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° The groundwater flows (represented by near-river wells) are not diluted by ink
storage or as the groundwater enters the river.

The contaminants are 100% bioavailable, and uniformly distributed within e abiotic
and biotic media.

Only the food = thway, and/or direct absorption of contaminants from the water (for
fish and aquatic invertebrates) are considered in the QRA (this assumption would tend
to underestimate risk).

Toxicity benchmark values (NOAELs, LOAELSs) are generally not available for the
native plant and wildlife species present at the site, so data from other ated :cies
are used. (NOTE: this may overestimate or underestimate the risk).

The conservative approach used in the QRA for estimating ecological risk ¢ 31 ave a significant

t on the conclusions of the QRA because the conclusions are used ¢ _ e the relative risk at
the different waste sites 1 all waste sites are assessed using the same conservative approach. The
results of the QRA, however, should not be used as an estimate of e risk at the waste sites, or even
as an approximate estimate of the contaminant concentrations  at should be attained by remedial
actions at the site.
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Parameters for evaluating these exposure pathways are provided in Tables A-10, A-11, and A-12.
Care should be taken that exposure parameters, uptake factors, and biota contaminant concentrations
a utilizing comparable factors (e.g., dry weight to dry weight, or wet weight to wet weight).

The MTCACR specifies that soil cleanup levels for other nonresidential site uses such as recreational
or agricultural uses shall be established on a case-by-case basis, and these cleanup levels shall be at
least as stringent as Method C clea ) levels (WAC 173-340-740). It is very likely that agricultural
exposures could dominate the estimation of risk associated with a site. The e: _ isures associated with
agricultural use include residential exposures, which occur with a greater frequency, duration, and
magnitude than industrial exposures. In addition, food chain exposures are considered under the
agricultural scenario.
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- JREWORD

A Risk As sment Modeling Committee was formed in late 1991 of representatives of DOE-RL,
EPA, Ecology, and their support contractors to exchange experiences and opinions relating to  : use
of numerical models for risk assessment for the purpose of writing a document to fulfill Tri-Party
Agreement Milestone M-29-01: "Identify and submit descriptions of codes and models to be used in
risk assessment." In general, the committee meetings enhanced understanding between the involved
parties and improved the decision-making process. It was recommended that meetings of the
committee be continued for completion of future milestones related to m  :ling, selection of
additional computer codes, and to address computer code and modeling issues that arise during
implementation of remedial investigation/feasibility study activities. However, no further milestones
for development of risk asses  >nt methodology were imposed by the Tri-Parties and no update of
this document has occurred since it was submitted in December, 1991,
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the transport of sediments and sediment-contaminant interactions in the Columbia River. Although
the SERATRA computer code was not used to ¢ 1late sediment-contaminant transport in support of
Columbia River studies, the code has been used successfully at other locations (Onishi et al. 1982).

The DWOPER computer code has been applied by the U.S. Army Corps of Engineers and the U.S.
Bureau of Reclamation to simulate river stage variation in the Hanford Reach of the Columbia River
(Fread 1973). The DWOPER code does not address contaminant transport.

B-2.3.3 Soil and Groundwater

_ A generic model of the mechanisms that generally influence the modeling of flow and transport of
contaminants in the soil and groundwater system is shown in Figure B1-3. These mechanisms
include; the release of contaminants to the soils and groundwater that surround the waste site,
infiltration of groundwater beyond the root zone, migration of contaminants in partially saturated
sediments, migration of contaminants in saturated sediments, multiphase flow, d geochemistry. A
brief description of the history of modeling these processes at the Hanford Site is discussed in the
following sections.

B-2.3.3.1 Release Models. Contaminants find their way into the soil column through planned or
accidental releases (spills or leaks), or through waste form degradation. The release of contaminants
from specific waste forms rely on knowledge of the chemical and physical processes that govern
degradation. With the great variety of wastes and waste containment systems that exist at the Hanford
Site, a corresponding range of releases is envisioned. As a result, modeling of waste form release
can be achieved by either of two methods: (1) simple, yet conservative models can be used in an
attempt to bound the release, or (2) release can be quantified empirically through direct measurement.
In support of the Hanford Defense Waste-Environmental Impact Statement (HDW-EIS) (DOE 1987),
relatively simple conservative models were used to estimate the release from the various waste forms.
Simulated waste forms have been studied in the laboratory to quantify the release from large
monolithic grouted waste vaults proposed for use at the Hanford Site (Serne 1990). In either case, it
is assumed that the release can be characterized and quantified as a boundary condition (contaminant
concentration or mass flux) or initial condition for inclusion into the transport model. As such, it is
proposed that contaminant release be addressed on a case-by-case basis depending on the specifics of
the waste and waste site being assessed.

