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1.4x1073 hazard index to a median high for the Nat : American Subsistence Resident Scenario of
6.7x10°3 lifetime risk and 5.7 hazard index. These results are controlled by chromium and copper,
respectively.

5.2.7.27 Segment 27: McNary Dam and Reservoir

This segment includes the McNary Reservoir between the influx of the Walla Walla River and
McNary Dam. This segment is not noticeably different from the one above it in terms of identified
contaminants. Contaminants tentatively identifiec  re above upstream background are ammonia,
cesium-137, chromium, cobalt-60, europium-152 -154, nitrates, strontium-90, sulfates, technetium-99,
and uranium-238. Chromium appears above the v 'r reporting threshold in this segment but only for the
Ranger Scenario. This seems to be a statistical artitact. Strontium-90 is present in sufficient quantity to
score above the lower risk threshold, but the calculated result is dominated by a surface water estimate
calculated with concentrations extrapolated from Segment 21. As in Segments 24 and 26, this indication is
likely a statistical variation near the background le .

The total risk in this segment to humans estimated using the scenarios developed for the screening
assessment ranges from a stochastic median low for the Ranger Scenario of 1.5x10* lifetime risk and
2.3x107 hazard index to a median high for the Na ‘e American Subsistence Resident Scenario of 0.016
lifetime risk and 7.8 hazard index. These results are controlled by chromium and copper, respectively.
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Appendix I-D: Ecological Risk

Submodel:

where
41
Ky =

Submodel:

K4
f =

ocC

Submodel:

where
D =

1

Calibration

o)
]

I-D.4

= Wind speed in mixing zone (m/s)

Diffusion height (m)

Area of contamination (cmz)
Effective diffusion rate (cm2/s)
Exposure interval (s)

Effective diffusivity (cm?/s)
Soil porosity (unitless)

= Soil/air partition coefficient (g soi

e

(Dgi * EY(E +(ps * 1 -EVKy)

= Soil density (g,/cm3 )

K

as

K, =(H * 41)/(Kq * 1.

= Units conversion factor

Soil-water partition coefficient (cr

K,

= 0.62 xK_,, *f,. (regression mod

Soil organic carbon content (unitle
D

el

Dej=D; * I

Molecular diffusivity (cm?/s)

= 0.5 (McKone 1993)

0.4 (McKone 1993)
0.01 (McKone 1993)

= 8314

285 K default Hanford average (St
from MEPAS database (Strenge a1

= 1000 (McKone 1993)

for sediment or 2.65 default (EPA

= (.35 default

)SES Pa/atm) (EPA 1991)

Nicholls 1991)

3 (EPA 1991)

eetal 1983)
Peterson 1989)

1)
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Pa
ocC

ow

LS

Dh

= 3.1536 * 107 sec defar

B

Papt I+ CROTA _ S‘ ina A 1t
0.05
from segment or 0.01 defa
from MEPAS database
1000 m

2.68 m/s default Hanford average @ 2.1 meters (7 feet) (Stone et al. 1983)

Average distance from ground to middle of foliage [fungi: 0.05 m, grasses/forbs: 0.1 m,
trees: 5 m]

50 cm * LS * 100 cm/m

Chemical-specific from MEPAS database

(1 year)

Foliar Adsorption of Particulates from Soil

where

CPaP

Ec

par

Koa2

Submodel:

where
PEF

= Air concentration of partic

Cpap = ECpar * Ky (Hope 1995)

Equilibrium concentration in above-ground plant parts from particulate adsorption (ug/kg
or uCi/kg wet)

te-bound contaminant ((u.g or /.cCi/m3)

Plant-air partition coefficient for air to above-ground plant parts for particulate-bound

contaminants (m3/kg t weight)
ECp,,
Ecy, 4ir = EC 4i)/PEF (EPA 1991)

Particulate emission factor (m3/kg)

Submodel: PEF

PEF = (LS * V * Dh * 3600 s/hr/A/10,000 cm?/m?) * (1000 g/kg (Rf * (1-G) * (U,/U)? * F(x)))

(EPA 1991)
where
Rf = Respirable fraction (g/mz-hr)
G = Fraction of vegetative cover (unitless)
U, = Mean annual wind speed n/s)
U; = Erosion threshold wind speed at 10 m (m/s)
F(x) = Cowherd etal. (1985) fu tion (unitless)
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Appendix I-D: Ecological Risk

Submodel: U,
U; = TFV * In(10 m/SRH)/0.4 (Cowherd et al. 1985)
where
TFV = Threshold friction velocity (m/s)
SRH = Surface roughness height (m)

Submodel: TFV

TFV =NECF * (64 + 0.0055 = APSD * 1000)/100 (regression model in Cowherd et al. 1985)

where
NECF = Non-erodible elements correction f tor (unitless)
APSD = Aggregate particle size distribution (mm)
Calibration

