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EXECUTIVE SUMMARY

A Portsmouth On-Site Waste Disposal Facility (OSWDF) All-Pathways analysis has been conducted that
considers the radiological impacts to a resident farmer. It is assumed that the resident farmer utilizes a
farm pond contaminated by the OSWDF to irrigate a garden and pasture and water livestock from which
food for the resident farmer is obtained, and that the farmer utilizes groundwater from the Berea
sandstone aquifer for domestic purposes (i.e. drinking water and showering).

As described by FBP 2014b the Hydrologic Evaluation of Landfill Performance (HELP) model
(Schroeder et al. 1994) and the Surface Transport Over Multiple Phases (STOMP) model (White and
Oostrom 2000, 2006) were used to model the flow and transport from the OSWDF to the Points of
Assessment (POAs) associated with the 680-ft elevation sandstone layer (680 SSL) and the Berea
sandstone aquifer. From this modeling the activity concentrations radionuclides were projected over time
at the POAs. The activity concentrations were utilized as input to a GoldSim™ (GTG 2010) dose model,
described herein, in order to project the dose to a resident farmer over time.

A base case and five sensitivity cases were analyzed. The sensitivity cases included an evaluation of the
impacts of using a conservative inventory, an uncased well to the Berea sandstone aquifer, a low waste
zone uranium distribution coefficient (Ky), different transfer factors, and reference person exposure
parameters (i.e. at 95 percentile). The maximum base case dose within the 1,000 year assessment period
was projected to be 1.5E-14 mrem/yr, and the maximum base case dose at any time less than 10,000 years
was projected to be 0.002 mrem/yr. The maximum projected dose of any sensitivity case was
approximately 2.6 mrem/yr associated with the use of an uncased well to the Berea sandstone aquifer.
This sensitivity case is considered very unlikely because it assumes leakage from the location of greatest
concentration in the 680 SSL in to the Berea sandstone aquiver over time and does not conform to
standard private water well construction practices.

The bottom-line is that all predicted doses from the base case and five sensitivity cases fall well below the
DOE all-pathways 25 mrem/yr Performance Objective.
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1.0 Introduction

An On-Site Alternative is being evaluated as part of the Waste Disposal (WD) Remedial Investigation
and Feasibility Study (RI/FS) process for evaluation of alternatives for the disposal of waste generated
from decontamination and decommissioning (D&D) at the Portsmouth Gaseous Diffusion Plant, Piketon,
Ohio. The On-Site Alternative involves construction of an On-Site Waste Disposal Facility (OSWDF)
(FBP 2014a). As part of Department of Energy (DOE) Order 435.1, Radioactive Waste Management
(DOE 1999a and DOE 1999b), an All-Pathways analysis must be conducted for the OSWDF. All-
pathways analyses evaluate the potential dose to the public outside the bounds of the disposal facility and
typically include exposure pathways associated with groundwater use (e.g. consumption and irrigation).
The performance objective for the all-pathways analysis is to provide a reasonable expectation that the
dose to a hypothetical future member of the public will not exceed 25 mrem total effective dose in a year
(DOE 2013).

The Portsmouth OSWDF All-Pathways analysis considers the radiological impacts to a resident farmer.
It is assumed that the resident farmer utilizes a farm pond contaminated by the OSWDF to irrigate a
garden and pasture and water livestock from which food for the resident farmer is obtained, and that the
farmer utilizes groundwater from the Berea sandstone aquifer for domestic purposes (i.e. drinking water
and showering).

This report is divided into the following primary sections:

All-Pathways Exposure Scenarios and Dose Equations

Portsmouth OSWDF GoldSim All-Pathways Dose Model

Portsmouth OSWDF STOMP Model Input to All-Pathways Dose Model
Other All-Pathways Dose Model Input

Portsmouth OSWDF All-Pathways Dose Model Runs and Results

2.0 All-Pathways Exposure Scenarios and Dose Equations

Two potential migration pathways for contaminant release from the Portsmouth OSWDF and exposure by
a hypothetical resident farmer have been identified (FBP 2014a). The potential migration pathways
include:

e Qutcrop to the ground surface from the continuous 2-ft sandstone layer (i.e. 680-ft elevation
sandstone layer (680 SSL)) that occurs in the middle of the Cuyahoga shale, and
¢ Migration to the underlying Berea sandstone aquifer.

The hypothetical resident farmer exposure scenario involves the use of contaminated water associated
with the two migration pathways as follows:

e It isassumed that the contaminated groundwater seeping from the 680 SSL outcrop is captured by
a farm pond which is used to irrigate a garden and pasture and water livestock from which food
for the resident farmer is obtained.

e Itis assumed that groundwater from the Berea sandstone aquifer is utilized for domestic purposes
(i.e. drinking water and showering).

The exposure scenarios associated with use of the farm pond are assumed to include:
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Ingestion of Vegetables
Ingestion of Soil

Ingestion of Beef

Ingestion of Milk

Ingestion of Poultry

Ingestion of Eggs

Inhalation of Garden Water
Inhalation of Garden Dust
Direct Exposure to Garden Soil

The exposure scenarios associated with use of Berea groundwater are assumed to include:

e Ingestion of Berea Groundwater
e Inhalation of Shower Water

Sections 2.1 through 2.11 provide a more detailed description of each exposure scenario assumed and the

equations used to calculate the associated dose. As shown, the dose equations are for a single
radionuclide. The total dose for each pathway is the summation of the doses from each radionuclide.

2.1 Ingestion of Berea Groundwater

The exposure route for water ingestion assumes that the receptor uses a Berea well as a drinking water
source. The dose from consumption of drinking water was calculated using the following formula.

Di,w = Ci,GW X UW X DCL',W

where
Diw evvereenens annual total effective dose (TED) to an individual from groundwater ingestion for
radionuclide i (mrem/yr) (calculated value)
Ciow - eeeeen concentration of radionuclide i in Berea groundwater (pCi/L) (see Tables 4-4, 4-6, 4-
7, and 4-9)
(U D water consumption rate (L/yr) (see Table 5-12)
DCiyeeeeenns water ingestion dose coefficient for radionuclide i (mrem/pCi) (see Table 5-9)

2.2 Ingestion of Vegetables

The exposure route for vegetable ingestion assumes that the receptor consumes contaminated leafy
vegetables and produce. It is assumed that the vegetables are contaminated through the following two
routes: 1) direct deposition of contaminated irrigation water on plants; and 2) deposition of contaminated
irrigation water on soil followed by root uptake by plants. The irrigation water is assumed to be taken
from a pond that is contaminated by seepage from the 680 sandstone layer. The buildup of radionuclide
concentration in the soil from successive years of irrigation is taken into account. Leafy vegetables and
produce are treated separately. The radionuclide concentration in the vegetables and the dose is
calculated using the following formulas.

Di,v = Ci,v X fv X [UV + (UL X fp)] X DCi,w
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where

Diyecoereennns annual TED from radionuclide i to an individual from ingestion of vegetables grown
in a garden irrigated with contaminated water (mrem/yr) (calculated value)

Ciy eerrereeens concentration of radionuclide i in vegetables from irrigated garden (pCi/kg)
(calculated value)

fuii, fraction of vegetables from contaminated garden (unitless) (see Table 5-12)

Uy, other vegetable consumption rate (kg/yr) (see Table 5-12)

U T leafy vegetable consumption rate (kg/yr) (see Table 5-12)

forii fraction of material deposited on plant surface that is retained after washing (applies
only to leafy vegetables) (unitless) (see Table 5-12)

DCiyeeeeenns water ingestion dose coefficient for radionuclide i (mrem/pCi) (see Table 5-9)

Civ = Ciswp X I X [LEAF + (firr X By X SOIL)| x e~ %itv
where

Ciiwp eeeeenn concentration of radionuclide i in irrigation and watering pond (pCi/L) (see Tables
5-5, 5-6, and 5-7)

[P garden and pasture irrigation rate (L/d/m?) (could have different values for garden
and pasture; however, for Portsmouth dose calculations it is assumed that the garden
and pasture irrigation rate are the same) (see Table 5-12)

LEAF......... radionuclide deposition and retention rate on the leaves (m?d/kg) (calculated value)

| T fraction of the year vegetables and pasture grass (fodder) are irrigated (unitless) (see
Table 5-12)

= TF VI soil-to-vegetable transfer factor for radionuclide i (unitless) (see Tables 5-10 and 5-
11)

SOIL.......... radionuclide deposition and buildup rate in the soil (m?d/kg) (calculated value)

Aivereareinanns decay constant of radionuclide i (1/d) (calculated from Table 5-8 half-life: ; =
Ln2/t1/2)

| P harvest to consumption time for vegetables (d) (see Table 5-12)

rx(1-— e_/letirr
LEAF = ( )
Yupg X Ae
Ae =i + 1y
where

|G fraction of material deposited on plant surface that is retained (i.e., accounts for
plant runoff during and immediately following irrigation) (unitless) (see Table 5-12)

Agrernareeinans weathering and radiological decay constant (1/d) (calculated value)

Birreeeeeneeneenns vegetable and pasture grass (fodder) exposure/irrigation duration (d) (could have
different values for garden and pasture; however, for Portsmouth dose calculations it
is assumed that the garden and pasture are irrigated for the same length of time) (see
Table 5-12)

) (7 R vegetable or pasture grass (fodder) production yield (kg/m?) (different values for
vegetable and pasture grass (fodder)) (see Table 5-12)

Aiverrareeinanns decay constant of radionuclide i (1/d) (calculated from Table 5-8 half-life: ; =
Ln2/t1/2)
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At eeeeeeenrnanns weathering constant (1/d) (see Table 5-12)
1-— e_ﬂs,its
SOIL =
pPs X /15,1'
where
A ereeneeneenes buildup rate of radionuclide i in soil (1/d) (calculated value)
| P buildup time of radionuclides in soil (25 years) (d) (see Table 5-12)
Ds ereennennenns soil areal density (kg/m?) (see Table 5-12)
/15,1 - /1i + AKL
where
TS decay constant of radionuclide i (1/d) (calculated from Table 5-8 half-life: 4; =
Ln2/t1/2)
A jivereereeneenes soil retention rate accounting for sorption of radionuclide i to soil (Ky) (1/d)
(calculated value)
_ P+(UXfy)—E
Ki=
Yody x [0y + (ps X Kai)]
where
P precipitation rate (L/d/m?) (see Table 5-12)
[ garden and pasture irrigation rate (L/d/m?) (see Table 5-12)
| T fraction of the year vegetables and pasture grass (fodder) are irrigated (unitless) (see
Table 5-12)
Eoerere evaporation transpiration rate (L/d/m?) (see Table 5-12)
o T depth of garden and pasture (assumed to be 15 cm) (in) (see Table 5-12)
Oueeeeeanvennnnn, volumetric water content of soil (unitless) (see Table 5-12)
Psseeereenrennenns soil bulk density (kg/m®) (see Table 5-12)
[ CTIRR soil/water partition coefficient of radionuclide i (m®/kg) (see Table 5-13)

2.3 Ingestion of Soil

The exposure route for soil ingestion assumes that the receptor consumes contaminated soil from the
garden,
from a pond that is contaminated by seepage from the 680 sandstone layer. The buildup of radionuclide
concentration in the soil from successive years of irrigation is taken into account. The radionuclide
concentration in the soil and the dose is calculated using the following formulas.

which has been irrigated with contaminated water. The irrigation water is assumed to be taken

Disgy = Cis(gy X Us(g) X fyr(g) X DCiw

where

Dis(g) -veverene- annual TED to an individual from soil ingestion for radionuclide i from working in
vegetable garden (mrem/yr) (calculated value)
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Cis(g) veerene concentration of radionuclide i in soil from irrigation of vegetable garden (pCi/kg)
(calculated value)
Us(g)erevererenes soil consumption rate while working in garden (kg/yr) (see Table 5-12)
fyr(g) covevereeen fraction of year spent working in vegetable garden (unitless) (see Table 5-12)
DCiw.eeeeren water ingestion dose coefficient for radionuclide i (mrem/pCi) (see Table 5-9)
Ci,s(g) = Ci,IWP X I X fiTT X SOIL
where
Citwp eeeeenne concentration of radionuclide i in irrigation and watering pond (pCi/L) (see Tables
5-5, 5-6, and 5-7)
[P garden and pasture irrigation rate (L/d/m?)
| T fraction of the year vegetables are irrigated (unitless) (see Table 5-12)
SOIL.......... radionuclide deposition and buildup rate in the soil (m*d/kg) (see Section 2.2 for

SOIL equations) (calculated value)

2.4 Ingestion of Beef

The exposure route for beef ingestion assumes that the receptor consumes contaminated beef from cattle
that are watered with contaminated stock water and consume fodder irrigated with contaminated water.
The stock water and irrigation water is assumed to be taken from a pond that is contaminated by seepage
from the 680 sandstone layer. The fodder is contaminated from direct deposition of contaminated
irrigation water on plants and from deposition of contaminated irrigation water in soil followed by root
uptake by plants. The buildup of radionuclide concentration in the soil from successive years of irrigation
is taken into accounted. The radionuclide concentration in the beef and the dose is calculated using the
following formulas.

