunch it is possible that all contaminants are not identified,

hat are ide1 ied 1 o oo b al u  of the
. evaluation in Chapter 4. Fu assessn its will identify contaminants of
potential concern using a more thorough screening process set forth in the Hanford Site

Baseline Risk Assessment Methodology (DOE-RL 1992¢).

- 2.2.1.1 Chemical Contaminants.

ymium, Hexavalent chromium has been detected in groundwater monitoring wells in
the 100-B (plume 100BC-1), 100-D (plume 100D-1), 100-H (plumes 100H-1 and 100H-2), and
the 100-K operable units (plumes 100K-2 and 100K-3). Hexavalent Cr was commonly used
for water treatment to inhibit corrosion of piping in the reactors. Thus, large quantities of
Cr were disposed in and near the Hanford Reach in the liquid disposal, trenches, cribs, etc.

Chromium has been detected in groundwater monitoring wells located near the river

(Evans et al. 1990). Chromium was not detected in any water samples collected by Dirkes
(1990) from Hanford Reach springs; however, during 1991 spring sampling

17
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Table 2. éSmJ\arygbf Zroﬁ:’hd;‘atell Caﬁtar;:"magts. (Cont.)

Plume® Constituent® 1987 1988 1989 1990
1 -1 Strontium-90 (pGiL) mean + std dev 19+2 NR 27 +38 19+ 25
range 054 - 67 NR 16-145 0.031 - 93
n 8 NR 22 2

Information complied using data complied from P!

G

ndwater Database, accessed September, 1992.

1989 data is used for subsequent evaluations, remaining data is incduded for completeness

NR = not reported.

*Plumes in order of occurrence proceeding downstream from Vernita Bridge, see Figure 2-5.

*Contaminants of potential concern for this report.

g yeid
87-76-14/304
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(DOE-RL 1992d), Cr was found to be entering the river from spri
100-D, 100-H, and 100-F Areas. Thus, Cr®* due to 100 Area activi
Hanford Reach.

in the 100-B/C, 100-K,
is impacting the

Nitrate. Nitrate was present in many waste streams. The source f_. contamination of
groundwater in the 100 Area may reflect the extensive use of nitric :id in decontamination

operations.

Figure 2-3 shows the distribution of NO, in groundwater beneath the 100 Area of the

Hanford Site. It is evident that NO, contamination of groundwa

s associated with

reactor operation facilities in the 100 Area. The NO, plumes assc....2d with these

operations currently discharge to the river (Dirkes 1990 and DOE-F

1992d); thus, there is

an impact of the Hanford Reach by NO,-contaminated groundw-*--

2.2.1.2 Radiological Contaminants.

Tritium. Tritium was present in many waste streams that were
column at the 100 Area. It is the most mobile radiological contar
provides an indication of the extent of groundwater contaminati
to Site operations. The distribution of °H in the groundwater du
Figure 24. Durin§ the 1992 sampling of 100 Area springs (DOE-
concentrations of “H were found in springs adjacent to the 100-E
and 100-H Areas. As a result of Hanford Site operations, there a
from reactor operations areas to the Hanford Reach and there is

Strontium-90. Strontium-90 has been detected in a number of p._.

rarged to the soil

nt present and

aat can be attributed
11989 is shown in
992d), detectable
100-K, 100-N, 100-D,

1 plumes extending
mpact on this system.

..2s across the Hanford

Site. The contamination is associated with past liquid disposal pra ces in the 100 Area

(plumes 100BC-1, 100BC-2, 100N-1, 100D-1, and 100F-1). In the 100

rea, 2Sr-contaminated

groundwater is entering the river through spring discharge (Dirke: .990 and DOE-RL

1992d), thus causing an impact.

Technetium-99. Technetium-99 is found in a groundwater plume  the 100-H Area
(plume 100H-2). Technetium-99 was detected during the 1991 sampling of 100 Area springs
(DOE-RL 1992d) in the vicinity of the 100-K, 100-N, 100-D, and 100 ™ Areas.

Uranium. Uranium-contaminated groundwater was found in mor aring wells associated
with liquid-waste-disposal facilities at the 100-F (plume 100F-2) anc 00-H Areas (plume
100H-2) (Evans et al. 1990). Detectable concentrations of uranium re found to be
entering the river during the 1991 sampling of 100 Area springs (C E-RL 1992d) in springs

" adjacent to the 100-B/C, 100-K, 100-N, 100-H, and 100-F Areas.

2.2.2 Surface-Water Contamination

A summary of past and existing levels of surface-water conta...ination is presented
below in two parts: the first focusing on the Hanford Reach the st »nd on rivert 1k

springs.
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the Richland Pumphouse [water intake]) to determine the effect of “lanford operations on
river-water quality. Initially, water samples were only analyzed fo: ‘adiological
contaminants. These results were reported as gross-alpha or gross ° :ta activity. Ani rtical

techniques were not initially available to identify specific radionucl

8.

In a recent Hanford Site Environmental Report (Jaquish and :yce 1990), PNL
routinely measured river-water samples at upstream and downstrea.n locations for gross
alpha, gross beta, and gamma-emitting radionuclides. The report provides quantitative

data for those specific radionuclides detected, such as 3H, $9Co, s
$Tc, iodine-129 (1#°1), iodine-131 gml), cesium-137 (3¥’Cs), uraniu
(*°U), uranium-238 (***U), and 2***Pu. Chemical analyses of rir
PNL include pH, NO;, total and fecal coliform bacteria, and biok

Additional water-quality data collected by the U.S. Geological Su_

tium-89 (¥Sr), *sr,
4 (3*U), uranium-235
vater conducted by
|l oxygen demand.

_, (USGS) for

temperature, dissolved oxygen, turbidity, pH, suspended solids, dis - >lved solids, specific

conductance, hardness,

Table 2-4. Liquids Effluents Discharged to (
Disposal Facilities in the 100 Area in 1990 (Woodruff .

Nonradioactive constituents

Constituent Release, ks
Aluminum Sulfate 69,300
Polyacrylamide 205
Sodium Sulfate 110,230

Radioactive constituents

Radionuclide Release, Ci

tritin
manganese-54 0.26
cobalt-60 7.8
strontium-90 14
cesium-134 0.12
cesium-137 7.1
plutonium-238 0.0025
plutonium-241 0.047

total phosphorus (P), dissolved Cr, Kjeldahl nitrogen, total organ
and dissolved ammonia are also published annually (e.g. Miles e
available water quality data for the Hanford Reach are summari
Hanford Site Environmental Report (Woodruff and Hanf 1991) d
results for upstream and downstream constituent concentrations
of impacts to the Hanford Reach due to Site activities.

d
fanf, 1991).

bon, dissolved iron,
992). Selected

Table 2-5. The 1990
t contain complete
rrefore, the evaluation

ied to construct
1al averages for the
eriod for every

Hanford Site Environmental Reports from 1970 to 1990 we:
Figures 2-6 through 2-8. Data used to develop these figures are :
various constituents. It was not possible to use the same reporti

26
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Taigle 2.6. Differences in Contaminant Concentratio
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Ed
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)

ns in the

v
Coiumbil River at

Sample Locations Upstream and Downstream of the Hanford Site.