B-2.3.3.2 Infiltration Model. The ROD issued for the HDW-EIS .. DE 1987) identified the need
for a better understanding on the mec]  sms governing the rate of surface infiltration and percc ion
of water in the partially saturated sediments. Since that time, considerable emphasis has been placed
on the quantification and development of analytical and numerical methods that can be used to predict
the infiltration of water through partially saturated sediments at the Hanford Site. UNSAT-H has
been developed for use at the Hanford Site and reflects the current state-of-the-art understanding of
Hanford Site conditions (Fayer and Jones 1990). This computer code simulates the one-dimensional,
non-isothermal, dynamic processes of infiltration, drainage, moisture redistribution, evaporation, and
plant uptake of water. To date, calibration of the model has been limited to application of results
from controlled lysimeter studies and experiments involving bare (nonvegetated) soils. Therefore, the
model has not been uniformly calibrated to all conditions that exist across the Hanford Site.

B-2.3.3.3 Unsaturated Flow and Transport Model. Modeling of groundwater flow in the partially

saturated sediments began in the mid 1960’s. Over the years, a number of computer codes were
developed and applied at the Hanford Site. The primary motivation stemmed from interest in

B-7
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studying single-shell tank releases, and the potential migration of contaminants through the thick zone
of partially saturated sediments beneath the 200 Areas. The vadose zone is between 60 and 80 meters
thick in these areas. To support the HDW-EIS, a simplified methodology for vadose zone flow
simulation was described that relied on the assumption of unit hydraulic gradient conditions and
application of the steady-state solution to the Richards’ equation (DOE 1987). Recently, vadose zone
analyses have been supported through the use of more sophisticated models, including PORFLO-3
(Sager and Runchal 1990), VAM2DH (Huyakorn et al. 1988), VAM3DCG (Huyakorn and Panday
1990) and TRACR3D (Travis 1984). PORFLO-3 has been used on a number of projects, including:
(1) modeling the flow of liquid effluent from the 1324 and 1325 cribs in the 100-N Area to the
Columbia River, (2) simulation of groundwater flow in operable unit 300-FF-5, (3) analysis of the
T-106 single-shell tank release, and (4) preliminary analyses of liquid-effluent sites requested by EPA
and the Washington State Department of Ecology (Ecology). VAM2DH has been used in support of
solid waste disposal facility siting, and the purge water discharge analysis. TRACR3D has been used
for unsaturated zone analysis in support of the grout facility. The actual transport modeling for this
application was performed using S301 (Wikramaratna and Farmer 1987), a transport code that is
designed for advective dominated transport applications; the code uses the velocity vectors from
TRACR3D.

B-2.3.3.4 Saturated Zone Flow and Transport Model. Modeling of flow in the saturated
sediments beneath the Hanford Site was initiated in the mid-1960’s. During the late 1960’s and
1970’s the Hanford Site standard was represented by Variable Thickness Transient (VTT), a
two-dimensional finite-difference groundwater flow computer code (Reisenauer 1979). Transport
codes that used velocity vector output from VTT have also been developed. The TRANSS code
(Simmons et al. 1986) has been applied to assess the potential transport of contaminants at various
waste sites over the years on the Hanford Site. Results obtained using the VTT/TRANSS model were
used in support of assessing the health risks associated with various Hanford Site defense waste
scenarios evaluated in the HDW-EIS (DOE 1987).

During the early 1980’s, the CFEST (Gupta - al. 1982) computer code was developed for use at the
Hanford Site. For detailed combined flow and transport analyses, the CFEST computer code has
replaced the VTT/TRANSS computer code. More recentlv. the MODFLO (USGS 1988), SLAEM
S . 1 ) § ions
at 1 Site.