Kpa_,_ = 3300 (coefficic of variation=1.5 [cKone 1993)
Rf = 0.036 (EPA 1991)
U, = 3.44 m/s (Stone et al. 1983)

m

SRL = 0.018 m (grass - Jergensen et al. 1991, p. 230)
NECF = 0
APSD = 0.04 mm (coarse silt size - Gee and Bauder 1986, p. 384)
G =05

F(x) = 0.0497 (EPA 1991)
Total Plant Burden

Internal burden: Cpai = Cpav + Cpau

where

Cpai = Equilibrium tissue concentration of contaminants ((xg or £Ci/kg tissue)

(Note this derivation assumes that none of the adsorbed contaminant enters the plant.)

Total burden (as eaten by herbivore): Cpat = Cpar + Cpap + Cpai

where

C,.. = Equilibrium concentration of contaminants in and on plant tissue (ug or uCi/kg tissue)

pat
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where
GEJ- = Gross energy from prey j( 1l/kg wet weight)
AEJ- = Assimilation efficiency of 3y j (unitless)
Calibration
SL;: (Beyer et al. 1994)
Species ) SI; |
Mule deer 0.02
Raccoon, muskrat, beaver 0.09
Western harvest mouse 0.02
Coyote 0.09
Weasel 0.03
American coot, snipe 0.18
Mallard 0.033
Canada goose ‘ 0.08
Raptors and fish-eating birds 0.02 (average of fish-eating species)
California quail 0.09 (used value for wild turkey)
CIiff swallow 0.02 (lowest value of birds)
Woodhouse’s toad 0.06 (see below)
Lizards (Uta), and western aquatic garter snake 0.054 (see below)
Terr. arthropods 0.054 (as per reptiles)
For Woodhouse’s toad and rept 1s estimated using the average of box (4.5%) and painted
turtle (5.9%) estimates because of t data for these groups (Beyer et al. 1994).
F4w = 1-%H,0=0.17 for all (average of fresh diets in EPA 1993, p. 4-14)
Pij = Species-specific values from Terres (1980), Martin, et al. (1951), Zeiner et al. (1990),
Svendsen (1982), Becker (  73), Dauble et al. (1980), Brandt et al. (1993), Hanson and
Browning (1956), Fitz I Rickard (1975), Fitzner and Schreckhise (1979), Ehrlich
et al. (1988), Johnsgard (1990); see paramtrs.xls file on diskette
GE; Values for species gro s from1 A (1993, p. 4-13-4-14). Assigned values are shown
below.
AE; Values were assigned to prey based on major taxon using EPA (1993, p. 4-15). Data were

averaged between avian nammalian predators where both values were given.
Assigned values are sho zlow.
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Appendix I-D: Ecological Risk
—

Radiological Dose Estimation

The above exposure analyses return estimates of ingestion exposure to radiological contaminants in

units of picocuries/kilogram body mass/day (units of ictive decay rate density). However, radiological
effects result from radioactive energy density absor ra body in a unit of time, which is usually
expressed in units of rads/day. Consequently, deca; had to be converted to energy equivalents.

Similarly, an organism can receive external energy from radioactive decay occurring in the abiotic media
(air, water, or soil). The primary media of concern to the ecological risk analysis are soil (in other words,
sediment) and water.

The methodology that was used to estimate radi »gical ses in the ecological screening assessment
followed that used in PNNL’s CRITTER2 code (Baker and Soldat 1992). CRITTER2 has two model
components: one component estimates body burde: n ingestion by means of transfer factors. The
second component converts body burden to radiolo; dose and estimates external dose from radioactive
decay in sediment and water. It is this second component of CRITTER2 that was used in the CRCIA
model.

Dose Equations

Internal total-body dose rate to an organism is the sum of the individual dose rates from each
radionuclide in the body:
Ri,int= 2 ic* Ei,c
where
R;int = Radiological dose to organism i fro  ternal radioactive decay (rad/day)
C Specific body burden of nuclide ¢ in organism i (pCi/’kg)
E Effective absorbed energy rate for nuclide ¢ per unit activity in organism i (kg rad/
pCi/day)
and doses are summed across all radionucli .

i,c

i,c

As shown in Baker and Soldat (1992), E; ;isa! ction of the effective absorbed energy in MeV/
disintegration (g; ), viz.