1989 1988 1987 1986 1985

upstream | downstream upstream | downstream upstream | downstream upstream downstream upstream downstream
Tritium
mean (pGi/L) 63 129 70 132 70 130 100 150 110 150
sd 8.66 3L18 10.39 17.32 1732 17.32 17.32 .64 3118 3637
n 12 12 12 12 12 12 12 12 12 12
t, -7.065" -10.633* -8.485* 4472° 2.892*
Strontium-90
mean (pCi/L) 0.8 0.07 0.1 012 0.14 0.13 0.15 0.16 0.15 0.16
sd 0.017 0.035 0.035 0.035 0.035 0.035 0.035 0.052 0.043 0.05
n 12 12 12 12 12 12 12 12 12 12
t, 0.890 -1.399 0.699 -0.552 0525
Technetium-99
mean (pCi/L) 0.07 05 am nm nm nm nm nm nm nm
sd 1.645 1559 nm nm nm nm nm nm nm nm
n 12 12 nm nm nm nm nm nm nm nm
t, <0.657 - - - . - - - -
Uranium-total
mean (pCill) 046 0.4 037 041 046 051 n nr 038 048
sd 0.052 0.121 0.069 0.121 0.069 0.139 nr nr 0.173 0329
n 12 12 12 12 12 12 nr nr 12 12
4 0526 0.994 -1.116 - - -0.931
Nitrate
mean (mg/L) 0.09 0.11 0.14 03 0.09 02 0.17 03 0.13 0.1
sd 0.096 0541 0.052 0346 0.052 0.173 0.139 052 0.139 0.087
n 13 13 12 12 12 12 12 12 13 13
t, -0.132 -1584 -2.109* -0.836 0.659
Notes:
1 Upstream sample location Priest Rapids Dam for *H, %Sy, ®Tc and Vernita Bridge for nitrste. Downstream sample location is Richland Pumphouse for all constituents.
2 nm = not measured; nr = not reported
3. sd = standard deviation, n = number of samples, t, computed t value between upstream and downstream means for each year
4.

concentration, p<0.05

Hftyy = Buowey Hy 2 By = o criteria for rejecting H,, t,< - 4, enh s it .2 toos,22 =1717, toos.2¢ = 1.711; * Upstream concentration significantly less than downstream

4 ye1a
82-26-T14/304Q
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Other studies of Hanford Reach water quality include the '88 and 1991 special
studies of riverbank springs entering the Hanford Reach adjacent to the Hanford Site
(Dirkes 1990) and DOE-RL (1992d). The Dirkes included analyses of radiological and
chemical components sampled from above the Hanford Site (Priest Rapids Dam) and below
the Hanford Site (Richland Pumphouse) together with spring sa pling. The purpose of
river sampling was to provide information about the impact of groundwater discharge on
river-water quality. River-water sampling was conducted once « ring this study, and
samples were analyzed for a comprehensive list of potential contaminants that include the
dangerous waste constituents as identified by the State of Washington in WAC 173-303-
9905. The DOE-RL (1992d) study concentrated on springs entering the river along the 100
Area and only analyzed the samples for radionuclides and inorganic constituents.

Groundwater monitoring shows the groundwater beneath Hanford has been
contaminated by past practices (Evans et al. 1990). Both spring: 1dies found the
discharges from springs were small relative to the flow of the C« imbia River, and
downstream river sampling demonstrated that the impacts to rit r-water quality of
groundwater discharges were minimal, and, in most cases, negligible. According to the
Dirkes study, localized areas of impact were observed within the river near the spring
discharge zone, with radionuclide concentrations above drinking water standards. For
example, a spring samples near the 100-N Area (Hanford river mile 8.9) showed near-shore
3H and %Sr concentrations of 75,800 and 7,279 pCi/L, respectively. The samples of
nearshore river water at that location had *H and ®*Sr concentrations of 76,400 and 6,740
pCi/L, respectively. In 1991, DOE-RL (1992d) samples a spring and the river at Hanford
river mile 9.0. The H and *’Sr concentration in the spring were 15,900 and 3,210 pCi/L,
respectively. In the river, ®H and ®Sr concentrations were 300 and 8.1 pCi/L, respectively.
Although the river provides considerable dilution capacity, it is evident that groundwater
discharges to the river cause localized impacts on a small scale. Outside of the areas near
the spring discharge zones, however, average river-water contar nant concentrations were

below drinking-water standards (chemical contaminants were g erally undetectable)
(Dirkes 1990).

2.2.2.2 Riverbank Springs. Spring discharges into the Hanford each existed prior to the
startup of Hanford operations. These relatively small springs fl r intermittently and
appear to be influenced by the river stage (Dirkes 1990; DOE-RL 1992d). Seepage to the
river through surface springs is thought to contribute a small fi tion of the total amount
of groundwater entering the river, but provides an opportunity to estimate the types of
contaminants entering the river.

Groundwater discharge in the vicinity of the 100-N Area liquid waste disposal
trenches have been periodically monitored (Perkins 1988, Perkins 1989). In addition, special
studies have been conducted to characterize the groundwater that enters the Hanford
Reach through adjacent springs and seeps. These include McC¢ nack and Carlile (1984),
Buske and Josephson (1989), Dirkes (1990), and DOE-RL (1992d). These studies located
springs and seeps along the Hanford Site shoreline, generally beginning upstream of the
100 Area reactors and continued downstream below the 300 Area, although DOE-RL
(1992d) focused solely on springs in the 100 Area. Samples from identified springs were
collected to screen groundwater plumes for radiological (McCormack and Carlile 1984;
Buske and Josephson 1989; Dirkes 1990; DOE-RL 1992d) and ch: iical parameters
(McCormack and Carlile 1984; Dirkes 1990; DOE/RL 1992d).
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Radionuclides attributed to Hanford operations have been detected downstream to
the Columbia River estuary (Renfro 1971; Hubbel and Glenn 1977). In a 1965 survey of
sediments in the Columbia River estuary, Hubbel and Glenn (1977) found the stratigraphic
distribution of radionuclides varied considerably due to cyclic erosion and deposition. On
average, howevi 66% of the to’ ' measured radionuclides (excluding naturally occurring
potassium-40 [*°K]) occurred within 20 cm (8 in) of the bed surface, and averaged 39 pCi/m?
(3.6 pCi/f?). Chromium-51 (*!Cr) and zinc-65 (*Zn) were the most abundant radionuclides
found during the survey. Renfro (1971) routinely measured radionuclide concentrations in
the Columbia River estuary during 1968 to 1970, and estimated that greater than 95% of the
radionuclides in the stud! site were associated with the inorganic fraction of the bottom
sediments. Zinc-65 and >!Cr were the two most abundant radionuclides and were found
predominantly within 3 cm (1 in) of the bed surface.

Since the shutdown of the once-through reactors, short- and intermediate-lived
radionuclides have decayed to very low levels (Robertson and Fix 1977). Chromium-51 and
$5Zn were the principal radionuclides found in sediments during the peak years of Pu
production at Hanford. Following shutdown of the last once-through reactor in 1971, the
radionuclide spectn  shifted (due to decay of short-lived radionuclides) to iron-55 (*°Fe),
%0Co, ¥7Cs, europium-152 (P2Eu), Eu, %8Py, 2Py, and americium-241 (*'Am). The
surface sediments behind McNary Dam now contain low concentrations of radionuclides
due to fresh deposits of relatively uncontaminated sediments (Robertson and Fix 1977).
Because of the continued influx of uncontaminated sediments from upstream and export of
contaminated sediments downstream, it is anticipated that there will be further dilution of
radioactivity in sediments along the Hanford Reach.