B-2.3.3.5 Multiphase Modeling. Development of multiphase fluid flow and transport models was
pioneered in the petroleum industry. Cases involving the disposal of volatile organic compounds that
could migrate as separate fluid phases to the subsurface environment exist at locations on the Hanford
Site. Experience in characterizing and modeling the fate and transport of these substances at the
Hanford Site is limited. During fiscal year 1991, an investigation of a disposal site in the 200 Areas
where large quantities of carbon tetrachloride have been disposed was initiated. Although the primary
focus of this activity is to develop and test alternative methods for the purpose of characterizing and
recovering large quantities of the carbon tetrachloride under the direction of an "expedited response
action,” an effort to apply existing computer codes and models to assist this effort was included in the
scope of work. To date, emphasis has been placed on the use of PORFLO-3 to assist in this effort.
Resuits from these preliminary analyses are not available. In addition to PORFLO-3, TRACR3D
allows simulation of some aspects of multiphase flow. However, the use of TRACR3D in support of
multiphase modeling activities at the Hanford Site is unknown.

B-2.3.3.6 Geochemistry Modeling. Because of the importance of understanding and interpreting the
geochemistry of natural waters, a number of chemical equilibrium computer codes have been









B-3.2.2 Surface Water Flow and Transport

Contamination could enter the Columbia River through diffusion, groundwater, influx, or direct
discharge from seeps and springs. In either case, potential contamination is considered to be ore of
a localized problem than a regional problem due to the massive dilution capacity of the Columbia
River. e average flow rate of the Columbia River in the Hanford Reach is approximately 3,000
cubic meters per second (DOE 1987), compared with an estimate of influx to the river over the entire
Hanford Reach of approximately 1 cubic meter per second. This rate of influx is less than 0.04% of
the Columbia River average flow rate.

Two specific needs for surface water flow | transport modeling have been identified, including: (1)
prediction of river stage variation and its effect on contaminant migration near the Columbia River,
and (2) downstream mixing of ¢« aminants discharging from groundwater, springs, and seeps into
the Columbia River. Modeling river stage - iation will require quantification of the transient
hydraulic behavior of the Columbia River in response to natural and man-made changes to the w
rate. Important factors may include the hydraulic profile of the river, bank storage, groundwater
int ions, stream bed configuration, c¢. Mix | of contaminants from grour water, springs, and
seeps discharging into the Columbia River will likely require modeling of point and distributed
sources, advection. turbulent mixing (combining mass and momentum), and chemical partitioning
between water ar sediments. A tional factors may become important if surface water transport
becomes a major issue and more detailed analyses are required.

B-3.2.3 Groo dwater Transport

The transport of contaminants through the soil and groundwater of the Hanford Site sediments will
requi consideration of: (1) infiltration processes, (2) groundwater flow and transport of
contaminants under partially saturated (vadose zone) conditions, and (3) grour vater flow and
contaminant transport under saturated conditions.

B-3.2.3.1 Infiltrati Most of the waste at the Hanford Site is, and will be, contained in the
vadose zone. Infiltration of water through these partially saturated sediments is considered the
primary mechanism for release of waste to the accessible environment. As such, considerable
emphasis has been placed on the study and quantification of the infiltration rate (i.e., the flux of water
past the root zone). The physical processes that effect the infiltration rate include; precipitation,
evaporation, transpiration, and drainage. Modeling infiltration at the Hanford Site requires the
capability to simulate the following characteristics:

. Semiarid climate with average annual precipitation of 0.16 meters

° Temperatures in excess of 40°C, and extended periods of freezing temperatures
o Snow cover and snowmelt

. Evapotranspiration with little or no vegetation and variable rooting depths

. Layered soils with lithologies ranging from sand and gravel to sandy loam

° Simulation of groundwater flow under variably saturated conditions
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e

for consideration of new software will be: (1) evidence of peer review and general acceptance by the
technical community, and (2) recognition of the need for the additional software by the Hanford Site
technical and regulatory communities. It is recommended that the software approval process will
proceed in a manner similar to the selection of the computer codes contained herein, in that it would
involve a committee of technical experts representing Ecology, EPA, and DOE. Since significant
expansion of the list of Hanford Site codes is undesirable, additions of new codes to the list may
require deletion of old codes. Alternatively, computer codes not included on the Hanford Site list
may be approved for limited use in specialized applications.
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APPENDIX C
¢ PPORTIVE ENVIRONMENTAL INFORMATION CON! DERED

IN THE PREPARATION OF THE
'ANFORD SITE RISK ASSESSMENT Ml HODOLOGY SRAM)
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Figure C-5. Grassland Foodweb: Chukar.
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while, for site-specific RBCs:

LS x V x MH x CF, x CF,

PEF = —
Aax E

where:

PEF = particulate emission factor (m*/kg)

LS = length of side of contaminated area (m)

\" = wind speed in breathing zone (m/s)

MH = mixing height (m)

CF, = conversion factor (3.6E+03 s/hr)

CF, = conversion factor (1IE+03 g/kg)

A = area of cont  nation (m?)