Dip = Cip X Up X fp X DGy,

where
Dipeeeereraeens annual TED to an individual from beef ingestion for radionuclide i (mrem/yr)
(calculated value)
Cipeerrereereens concentration of radionuclide i in beef (pCi/kg) (calculated value)
Up oo beef consumption rate (kg/yr) (see Table 5-12)
[T fraction of beef from cows raised on affected pasture (unitless) (see Table 5-12)
DCiw.eereenens water ingestion dose coefficient for radionuclide i (mrem/pCi) (see Table 5-9)

Cip = Fip X [(ffb X Cip X be) + (fowb X Ciqwp X Qup)] X e~Hite

where
Fip coorerenens Feed-to-beef transfer factor for radionuclide i (d/kg) (see Tables 5-10 and 5-11)
| ET Fraction of fodder taken from irrigated pasture (beef cow) (unitless) (see Table 5-12)
Ciferrrrrerrennn concentration of radionuclide i in animal fodder (pCi/kg) (calculated value)
(@S beef cattle consumption rate of fodder (kg/d) (see Table 5-12)
| P fraction of water for beef cows from contaminated water (unitless) (see Table 5-12)
Citwpeeeeenn concentration of radionuclide i in irrigation and watering pond (pCi/L) (see Tables

5-5, 5-6, and 5-7)
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Qubeeeereerennn. beef cow consumption rate of water (L/d) (see Table 5-12)
Ajcereeaeenenanns decay constant of radionuclide i (1/d) (calculated from Table 5-8 half-life: 4; =
Ln2/t1/2)
| harvest to consumption time for beef (d) (see Table 5-12)
Cir = Cipwp X I X [LEAF + (fir X By, X SOIL)]
where
Citwp eeveereene concentration of radionuclide i in irrigation and watering pond (pCi/L) (see Tables

5-5, 5-6, and 5-7)

[ irrigation rate (L/d/m?) (see Table 5-12)

LEAF......... radionuclide deposition and retention rate on the leaves (m?d/kg) (see Section 2.2 for
LEAF equations) (different production yield values, Y.y, for vegetable and pasture
grass (fodder)) (calculated value)

| T fraction of year vegetables and pasture grass (fodder) are irrigated (unitless) (see
Table 5-12)

Biy oreereenn soil-to-vegetable transfer factor for radionuclide i (unitless) (see Tables 5-10 and 5-
11)

SOIL.......... radionuclide deposition and buildup rate in the soil (m?d/kg) (see Section 2.2 for

SOIL equations) (calculated value)

2.5 Ingestion of Milk

The exposure route for milk ingestion assumes that the receptor consumes contaminated milk from milk
cows, which are watered with contaminated stock water and consume fodder irrigated with contaminated
water. The stock water and irrigation water is assumed to be taken from a pond that is contaminated by
seepage from the 680 sandstone layer. The fodder is contaminated from direct deposition of
contaminated irrigation water on plants and from deposition of contaminated irrigation water in soil
followed by root uptake by plants. The buildup of radionuclide concentration in the soil from successive
years of irrigation is taken into accounted. The radionuclide concentration in the milk and the dose is
calculated using the following formulas.

Di,m = Ci,m X Uy X fm X DCi,w

where
Dim cevvereenens annual TED to an individual from milk ingestion for radionuclide i (mrem/yr)
(calculated value)
Cimeeeereereens concentration of radionuclide i in milk (pCi/L) (calculated value)
U milk consumption rate (L/yr) (see Table 5-12)
| [T fraction of milk from cows raised on affected pasture (unitless) (see Table 5-12)
DCiyeeeeenns water ingestion dose coefficient for radionuclide i (mrem/pCi) (see Table 5-9)

Ci,m = Fi,m X [(ffm X Ci,f X Qf,m) + (fcwm X Ci,IWP X me)] X e_litm

where
Fimeeeeeeenen Feed-to-milk transfer factor for radionuclide i (d/L) (see Tables 5-10 and 5-11)
| F Fraction of fodder taken from irrigated pasture (milk cow) (unitless) (see Table 5-12)
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Cifererrereereens concentration of radionuclide i in animal fodder (pCi/kg) (see Section 2.4 for C;s
equations) (calculated value)

Qi ceeereereenn milk cow consumption rate of animal fodder (kg/d) (see Table 5-12)

PV fraction of water for milk cows from contaminated water (unitless) (see Table 5-12)

Citwp eeveereene concentration of radionuclide i in irrigation and watering pond (pCi/L) (see Tables
5-5, 5-6, and 5-7)

Qum eeereereenn milk cow consumption rate of water (L/d) (see Table 5-12)

Aivereareeinans decay constant of radionuclide i (1/d) (calculated from Table 5-8 half-life: ; =
Ln2/t1/2)

| harvest to consumption time for milk (d) (Table 5-12)

2.6 Ingestion of Poultry

The exposure route for poultry ingestion assumes that the receptor consumes contaminated poultry, which
are watered with contaminated stock water and consume fodder irrigated with contaminated water. The
stock water and irrigation water is assumed to be taken from a pond that is contaminated by seepage from
the 680 sandstone layer. The fodder is contaminated from direct deposition of contaminated irrigation
water on plants and from deposition of contaminated irrigation water in soil followed by root uptake by
plants. The buildup of radionuclide concentration in the soil from successive years of irrigation is taken
into accounted. The radionuclide concentration in the poultry and the dose is calculated using the
following formula.

Dip =Fip X [(frp X Cif X Qp) + (fewp X Cirwp X Qup)] X DCiyy X Up X fp X e Mty

where

Dipeoereeenn annual TED to an individual from poultry ingestion for radionuclide i (mrem/yr)
(calculated value)

Fip oo feed-to-poultry transfer factor for radionuclide i (d/kg) (see Tables 5-10 and 5-11)

fip i fraction of fodder taken from irrigated pasture (poultry) (unitless) (see Table 5-12)

Ciferrrererrennn concentration of radionuclide i in animal fodder (pCi/kg) (see Section 2.4 for Cis
equations) (calculated value)

Qfpeevvrrerennn poultry consumption rate of animal fodder (kg/d) (see Table 5-12)

fowp oo fraction of water for poultry from contaminated water (kg/d) (see Table 5-12)

Citwp eeveereene concentration of radionuclide i in irrigation and watering pond (pCi/L) (see Tables
5-5, 5-6, and 5-7)

Qupeevererennn. poultry consumption rate of water (L/d) (see Table 5-12)

DCiyeeeeenns water ingestion dose coefficient for radionuclide i (mrem/pCi) (see Table 5-9)

Up oo human consumption rate of poultry (kg/yr) (see Table 5-12)

forii fraction of poultry raised on affected pasture (unitless) (see Table 5-12)

Ajfcereeaeenenanns decay constant of radionuclide i (1/d) (calculated from Table 5-8 half-life: 4; =
Ln2/t1/2)

[P harvest to consumption time for poultry (d) (Table 5-12)

2.7 Ingestion of Eqgs

The exposure route for egg ingestion assumes that the receptor consumes contaminated eggs obtained
from hens, which were watered with contaminated stock water and consume fodder irrigated with
contaminated water. The stock water and irrigation water is assumed to be taken from a pond that is
contaminated by seepage from the 680 sandstone layer. The fodder is contaminated from direct
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deposition of contaminated irrigation water on plants and from deposition of contaminated irrigation
water in soil followed by root uptake by plants. The buildup of radionuclide concentration in the soil from
successive years of irrigation is taken into accounted. The radionuclide concentration in the eggs and the
dose is calculated using the following formula.

Di,e = Fi,e X [(ffp X Ci,f X pr) + (fcwp X Ci,IWP X pr)] X DCL',W X Ue X fe X e_/lite

where

........ annual TED to an individual from poultry ingestion for radionuclide i (mrem/yr)

(calculated value)

........ feed-to-egg transfer factor for radionuclide i (d/kg) (see Tables 5-10 and 5-11)
........ fraction of fodder taken from irrigated pasture (hens) (unitless) (see Table 5-12)
........ concentration of radionuclide i in animal fodder (pCi/kg) (see Section 2.4 for C;s

equations) (calculated value)

........ hen consumption rate of animal fodder (kg/d) (see Table 5-12)
........ fraction of water for poultry from contaminated water (kg/d) (see Table 5-12)
........ concentration of radionuclide i in irrigation and watering pond (pCi/L) (see Tables

5-5, 5-6, and 5-7)

........ hen consumption rate of water (L/d) (see Table 5-12)

........ water ingestion dose coefficient for radionuclide i (mrem/pCi) (see Table 5-9)

........ human consumption rate of eggs (kg/yr) (see Table 5-12)

........ fraction of eggs obtained from hens raised on affected pasture (unitless) (see Table 5-

12)

........ decay constant of radionuclide i (1/d) (calculated from Table 5-8 half-life: 4; =

Ln2/t1/2)

........ harvest to consumption time for eggs (d) (Table 5-12)

2.8 Inhalation of Shower Water

The exposure route for shower water inhalation assumes that the receptor inhales contaminated water
during time spent showering with contaminated water from the Berea. The dose is calculated using the
following formula.

Dj aswy =

where

Cigw XUy Xts X Cys X ARF X DC;

Pw

........ annual TED to an individual from inhalation of radionuclide i from shower water

suspended in the air (mrem/yr) (calculated value)

........ concentration of radionuclide i in Berea groundwater (pCi/L) (see Tables 4-4, 4-6, 4-
7, and 4-9)

........ age-adjusted inhalation rate (m®/yr) (see Table 5-12)

........ resident adult shower exposure time (unitless) (see Table 5-12)

........ water contained in air at shower conditions (g/m°) (see Table 5-12)

........ airborne release fraction (unitless) (see Table 5-12)

........ air inhalation dose coefficient for radionuclide i (mrem/pCi) (see Table 5-9)

........ water density (kg/m®) (see Table 5-12)
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2.9 Inhalation of Garden Water

The exposure route for garden water inhalation assumes that the receptor inhales contaminated water
during time spent caring for a garden which has been irrigated with contaminated water. The irrigation
water for the garden is assumed to be taken from a pond that is contaminated by seepage from the 680
sandstone layer. The dose is calculated using the following formula.

D Ciwp X Ug X fyr(g) X Cyg X ARF X DC; 4

La(gw) Dw
where

Diaggu) «-eve-- annual TED to an individual from inhalation of radionuclide i from irrigation water
suspended in the air (mrem/yr) (calculated value)

Citwp eeveereene concentration of radionuclide i in irrigation and watering pond (pCi/L) (see Tables
5-5, 5-6, and 5-7)

Ug oo age-adjusted inhalation rate (m*/yr) (see Table 5-12)

fyr(g) corevereenns fraction of year spent working in vegetable garden (unitless) (see Table 5-12)

Cuaeeeervereen Water contained in air at ambient conditions (g/m®) (see Table 5-12)

ARF......... airborne release fraction (unitless) (see Table 5-12)

DCig.eoeeenn air inhalation dose coefficient for radionuclide i (mrem/pCi) (see Table 5-9)

Pileeereerrenneens water density (kg/m°) (see Table 5-12)

2.10 Inhalation of Garden Dust

The exposure route for garden dust inhalation assumes that the receptor inhales contaminated dust during
time spent caring for a garden which has been irrigated with contaminated water. The irrigation water for
the garden is assumed to be taken from a pond that is contaminated by seepage from the 680 sandstone
layer. The buildup of radionuclide concentration in the soil from successive years of irrigation is taken
into account. The radionuclide concentration in the soil and the dose is calculated using the following
formula.

Diacgay = Cis(g) X La(g) X Ua X fyr(g) X DCiq

where

Diaggd)---e-- annual TED to an individual from inhalation of radionuclide i from soil particulates
suspended in the air (mrem/yr) (calculated value)

Cis(g) veeeeeene concentration of radionuclide i in soil from irrigation of vegetable garden (pCi/kg)
(see Section 2.3 for Ci ¢ equation) (calculated value)

Laggy -eeveverenes atmospheric mass loading of suspended soil particulates in the garden (kg/m®) (see
Table 5-12)

Ug oo age-adjusted inhalation rate (m*/yr) (see Table 5-12)

fyr(g) covevereeens fraction of year spent working in vegetable garden (unitless) (see Table 5-12)

DCig.eoeeenn air inhalation dose coefficient for radionuclide i (mrem/pCi) (see Table 5-9)

2.11 Direct Exposure to Garden Soil

The exposure route for garden soil direct exposure assumes that the receptor receives direct exposure
during time spent caring for a garden which has been irrigated with contaminated water. The irrigation

9
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water for the garden is assumed to be taken from a pond that is contaminated by seepage from the 680
sandstone layer. The buildup of radionuclide concentration in the soil from successive years of irrigation
is taken into account. The radionuclide concentration in the soil and the dose is calculated using the
following formula.