The present Environmental Monitoring Program includes radiation surveillance at
selected locations along the Hanford Reach (Woodruff and Hanf 1991). This program only
provides an estimate of exposure and does not identify levels of contamination. There
have been sevi 1 radiological surveys of the exposed shorelines along the Hanford Reach
since the shutdown of the Pu-production reactors (Sula 1980; Reiman and Dahlstrom 1988).
These surveys were performed to evaluate the magnitude and distribution of radioactive
contamination. Sula (1980) found that contamination on exposed island and shoreline
areas was present in three different distributions:

. a fairly constant, uniformly dis »ut of cor ition was
obsen [ over the entire study area with expo e rates along the
Hanford Reach approximately 50% higher than along upstream
shorelines;

° areas of increased contaminatic due to sediment concentration as a
result of hydraulic actions; and

. discrete particles of contamination, containing 80Co, believed to be
metallic flakes, possibly pump or valve components used in the
production reactors.

The aerial survey of the Hanford Site performed in 1988 (Reiman and

Dahlstrom 1990) collected information of gamma-ray emitting radioisotopes. This survey
noted the presence of a number of areas along the Hanford Reach outside of constructed
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facilities that have elevated radioisotope concentrations. The mo common radionuclides
identified by the survey were ®Co and ¥Cs.

2.24 Ecological Contamination

Environmental monitoring and scientific studies at the Ha: »rd Site have been
conducted for >re than 45 years. Such monitoring and studies ave allowed Site
managers to assess effects that Site activities have on vegetation, wildlife, and humans
within and around the Site boundaries.

Becker (1990) reviewed and summarized the findings of bic nvironmental studies
related to the Hanford Reach conducted from 1944 to 1984. These studies involved field
and laboratory studies that evaluated the potential effects of spe: ic Site operations on the
aquatic biota and the physicochemical properties of the river ecosystem. These studies
were undertaken because early Site managers recognized that the use of water from the
Hanford Reach for Site operations might affect its quality and create environmental
problems. Concerns associated with potential adverse environmental effects from
discharging radioactive materials prompted initiation of many ra oecological studies at the
Site (Becker 1990).

Initial studies of radioactivity in Hanford Reach biota emphasized the effects of
exposure to radiation and reactor effluent, especially the short-lit 1 radionuclides (e.g., 2P
[half-life of 14.3 days) and ®Zn [half-life of 245 days]) that were  eased in large quantities.
These studies were conducted to determine if actual dose rates v re apt to result in
adverse effects. Chemical effects studies were also performed. For example, long-term
chronic bioassays were conducted with hexavalent Cr to determine effects on trout and
salmon mortality a1 growth. These studies led to a recommended ambient hexavalent Cr
limit of 0.02 mg/L in the Columbia River (Becker 1990).

Initial surveys of the uptake and accumulation of radionuclides by river organisms
led to ir.__ ~ased knowle« _al itrad uclic 1sp«  and dispersion of radioactivity in
the Columbia River ecosystem. These studies determined that radionuclides accumulated
in aquatic organisms and that highest radioactivity levels were found in the free-floating
plankton. Although the food web accounted for transfer of radionuclides through the river
ecosystem, the concentration factors for most radionuclides were >west at the higher
trophic levels (Becker 1990). Thus, food chains appear to result in a biodilution of
radionuclide concentrations in larger animals.

Following the shutdown of once-through reactors at the Site, the levels of selected
radionuclides in plankton, periphyton, invertebrates, and fish were studied (Cushing et al.
1981). Results showed that the measurable body burden of fission-produced radionuclides
decreased to essentially unmeasurable levels within 18 to 24 months of reactor shutdown.
Eberhardt et al. (1989) provided additional details about long-term trends of radionuclide
concentrations in aquatic biota collected along the Hanford Reach. In general, most
radionuclides exhibited a downward trend, especially ¥Cs and ©Zn. For %Sr, however,
the trend was less evident and tended to fluctuate randomly. Tl e fluctuations may be
attributable to truly random events, as well as changes in Site activities, worldwide fallout,
monitoring strategies, and analytical methods. Eberhardt et al. could not identify actual
sources of variability.
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The Hanford Environmental Monitoring Program entails opportunistic sampling of
biota at the Site, including aquatic biota from the Hanford Reach. During 1990,
radionuclides (*Co,”Sr, and *’Cs) were  :asured in fish (whitefish, bass, and carp)
collected upstream and downstream of the Site in the Hanford Reach. The 1990 results
(Woodruff and Hanf 1991) showed that ®Co and ’Cs were typically below detection limits
with no differences between species or sample location. Strontium-90 was more variable;
howev¢ mean concentrations were low (less than 0.04 pCi/g wet weight) in all samples.
Jaquish and Bryce (1989) could find no meaningful differences between fish samples
collected upstream and downstream of the Site, and therefore could not find any
measurable inf 'nce on fish from radionuclides released to the Hanford Reach due to
current or past Site operations. However, it should be noted t  fish are mobile within
the Hanford Reach and the opportunistic sampling methods used by the Environmental
Monitoring Program may be insufficient to detect impacts.

Radionuclide concentrations found in Canada goose muscle tissue are similar to those
expected from worldwide fallout (Jaquish and Bryce 1990). Canada goose eggshells
collected from island along Hanford Reach have detectable levels of °Sr with the highest
average concentr: n, from 1986 to 7, measurir 1.6 pCi/g (Ric :d and Price 1990).
These levels were attributed to sot  : of Sr*° in aadition to worldwide fallout such as
shoreline plants that were downstream of the 100-N Area (Rickard and Price 1990).
Woodruff and Hanf (1991) also included data on radionuclide concentrations in waterfowl
tissue collected along the Hanford Reach near the 100-N Area. Radionuclides (°°Co,?Sr,
and ¥Cs) were not detected in tissue samples of mallard ducks cc :cted along the
Hanford Reach.

Numerous studies have reported on radioactive contaminants in wildlife that could
be attributed to Site operations; however, chemical contaminants in the Hanford Reach are
not as widely studied. Metals (lead, cadmium, and mercury) were measured in nest debris
(feces and food scraps) at a great blue heron rookery at the Site. The levels of these metals
in the @ 1rooke A were less than levels reported at other Pacific Northwest locations
(Fitzner et al. 1982). Organochlorine residues were found in low, measurable
concentrations in great blue herons collected along the Hanford Reach (Fitzner et al. 1988).
According to the authors, these residues seemed to exert little infli 1ce on reproductive
success, and were believed to originate on heron wintering grounds located off the
Hanford Site.

~ 1shing (1979) ied trace element concentrations in aquatic biota along the
Hanford Reach to establish trophic-level relationships among the biotic components. He
found that only K increased in concentration through the food web, and most elements
(including Cr, Cs, scandium, and Zn) decreased in concentration in higher trophic levels.
As an example, Cr concentrations were 22.8 mg/kg in phytoplankton, 1.8 mg/kg in caddisfly
larvae, and 0.11 mg/kg in whitefish. Four elements (bromine, mercury, rubinium, and
selenium) remained relatively constant.