E, = annual average PM,, emission rate per unit area of contz nated surface

(g/m’-hr)
and,
E, = RESP x (1 - G) x (U /U)’ x E, D-10

v e

E, = annual average PM,, emission rate per unit area of contaminated surface

(g/m*-hr)

I SP = PM,, fraction emission per unit area (g/m’-hr)

G = fraction of vegetative cover (unitless)

U, = mean annual wind speed (m/s)

U, = equivalent threshold value of wind speed at 10 m (m/s)

F, = function dependent on U_/U, (unitless)
(Table D-2 provides EPA default parameters for calculating a EF).

2 2 Carcino 1ic - Nonrz oactive
C = - 11

where:

TR
BW
AT
PEF
SF,

EF
ED

([ 1 1

risk-based soil concentration (mg/kg)

target risk level

body weight (kg)

a aging time (yr x 365 d/yr)

particulate emission  tor (m* 1) - see equations D8 and D9
inhalation slope factor (mg/kg-d)"

inhalation rate (m*/d)

exposure frequency (d/yr)

exposure duration (yr)






where:

Hhis4h
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CF = conversion factor (1E-03 kg/g)
K, = [—]| x4l
d
K, = soil-air partition coefficient (g soil/cm? air)
H = Henry’s constant (atm-m>/mol)
K, = soil-water partition coefficient (cm?/g)

If a K, value is not available, it may be calculated as follows:

where:

and:

where:

where:

K, =K, xoc

K, = soil-water partition coefficient (cm®/g)
Ko = organic carbon partition coefficient (cm*/g)
oc organic carbon fraction of soil (unitless)
D, x
a =
E + (P)(1-B/K,]
Py = particulate density (g/cm’)

2 dble D-2 provides default parameters for calculating a VF,).

2 ( nogenic - Nonradioactive
C =
C = risk-based soil concentration (mg/kg)
= target risk level
BW = body weight (kg)
AT = averaging time (yr x 365 d/yr)
VE, = soil volatilization factor (m*/kg) - see equation D-14

SF; inhalation slope factor (mg/kg-d)*

IR = inhalation rate (m*/d)
EF = exposure frequency (d/yr)
ED = exposure duration (yr)

-16
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D-2.3.2.2 Carcinogenic - Nonradioactive
Same as for Noncarcinogenic intake in equation -33.

D-2.3.2.3 Carcinogenic - Radioactive (radon-222)

Intake = C x IR x EF x ED x VF_ D-34

where:

Intake radionuclide-specific lifetime intake (pCi)

C = radionuclide concentration in water (pCi/L)

IR = inhalation rate (m*/d)

EF = exposure frequency (d/yr)

ED = exposure duration (yr)

VF,, = water volatilization factor for radon (L/m?)

D-2.4 DERMAL EXPOSURE
D 4.1 Soil and Sediment

D-2.4.1.1 Noncarcinogenic

C x ABS x AF x CF x

fﬂAv.EFxED} +[SA’(EFXED]
r+ adu.lt]

BW , BW
DAD =
AT D-35
where:
DAD = dermally absorbed dose (n  kg-d)
c = contaminant soil concentration (mg/kg)
ABS = absorption factor (unitless)
AF = adherence factor (mg/cm?-day)
CF = conversion factor (1E-06 kg/mg)
SA = surface area exposed (cm?)
EF = exposure frequency (d/yr)
ED = e osure duration (yr)
BW = boay weight (kg)
AT = averaging time (yr x 365 d/yr)

note: Only adult exposure is evaluated for 1e industrial scenario.
D-2.4.1.2 Carcinogenic - Nonradioactive
Same as for Noncarc intake in equation D-335.

NOTE: Only adult exposure is evaluated for the industrial scenario.

D-14
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DOE (1988) to account for organism size and/or lack of an infinite plane. The factor was included so
that the user could account for the height of the organism above the ground and the geometry. The
external dose rate factors in DOE (1988) represent ¢ _ )sure conditions at 1  ter above ground from
an infinite plane, where dose rates are reduced because of gamma scattering from surface roughness.
Dose rates to small organisms in direct contact with the ground may be higher than indicated by the
factors in DOE (1988). They are arbitrarily multiplied by 2 for animals that crawl on the surface.