Di,e(g) = Ci,s(g) X pss X fyr(g) X DCi,e—lS

where
Digg) -oevevene- annual TED to an individual from external exposure to radionuclide i in
contaminated garden soil (mrem/yr) (calculated value)
Cis(g) vveeeeene concentration of radionuclide i in soil from irrigation of vegetable garden (pCi/kg)
(pCi/kg) (see Section 2.3 for C; ) equation) (calculated value)
Dsseeereenrennenns soil bulk density (kg/m®) (see Table 5-12)
fyr(g) coevereens fraction of year spent working in vegetable garden (unitless) (see Table 5-12)

DCie15.enn dose coefficient for external exposure to 15 cm of soil uniformly contaminated with
radionuclide i (depth of garden assumed to be 15 cm) (mrem/yr per pCi/m°) (see
Table 5-9)

3.0 Portsmouth OSWDF GoldSim All-Pathways Dose Model

3.1 GoldSim Model Description

The All-Pathways dose analysis was performed by implementing the dose equations described in Section
2.0 using the GoldSim™ software (specifically GoldSim™ Version 10.50 SP 3 (GTC 2010)). GoldSim™
is a widely used commercial software package that has been employed previously at SRNL to model one-
dimensional radionuclide transport and perform dose calculations (e.g. Smith, et al., 2009). GoldSim™ is
a graphically based programming environment that allows a very modular approach to model construction.
GoldSim™ provides a structure where data tables, functions to perform numerical calculations, links to
Excel spreadsheets, and plots of results, along with many other modeling features can be created. This
section provides an overview of the All-Pathways dose GoldSim™ model.

Model features that would naturally go together can be grouped into containers which have the symbol:
H

&

Containerl

Figure 3-1 shows the contents of the top level container in the Portsmouth All-Pathways doses and limits
model. Features of the All-Pathways model are explained by describing the function and contents of the
more significant objects shown in this figure.

10
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Export disposal limits for
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Figure 3-1. Contents of Upper Level Container in Goldsim Portsmouth All-Pathways Dose Model

The Water element is a reference liquid phase and the Species element contains basic physical data for
the 61 radionuclides used in the model. These Species data include a unique name (e.g. Am241), the
species molecular weight, half-life, and daughter radionuclides. The element Ports_Disposal_Limits
provides a link to an Excel spreadsheet where results from the GoldSim model calculation of doses and
disposal limits for parent radionuclides are collected. Disposal limits are calculated based on a maximum
allowable dose of 25 mrem/yr.

Container Nuclide_Data contains a data table of nuclide half-lives used to populate the Species element
list and to calculated decay constants for the 61 radionuclides. The Constants container contains some
useful modeling parameters such as days in a year, water density, and a large number used to avoid
numerical problems from division by zero. The Drinking_Water container holds a calculation of
disposal limits for radionuclides in the Portsmouth OSWDF that meet EPA drinking water standards.
Because these calculations are not included as part of the Portsmouth limits and doses analysis they are
not described further.

The remaining four upper-level model functions: Model_Options, and containers Input, Decay_Chains,
and Dose_Model are described in greater detail below.

11
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The model element Model_Options is a dashboard where the user specifies five settings for the All-
Pathways modeling. As illustrated in Figure 3-2, each setting has two options one of which is displayed
in the left-hand view with the alternative displayed in the right-hand view. Using the first four settings,
the user specifies: 1) whether the conservative or reasonable OSWDF inventory is modeled, 2) whether
base case or sensitivity dose coefficients are used, 3) the source of well water used for human ingestion
and showering and 4) whether dose parameters for a typical (50 percentile) or representative (95
percentile) person are used.

Sensitivity Case Selection Sensitivity Case Selection
Inventory W Inventory IWI
Dose Coefficients [BaseCase 7] Dose Coefficients  [SenstiviyCase 7]
Well Water [N Well Water [Berea Aqufer - 620551 7]
Person Modeled m Person Modeled m
Use Kd in Soil Uptake  [ves - Use Kd in Soil Uptake TR ~ |
(a) (b)

Figure 3-2. View of Model_Options Dashboard Showing User Options

The fifth model setting allows the user to apply a model of radionuclide uptake in garden soil that either
includes radionuclide leaching from the soil using a simple Ky approach or does not include this term.
This setting is for model testing purposes only and final All-Pathways limits and dose calculations
included the K4 term when calculating soil uptake. Varying the other four settings allows the user to
specify different analysis options. Table 6-1 shows the analyses performed for this study. The Inventory
setting also includes a special Test option (not shown) that was used to test the model by making a
calculation with dose parameters and coefficients used in the 2008 SRS E-Area Low Level Waste
Disposal PA analyses.

Other elements in the top level container are additional containers used to collect related calculation data
and calculations. The function of each of these containers is explained below.

Figure 3-3 shows an expanded view of the Input container. The function of this container is to obtain the
correct input to run an All-Pathways scenario. STOMP output transients have been collected into a single
Excel workbook. Five time series appear in Figure 3-3 as indicated by the icons across the bottom row
such as:

|
fior
Consrv_Well_Conc
Each time series is linked to a spreadsheet in the Excel workbook that contains the transient STOMP data
for surface water concentrations and well water concentrations for the reasonable and conservative
inventory cases (Tables 4-3 through 4-9).

The structure in Figure 3-3 also illustrates the use of the modeling options selections. The selection
chosen in dashboard box labeled Inventory in Figure 3-2 is passed to the data object Case shown in
Figure 3-3. Similarly, the dashboard selection labeled Well Source in Figure 3-2 is passed to data object
Well_Water. The value of Case is then used to select STOMP results for nuclide concentrations in the
surface water and well water and the starting inventory for either the conservative or reasonable inventory

12
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cases. Similarly, the value of Well_Water is used to select whether the well water concentration is taken
from the isolated Berea aquifer, selected in Figure 3-2(a), or from the Berea aquifer including some water
from the 680 sandstone layer, selected in Figure 3-2(b).This method of selecting input ensures that the
correct inventory is associated with the correct STOMP output once the Excel input file and worksheet
names in the time series have been correctly matched.

Import concentrations of parent elements at well
and surface water POAs calculated by STOMP as
afunction of time

> 3.14 > > 3.14 > > 3.14 >
16 16 16

Conservative \Reasonable / Test

Surface_Water_Conc Inventory Well_Water_Conc
Surface_Water Case Well_Conc \ Well_Water
> > >
fior fior fiv fi fo

Consrv_Surface_Conc  Reason_Surface_Conc Consrv_Well_Conc Reason_Well_Conc Aquifer

Figure 3-3. Expanded View of Input Container

Figure 3-4 shows an expanded view of the Decay_ Chains container. For each parent nuclide, the
inventory is added to a GoldSim Cell Pathway which is indicated by the symbol:

-—
Celll
These cells are used to allow parent decay and the ingrowth of daughter radionuclides. Because the cells
operate on a mass basis, the input inventory is converted from Curies to grams and the results are
converted back to Curies outside the cell. Plots of the concentrations of decay chain species are made for
each parent. Curies of the parent and daughter radionuclides are combined into the matrix function
Parent_Curies for use in later calculations. Function Nuclides sums the Curies for each nuclide in the
species list from all sources for plotting. The STOMP code used to calculate the transport of parent
Portsmouth radionuclides accounts for parent decay but does not account for daughter ingrowth and
daughter transport. Therefore, as the calculations in Decay_Chains imply, the All-Pathways doses and
limits model accounts for daughters by calculating the Curies of each daughter produced by a parent
nuclide at each time step and assuming that the daughter is transported to the POA along with the parent.
At the POA, the dose contributions from each member of a parent radionuclide’s decay chain are
calculated and summed to give the total dose from the parent. This approach neglects differences in the
transport between parent and daughter radionuclides and assumes that all daughters arrive at the point of
assessment with the parent (11 radionuclides considered parents) based upon ingrowth alone. This is
considered a realistic assumption for all daughters with half-lives less than one year (i.e. 40 of the 60
radionuclides), because within the slow flow transport, geologic environment of the OSWDF such short-
lived daughters could not migrate very far from the parent. Secular equilibrium of the daughter with the
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parent is a typical assumption made for daughters with a half-life less than one year. Daughters with half-
lives greater than one year (i.e. only 14 of the 60 radionuclides) could potentially migrate either faster or
slower than the parent depending upon the differences in Kgs, resulting in a different daughter
concentration at the point of assessment for any point in time than based upon ingrowth alone. Such a
consideration of Kgs would most likely result in the peaks of the parents and daughters being separated in
time resulting in a lower overall peak than would be calculated based upon ingrowth alone.

Twelve parent radionuclides (Am-241, Np-237, Pu-238, Pu-239, Tc-99, Th-228, Th-230, Th-232, U-234,
U-235, U-236 and U-238) were included in the GoldSim model. However; initial inventories were
specified for 19 radionuclides which include the 12 parents listed above and added Ac-228, Pa-233, Pa-
234m, Ra-224, Ra-228, Th-231 and Th-234. Preliminary calculations showed that the initial inventories
of some of these radionuclides represented daughter ingrowth at equilibrium. Starting with no initial
inventory for the daughter radionuclides, the inventories of Pa-233 as a daughter of Np-237, Pa-234m and
Th-234 as daughters of U-238, and Th-231 as a daughter of U-235 reached their specified initial values
within three years. Similarly, starting with no initial inventory for the daughter radionuclides, inventories
of Ac-228, Ra-224, Ra-228 and Th-228 as daughters of Th-232 reached their specified initial values by 70
years and were within 0.5% of the specified initial values within 50 years. Therefore, to avoid double
counting radioactive species, only the specified inventories for the 11 radionuclides (Am-241, Np-237,
Pu-238, Pu-239, Tc-99, Th-230, Th-232, U-234, U-235, U-236 and U-238) were used in the doses and
limits calculations.

H

Track Decay Chains for 12 Portsmouth Parent Nuclides @

Decay_Diagrams_and_Notes

bﬁ( >—> »—»bﬁ( »—» bﬁ( >—> »—»bﬁ( »—»

Am241 Am241_Cell Am241_Curies Am241_Decay Th228 Th228_Cell Th228_Curies Th228_Decay

»ﬁ( >—> Abﬂ( >—>

30_Cell Th230_Curies Th230_Decay

»—»bﬁ( »—»

—TCell Th232_Curies Th232_Decay

Dﬂ»—» »—»Dﬂ»

Np237 Np237_Cell Np237_Curies p237_Decay

bﬂ»—» »—»Dﬂ»

Pu238 Pu238_Cell Pu238_Curies Pu238 Recqy

A 3
Create a matrix of(spvecles‘ / > »_»
parents) to hold nuclide

curies at calculation time
Parent_( Cunes \des All_Nuclides_Plot
»—> »—> »—>)
> fx > fx e f

> >
U235 U235_Cel U235_Curies U235_Decay

S [ R Wy T

Tc99 Tc99_Cell Tc99_Curies Tc99_Decay

Pu239 Pu239_Cell Pu239_Curies Pu239_Decay

U236 U236_Cell U236_Curies U236_Decay

> £y >—>>~>—>>f;( »—» > fy r—> r—p f, »—»
U234

U234 _Cell U234 _Curies U234_Decay U238 u238_Cell U238_Curies U238_Decay

Figure 3-4. Expanded View of Decay_Chains Container

Figure 3-5 shows an expanded view of the Dose_Model container. This container simply holds seven
other containers used to model separate parts of the dose and limits calculations. Each of these containers
is briefly described below.
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= Dose Model for Ingestion, Inhalation and
> 1™ Direct Exposure Pathways

\ 4 Inhale_Dose \E

Direct_Dose Total_Dose

Figure 3-5. Expanded View of Dose_Model Container

As the expanded view of the Dose_Parameter container in Figure 3-6 shows, this container holds input
data for the 54 parameters used in the dose model. Values of these parameters are listed in Table 5-12.
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Garden and Pasture Parameters
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Figure 3-6. Expanded view of Dose_Parameters container

Figure 3-7 shows an expanded view of the Dose_Coefficients container. Here the term “dose coefficient”
is used to include dose coefficients for ingestion of contaminated water and inhalation of contaminated air
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and transfer factors from fodder to meat, fodder to milk, fodder to poultry, fodder to eggs, and from soil
to plant roots. The dose factor from external exposure to soil contaminated to a depth of 15 cm,
representing garden soil, is also included with the dose coefficients. While a transfer factor from
contaminated water to fish is also tabulated, fish consumption is not included in the Portsmouth dose
calculation.

Water ingestion and air inhalation dose conversion factors and dose coefficients for exposure to 15 cm of
contaminated soil and for transfer from soil to plant roots were used in the previously reported
Portsmouth Intruder Analysis (Smith and Phifer, 2013). More recent values for dose coefficients for
exposure to 15 cm of contaminated soil and for transfer from soil to plant roots are available. Therefore,
as shown in Figure 3-2, an option was included in the model that allows the user to apply either the
coefficients used for the intruder analysis or the more recent dose coefficients in the All-Pathways dose
calculation. Comparison of results from applying these two sets of dose coefficients (and dose
parameters) is used as a sensitivity study.

For model testing and verification, the option to use SRS PA dose coefficients is also included. These
coefficients are used in dose calculations when the Test option is selected in the Inventory box on the
Model_Options dashboard. This option also sets some of the dose parameters to values used for SRS PA
calculation. The test case uses an existing result from analysis of an SRS E-Area waste disposal unit to
verify that the model is correctly calculating doses.