Contaminants attributable to Hanford Site operations are found throughout the
Hanford Reach ecosystem. Contaminants attributable to operations in the 100 Area were
discharged to the river in the past and currently continue to enter the river.
Environmental studies and monitoring to date has not shown, however, that the observed
contaminant concentrations have resulted in any significant adverse impact to the Hanford
Reach ecosystem.
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3.0 CONTAMINANT FATE AND TRANSPORT

19 evaluate the threats posed to human health and environment by contaminants of
potential concern released from past operations at Hanford to the Hanford Reach the
pathways and mechanisms by which contaminants of potential concern are distributed
among the various environmental media must be identified. This chapter provides an
analysis of the environmental fate and transport of those contaminants of potential concern
identified in Chapter 2. Thus, the nature  d extent of contaminants of potential concern
can be extrapolated to provide a conceptual model of the types and distributions of
contaminants of potential concern within the Hanford Reach environment.

Section 3.1 discusses potential contaminant migration pathways that are significant to
the Hanford Reach ecosystem. Contaminant-fate (i.e., physical, chemical, or biochemical
transformations experienced by particular contaminants under environmental conditions)
assumptions are discussed in Section 3.2. This chapter concludes with an analysis of
contaminant transport through each significant migration pathway in ! tion 3.3.

3.1 POTENTIAL PATHWAYS OF CONTAMINANT MIGRATION

A contaminant migration pathway is the route, often involving multiple 7
environmental dia, by which contaminants are transported, and that results in exposure
to humans or other organisms. Each exposure pathway consists of the following five
elements (EPA 1986b):

a cor___ninal ° ource;

a contaminant release mechanism;
an environmental transport medium;
an exposure route; and

a receptor.

Contaminant sources that might impact the Hanford Reach have been identified in
Section 2.2. Therefore this section will focus on release mechanisms, transport media, |
exp  ire rou 1 itial stors. Figure 3-1 illustrates the > 1tial con ninant
migration pat and the relationships among the Hanford Reach ecosystem
components. Those pathways that could possibly result in a significant impact to an }
ecosystem component are emphasized on Figure 3-1. These selected pathways were \
judged most significant because they represent the most direct exposure pathway from the

. contaminant source to the receptor. In the following sections, emphasized pathways are

discussed qualitatively by the predominant environmental medium involved.

3.1.1 Groundwater Pathways

Past liquid- and solid-waste-disposal practices resulted in direct discharges of mixed,
low-level radioactive and hazardous wastes to soil and groundwater in areas near the
reactors. As such disposal practices are no longer common, the contaminated soil and
groundwater are now secondary sources of contamination.
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Monitoring at the Hanford Site shows that subsurface migration of contaminants
toward the river is occurring through groundwater flow. Groundwater plumes for
radionuclides, as well as chemical contaminants, have been identified in the 100 Area that
are preser © ; the river.

\

Groundwater enters the river along the Hanford Reach either as surface or
subsurface seeps and sprir -3. There is no quantitative information to partition
groundwater flow between the surface or subsurface seeps; however, the nsensus is that
subsurface flow predominates (Dirkes 1990; DOE-RL 1992d). Subsurface seeps and springs
would represent a potential exposure point to 100 Area contaminants for aquatic
organisms, especially those that might burrow or dig into the sediments.

The other possible exposure point to the 100 Area groundwater contaminants is the
surface seeps and springs. Locations and contaminant concentrations have been
documented for many surface seeps and springs along the Hanford Reach. Thus, it is
known that the surface seeps and springs represent a potential source of contaminant
migration from the groundwater to ecosystem receptors. . stential impacts, however,
would be limited to environmental receptors since human access to the 100 Area is limited
by institutional controls. In addition, the seeps and springs are not always accessible,
evident, or conducive to water collection.

3.1.2 Surface-Water Pathways

The surface-water pathway is one of two primary pathv _, s (in addition to the river
sediment pathway) for exposure of Hanford Reach ecosystem components to contaminants
attributable to past and present Hanford Site operations. Along the Hanford Reach,
contaminant inputs to the river occur as indirect ** :harges from groundwater and as
direct discharges from facilities in the 100 Area (Woodruff and Hanf 1991). As Figure 3-1
shows, every other component of the Hanford Reach ecosystem could be directly exposed
to contaminants in the river-water column.

Contaminants, especially radionuclides, have been detected in abiotic and biotic
components of the Hanford Reach ecosystem. Recent analyses of river-water quality do
1 ra 1 and
‘ sling conducted in
conjunction with spring sampling shows that impacts to river-water quality dissipate
rapidly downstream due to high dilution factors (subsection 2.2.2.2). Consequently, it is not
likely that: r significant adverse downstream environmental or health impact associated
with the river-water coh 1 would be extensive. The most significant contaminant
exposure pathways are judged to be human ingestion of water and fish and aquatic
organism immersion within the water column.

3.1.3 River Sediment Pathways

River sediments represent the other primary pathway for contaminant migration

~ from river water to certain biotic components. Although river sediments are known to be

contaminated, a consensus impact assessment methodology does not exist at this time
(Adams et al. 1992). In addition, there is no evidence of past or present significant
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ecological impacts associated with contaminated sediments. This does not necessarily mean
that significant impacts have not occurred, only that the tools to evaluate impacts are
lacking. Consequently, impacts due to river sediments will nott evaluated further in this
report. However, data collection activities needed to fill this data gap are discussed in
Section 5.2. \

3.1.4 Biotic Pathways

It is known that contaminants associated with past 100 Ar.  operations are migrating
from soil/groundwater sources through the surface water to aquatic biota. Biotic pathways
of contaminant transport in the Hanford Reach are difficult to evaluate due to ecosystem
complexity, but are based to a large degree on the food chain.

The Hanford Reach provides habitat for a number of plants and animals that are
used by humans as food, and provides a source of water for crop irrigation. However,
human ingestion of fish is judged to be the most significant biotic pathways for evaluating
human exposure to contaminants in the river (Woodruff and Hanf 1991). Therefore, for
the purposes of this report the fish ingestion pathway is evaluated to investigate the
potential for any impacts to human health. Potential environmental impacts were
evaluated by considering contaminant uptake by fish and by co: »aring derived
contaminant concentrations in the river to ambient water quality criteria.

Other pathways not evaluated in the qualitative evaluation that should be kept in
mind for future quantitative assessments include human ingestic  of waterfowl, venison,
irrigated crops, riparian vegetation, and beef and milk obtained >m cattle fed irrigated
forage. These pathways are evaluated in the Site Environmental Surveillance Program as
part of the annual public dose assessment (Woodruff and Hanf 1991). Although this
program considers a number of potential exposure pathways, in 1990 the primary pathway
of population exposure related to the Hanford Reach was consu ption of drinking water
contaminated by Hanford Site radionuclides (Woodruff and Hai 1991).