At a river shore the geometry from sediments is not an infinite plain (plane). Location specific
adjustment factors can be found in Reg Guide 1.109. Because of the lack of much specific data, the
geometry- roughness factors in Baker and Soldat (1992) are based on scientific judgement.

In addition, an infinite plane may not represent the contaminated area. Reg Guide 1.109 provides
factors to adjust for this lack of representativeness for specific types of locations (e.g., river shores).
For example, the dose rate factor at a river shore should be adjusted by a factor of 0.2.

T-—le Ex‘~—al T j Talculation (C0-60 ‘nario)

For an example of external exposure, assume a fish in the Columbia River is exposed over the
duration of a year to water having a concentration of 4E-07 Ci/m’ of cobalt-60. This species spends
about a third of its time feeding on the river bottom.

Immersion dose is computed by substituting values into equation E-20.

N
R =Y C, DF,,F, CF

il

where: Rl = dose rate (rad/day) from immersion in water
Ci. 4E-07 Ci/m’ '
DF,, = 77 rad-m’/Ci-d
Foop 1
CF is not applicable as concentration is in Ci/m’

RI = 77 rad-m*/Ci-d x 4E-07 Ci/m*® = 3E-05 rad/d or 0.01 rad/yr.

External dose from river bott  sediments is computed by substituti  values into equation E-21.

where;: RS = dose rate (rad/day) from exposure to sediment
ied 0.07 m/d
Fy =02
Fo =05
C,. = 4E-07 Ci/m’
CF = not applicable as concentration is in Ci/m
DF,, = 622 rad-m*/Ci-d
T, = 365d
N = 34 d

T,x \, = 3.4E4/dx 365d = 0.12

RS = 0.07 m/d x 0.2 x 0.33 x 622 rad-m?/Ci-d x 4E-07 Ci/m’ x [(1-€*?)/3.4E d]
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RS = 3.82E-4 rad/d or 0.14 rad/yr

Combining the immersion and sediment dose rates yields 0.15 rad/yr.

E-1.2 NONRADIONUCLIDE DOSE FOR TERRESTRIAL RECEPTORS

E-1.2.1 Internal Dose for Organics or Metals for Terrestrial Receptors

The intake of contaminants in soil through consumption of contaminants in vegetation was estimated
by modifying Equation 6 of EPA’s Human Health Evaluation Manual (EPA 1989) in which the dose
rate (mg/kg-day):

Is = (CS PS WW Qv FI EF ED) / BW AT (E-22)
where: Is = dose rate (mg/kg-day)
CS = concentration of contaminant in soil
PS = soil-to-plant conversion factor

wWw dry weight to wet weight conversion factor

CV = concentration in vegetation (mg/kg)

QV = ingestion rate (kg/day)

FI = fraction ingested from contaminated source
EF = exposure frequency (days/year)

ED = exposure duration (years)

BW = body weight (kg)

AT = averaging time, (ED)(365 days/year)

For the organisms (e.g., pocket mice) that spend their entire life in a waste site, averaging time,
exposure duration, and exposure frequency can be eliminated from all intake equations. ..e fraction
ingested from a contaminated source was based on the animal’s home range and the amount of food
expected to be cons . :d _)m cont  nated areas. | sre a2 cally on a
wet-weight basis, while contaminant concentrations in soil and biota are reported on a dry-weight
basis.

The concentration factors from soil to the generic plant was obtained from available literature. The

maximum reported transfer coefficients from soil to plants were used in all dose calculations. These
values were used to model plants as a food source in successive trophic levels.

" ¢ample of Interng"' ™ose Calculation for Great Basin Pocket Mouse (lead scenario)

Given a site in which the soil is uniformly contaminated with 15.8 mg/kg lead, the internal dose rate
calculation for the Great Basin Pocket Mouse is calculated using Equation E-22. For the pocket
mouse, the assumptions are listed in footnote (n) of Table E-1.

where: Is = (CS PS W+ QV FI EF ED) / BW AT
CS = 15.8 mg/kg
PS = 9.0E-03 (Baes et al. 1984 for vegetative plant parts)
WW = 0.32 (Table E-1)

E-14





















