Dose Coefficients for All-Pathways Analysis

Base Case Test Case Fixed Values
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Figure 3-7. Expanded View of Dose_Coefficeints Container

For computational convenience the dose equations were broken up into two pieces. This made the model
equations more readable which helped the checking process. The first part of each equation was termed
the uptake factor which calculates the concentration of contamination in the material that is the direct
source of human exposure. The contents of container Uptake where these calculations are made is shown
in Figure 3-8. For example, the function Leaf_Uptake performs the calculation:
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T fpl

Leaf _Uptake; = v 7
v e

(1—eetir) (3-1)

The Leaf _Uptake equals the liters of contaminated water retained per kilogram of leafy vegetables.
Because the decay constant (1) is a function of both vegetable and radioactive decay, Leaf Uptake is
calculated for each radionuclide indicated by the subscript i. Total vegetable uptake is the sum of plant
uptake through leaf and root:

Vegetable_Uptake; = Leaf _Uptake; + Root_Uptake; (3-2)
Uptake factors are used to calculate doses to a resident farmer in the following three containers.

Calculation of Radionuclide Uptake Factors

> 3.14 >
16

/ Include_Kd \
> £ > £, > > f >

Garden_Soil_Rad_Decay Leaf_Rad_Decay Pasture_Soil_Rad_Decay

> £y B > f > > f > > f >
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Meat_Uptake Milk_Uptake Poultry_Uptake Eggs_Uptake
> £ > > £ >
X X
Shower_Air_Uptake Garden_Air_Uptake

Figure 3-8. Expanded View of Uptake Container

An expanded view of container Ingest_Dose where doses to a resident farmer from the ingestion of
contaminated food sources and soil are calculated is shown in Figure 3-9. In all cases, a dose conversion
factor (DCF) for the ingestion pathway is first calculated by multiplying the source uptake factor by the
dose coefficient for water ingestion and human usage factors. The resulting DCF’s are then multiplied
by the concentration of each parent nuclide and their daughters at the POA to calculate a pathway dose for
each parent nuclide. This calculation makes use of the Parent_Curies matrix described above which
keeps track of daughter products from each parent nuclide separately. The dose from each parent
includes the dose from daughter radionuclides. A total pathway dose is calculated by summing over the
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parents and a total dose from each parent radionuclide is calculated by summing over the pathways. This
method allows following the contribution to total equivalent dose from both pathway and parent nuclide.

As an example, DCF_Vegetable is calculated for each nuclide in the species list as:
DCF _Vegetable; = Vegetable_Uptake; DC;,, U, f, e 4ty (3-3)

The equivalent dose from ingestion of contaminated vegetables is then calculated for each parent nuclide
as:

n
Vegetable_Dose, = z DCF Vegetable; C;y,,, (3-4)
i=1
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Calculation of Internal Doses from Ingestion Pathways

o WV
WA

Ingest_Dose_by_Pathway

»2»—»&»

Ingestion_Dose Total_Ingestion_Dose

o WV

A\

Ingest_Dose_by_Parents

Figure 3-9. Expanded View of Ingest_Dose Container
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Equivalent doses from air inhalation and external exposure are calculated using an approach identical to
that shown above for the calculation of ingestion dose. The inhalation dose has three pathways and the
external exposure dose only one pathway as shown in Figure 3-10, which shows the contents of container
Inhale_Dose, and Figure 3-11, which shows the contents of container Direct_Dose, respectively.

Calculation of Internal Doses from Inhalation Pathways

For resident scenarios where irrigation water is obtained from
surface water and home use water is obtained from a well, the
inhalation exposure pathways considered are:

1) Inhalation of dust in garden air

2) Inhalation of water in garden air from irrigation

3) Inhalation of water in shower air

> f - f o >

DCF_Garden_Dust Garden_Dust_Dose Total_Garden_Dust_Dose

> f > > f »—>> f >

X X X — ™
DCF_Garden_Water G4qrden_Water_Dose Total_Garden_Water_Dose > V\/\/
AN

A:_Dose_by_Pathway
> fx > fx - fe

DCF_Shower_Water Shower_Water_Qose Total_Shower_Water_Dose

»2»—»fx|>

Inhalation_Dose Total_Inhalation_Dose

o WV

N\

Inhale_Dose_by_Parent

Figure 3-10. Expanded View of Inhale_Dose Container
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Calculation of Dose from External Exposure Pathways
For the resident scenario where surface water is used to
irrigated soil in the garden the only external exposure
pathway is exposure to contaminated garden soil.
»— > P f P> V\/\’
> fx > fx X A
DCF_Soil_Exposure External_Dose Total_External_Dose External_Dose_by_Pathway

o WV

A\

External_Dose_by_Parent

Figure 3-11. Expanded View of Direct_Dose Container

Finally, container Total_Dose, shown in Figure 3-12, is used to collect the results, show total dose from
all pathways by parent nuclide and pathway type (ingestion, inhalation and external exposure). This
container also compares calculated doses to the dose limit (25 mrem/yr) to determine disposal limits for
individual parent radionuclides and for the proposed OSWDF waste mixture.

Plot Total Doses and Limits for each Parent
Nuclide and Overall Total Dose and Limit

|>f;( >—>[>J‘;(>—>l>f;< >—>>&

Parent_Dose Parent_Dose_per_Ci Parents_Limit Limit_by_Parent
> \/\/\/ 3.14
N N e = S — > >
16 X
Total_Dose_by_Parent —
Dose_Limit Min_Dose Minimum_ Limits
\ 4

> > f e — e WV

f;< X A

Dose_Total \ All_Pathways_Limit Limit_Plot

[E\/\/\»

Total_Dose_by_Pathway

Figure 3-12. Expanded View of Total_Dose Container
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3.2 Model Validation Testing

Limited model validation testing was performed by running a dose and disposal limits calculation for
the SRS West Slit Trench which is a low level waste disposal unit in the SRS E-Area. Dose
parameters and dose coefficients consistent with those used in the 2008 E-Area PA (WSRC 2008)
were entered into the model. Figure 3-7 shows that a set of test dose coefficients is available in the
model. An inventory of one Curie was specified for each of the 12 parent radionuclides. The test
case inventory, dose coefficients and dose parameters are selected by choosing the Test option for
Inventory in the dashboard control shown in Figure 3-2.

The test was performed in terms of disposal limits. That is, from the nominal one Curie inventory the
model calculates the Curies of each parent radionuclide that can be buried that will just meet the all-
pathways dose limit of 25 mrem/yr. The validation exercise demonstrated that, as shown in Table 3-1,
the model closely matched disposal limits calculated for the 2008 PA for Am-241, Np-237, Tc-99 and
U-236. Disposal limits for the other parent radionuclides did not match because under transport
conditions applicable at SRS, daughters from these radionuclides are largely responsible for doses
within the first 1000 years of disposal.

Table 3-1. GoldSim Model Validation Test Results

SRS E-Area PA Disposal Limit Calculated
Preliminary using Portsmouth
Disposal Limit Goldsim Model
Nuclide (Ci) (Ci)
Am-241 2.50E+01 2.60E+01
Np-237 4.23E-02 4.23E-02
Tc-99 1.37E+01 1.37E+01
U-236 1.01E+09 1.06E+09

The validation test results provided confidence that the basic dose equations are correctly
implemented in the GoldSim model.

3.3 Quality Assurance

GoldSim has been used at the Savannah River Site for numerous applications over the past several years.
A Software Quality Assurance Plan (SQAP) for GoldSim use at SRS was written (Swingle 2006) and has
been applied for subsequent use of the software. Additionally both this report and the GoldSim model
have undergone a technical design check process per SRNS 2012.

4.0 Portsmouth OSWDF STOMP Model Input to All-Pathways Dose Model

As described in FBP 2014b two computer models were used to analyze the fate and transport of
radionuclides from the potential Portsmouth On-Site Waste Disposal Facility (OSWDF). The Hydrologic
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Evaluation of Landfill Performance (HELP) model (Schroeder et al. 1994) was used to evaluate the water
budget for the OSWDF itself. The purpose of the HELP model was to calculate the infiltration rates to
groundwater through the varying man-made layers of the OSWDF, including the cover (or cap), waste
layer, and liner system. The water flux to the underlying media obtained as output from the HELP model
was then utilized as input to a 3-dimensional Surface Transport Over Multiple Phases (STOMP) model
(White and Oostrom 2000, 2006), which was used to predict water and contaminant movement at the
OSWDF site in unsaturated, water-bearing, and small-area-scale groundwater zones to the Points of
Assessment (POAS).

The OSWDF will sit on top of the Cuyahoga shale, which is underlain by Sunbury shale and Berea
sandstone. A continuous 2-ft sandstone layer (i.e. 680-ft elevation sandstone layer (680 SSL)), occurs in
the middle of the Cuyahoga shale that outcrops to the ground surface and is considered a potential
migration pathway for the contaminants released from the OSWDF. However, while the 680 SSL does
contain water at various locations, it is not an aquifer. The Berea sandstone is mostly saturated in the area
and is considered to be the first groundwater aquifer unit and a potential migration pathway for the
contaminants released from the OSWDF. The Berea sandstone is underlain by Bedford shale, a thick
shale unit that is an aquitard for the area. Therefore, the STOMP model domain was set to include all the
potential discharge locations and exposure points associated with the 680 SSL and Berea sandstone
aquifer (FBP 2014a). Figure 4-1 shows the 3-D STOMP model domain, and Figure 4-2 shows a vertical
representation of the model.

The STOMP model of flow and transport from the OSWDF to the POAs was used for the following
cases:

A base case reasonable inventory scenario (see Table 4-1),

e A sensitivity case #1 conservative inventory scenario (see Table 4-1),

e A sensitivity case #2 uncased well scenario, (this is not a separate STOMP calculation, this case
used output from the base case and added 5% of the water at highest concentration in the 680 SS
layer to 95% clean water from the Berea aquifer to obtain a source of well water), and

e A sensitivity case #3 low uranium source Kq4 scenario.

The base case reasonable inventory scenario, which used maximum concentrations for contaminants in
the waste streams and no barrier material in the waste streams, involved loading only cells 1 through 10
based upon the debris loading schedule and debris concentrations, which resulted in the highest
concentration waste being in the lower numbered cells (see Figure 4-3). The lowest numbered cells are
furthest from the 680 sandstone layer. The sensitivity Case #1 conservative inventory scenario used
maximum concentrations for contaminants in the waste streams and included barrier material in the waste
streams. This scenario involved loading the 10 cells with a uniform inventory distribution (i.e. same
waste concentrations in each cell) (see Figure 4-4) and adding an 11" cell with an inventory equal to
1/10™ of the initial inventory. Therefore, all cells have the same inventory but the total inventory is 10%
greater than in the base case. This scenario also places greater concentrations closer to the 680 sandstone
layer. The POA-1 surface water zone (POA-1 SW zone) represents the area of the 680 SSL outcrop from
which contaminated seepage is projected to occur by the STOMP model. The POA-3 groundwater (POA-
3 GW) represents the location in the Berea sandstone above which the 680 SSL beyond the 100 m
perimeter surrounding the OSWDF has the greatest concentration over time. This location moves over
time as indicated by the tan arrows in Figures 4-3 and 4-4. The sensitivity Case #2 uncased well scenario
was a scenario requested by the Ohio Environmental Protection Agency (OEPA) for use in the
Portsmouth Waste Disposition Remedial Investigation and Feasibility Study (WD RI/FS) Report (FBP
2014a). This scenario assumes that an uncased well to the Berea is placed at the location of the greatest
concentration over time in the 680 SSL beyond the 100 m perimeter surrounding the OSWDF and allows
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leakage from the 680 SSL into the Berea from which it is pumped for domestic water usage. As noted
above, this scenario does not require an independent STOMP run. This sensitivity case assumes that the
water pumped from the Berea consists of 95% Berea groundwater and 5% leakage from the 680 SSL
through the uncased well. The sensitivity Case #3 low uranium source Ky scenario uses a low uranium Ky
of 14.6 mL/g in the waste zone rather than the base case Ky of 365 mL/g. Table 4-2 provides a listing of
the tables that provide the output for the POA-1 SW zone and POA-3 GW from the Portsmouth OSWDF
STOMP Model that was utilized as input to the All-Pathways dose model for each of the modeled cases.
Additionally Table 4-10 provides the modeled discharge to the ground surface from the area of the 680
SSL outcrop from which contaminated seepage is projected to occur (i.e. POA-1 SW zone) (FBP 2014b).
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Figure 4-1. 3-D STOMP Model Domain (FBP 2014a)
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Table 4-1. Portsmouth OSWDF Inventory Scenarios

Revision 0

East

Residuum inil

red Shale

Nuclide Reasonable Case Conservation Case
Inventory Inventory
(Ci) (Ci)
Tc-99 2.51E+02 3.85E+02
Th-230 4.98E-01 6.03E-01
Th-232 1.21E-02 1.41E-02
U-234 1.54E+02 1.88E+02
U-235 1.11E+01 1.26E+01
U-236 1.50E+00 1.74E+00
U-238 7.90E+01 8.76E+01
Np-237 1.23E-01 1.48E-01
Pu-238 1.04E-02 1.16E-02
Pu-239 2.75E-02 2.92E-02
Am-241 1.62E-02 1.79E-02

Note to Table 4-1:

Reasonable case inventory from PAmodel-reasonablecase.xIsx and conservative case
inventory from PAmodel-reasonablecase.xIsx (Abitz 2014).
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Table 4-2. Portsmouth OSWDF STOMP Model Input to All-Pathways Dose Model

Case All-Pathways Dose Model Input
POA-1 SW Zone POA-3 GW
Base case reasonable inventory scenario Table 4-3 Table 4-4
Sensitivity case #1 conservative inventory scenario Table 4-5 Table 4-6
Sensitivity case #2 uncased well scenario Table 4-3 Table 4-7
Sensitivity case #3 low uranium source K, scenario Table 4-8 Table 4-9
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Table 4-3. POA-1 SW Zone Base Case
Time Activity Concentration (pCi/L)

(year) | Tc-99 U-234 U-235 U-236 U-238 Am-241 | Np-237 Pu-238 Pu-239 Th-228 Th-230
0 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
500 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
600 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
700 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
800 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
900 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1000 7.87E-11 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1250 4.16E-07 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1500 1.58E-04 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 5.14E-16 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
2000 1.79E-01 | 2.83E-11 | 2.09E-12 | 2.75E-13 | 1.50E-11 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
2500 2.40E+00 | 1.24E-08 | 8.98E-10 | 1.21E-10 | 6.40E-09 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
3000 6.30E+00 | 5.69E-07 | 4.12E-08 | 5.54E-09 | 2.94E-07 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
3500 9.46E+00 | 5.65E-06 | 5.22E-07 | 5.50E-08 | 3.74E-06 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
4000 1.06E+01 | 4.01E-05 | 2.93E-06 | 3.93E-07 | 2.09E-05 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
4500 1.01E+01 | 1.44E-04 | 1.05E-05 | 1.41E-06 | 7.53E-05 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
5000 8.77E+00 | 3.46E-04 | 2.52E-05 | 3.41E-06 | 1.81E-04 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
6000 6.48E+00 | 1.19E-03 | 8.66E-05 | 1.17E-05 | 6.22E-04 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
7000 5.51E+00 | 2.66E-03 | 1.94E-04 | 2.63E-05 | 1.39E-03 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
8000 4.95E+00 | 4.69E-03 | 3.44E-04 | 4.64E-05 | 2.46E-03 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
9000 4.38E+00 | 7.04E-03 | 5.20E-04 | 6.98E-05 | 3.72E-03 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
10000 | 3.72E+00 | 9.37E-03 | 6.89E-04 | 9.33E-05 | 4.96E-03 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18

Notes to Table 4-3:
e Reasonable case inventory and U source K4 = 365 mL/g.
e Average concentration at seep along the West Ditch with no surface water mixing.
o 1.00E-18 represents a zero value.
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Table 4-4. POA-3 GW Base Case
Time Activity Concentration (pCi/L)

(year) Tc-99 U-234 U-235 U-236 U-238 Am-241 | Np-237 Pu-238 Pu-239 Th-228 Th-230
0 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
500 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
600 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
700 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
800 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
900 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1250 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1500 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
2000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
2500 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
3000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
3500 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
4000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
4500 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
5000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
6000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
7000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
8000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
9000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
10000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18

Notes to Table 4-4:
e Groundwater well in Berea aquifer.
e Reasonable case inventory, 100% Berea groundwater, and U source Ky = 365 mL/g.
o 1.00E-18 represents a zero value.
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Table 4-5. POA-1 SW Zone Sensitivity Case #1
Time Activity Concentration (pCi/L)

(year) Tc-99 U-234 U-235 U-236 U-238 Am-241 | Np-237 Pu-238 Pu-239 Th-228 Th-230
0 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
500 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
600 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
700 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
800 1.08E-10 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
900 2.23E-08 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1000 7.84E-07 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1250 2.13E-03 | 1.00E-18 | 1.81E-16 | 1.00E-18 | 4.64E-15 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1500 3.07E-01 | 5.93E-12 | 4.93E-13 | 5.49E-14 | 3.42E-12 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
2000 4.65E+01 | 9.09E-08 | 6.15E-09 | 8.43E-10 | 4.26E-08 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
2500 1.91E+02 | 2.22E-05 | 1.50E-06 | 2.06E-07 | 1.03E-05 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
3000 2.62E+02 | 6.41E-04 | 4.35E-05 | 5.97E-06 | 3.01E-04 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
3500 2.89E+02 | 5.60E-03 | 3.81E-04 | 5.23E-05 | 2.64E-03 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
4000 2.90E+02 | 2.43E-02 | 1.65E-03 | 2.28E-04 | 1.15E-02 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
4500 2.73E+02 | 6.75E-02 | 4.60E-03 | 6.31E-04 | 3.19E-02 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
5000 2.58E+02 | 1.42E-01 | 9.67E-03 | 1.33E-03 | 6.70E-02 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
6000 2.33E+02 | 3.68E-01 | 2.52E-02 | 3.46E-03 | 1.74E-01 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
7000 2.06E+02 | 6.47E-01 | 4.43E-02 | 6.10E-03 | 3.08E-01 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
8000 1.71E+02 | 9.32E-01 | 6.45E-02 | 8.81E-03 | 4.44E-01 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
9000 1.35E+02 | 1.20E+00 | 8.31E-02 | 1.14E-02 | 5.75E-01 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
10000 | 1.05E+02 | 1.45E+00 | 1.01E-01 | 1.38E-02 | 6.96E-01 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18

Notes to Table 4-5:
e Conservative case inventory and U source K4 = 365 mL/g.
e Average concentration at seep along the West Ditch with no surface water mixing.
o 1.00E-18 represents a zero value.
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Table 4-6. POA-3 GW Sensitivity Case #1
Time Activity Concentration (pCi/L)

(year) Tc-99 U-234 U-235 U-236 U-238 Am-241 | Np-237 Pu-238 Pu-239 Th-228 Th-230
0 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
500 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
600 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
700 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
800 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
900 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1250 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1500 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
2000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
2500 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
3000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
3500 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
4000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
4500 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
5000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
6000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
7000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
8000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
9000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
10000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18

Notes to Table 4-6:
e Groundwater well in Berea aquifer.
e Conservative case inventory, 100% Berea groundwater, and U source K4 = 365 mL/g.
o 1.00E-18 represents a zero value.
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Table 4-7. POA-3 GW Sensitivity Case #2
Time Activity Concentration (pCi/L)

(year) Tc-99 U-234 U-235 U-236 U-238 Am-241 | Np-237 Pu-238 Pu-239 Th-228 Th-230
0 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
500 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
600 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
700 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
800 1.85E-11 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
900 1.52E-09 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1000 2.81E-08 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1250 4.53E-05 | 1.00E-18 | 2.99E-16 | 1.00E-18 | 2.96E-15 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1500 2.45E-02 | 1.79E-12 | 1.49E-13 | 1.72E-14 | 1.07E-12 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
2000 1.16E+01 | 2.55E-08 | 1.84E-09 | 2.48E-10 | 1.32E-08 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
2500 3.91E+01 | 5.97E-06 | 4.32E-07 | 5.80E-08 | 3.10E-06 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
3000 6.68E+01 | 1.94E-04 | 1.41E-05 | 1.90E-06 | 1.01E-04 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
3500 1.04E+02 | 1.87E-03 | 1.35E-04 | 1.83E-05 | 9.73E-04 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
4000 2.24E+02 | 7.95E-03 | 5.75E-04 | 7.80E-05 | 4.14E-03 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
4500 3.41E+02 | 2.24E-02 | 1.63E-03 | 2.20E-04 | 1.17E-02 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
5000 4.24E+02 | 4.33E-02 | 3.13E-03 | 4.23E-04 | 2.25E-02 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
6000 8.52E+02 | 1.01E-01 | 7.37E-03 | 9.93E-04 | 5.28E-02 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
7000 1.16E+03 | 1.61E-01 | 1.18E-02 | 1.59E-03 | 8.46E-02 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
8000 1.16E+03 | 2.35E-01 | 1.73E-02 | 2.33E-03 | 1.24E-01 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
9000 9.89E+02 | 3.11E-01 | 2.29E-02 | 3.10E-03 | 1.64E-01 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
10000 | 8.08E+02 | 3.89E-01 | 2.87E-02 | 3.88E-03 | 2.05E-01 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18

Notes to Table 4-7:
o Reasonable case inventory, 95% Berea groundwater and 5% 680 SSL, and U source Ky = 365 mL/g.

e Open hole groundwater well to Berea with 5% of groundwater from maximum concentration location in 680 sandstone layer (SSL)
anywhere along the edge of the 100 m buffer from the OSWDF.

o 1.00E-18 represents a zero value.
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Table 4-8. POA-1 SW Zone Sensitivity Case #3
Time Activity Concentration (pCi/L)

(year) Tc-99 U-234 U-235 U-236 U-238 Am-241 | Np-237 Pu-238 Pu-239 Th-228 Th-230
0 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
500 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
600 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
700 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
800 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
900 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1000 7.87E-11 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1250 4.16E-07 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1500 1.58E-04 | 1.00E-18 | 1.83E-15 | 1.00E-18 | 1.58E-14 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
2000 1.79e-01 | 7.78E-10 | 5.62E-11 | 7.59E-12 | 4.03E-10 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
2500 2.40E+00 | 3.51E-07 | 2.53E-08 | 3.43E-09 | 1.82E-07 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
3000 6.30E+00 | 1.82E-05 | 1.32E-06 | 1.79E-07 | 9.50E-06 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
3500 9.46E+00 | 2.80E-04 | 2.04E-05 | 2.74E-06 | 1.46E-04 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
4000 1.06E+01 | 2.02E-03 | 1.47E-04 | 1.98E-05 | 1.06E-03 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
4500 1.01E+01 | 8.72E-03 | 6.34E-04 | 8.57E-05 | 4.54E-03 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
5000 8.77E+00 | 2.64E-02 | 1.93E-03 | 2.60E-04 | 1.38E-02 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
6000 6.48E+00 | 1.20E-01 | 8.72E-03 | 1.18E-03 | 6.27E-02 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
7000 5.51E+00 | 3.04E-01 | 2.23E-02 | 3.02E-03 | 1.60E-01 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
8000 4.95E+00 | 5.65E-01 | 4.15E-02 | 5.61E-03 | 2.98E-01 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
9000 4.38E+00 | 8.70E-01 | 6.42E-02 | 8.66E-03 | 4.60E-01 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
10000 | 3.72E+00 | 1.18E+00 | 8.72E-02 | 1.18E-02 | 6.27E-01 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18

Notes to Table 4-8:
e Reasonable case inventory and U source K4 = 14.6 mL/g.
e Average concentration at seep along the West Ditch with no surface water mixing.
o 1.00E-18 represents a zero value.
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Table 4-9. POA-3 GW Sensitivity Case #3
Time Activity Concentration (pCi/L)

(year) Tc-99 U-234 U-235 U-236 U-238 Am-241 | Np-237 Pu-238 Pu-239 Th-228 Th-230
0 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
500 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
600 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
700 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
800 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
900 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1250 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1500 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
2000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
2500 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
3000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
3500 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
4000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
4500 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
5000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
6000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
7000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
8000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
9000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
10000 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18

Notes to Table 4-9:
e Groundwater well in Berea aquifer.
e Reasonable case inventory, 100% Berea groundwater, and U source K4 = 14.6 mL/g.
o 1.00E-18 represents a zero value.
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Table 4-10. Discharge Rate along the POA-1 SW Zone

Revision 0

Discharge Rate Along the Discharge Rate Along the
Time POA-1 SW Zone POA-1 SW Zone
(year) (gpm) (L/yr)

0 0.00E+0 0.00E+00
500 1.73E-06 3.44E+00
1000 2.24E-02 4.46E+04
1250 4.53E-02 9.02E+04
1500 9.17E-02 1.83E+05
2000 1.66E-01 3.31E+05
2500 2.01E-01 4.00E+05
3000 2.18E-01 4.34E+05
3500 2.26E-01 4.50E+05
4000 2.30E-01 4.58E+05
4500 2.31E-01 4.60E+05
5000 2.32E-01 4.62E+05
6000 2.32E-01 4.62E+05
7000 2.33E-01 4.64E+05
8000 2.33E-01 4.64E+05
9000 2.33E-01 4.64E+05

10000 2.33E-01 4.64E+05
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5.0 Other All-Pathways Dose Model Input

As outlined in Section 2.0, it is assumed that the 680 SSL contaminated ground surface outcrop (i.e.
POA-1 SW zone) is captured by a farm pond, which is used to irrigate a garden and pasture and water
livestock from which food for the resident farmer is obtained. The concentration of the contaminants
within the farm pond has been based upon the contaminant concentration and flow associated with the
680 SSL contaminated ground surface outcrop and the predicted annual water use requirements
associated with the pond. Tables 4-3, 4-5, and 4-8 provide the STOMP modeled activity concentrations
over time for various cases associated with the 680 SSL outcrop, and Table 4-10 provides the discharge
rate over time along the POA-1 SW zone.