Exposures in non-aquatic sensitive habitats (as derived fro 40 C. .. Part 300,
Appendix A) or in non-aquatic critical habitats (as defined in 50 CFR § 424.02(d)) of
endangered or threatened species to contaminants in the Hanford Reach does not, at this
time, appear to be significant concerns from the perspective of the environmental
evaluation. The 100 Area portion of the Hanford Reach, for example, could be considered a
critical habitat due to seasonal use by threatened bald eagles and the endangered white
pelican. The eagles, however, primarily consume spawned-out chinook salmon which,
during their life cycle, spend little time within the Hanford Reac and, while within the
Reach, do not feed during spawning. Thus, the potential exposure to the eagles by
contaminants in the Hanford Reach is judged to be negligible (Weiss and Mitchell 1992).
Although the white pelican consumes live fish during its period of residence, recent
environmental surveillance reports show no measurable influence on fish from
radionuclides released to the Hanford Reach during current or past Site operations (Jaquish
and Bryce 1990, Woodruff and Hanf 1991). Thus, it is unlikely that white pelicans are
adversely impacted at the present time by exposure to contaminants in the river.
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3.2 CONTAMINANT FATE

In keeping with the qualitative and conservative nature of the model used for this
impact evaluation and the absence of Site-specific data, biological (except bicaccumulation),
chemical, and physical processes that would affect contaminant fate were generally
disregarded. There is assumed to be no decay of radionuclides, no retardation of
contaminants within aquifer or river sediments, and no transformation of any contaminant
that would reduce its concentration or toxicity during transport from source to receptor.

Suc assumptions are justified in the absence of Site-specific data. Because of these
assumptions, however, the impact evaluation in Chapter 4 should be considered
preliminary and the results represent a conservative estimate of the potential exposure to
the evaluated contar * ants of potential concern.

3.3 CONTAMINANT TRANSPORT

Section 2.2, empirical data from surface springs and seeps, groundwater
monitoring wells located near the river's edge, and surface-water monitoring of the
Hanford Reach were used to assess the current status of contaminants in the groundwater
(at the river's edge) and in the ambient river-water column.

This section provides details and assumptions necessary to estimate groundwater
movement and expected contaminant concentrations in the groundwater (at the riverbank)
and in the river-water. These data are the basis for estimating potential impacts by past
100 Area operations to potential human and environmental receptors that use the Hanford
Reach. Contaminant transport is addressed below by subsurface, surface-water, and
biological considerations.

3.3.1 Subsurface Transport

Subsurface transport was estimated based on information presented in Appendix B.
This appendix identifies groundwater plumes, groundwater flow direction, and estimated
groundwa flow es. The contaminantcon t ions together with the estimated flow
‘es were u¢ 1 to derive a contaminant flux for each groundwater plume. Principal
assumptions that were used to project the groundwater ph_ : frc  the sourcetc e
riverbank were:

. infinite source mass;
o infinite time; and
. no transformations during transport (see Section 3.2).

Table 2-3 shows the estimated groundwater flow rates and source concentrations
derived from information in Appendix B. The groundwater source concentrations under
the above assumptions become the current piume-specific riverbank concentrations for each
identified contaminant of potential concern.
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3.3.2 Hanford Reach Contaminant Transport Modelling

This subsection describes the computational model used to estimate contaminant
concentrations in the Hanford Reach that result from groundwater discharge the 100 Area.
The model presented is standard to surface-water mixing calculal ns and is explained in
detail in Fischer et al. (1979).

For this application, contaminants enter the Hanford Reach through the
groundwater. In the river, the contaminants undergo mixing and are subsequently
transported downstream. The concentrations downstream from e source inputs are
estimated using the computational model. The concentration information provides input
for the preliminary impact evaluation of the Hanford Reach.

3.3.2.1 Computational Model Assumptions and Development. The computational model
makes several assumptions concerning the natural system:

. the river channel is rectangular in cross-section and straight along its
length;
. river flow velocity is constant, uniform, and one-dimensional in the

downstream direction;

. the contaminant source for the river is a vertical line source with an
infinitesimal width and constant contaminant mass discharge rate that is
distributed uniformly over the depth of the river at the river bank; and

. the mixing processes in the river include transverse dispersion across the
river and advection in the downstream direction.

The first three assumptions are illustrated in Figure 3-2. The river channel is
rectangular in cross-section and straight along its length. The flow velocity in the river
does not change with time or space. Contaminant mass dischary to the river is
represented by a vertical line source. The mass discharge rz from the line source is
uniform over the depth of the river.

The fourth assumption, which concerns mixing processes, is illustrated in Figure 3-3.
The water flow in the river moves the contaminants downstream and turbulent mixing
distributes the contaminants across the river away from the river bank where discharge
occurs. Contaminant discharge is uniform over the depth of the ver, therefore
contaminant concentration is invariant with respect to the depth. Downstream turbulent
mixing is neglected because the downstream flow rate is assumed to be far greater than the
rate of downstream turbulent mixing (Fischer et al. 1979).
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The computational model is developed from a solution for a point source. This point
source solution is modified in two steps to obtain the desired model. These two steps
enable the computational model to account for the river bank boundary conditions and the
occurrence of multiple source inputs to the river. The final form of the model is:

X . 2 _ 2
Clxy) = J[ 2M(x) Y exp(-w__u)]dt (1)

0 du‘,‘lne‘(x -t)/un=-2 46‘(x -1)

where

C(xy) concentration at location x,y (M/L3),
total contaminant discharge rate at location ¢t (M/Lt),
depth of river (L),

average river flow velocity (L/t),
transverse dispersion coefficient (Lz/t),
river width (L),

downstream coordinate (L),

across stream coordinate (L),
summation variable,

integration variable (L), and
integration differential (L).

nCoo
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This equation accounts for multiple sources where the sources are expressed by the
function M(<). For this application, the source term is discrete and has the value of 0 at
locations other than the source location (see Figure 3-4). Boundary conditions are set so
that 3C/dy = 0 aty = 0 and y = W, where W is the channel width.

The output of the model consists of estimated concentrations C(x,y), where x is the
downstream coordinate and y is the across stream coordinate. The concentration is
invariant with respect to depth, thus C(x,y,z) = C(x,y). The coordinate x is defined on the
interval (0,+); the coordinate y is defined on the interval (O,W). Note that 1e
concentration C(x,y) goes to + as the point of evaluation approaches the point of
contamini . input(x) = :the . v C e -« v In ac  tion,
because the equation uses the groundwater contamr it mass discharge rate 1d not the
groundwater concentration, the river water concentration C(x,y) will not equal the
groundwater concentration at the point of discharge. Thus, for this evaluation the river
water concentration is evaluated at a point 1 meter (3.28 feet) downstream of the assumed
point of contaminant input. This level of resolution is judged to be adequate for a 94 km
(58 miles) length of river.

The parameters in the Equation 1 are obtained in a straight forward manner. The
depth and width of the channel are estimated, and a conservative low flow velocity for the
river is obtained from the volumetric flow rate and the cross-section area of the channel
(velocity = flow rate / cross-section area). Based on a review of ERDA (1975) and USGS
topographic maps, the following assumptions appear appropriate for use in the model:
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. low-stage river discharge = 1,000 m?/s (35,000 ft/s)
. river depth = 6 m (20 ft)

. river width = 500 m (1,600 ft)

. average velocity = 0.3 mys (1 ft/s)

The cont: nant discharge rate is based on groundwater data collected in the
groundwater plume areas. For this analysis, the groundwater concentration and the
groundwater discharge rate for each plume (Table 2-3) were used to calculate the
groundwater contaminant flux into the river (Table 3-1).