Ei.=1C/ 1012 pCi €; . MeV/disint ration * 3.7E10 disintegrations/sec/Ci
* 86,400sec/day * 1.602E-11 kg rad/MeV
or

E =51 -8x¢

i,

External dose rates from water exposures are a: ilar sum of exposures from all radionuclide sources:
Ri,imm =Z (bpore * ECpore,c + bsurface * Ecsurface,c) * DFimm,c * Fwater’i * Cl:water
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1 Appendix I-E - Human Health Risk

Carcinogenic Chemicals
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Figure E.8. Human Health Risk Estimate for the Resident Scenario
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Disclaimer

Publication of Part II of this document is being performed as a public service by the U. S. Department of Energy and in
conformance with Milestone M-15-80 of the Hanford Federal Facility Agreement and Consent Order, referred to as the
Tri-Party Agreement. Its publication does not constitute endorsement of the opinions, conclusions, or recommendations
contained therein by the U. S. Department of Energy. The U. S. Department of Energy is required by Tri-Party Agreement
Milestones M-15-80A, M-15-80B, and M-15-80-T01 to respond to and develop recommendations concerning Part IL.
More information regarding Tri-Party Agreement requirements and U. S. Department of Energy required responses can
be found in the text.
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mnd Managing the Assessment

Realizing that this paradigm introduces anew v of doing business at Hanford, an implementation
period is to be planned which allows — for an interim period — conduct of assessment work under
ex ng practices with the CRCIA Team acting in its current advisory role.
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Part II: CRCTA - Requirements for the Comprehensive Assessment
-

An additional page of explicit, detailed requirements for this section has been identified from
stakeholder concerns, issues, and experience. It does not appear in this draft due to insufficient
redundancy. It should be separately available by this draft's publication date for those who would like to
request a copy. It will be included in the final document.

—| 3.8 Dose Assessment

The requirements in this section address how well the dose characterization and quantification
requirements in Appendix II-A, Section 8.0, must be im] 'mented. Dose assessment provides the basis for
assessing the impact because doses correlate with impact. Dose characterization approximates and
sim] fies dose. The dose as characterized must represent the actual or impeding dose to an acceptable
degree of approximation. For example, dose is characterized in part by the selecte Contaminants of
Concern. ‘ominant contaminants are selected on the basis of their contributions to dose. Simplifying
approximations must be applied similarly to other factors determining dose. Dose characterization must be
statistical. Dose distribution across population groups must be assessed. Because of their disproportionate
contribution to impact, the dose to the most highly exposed members of a population group is important.
The tails of the distributions on the side of igh dose are of particular importance to values, such as equity.

3.9 Receptor npact and T( :rance Assessment

The requirements in this section call for selection of the dominant adverse effects from among the
candidates required to be considered in Appendix II-A, Section 9.0. This section also requires the adverse
effects selected for evaluation (the study set) be assessed with sufficient fidelity to reveal actual conditions.
Project scope limitations will constrain these choices. Unexpected potential adverse effects discovered in
the course of the assessment must be identified and either included for assessment or shown to be less than
the least dominant impact previously selected.

3.10 Assess ent Scenarios: iver, Climate, Geoloy :  and Political
Char _:s

The requirements in this section call for selection of the dominant scenarios from among the
candidates required to be considered in Appendix II-A, Section 10.0. Dominant scenarios are chosen
based on both the severity of their effects on impact and the likelihood of their occurrence. Scenarios
provide stakeholders and decision makers a measure of the effectiveness of cleanup solutions.
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= Annendix TI-R How Good the Impact Assessment Results Must Be
- - e ———————

4.0 Assessment Software Requirements

The requirements in this section call for software characteristics that meet assessment needs. The
requirements in this section are:

(B4.0-1) Softw :shall be designed, implemented, or procured on the basis of explicit requirements.

(B4.0-2) Model representation of dominant contaminants and pathways shall include all elements
necessary to describe dominant elements of dose.

(B4.0-3)  Verification and validation shall be performed on software.
(B4.0-4) A Quality Assurance Plan shall be esta  shed before any software is developed or procured.
(B4.0-5) A Software Test Plan shall be established during software requirements phase.

(B4.0-6)  Software reviews (walk-throughs) shal ¢ eld for each software module. Reviews shall
include verification of software interfaces.

(B4.0-7)  Formal technical reviews shall be held at the end of the software requirements phase, the
software design phase, and for analysis software integration prior to calculating assessment
results.

(B4.0-8)  Software design quality shall be evaluated and reviewed for acceptability by qualified
independent reviewers approved by the CRCIA Board.

(B4.0-9)  Software testing requirements shall be established during the software requirements phase.

5.0 Assurance of Assessment Qui__ty

A concept and implementation approach to control the quality of the assessment during execution of
the work shall be developed. This approach together with descriptions of the quality assurance work ta s
to be done shall be published in a brief quality assurance plan. Required topics to be addressed in the plan
follow and include confirmation that factors included in the assessment are the most dominant, confirmation
of consistent treatment of uncertainty, and ensuring acceptable fidelity in the assessment results.

An additional page of explicit, detailed requirement for this section has been identified from
stakeholder concerns, issues, and experience. It does not appear in this draft due to insufficient redundancy.
It should be separately available by this draft’s publication date for those who would like to request a copy.
It will be included in the final document.
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