The garden and pasture irrigation water requirements provided in Table 5-1 were obtained from the Ohio
Irrigation Guide (USDA 1970). The garden irrigation is a composite of the irrigation required for the
following vegetables: lima beans, snap beans, cabbage, celery, sweet corn, cucumbers, lettuce, onions,
green peas, peppers, early and late potatoes, radishes, and tomatoes. Because the garden and pasture
irrigation water requirements are nearly identical the garden irrigation water requirements have been
utilized to represent both garden and pasture irrigation. The livestock water requirements and resident
farm size information provided in Table 5-2 and 5-3, respectively, were obtained from the RESRAD
Version 6 User’s Manual (Yu et al. 2001). Based upon the data provided in Tables 5-1 through 5-3, a
resident farm predicted annual water usage of approximately 9,400,000 liters/yr was estimated as outlined
in Table 5-4.

The discharge rate along the POA-1 SW zone ranges from 0 gpm at year zero to 0.233 gpm at year 10,000.
Conservatively assuming a discharge rate of 0.233 gpm, results in an annual outcrop of approximately
465,000 liters/year (463,896 liter/year). On an annual basis this results in 465,000 liters of contaminated
outcrop water within the resident farm water usage of 9,400,000 liters. Therefore the activity
concentrations associated with the 680 SSL outcrop (i.e. Tables 4-3, 4-5, and 4-8) were divided by a
factor of 20 to arrive at the activity concentrations within the farm pond (i.e. Tables 5-5, 5-6, and 5-7,
respectively), which is used for irrigation and watering livestock.

The following other All-Pathways dose model input data are provided:

e Table 5-8 provides the decay chains (i.e. half-lives and branching fractions) for the parents and
daughters associated with the OSWDF (ICRP 2008).

e Figures 5-1 through 5-5 provide pictorial representations of the decay chains.

e Table 5-9 provides the ingestion and inhalation dose coefficients (DOE 2011) and external soil
exposure factors (EPA 1993 and Lee 2004).

e Table 5-10 provides the base case transfer factors (Baes et al. 1984, Lee 2004, Lee and Coffield
2008a, SRR 2012).

e Table 5-11 provides the sensitivity case #4 transfer factors (Jannik et al. 2010 and SRR 2012).

e Table 5-12 provides the exposure parameters including consumption rates. Exposure parameters
with Portsmouth site-specific values are highlighted in blue. The “Typical Person” exposure
parameters are used for the base case, and the “Reference Person” exposure parameters are used
for sensitivity case #5.

e Table 5-13 provides the radionuclide soil/water partition coefficients (Kys) for the parents and
daughters associated with the OSWDF. Kgs with Portsmouth site-specific values are highlighted
in blue.
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Table 5-1. Ohio Net Irrigation Water Requirements (USDA 1970)
Ohio Net Irrigation Annual
Water May June July August | September | Total
Requirements (inches) | (inches) | (inches) | (inches) | (inches) | (inches)
Garden Irrigation 2.6 3.8 4.7 4.8 2.8 18.7
Pasture Irrigation 1.9 3.8 4.7 4.3 2.8 17.5

Table 5-2. Livestock Water Requirements (Yu et al. 2001)

Livestock Water Requirements
(L/d)
Beef Cow 28
Milk Cow 50
Poultry 0.3

Table 5-3. Resident Farm Size (Yu et al. 2001)

Resident Farm Size
Garden Size 0.1 ha
Pasture Size 2 ha
Number of Beef Cows 1 each
Number of Milk Cows 1 each
Number of Chickens 10 each

Table 5-4. Resident Farm Annual Water Usage

Resident Farm Annual Water Usage
(L/year)

Garden 474,980
Pasture 8,889,995
Beef Cow 10,227
Milk Cow 18,263
Poultry 1,096
Total 9,394,560
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Table 5-5. Base Case Irrigation and Watering Pond
Time Activity Concentration (pCi/L)

(year) | Tc-99 U-234 U-235 U-236 U-238 Am-241 | Np-237 Pu-238 Pu-239 Th-228 Th-230
0 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
500 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
600 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
700 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
800 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
900 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1000 3.94E-12 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1250 2.08E-08 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1500 7.90E-06 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 2.57E-17 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
2000 8.95E-03 | 1.42E-12 | 1.05E-13 | 1.38E-14 | 7.50E-13 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
2500 1.20E-01 | 6.20E-10 | 4.49E-11 | 6.05E-12 | 3.20E-10 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
3000 3.15E-01 | 2.85E-08 | 2.06E-09 | 2.77E-10 | 1.47E-08 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
3500 4.73E-01 | 2.82E-07 | 2.61E-08 | 2.75E-09 | 1.87E-07 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
4000 5.32E-01 | 2.00E-06 | 1.47E-07 | 1.96E-08 | 1.05E-06 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
4500 5.03E-01 | 7.20E-06 | 5.26E-07 | 7.05E-08 | 3.77E-06 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
5000 4.39E-01 | 1.73E-05 | 1.26E-06 | 1.70E-07 | 9.03E-06 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
6000 3.24E-01 | 5.95E-05 | 4.33E-06 | 5.86E-07 | 3.11E-05 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
7000 2.75E-01 | 1.33E-04 | 9.68E-06 | 1.31E-06 | 6.96E-05 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
8000 2.48E-01 | 2.34E-04 | 1.72E-05 | 2.32E-06 | 1.23E-04 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
9000 2.19E-01 | 3.52E-04 | 2.60E-05 | 3.49E-06 | 1.86E-04 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
10000 1.86E-01 | 4.69E-04 | 3.44E-05 | 4.66E-06 | 2.48E-04 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18

Note to Table 5-5:
e 1.00E-18 represents a zero value.
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Table 5-6. Senstivity Case #1 Irrigation and Watering Pond

Time Activity Concentration (pCi/L)
(year) Tc-99 U-234 U-235 U-236 U-238 Am-241 | Np-237 Pu-238 Pu-239 Th-228 Th-230
0 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
500 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
600 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
700 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
800 5.40E-12 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
900 1.12E-09 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1000 3.92E-08 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1250 1.07E-04 | 1.00E-18 | 9.05E-18 | 1.00E-18 | 2.32E-16 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1500 1.54E-02 | 2.97E-13 | 2.47E-14 | 2.75E-15 | 1.71E-13 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
2000 2.33E+00 | 4.55E-09 | 3.08E-10 | 4.22E-11 | 2.13E-09 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
2500 9.55E+00 | 1.11E-06 | 7.50E-08 | 1.03E-08 | 5.15E-07 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
3000 1.31E+01 | 3.21E-05 | 2.18E-06 | 2.99E-07 | 1.51E-05 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
3500 1.45E+01 | 2.80E-04 | 1.91E-05 | 2.62E-06 | 1.32E-04 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
4000 1.45E+01 | 1.22E-03 | 8.25E-05 | 1.14E-05 | 5.75E-04 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
4500 1.37E+01 | 3.38E-03 | 2.30E-04 | 3.16E-05 | 1.60E-03 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
5000 1.29E+01 | 7.10E-03 | 4.84E-04 | 6.65E-05 | 3.35E-03 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
6000 1.17E+01 | 1.84E-02 | 1.26E-03 | 1.73E-04 | 8.70E-03 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
7000 1.03E+01 | 3.24E-02 | 2.22E-03 | 3.05E-04 | 1.54E-02 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
8000 8.55E+00 | 4.66E-02 | 3.23E-03 | 4.41E-04 | 2.22E-02 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
9000 6.75E+00 | 6.00E-02 | 4.16E-03 | 5.70E-04 | 2.88E-02 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
10000 | 5.25E+00 | 7.25E-02 | 5.05E-03 | 6.90E-04 | 3.48E-02 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18

Note to Table 5-6:
e 1.00E-18 represents a zero value.
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Table 5-7. Sensitivity Case #3 Irrigation and Watering Pond
Time Activity Concentration (pCi/L)

(year) Tc-99 U-234 U-235 U-236 U-238 Am-241 | Np-237 Pu-238 Pu-239 Th-228 Th-230
0 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
500 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
600 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
700 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
800 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
900 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1000 3.94E-12 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1250 2.08E-08 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
1500 7.90E-06 | 1.00E-18 | 9.15E-17 | 1.00E-18 | 7.90E-16 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
2000 8.95E-03 | 3.89E-11 | 2.81E-12 | 3.80E-13 | 2.02E-11 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
2500 1.20E-01 | 1.76E-08 | 1.27E-09 | 1.72E-10 | 9.10E-09 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
3000 3.15E-01 | 9.10E-07 | 6.60E-08 | 8.95E-09 | 4.75E-07 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
3500 4.73E-01 | 1.40E-05 | 1.02E-06 | 1.37E-07 | 7.30E-06 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
4000 5.32E-01 | 1.01E-04 | 7.35E-06 | 9.90E-07 | 5.30E-05 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
4500 5.03E-01 | 4.36E-04 | 3.17E-05 | 4.29E-06 | 2.27E-04 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
5000 4.39E-01 | 1.32E-03 | 9.65E-05 | 1.30E-05 | 6.90E-04 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
6000 3.24E-01 | 6.00E-03 | 4.36E-04 | 5.90E-05 | 3.14E-03 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
7000 2.75E-01 | 1.52E-02 | 1.12E-03 | 1.51E-04 | 8.00E-03 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
8000 2.48E-01 | 2.83E-02 | 2.08E-03 | 2.81E-04 | 1.49E-02 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
9000 2.19E-01 | 4.35E-02 | 3.21E-03 | 4.33E-04 | 2.30E-02 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18
10000 1.86E-01 | 5.90E-02 | 4.36E-03 | 5.90E-04 | 3.14E-02 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18 | 1.00E-18

Note to Table 5-7:
e 1.00E-18 represents a zero value.
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Table 5-8. Portsmouth OSWDF Decay Chains — Half-lives and Branching Fractions

Radionuclide | Half-life* Daughter 1 Daughter 1 Daughter 2 | Daughter 2

(years) Branching Branching
Fraction Fraction

Ac-225 2.74E-02 1| Fr-221

Ac-227 2.18E+01 0.9862 | Th-227 0.0138 | Fr223

Ac-228 7.02E-04 1| Th-228

Am-241 4.32E+02 1 | Np-237

At-217 1.02E-09 0.99988 | Bi-213

At-218 4.75E-08 0.999 | Bi-214 0.001 | Rn218

Bi-210 1.37E-02 1| Po-210

Bi-211 4.07E-06 0.99724 | TI-207 0.00276 | Po211

Bi-212 1.33E-05 0.6406 | Po-212 0.3594 | T1208

Bi-213 8.67E-05 0.9791 | Po-213 0.0209 | TI209

Bi-214 3.78E-05 0.99979 | Po-214 0.00021 | TI210

Fr-221 9.32E-06 1| At-217

Fr-223 4.18E-05 1 | Ra-223

Np-237 2.14E+06 1 | Pa-233

Pa-231 3.28E+04 1| Ac-227

Pa-233 7.38E-02 1] U-233

Pa-234 7.64E-04 1|U-234

Pa-234m 2.22E-06 0.9984 | U-234 0.0016 | Pa234

Pb-209 3.71E-04 1|Bi

Pb-210 2.22E+01 1 | Bi-210

Pb-211 6.86E-05 1| Bi-211

Pb-212 1.21E-03 1| Bi-212

Pb-214 5.10E-05 1| Bi-214

Po-210 3.79E-01 1|Pb

Po-211 1.64E-08 1|Pb

Po-212 2 (2?(')‘(1)25_'1%5) 1|Pb

P0-213° (21.(')%?I,EE--1%)?; 1| Pb-209

P0-214 2 (25.(')20}5'5_'1%2) 1| Pb-210

Po-215° (25.(')%4EE_‘1%§ 1| Pb-211

Po-216 4.59E-09 1 | Pb-212

Po-218 5.89E-06 0.9998 | Pb-214 0.0002 | At218

Pu-238 8.77E+01 1] U-234

Pu-239 2.41E+04 0.9994 | U-235m 0.0006 | U235

Ra-223 3.13E-02 1 | Rn-219

Ra-224 1.00E-02 1 | Rn-220
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Radionuclide | Half-life® Daughter 1 Daughter 1 Daughter 2 | Daughter 2
(years) Branching Branching
Fraction Fraction
Ra-225 4.08E-02 1| Ac-225
Ra-226 1.60E+03 1| Rn-222
Ra-228 5.75E+00 1| Ac-228
Rn-218 1.11E-09 1| Po-214
Rn-219 1.25E-07 1| Po-215
Rn-220 1.76E-06 1| Po-216
Rn-222 1.05E-02 1| Po-218
Tc-99 2.11E+05 1| Ru
Th-227 5.11E-02 1| Ra-223
Th-228 1.91E+00 1| Ra-224
Th-229 7.34E+03 1| Ra-225
Th-230 7.54E+04 1| Ra-226
Th-231 2.91E-03 1| Pa-231
Th-232 1.41E+10 1| Ra-228
Th-234 6.60E-02 1| Pa-234m
TI-207 9.07E-06 1|Pb
TI-208 5.80E-06 1|Pb
TI-209 4.11E-06 1| Pb-209
TI-210 2.47E-06 1| Pb-210
U-233 1.59E+05 1| Th-229
U-234 2.46E+05 1| Th-230
U-235 7.04E+08 1| Th-231
U-235m 4.94E-05 1| U-235
U-236 2.34E+07 1| Th-232
U-238 4.47E+09 1| Th-234

Notes to Table 5-8:

e All data obtained from ICRP 2008.