The transverse dispersion coefficient is a calculated parameter based on a correlation
for natural streams (Fischer et al. 1979). This coefficient accounts for turbulent mixing
processes resulting from variation in the flow velocity across the channel. Variations in the
channel flow velocity may result from f1  onal drag along the channel bottom,
irregularities in the channel shape (depth and width), and variability in bottomn roughness.
The transverse dispersion coefficient is computed from:

€

d; =06 @)
ga’s

€ transverse disper * 1 coefficient (0.4) (L%/t),
d channel depth (L),

S channel slope, (2x107%)

g gravitational constant (L¥t).

Equation 2 is likely to be correct within an error bound of approximately 50% for straight,
rectangular channel. The coefficient value of 0.6 is based on experimental observations
from a variety of rivers in North America (Fischer et al. 1979).

2.2 Quality of Model Results. If tt data available for the model parameters are
reasonably well known and the model is appropriately ap; d, (i.e., conditions in the river

notw 'y« f the assumed conditions), the concentration est iates
provided by the computational model are order of magnitude results. This level of
accuracy is adequate for the preliminary and qualitative nature of this impact evaluation. If
the concentration estimate is an order-of-magnitude or more above or below a benchmark
concentration, we may conclude that a problem does or does not exist. Likewise, the
contaminant discharg may! ranked as long as the ranking is in terms of the order of
magnitude of the result. Results of the same order of magnitude are indistinguishable from
one another and require further analysis if they are to be separated.

The use of a line source to represent contaminant release resulting from groundwater
discharge is likely the largest departure from the natural system incorporate into the
model. The line source approximation to groundwater discharge of contaminants is a
conservative assumption because it overestimates the contaminant concentrations at the
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and along the 100 Area Segment of Hanford Reach.

Groundwater Contaminant of Estimated Source
Plume Potential Concern Contaminant Concentration
Flux
100BC-2 Gy 680 pCi/s 54 pCi~
100BC-1 0sr 670 pCi/s 53 pCi/L
Cr 0.25 mg/s 0.02 mg/L
NO, 710 mg/s 56 mg/L
100K-1 NO, 2,100 mg/s 66 mg/L
H 28,000,000 pCi/s 880,000 pCy/L
100K-2 NO, 1,600 mg/s 51 mg/L
Cr 3.6 mg/s 0.11 mg/L
100K-3 Cr 10 mg/s 0.16 mg/L
100N-1 %sr 1,000,000 pCi/s 23,000 pCi/L
3H 9,700,000 pCi/s 220,000 pCi/L
100D-2 *H 6,100,000 pCi/s 96,000 pCi/L |
100D-1 Psr 2,300 pCi/s 45 pCi/L |
*H 2,700,000 pCi/s 53,000 pCV/L
Cr 35 mg/s 0.69 mg/L
NO, 6,100 mg/s 120 mg/L
100H-1 NO; 710 mg/s 56 mg/L
Cr 5.3 mg/s 0.42 mg/L
100H-2 PTc 14,000 pCi/s 3,700 pCi/L
U 580 pCi/s 150 pCi/L
Cr 3.1 mg/s 0.79 mg/L
NO, 2,000 mg/s 520 mg/L
100F-2 U 2,800 pCi/s 143 pCi/L |
NO, 3,300 mg/s 170 mg/L
100F-1 gy 2,800 pCi/s 145 pCi/L |
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point of discharge. In the natural system, we anticipate the groundwater discharge to
occur throughout the surface area of the river bottom, resulting in a distributed
contaminant source. In the computational model this source is represented by a vertical
line of infinitesimal width along the river bank. Consequently, the model has a tendency
to overestimate the contaminant concentrations in the source areas due to the highly
concentrated source term or underestimate the concentration at the discharge point due-to
the assumption of instantaneous vertical mixing. Away from the source areas, the
estimated concentrations become representative of the release from the distributed source.
A more accurate representation of contaminant discharge in the 100 Area will require
further characterization to determine the interaction between groundwater and the
Columbia River.

3.3.2.3 Model Res1 s. Usit the model discussed above, predicted contaminant
concentrations in the Hanford Reach, due to 100 Area activities, were calculated and are
illustrated in Figures 3-5 to 3-10. These figures show the predicted cumulative
concentration effect of successive plumes within the Hanford Reach. These plots also show
the pred :d average concentration along the right bank of the Hanford Reach
downstream of the contaminant discharge (C), the predicted contaminant concentration at
the Richland water intake (Cg), refe ice (upstream) concentration (Cp), and the ambient
water quality critt » The predicted ave ' concentration for each contaminant (C) is
calculated over the distance of the Hanfora xeach (94 km).

The ulative effect of successive contaminant plumes on the contaminant

mc. rat swellex _  dinF_ re3_. The measured bacl ‘ound concentration of
%0Sr, at the Priest Rapid Dam in 1989, was .07 pCYL. Each successive contaminant plume
can be seen to shift the concentration curve upward from the trend of the previous curve
ggarticularly the 100N-1 plume). In this case, the model predicts that the concentration of

Sr will be 0.6 pCi/L at the Richland Water Intake. The measured value (1989) of *Sr was
0.08 pCi/L. The order-of-magnitude difference in these values can e explained by the
conservative assumptions used by this model, especially the use of maximum groundwater
concentrations together with low river flow conditions to try and predict a yearly average.
For all other contaminants, the predicted concentrations at the Richland water intake were
less than 1989 measured values (cf. Table 2-5). It should be noted that the empirical values
include any contributions from non-100 Area sources.

3.3.3 Biological Transport

The biologii ~ transport of the contaminants of potential concern is focused on the
transport of groundwater inputs to the river-water column where fish can ingest the

" contaminants. The concentration in the fish tissue is assumed to be directly proportional,

in relation to a contaminant-specific bioconcentration factor (BCF), to the concentration of
the contar "~ant in the water column. The estimated concentration of each contaminant of
potential concern in fish under future conditions is calculated using the conservatively
predicted average contaminant concentration along the right bank of the Hanford Reach
(C) (see Figures 3-5 to 3-10):

C; = (C)(BCF)

where C; is the contaminant concentration in fish tissue.
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4.0 IMPACT EVALUATION

This chapter provides a preliminary and qualitative evaluation of the human health
and environmental impacts to the Hanford Reach of the Columbia River associated with
past and current practices at the 100 Area. The human health impacts are assessed in
Section 4.1, and the environmental impacts are preliminarily assessed in Section 4.2.

4.1 HUMAN HEALTH EVALUATION

The human health evaluation utilizes four elements of impact assessment —
contaminant identification, exposure assessment, toxicity assessment, and impact
characterization — to assess the potential impacts to human receptors.

4.1.1 Contaminant lent"” :ation

As discussed in Section 2.2, seve . contaminants related to Hanford Site past and
ongoing practices in the 100 Area have been identified in groundwater that currently
impact the Hanford Reach. The contaminants of potential concern include five radioactive
and two non-radioactive contaminants.

4.1.1.1 Radioactive Contaminants. The radioactive contaminants of potential concern are
3H, 91, ®Tc, and U. All of these have been detected in groundwater seeps and springs
a the river.

Background rels of radionuclides are an important consideration when determining
what constitutes a ntaminant. In addition to its use at Hanford, U is a naturally
occurring radionu  le (>9wt% 23U) with a Columbia River reference concentration of
approximately 0.3 pCy/L. Natural groundwater concentrations of U range from 0.7 to
10 pCi/L (Becker 1990). Tritium is a natural as well as man-made radionuclide. The 3H
concentration at Priest Rapids Dam was | pCi{/L in 1990 (Woodruff and Hanf 1991).