1
2

Radionuclide decay constant (A;) calculated from half-life: 4; = Ln2/t; ;.

Rounded to 1 from value greater than 0.9999; radionuclide dose from other branch insignificant
(minor branching fraction less than 0.0001).

GoldSim (GTG 2010) does not allow the use of half-lives less than 2.00E-10 years; therefore
radionuclides with half-lives less than 2.00E-10 years were set to 2.00E-10 years.

Tc99

_’ Ru

Figure 5-1. Technetium-99 Decay to Stable Progeny
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Am241 > Np237 P> Pa233 P U233 '

P Th229 P Raz25 P Ac225 > rr21 |

Po213 \
> Aci7 — P Bi2i3 <: _» Ph209 —P  Bi
11209

Figure 5-2. Neptunium Decay Series

Pa234

w3s| —P 1h234 —P Pa23sm

> U234

Pu238

—P (Th230 | — P Ra226 ——P Rn222 — P PpPo218 ——

<: Rn218 — P Po2i4 \A
Bi2l4 < P 4

71210

A1218 Pb210

Ph214

e

Bi2l0 P po210 P pb

Figure 5-3. Uranium Decay Series
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U235m
Pu239 ¢
U235 | — P T1H231 — P Pa231 ——
Th227
—P  A227 <: \ Ra223 — P Rn219 —
Fr223 —W
Po2ll \A
—P po2is —P P2 —W Bi2il Pb

11207 —W

Figure 5-4. Actinium Decay Series

U236 | — P [Th232 | — P Ra228 —P Ac228 —

—» Th228 —P Ra224 P Ru220 P po2is

Po212
— pp2i2 — P Bi2p2 <: \ Pb

11208

Figure 5-5. Thorium Decay Series

Notes to Figures 4-1 through 4-5:
Radionuclides in bolded black have half-lives greater than 1 year

Radionuclides in bolded, italtics green have half-lives less than 1 year

Radionuchdes in a box have a starting OSWDF mventoy
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Table 5-9. Ingestion and Inhalation Dose Coefficients and External Soil Exposure Factors

External 15
cm Soil
Radionuclide Ingestion Inhalation Exposure
Dose Coefficients Dose Coefficients Factors
(DCiw) * (DCig) -2 (DCie1s) °
Sv/Bq (rem/pCi) Sv/Bq (rem/pCi) (reml/yr) per
(LCi/m?)
Ac-225 5.23E-08 1.94E-01 9.18E-06 3.40E+01 3.90E-05
Ac-227 3.92E-07 1.45E+00 5.91E-05 2.19E+02 3.06E-07
Ac-228 5.14E-10 1.90E-03 1.61E-08 5.96E-02 3.22E-03
Am-241 2.38E-07 8.81E-01 4.21E-05 1.56E+02 2.73E-05
At-217 1.01E-06
At-218 3.65E-06
Bi-210 1.80E-09 6.66E-03 1.46E-07 5.40E-01 2.17E-06
Bi-211 1.49E-04
Bi-212 3.52E-10 1.30E-03 3.67E-08 1.36E-01 6.26E-04
Bi-213 2.68E-10 9.92E-04 3.55E-08 1.31E-01 4.38E-04
Bi-214 1.49E-10 5.51E-04 1.72E-08 6.36E-02 5.09E-03
Fr-221 9.23E-05
Fr-223 3.23E-09 1.20E-02 1.33E-08 4.92E-02 1.18E-04
Np-237 1.25E-07 4.63E-01 2.30E-05 8.51E+01 4.86E-05
Pa-231 5.59E-07 2.07E+00 2.99E-05 1.11E+02 1.12E-04
Pa-233 1.32E-09 4.88E-03 4.56E-09 1.69E-02 6.03E-04
Pa-234 5.57E-10 2.06E-03 3.98E-10 1.47E-03 6.28E-03
Pa-234m 4.90E-05
Pb-209 7.46E-11 2.76E-04 6.46E-11 2.39E-04 4.76E-07
Pb-210 1.02E-06 3.77E+00 1.21E-06 4.48E+00 1.53E-06
Pb-211 2.62E-10 9.69E-04 1.26E-08 4.66E-02 1.70E-04
Pb-212 1.03E-08 3.81E-02 1.86E-07 6.88E-01 4.23E-04
Pb-214 1.99E-10 7.36E-04 1.47E-08 5.44E-02 7.83E-04
Po-210 3.56E-07 1.32E+00 3.60E-06 1.33E+01 2.86E-08
Po-211 2.62E-05
Po-212
Po0-213
Po-214 2.80E-07
Po-215 5.82E-07
Po-216 5.69E-08
Po-218 3.07E-08
Pu-238 2.63E-07 9.73E-01 4.65E-05 1.72E+02 9.43E-08
Pu-239 2.88E-07 1.07E+00 5.04E-05 1.86E+02 1.78E-07
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External 15
cm Soil
Radionuclide Ingestion Inhalation Exposure
Dose Coefficients Dose Coefficients Factors
(DCiw) * (DCiz) - (DCieis) °
Sv/Bq (rem/pCi) Sv/Bq (rem/pCi) (reml/yr) per
(LCi/m?)
Ra-223 2.17E-07 8.03E-01 8.05E-06 2.98E+01 3.62E-04
Ra-224 1.26E-07 4.66E-01 3.22E-06 1.19E+01 3.06E-05
Ra-225 2.38E-07 8.81E-01 6.83E-06 2.53E+01 6.89E-06
Ra-226 4.54E-07 1.68E+00 3.82E-06 1.41E+01 1.93E-05
Ra-228 1.60E-06 5.92E+00 3.08E-06 1.14E+01
Rn-218
Rn-219 1.80E-04
Rn-220 1.28E-06
Rn-222 1.33E-06
Tc-99 9.00E-10 3.33E-03 4.42E-09 1.64E-02 7.82E-08
Th-227 1.47E-08 5.44E-02 1.12E-05 4.14E+01 3.10E-04
Th-228 1.16E-07 4.29E-01 4.35E-05 1.61E+02 4.87E-06
Th-229 6.08E-07 2.25E+00 7.55E-05 2.79E+02 1.99E-04
Th-230 2.53E-07 9.36E-01 1.47E-05 5.44E+01 7.46E-07
Th-231 4.62E-10 1.71E-03 3.78E-10 1.40E-03 2.27E-05
Th-232 2.78E-07 1.03E+00 2.56E-05 9.47E+01 3.25E-07
Th-234 4.68E-09 1.73E-02 8.60E-09 3.18E-02 1.51E-05
TI-207 1.11E-05
TI-208 1.13E-02
TI-209 6.76E-03
TI-210
U-233 6.02E-08 2.23E-01 3.89E-06 1.44E+01 8.46E-07
U-234 5.81E-08 2.15E-01 3.81E-06 1.41E+01 2.50E-07
U-235 5.49E-08 2.03E-01 3.38E-06 1.25E+01 4.38E-04
U-235m 5.82E-15 2.15E-08 9.01E-16 3.33E-09
U-236 5.47E-08 2.02E-01 3.49E-06 1.29E+01 1.33E-07
U-238 5.24E-08 1.94E-01 3.14E-06 1.16E+01 6.45E-08

Notes to Table 5-9:

! Ingestion and Inhalation dose coefficients obtained from DOE 2011.

Utilized recommended default absorption type from DOE 2011 where available and slow
absorption type otherwise.

®  External 15 cm Soil Exposure Factors obtained from EPA 1993 and Lee 2004.

2
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Table 5-10. Base Case Transfer Factors
Soil-to- Feed-to- Feed-to-

Vegetable | Feed-to-Beef Milk Poultry Feed-to-Egg

Transfer Transfer Transfer Transfer Transfer
Radionuclide Factors Factors Factors Factors Factors

(Bin) * (Fip) ° (Fim) ® (Fip)® (Fie) °

(unitless) (d/kg) (d/L) (d/kQg) (d/kQg)
Ac-225 1.51E-04 4.00E-04 2.00E-05 6.00E-03 4.00E-03
Ac-227 1.51E-04 4.00E-04 2.00E-05 6.00E-03 4.00E-03
Ac-228 1.51E-04 4.00E-04 2.00E-05 6.00E-03 4.00E-03
Am-241 1.08E-04 4.00E-05 1.50E-06 6.00E-03 3.00E-03
At-217 6.45E-02 1.00E-02 1.03E-02
At-218 6.45E-02 1.00E-02 1.03E-02
Bi-210 2.15E-03 4.00E-04 5.00E-04 9.80E-02 2.60E-01
Bi-211 2.15E-03 4.00E-04 5.00E-04 9.80E-02 2.60E-01
Bi-212 2.15E-03 4.00E-04 5.00E-04 9.80E-02 2.60E-01
Bi-213 2.15E-03 4.00E-04 5.00E-04 9.80E-02 2.60E-01
Bi-214 2.15E-03 4.00E-04 5.00E-04 9.80E-02 2.60E-01
Fr-221 1.29E-02 2.50E-03 2.06E-02
Fr-223 1.29E-02 2.50E-03 2.06E-02
Np-237 4.30E-03 1.00E-03 5.00E-06 6.00E-03 4.00E-03
Pa-231 1.08E-04 4.47E-04 5.00E-06 6.00E-03 4.00E-03
Pa-233 1.08E-04 4.47E-04 5.00E-06 6.00E-03 4.00E-03
Pa-234 1.08E-04 4.47E-04 5.00E-06 6.00E-03 4.00E-03
Pa-234m 1.08E-04 4.47E-04 5.00E-06 6.00E-03 4.00E-03
Pb-209 3.87E-03 4.00E-04 2.60E-04 8.00E-01 1.00E+00
Pb-210 3.87E-03 4.00E-04 2.60E-04 8.00E-01 1.00E+00
Pb-211 3.87E-03 4.00E-04 2.60E-04 8.00E-01 1.00E+00
Pb-212 3.87E-03 4.00E-04 2.60E-04 8.00E-01 1.00E+00
Pb-214 3.87E-03 4.00E-04 2.60E-04 8.00E-01 1.00E+00
Po-210 1.72E-04 5.00E-03 3.40E-04
Po-211 1.72E-04 5.00E-03 3.40E-04
Po-212 1.72E-04 5.00E-03 3.40E-04
Po-213 1.72E-04 5.00E-03 3.40E-04
Po-214 1.72E-04 5.00E-03 3.40E-04
Po-215 1.72E-04 5.00E-03 3.40E-04
Po-216 1.72E-04 5.00E-03 3.40E-04
Po-218 1.72E-04 5.00E-03 3.40E-04
Pu-238 1.94E-05 1.00E-05 1.10E-06 3.00E-03 1.20E-03
Pu-239 1.94E-05 1.00E-05 1.10E-06 3.00E-03 1.20E-03
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Soil-to- Feed-to- Feed-to-

Vegetable | Feed-to-Beef Milk Poultry Feed-to-Egg

Transfer Transfer Transfer Transfer Transfer
Radionuclide Factors Factors Factors Factors Factors

(Biv) ' (Fip) ? (Fim) ? (Fip) ° (Fie) °

(unitless) (d/kg) (d/L) (d/kQg) (d/kQg)
Ra-223 6.45E-03 9.00E-04 1.30E-03 3.00E-02 3.10E-01
Ra-224 6.45E-03 9.00E-04 1.30E-03 3.00E-02 3.10E-01
Ra-225 6.45E-03 9.00E-04 1.30E-03 3.00E-02 3.10E-01
Ra-226 6.45E-03 9.00E-04 1.30E-03 3.00E-02 3.10E-01
Ra-228 6.45E-03 9.00E-04 1.30E-03 3.00E-02 3.10E-01
Rn-218
Rn-219
Rn-220
Rn-222
Tc-99 6.45E-01 6.32E-03 1.87E-03 3.00E-02 3.00E+00
Th-227 3.66E-05 4.00E-05 5.00E-06 6.00E-03 4.00E-03
Th-228 3.66E-05 4.00E-05 5.00E-06 6.00E-03 4.00E-03
Th-229 3.66E-05 4.00E-05 5.00E-06 6.00E-03 4.00E-03
Th-230 3.66E-05 4.00E-05 5.00E-06 6.00E-03 4.00E-03
Th-231 3.66E-05 4.00E-05 5.00E-06 6.00E-03 4.00E-03
Th-232 3.66E-05 4.00E-05 5.00E-06 6.00E-03 4.00E-03
Th-234 3.66E-05 4.00E-05 5.00E-06 6.00E-03 4.00E-03
TI-207 1.72E-04 4.00E-02 2.00E-03
TI-208 1.72E-04 4.00E-02 2.00E-03
TI-209 1.72E-04 4.00E-02 2.00E-03
TI-210 1.72E-04 4.00E-02 2.00E-03
U-233 1.72E-03 3.00E-04 4.00E-04 7.50E-01 1.10E+00
U-234 1.72E-03 3.00E-04 4.00E-04 7.50E-01 1.10E+00
U-235 1.72E-03 3.00E-04 4.00E-04 7.50E-01 1.10E+00
U-235m 1.72E-03 3.00E-04 4.00E-04 7.50E-01 1.10E+00
U-236 1.72E-03 3.00E-04 4.00E-04 7.50E-01 1.10E+00
U-238 1.72E-03 3.00E-04 4.00E-04 7.50E-01 1.10E+00

Notes to Table 5-10:

! Soil-to-Vegetable Transfer Factors obtained from Baes et al. (1984) and Lee 2004.