For comparison purposes. primary maximum contaminant levels (MCLs) and
estimated concentrations at the ...chland water intake are provided in ..ble 4-1. ..ie listed
radionuclide M are proposed values, and are the concentrations estimated to result in
an effective dose equivalent of 4 mrem/yr as the result of an annual intake of 730 L of
drinking water. Estimated contaminant water concentrations are at least two orders of
magnitude smaller than their respective MCLs. Although this comparison indicates that
the contaminant concentrations pose no significant adverse impacts on human health, all
radionuclides are retained for further analysis because acceptable exposure levels as defined
in the NCP [i.e., a cancer risk below 10%; 40 CFR 300.430(e)(2)(i)(A)(2)] are more stringent
than the cancer risk level upon which the proposed MCLs for radionuclides are based.

\
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Table 4-1. National Primary Drinking Water Standards for
Hanford Reach Contaminants

Estimated Water Measured Water Primary Maximum
Contaminants of Concentrations®? Concentrations®4 Contaminant Level®
Potential
Concern
Non-radioactive
Cr 6.5E-05 <0.001 0.1
NO- n1 0.11 44
Radioactive
3H 120 129 60,900°¢
Ngr 1.2 0.07 42¢
PTe 0.09 05 3,790¢
U 0.46 0.44 30¢°
2Concentration at the Richland water intake.
PChemical units are mg/L
Radioactive units are pCi/L
‘Proposed MCL (56 FR 33050)
YJaquish and Bryce 1990

of potential concern (Cr and
-oundwater seeps and

4.1.1.2 Chemical Contaminants. The chemical contaminan
NQO,) are both inorganic substances. Both have been detected in
springs at the river's edge.

Primary MCLs and estimated concentrations at the Richland water intake are
provided in Table 4-1. Estimated contaminant water concentrations are at least two orders
of magnitude smaller than their respective MCLs. However, both Cr and NO, are retained
for further analysis.

4.1.2 Human Health Exposure Assessment

The purpose of an exposure assessment is to estimate the magnitude, frequency,
duration, and route of exposure to potential chemical and radioactive contaminants that
human receptors may experience. This exposure estimation can then be integrated with
appropriate toxicity information to assess the nature and extent of any health threats.

The exposure assessment presented in the following parag: >hs focuses on exposure

pathways associated with Hanford Reach and humans that have contact with river water
or biota associated with the river environment. As discussed in Sections 2.2 and 3.3, e
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contaminants evaluated in this assessment are both radioactive and chemical contaminants
related to Hanford Site past practices in the 100 Area that are currently entering the
Hanford Reach via the groundwater.

This exposure assessment is qualitative, but the qualitative discussion is
supplemented by quantitative calculations of intake and risk for several potential exposure
pathways identified in Section 3.1 and discussed in subsection 4.1.2.2.

1.2.1 Characterization of Potentially ~ pos: f ~tions. The potential human
receptor populations have be:  identified based on current and probable near future use
of the Columbia River along that portion of the Hanford Reach directly adjacent to or
immediately downriver from the Hanford Site. Currently, the Columbia River is used as a
source of drinking water, industrial process water, crop irrigation, and a variety of
recreational activit  incdluding hunting, fishing, boating, water skiing, and swimming
(Jaquish and Bryce 1990). Thus, toxic contaminants from Hanford Site operations that enter
the river could result in exposures to residential, industrial, agricultural, or recreational
receptor populations. )

For the purposes of this report, two human receptor populations have been selected
to assess the potential human health impacts. The first are residents, both children and
adults, of the City of Richland. The City of Richland has a water intake located
immediately downriver from the Hanford Site. The second receptor population is the adult
recreational users of the Hanford Reach. As noted above, the river is used for a variety of
recreational purposes. In addition, river users have limited access to the river bank along
the Hanford Site up to the high water mark for such recreational activities as waterfowl
hunting 1d fishing. Given that any access to the springs and seeps along the Hanford
Site would require hiking up the riverbank or traveling by boat for miles, it is assumed that
infants and young children would have no, ' very limited access, to these locations on
any ongoing basis. Therefore, the recreational scenario is evaluated only for an adult
receptor over a lifetime.

These receptor populations have been selected because of the direct exposure
pathways between the contaminants and the receptors. There is also a potential for the
selected receptors to have long-term or chronic exposures, and the potential for the
exposures to result 1 significant adverse impacts (e.g., direct ingestion of water
contaminated with carcinogenic contaminants, sensitive subpopulations such as children
ingesting N~ ; contaminated water, etc.). Im; ts to other no 1tial receptors who may be
exposed through agricultural or industrial use of Hanford ..:ach water are qualitatively
discussed in section 4.1.5 as part of the risk charact___:ation.

4.1.2.2 Identification of Exposure Pathways. The potential exposure pathways for
residential receptors are those pathways related to exposure to river water or to biota
impacted by contaminated river water as discussed in Section 3.3. These pathways include:

ingestion of water;

dermal exposure to the water during bathing and showering;
ingestion of fish from the Hanford Reach; and

ingestion of plants or crops irrigated with Hanford Reach water.
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A quantitative evaluation is presented for the ingestion of ater and the ingestion of
fish with a qualitative discussion of the potential impacts from e osures through the
remaining pathways provided in subsection 4.1.5.

Exposure pathways for recreational users of the Hanford Reach include:

. ingestion of river water;

. dermal exposure to contaminants in the water;

. ingestion of fish from the Hanford Reach;

. ingestion of wat: >wl or game using the river; and
. ingestion of plants growing in the riparian zone.

A quantitative evaluation is provided for the ingestion of river water and for the
ingestion of fish from the Hanford Reach. Dermal exposures, a1  ingestion of waterfowl
and game are discussed qualitatively in subsection 4.1.5.

As indicated in section 3.1.3, exposure to river sediments is not evaluated. When
compared to the ingestion of water or fish, the potential for significant exposures to
sediments is much lower because such exposures are usually of short duration. In
addition, the likelihood of significant dermal absorption from sediments or ingestion of
sed__ ents is reduced because sediments tend to wash off during water activities.

4.1.2.3 Quantification of Exposures. The quantification of exposures requires the
determination of exposure point concentrations (i.e., the concentration in the medium) and
the calculation of daily intakes for the contaminants of potential oncern. In order to
evaluate the residential and recreational scenarios indicated above, exposure point
concentrations for the contaminants of potential concern must be estimated for the
Hanford Reach at the City of Richland water intake, fish in the Hanford Reach, and river
water adjacent to the Hanford Site. The methods used to calcu e contaminant water
concentrations is described in Section 3.3. Contaminant concentrations in fish are provided
in Table 3  The quantification of exposures is discussed below r lioactive and non-
radioactive contaminants.

Exposure parameters used to calculate daily intakes are p: ented in Table 4-2.
Standard EPA equations for exposure and impact assessment, as provided in EPA (1989a)
and WAC 173-340, are used (with appropriate conversion factors, as necessary) as a basis
for all calculations.
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Non-Radioactive Contaminants

The basic equation for calculating intakes for non-radioactive contaminants via
ingestion (water or biota) is:

CxIRx EF x ED x CF

Intake = ——
sw x AT
where : Intake =  contaminant-specific intake (mg/kg-d)

Cc =  concentration of contaminant in the medium
IR =  contact rate (medium-specific)
EF =  exposure frequency (d/yr)
ED = exposure duration (yr)
CF = conversion factor (as appropriate)
BW =  body weight (kg)
AT = averaging time (yr x 365 d/yr)

This equation calculates a chronic daily contaminant intake. The exposure
parameters, assumptions, and references are provided in Table 4

Summary of Intakes for the Residential Scenario

Estimates of Hanford Reach contaminant concentrations at 1e City of Richland
intake are used to calculate contaminant intakes via water ingestion for the residential
scenario. For reasons described in subsection 4.1.3, background concentrations are
subtracted from these estimated concentrations for carcinogenic cont___inants (i.e., the
radionuclides), while unadjusted water concentrations were used to ¢ ulate intakes of
noncarcinogenic contaminants (ie., C 1d NO,). Since upstream and downstream
concentrations of U are identical, the  1ke va e for this radionuclide is zero; v
accounting for background, the H concentration is reduced by roughly half, and **Tc is
reduced by a factor of four. Strontium-90 concentr. ns are only sI' "1itly reduced by
accounting for background. A summary of contaminant intake values via water ingestion
for the residential scenario are presented in Table 4-3.

Estimates of average Hanford Reach contaminant concentrations are used to ¢ ‘ulate
contaminant concentrations in fish. Upstream concentrations of carcinogenic contaminants
are subtracted from average river concentrations prior to calculating fish concentrations.
This is why fish concentrations presented in T *le 4-3 do not necessarily agree with those
presented in Table 4-2. This adjustment was1 made for noncarcinogenic contaminants.
A summary of contaminant intake values via nsn ingestion for the residential scenario are
presented in Table 4-3.

Summary of Intakes for the Recreational Scenario

Estimates of average Hanford Reach contaminant concentrations are used to calculate
contaminant intakes via water ingestion for the recreational sceni o. Upstream
concentrations of carcinogenic contaminants are subtracted from average ri
concentrations prior to calculating contaminant intakes. This adjustment was not made for
noncarcinogenic contaminants. A summary of the radioactive ar non-radioactive intakes
resulting from ingestion of water from the Hanford Reach are provided in Table 4-4.
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Table 4-4. Summa)

of Human Health Assessment: Recreational Scenario.

Exposure Route | Contaminant Estimated Noncarcinogens Carcinogens
of Potential Concentration
Concern in Medium® Intake (mg/kg-d) Hazard Quotient  ~ Hazard Index Intake (pGi) i _ Total ICP*
Water Ingestion *H 9.7E+01 NA - I 29E+03 2E-10 )
9S¢ 2E+00 NA - 6E+01 2E-09
®Tc 3E-02 NA - 9E-01 1E-12
U 1E-02 NA - 3E01 8E-12
Cr 1E-04 4E-09 0.0000008° : NA -
NO, 12E01 SE-06 00000007 | 0.000002 NA - 2E-09

*Water concentrations expressed as mg/L (chemical) and pCil

Incremental cancer probability.
°Assumes all as hexavalent chromium.
NA = not applicable.

wdioactive).
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It is difficult to assess the effect of several assumptions employed in the evaluation.
The lack of ecotoxicological data imparts an unknown level of unc 1inty. These data
gaps could potentially be filled through further literature review. The factor-of-one-
hundred adjustment made to LCs, data to derive surrogate toxicity criteria also have an
uncertain effect. In employing an EHI, there is an implicit assumption of toxic effect
additivity among all contaminants. This assumption ignores the potential for either
synergistic, potentiation, or antagonistic effects.

The analysis of uncertainty in the human health evaluation (see subsection 4.1.5)
contains discussions on the surface water mixing model and selection of contaminants of
potential concern that are applicable to the environmental evaluation also.

4.24 Environmental Impact Characterization Summary

The 1 liminary enviror 'ntal evaluation: zge: tI asig =~ tadver impact
to the water column of the Hanford Reach due to past practices in the 100 Area does not
exist. This conclusion is based on an examination of both the average EHI for the Hanford
Reach and location-specific EHIs. The average ~"1I (0.01) was calculated by defining the
area of interest to be the Hanford Reach. Chromium, NO; and *Sr are the only significant
contributors to the average EHI (accounting for 98% of this value).

The location-specific EHI also indicates that *Sr and Cr are the only contaminants of
potential significance. Strontium-90 from the 100N-1 plume provides a local _.AI of 0.__,
while Cr from the 100K-3, 100D-1, and 100H-1 plumes result in peak EHIs of 0.26, 0.9, and
0.16, respectively. However, due to the very short regions over which each contaminant
input has a potenti mpact, it is unlikely that the est ated concentra s of these
contaminants repre it a significant adverse threat to environmental receptors. Based on
the | ilts of the river-mixing model used in this preliminary evaluation, the length of the
Hanford Reach subject to significant adverse impacts is <12 m (< 1 m resolution x 12
plumes). This represents <0.01% of the length of the Hanford Reach.
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5.0 PROPOSED DATA COLLECTION PLAN

A summary of the impact assessment presented in this report is provided in
Section 5.1. Based on the findings and data gaps identified, reccommendations for further
Hanford Reach charactr :ation and >nitoring act = .es were developed and are
presented in Section 5.2. Specific plans (e.g., Descriptions of Work) will = developed for
implementation of e necessary activities.

5.1 COLUMBIA RIVER IMPACT EV/ UATION SUMMARY

The Hanford Reach is the last, free-flowing, non-t" ~ 1 stretch of the Columbia River
in the United States. Assuch, it has iny important ecological functions, including
providing important spawning grounds for salmon and steelhead trout and sensitive (or
possibly critical) habitat for endangered and threatened species, including bald eagles,
white pelicans, and persistentsepal yel rcress.

The shoreline along the Hanford Reach is largely undeveloped due to the presence
of the Hanford Site. The Hanford te is a DOE facility that was used from 1943 - 1981 for
researc and prodt of nuclear materials used in defense and energy. From 1943 -
1971, the Columbia River was used as a source of cooling water in as many as nine nuclear
reactors that were used to produce Pu. As a result of Pu-production activities in the 100
Area, there have been significant quantities of contaminants (radionuclides and non-
radionuclides) released to the Hanford1 ch.

Radionuclides attributable to Hanford operations were detected in virtually all
components of the ecosystem during reactor operations, but the Hanford Reach retains
many of its functional qualities:

. salmon spawning has been increasing in the recent past;

. threatened and endangered species continue to use the Reach for
habitat; and

. for most contaminants there is little significant difference in river-water
q_ ity between sampling pc s that are upstream and downstream of
the Hanford Site.

Although there is evidence that shows contaminants may have localized impacts within the
Hanford Reach, results of environmental monitoring conducted to date do not show any
significant adverse impact to the Hanford Reach ecosystem.

The impact evaluation in Chapter 4 indicates there is little potential for adverse
in icts to either human health or the environment under current contaminant exposure
conditions due to 100 Area operations. Under existing conditions of contaminant loading
to the river, the predicted adverse impacts to the Columbia River due to 100 Area activities
are limited to very localized zones at the point of groundwater discharge and would not
have an impact on populations of environmental receptors. These zones of impact
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