2 Feed-to-Meat and Feed-to-Milk Transfer Factors obtained from Lee and Coffield 2008a.

®  Feed-to-Poultry and Feed-to-Egg Transfer Factors obtained from SRR 2012, which utilized
values from the following sources: 1) Jannik et al. 2010; 2) PNNL 2003; and 3) IAEA 2010.

49



SRNL-STI-2014-00130

Revision 0
Table 5-11. Sensitivity Case #4 Transfer Factors
Soil-to- Feed-to- Feed-to-

Vegetable | Feed-to-Beef Milk Poultry Feed-to-Egg

Transfer Transfer Transfer Transfer Transfer
Radionuclide Factors Factors Factors Factors Factors

(Bin) * (Fip) ° (Fim) ® (Fip)® (Fie) °

(unitless) (d/kg) (d/L) (d/kQg) (d/kQg)
Ac-225 6.11E-05 4.00E-04 2.00E-05 6.00E-03 4.00E-03
Ac-227 6.11E-05 4.00E-04 2.00E-05 6.00E-03 4.00E-03
Ac-228 6.11E-05 4.00E-04 2.00E-05 6.00E-03 4.00E-03
Am-241 7.33E-05 5.00E-04 4.20E-07 6.00E-03 3.00E-03
At-217 2.93E-02 1.00E-02 1.03E-02
At-218 2.93E-02 1.00E-02 1.03E-02
Bi-210 9.75E-02 4.00E-04 5.00E-04 9.80E-02 2.60E-01
Bi-211 9.75E-02 4.00E-04 5.00E-04 9.80E-02 2.60E-01
Bi-212 9.75E-02 4.00E-04 5.00E-04 9.80E-02 2.60E-01
Bi-213 9.75E-02 4.00E-04 5.00E-04 9.80E-02 2.60E-01
Bi-214 9.75E-02 4.00E-04 5.00E-04 9.80E-02 2.60E-01
Fr-221 5.85E-03 2.50E-03 2.06E-02
Fr-223 5.85E-03 2.50E-03 2.06E-02
Np-237 3.91E-03 1.00E-03 5.00E-06 6.00E-03 4.00E-03
Pa-231 6.11E-05 4.47E-04 5.00E-06 6.00E-03 4.00E-03
Pa-233 6.11E-05 4.47E-04 5.00E-06 6.00E-03 4.00E-03
Pa-234 6.11E-05 4.47E-04 5.00E-06 6.00E-03 4.00E-03
Pa-234m 6.11E-05 4.47E-04 5.00E-06 6.00E-03 4.00E-03
Pb-209 5.18E-03 7.00E-04 1.90E-04 8.00E-01 1.00E+00
Pb-210 5.18E-03 7.00E-04 1.90E-04 8.00E-01 1.00E+00
Pb-211 5.18E-03 7.00E-04 1.90E-04 8.00E-01 1.00E+00
Pb-212 5.18E-03 7.00E-04 1.90E-04 8.00E-01 1.00E+00
Pb-214 5.18E-03 7.00E-04 1.90E-04 8.00E-01 1.00E+00
Po-210 4.30E-04 5.00E-03 2.10E-04
Po-211 4.30E-04 5.00E-03 2.10E-04
P0-212 4.30E-04 5.00E-03 2.10E-04
Po-213 4.30E-04 5.00E-03 2.10E-04
Po-214 4.30E-04 5.00E-03 2.10E-04
Po-215 4.30E-04 5.00E-03 2.10E-04
Po-216 4.30E-04 5.00E-03 2.10E-04
Po-218 4.30E-04 5.00E-03 2.10E-04
Pu-238 1.97E-05 1.10E-06 1.00E-05 3.00E-03 1.20E-03
Pu-239 1.97E-05 1.10E-06 1.00E-05 3.00E-03 1.20E-03
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Soil-to- Feed-to- Feed-to-

Vegetable | Feed-to-Beef Milk Poultry Feed-to-Egg

Transfer Transfer Transfer Transfer Transfer
Radionuclide Factors Factors Factors Factors Factors

(Biv) ' (Fip) ? (Fim) ? (Fip) ° (Fie) °

(unitless) (d/kg) (d/L) (d/kQg) (d/kQg)
Ra-223 1.19E-02 1.70E-03 3.80E-04 3.00E-02 3.10E-01
Ra-224 1.19E-02 1.70E-03 3.80E-04 3.00E-02 3.10E-01
Ra-225 1.19E-02 1.70E-03 3.80E-04 3.00E-02 3.10E-01
Ra-226 1.19E-02 1.70E-03 3.80E-04 3.00E-02 3.10E-01
Ra-228 1.19E-02 1.70E-03 3.80E-04 3.00E-02 3.10E-01
Rn-218
Rn-219
Rn-220
Rn-222
Tc-99 1.79E+01 6.32E-03 1.87E-03 3.00E-02 3.00E+00
Th-227 3.14E-04 2.30E-04 5.00E-06 6.00E-03 4.00E-03
Th-228 3.14E-04 2.30E-04 5.00E-06 6.00E-03 4.00E-03
Th-229 3.14E-04 2.30E-04 5.00E-06 6.00E-03 4.00E-03
Th-230 3.14E-04 2.30E-04 5.00E-06 6.00E-03 4.00E-03
Th-231 3.14E-04 2.30E-04 5.00E-06 6.00E-03 4.00E-03
Th-232 3.14E-04 2.30E-04 5.00E-06 6.00E-03 4.00E-03
Th-234 3.14E-04 2.30E-04 5.00E-06 6.00E-03 4.00E-03
TI-207 2.43E-04 4.00E-02 2.00E-03
TI-208 2.43E-04 4.00E-02 2.00E-03
TI-209 2.43E-04 4.00E-02 2.00E-03
TI-210 2.43E-04 4.00E-02 2.00E-03
U-233 6.69E-03 3.90E-04 1.80E-03 7.50E-01 1.10E+00
U-234 6.69E-03 3.90E-04 1.80E-03 7.50E-01 1.10E+00
U-235 6.69E-03 3.90E-04 1.80E-03 7.50E-01 1.10E+00
U-235m 6.69E-03 3.90E-04 1.80E-03 7.50E-01 1.10E+00
U-236 6.69E-03 3.90E-04 1.80E-03 7.50E-01 1.10E+00
U-238 6.69E-03 3.90E-04 1.80E-03 7.50E-01 1.10E+00

Notes to Table 5-11:

! Soil-to-Vegetable Transfer Factors obtained from Jannik et al. 2010, which utilized values from
the following sources in order of priority: 1) IAEA 2010; 2) PNNL 2003; and 3) Lee and Coffield
2008a.

Feed-to-Meat and Feed-to-Milk Transfer Factors obtained from Jannik et al. 2010, which utilized
values from the following sources in order of priority: 1) IAEA 2010; and 2) Lee and Coffield
2008a.

Feed-to-Poultry and Feed-to-Egg Transfer Factors obtained from SRR 2012, which utilized
values from the following sources: 1) Jannik et al. 2010; 2) PNNL 2003; and 3) IAEA 2010.
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Exposure Exposure Parameter Definition Units Typical Reference Reference
Parameter Person’ Person
Ingestion of Berea Groundwater Exposure Parameters
Uy age-adjusted human consumption rate of water L/yr 630 630 | FBP 2013 App. B Table
(1.8 L/day at 350 days/yr) 4
Ingestion of VVegetables Exposure Parameters
f, fraction of vegetables from contaminated garden unitless 0.308 1 | Jannik et al., 2010
Uy human consumption rate of other vegetables kalyr 89 289 | Stone & Jannik, 2013
U human consumption rate of leafy vegetable kalyr 11 31 | Stone & Jannik, 2013
fo fraction of material deposited on plant surface that | unitless 0.5 0.5 | Ngetal., 1979
is retained after washing (applies only to leafy
vegetables)
| irrigation rate (total 18.7 in applied over 56 days) L/d/m’ 8.5 8.5 | USDA 1970
i fraction of year vegetables and pasture grass unitless 0.153 0.153 | USDA 1970
(fodder) are irrigated (56 days/yr)
t, harvest to consumption time for vegetables d 6 1| Jannik et al., 2010
R fraction of material deposited on plant surface that | unitless 0.25 0.25 | Jannik et al., 2010
is retained (i.e., accounts for plant runoff during
and immediately following irrigation)
tirr vegetable crop and pasture grass (fodder) d 56 56 | USDA 1970
irrigation duration (total 18.7 in applied at 1 in
over 3 days)
Yypg vegetable production yield
- pasture grass (fodder) kg/m? 0.7 0.7 | Jannik et al., 2010
- vegetable crop kg/m? 2.2 2.2 | Jannik et al., 2010
Aw weathering constant 1/d 0.0495 0.0495 | Jannik et al., 2010
ts buildup time of radionuclides in soil (25 years d 9125 9125 | Jannik et al., 2010
representing the typical amount of time a garden
or pasture would be used)
Ds soil areal density kg/m’ 240 240 | Lee and Coffield 2008b
P precipitation rate (39.52 in/yr) L/d/m’ 2.75 2.75 | FBP 2014a Table 1.8
E evapotranspiration rate (27.74 in/yr) L/d/m* 1.93 1.93 | FBP 2014a Table 1.8
dq depth of garden (assumed to be 15 cm) in 5.9 5.9 | Jannik et al., 2010
Ow volumetric water content of soil unitless 0.3 0.3 | FBP 2013 App. B Table
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Exposure Exposure Parameter Definition Units Typical Reference Reference
Parameter Person® Person’
4
Dss soil bulk density (1.50 kg/L) kg/m’ 1500 1500 | FBP 2013 App. B Table
4
Ingestion of Soil Exposure Parameters
Us() age-adjusted human consumption rate of soil (120 kalyr 0.042 0.042 | FBP 2013 App. B Table
mg/day at 350 days/yr) 4
fyr@) fraction of year spent working in vegetable garden | unitless 0.01 0.01 | Jannik et al., 2010

Ingestion of beef watered with contaminated water and fed on fodder irrigated with contaminated water Exposure Parameters

Uy human consumption rate of beef kalyr 32 81 | Stone & Jannik, 2013
fy fraction of beef from cows raised on affected unitless 0.319 1 | Jannik et al., 2010
pasture
fio fraction of fodder taken from irrigated pasture unitless 0.75 0.75 | Jannik et al., 2010
(beef cow)
Qtp beef cattle consumption rate of fodder ka/d 36 36 | Jannik et al., 2010
foun fraction of water for beef cows from contaminated | unitless 1 1 | Jannik et al., 2010
water
Qub beef cow consumption rate of water L/d 28 28 | Jannik et al., 2010
ty harvest to consumption time for beef d 6 6 | Jannik et al., 2010
Ingestion of Milk Exposure Parameters
Un human consumption rate of milk L/yr 69 260 | Stone & Jannik, 2013
f fraction of milk from cows raised on affected unitless 0.254 1 | Jannik et al., 2010
pasture
frm fraction of fodder taken from irrigated pasture unitless 0.56 0.56 | Jannik et al., 2010
(milk cow)
Qmm milk cow consumption rate of animal fodder ko/d 52 52 | Jannik et al., 2010
fowm fraction of water for milk cows from contaminated | unitless 1 1 | Jannik et al., 2010
water
Qum milk cow consumption rate of water L/d 50 50 | Jannik et al., 2010
tm harvest to consumption time for milk d 3 3 | Jannik et al., 2010
Ingestion of Poultry Exposure Parameters
fio fraction of fodder taken from irrigated pasture unitless 1 1| SRR 2012 & Lee and
(poultry) Coffield 2008a
Qo poultry consumption rate of fodder kg/d 0.1 0.1 | SRR 2012 & Simpkins
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Exposure Exposure Parameter Definition Units Typical Reference Reference
Parameter Person® Person’
et al. 2008
Fewp fraction of water for poultry from contaminated unitless 1 1| SRR 2012 & Lee and
water Coffield 2008a
Qup poultry consumption rate of water L/d 0.3 0.3 | SRR 2012 & Simpkins
et al. 2008
Up human consumption rate of poultry kalyr 25 25 | SRR 2012 & Simpkins
et al. 2008
fo fraction of poultry raised on affected pasture unitless 0.306 0.306 | SRR 2012 & Simpkins
et al. 2008
ty harvest to consumption time for poultry d 1 1 | Minimal duration
assumed
Ingestion of Eggs Exposure Parameters
U, human consumption rate of eggs kalyr 19 19 | SRR 2012 & Simpkins
et al. 2008
fe fraction of eggs obtained from hens raised on unitless 1 1| SRR 2012 & Lee and
affected pasture Coffield 2008a
te harvest to consumption time for eggs d 1 1 | Minimal duration
assumed
Inhalation of Shower Water Exposure Parameters
U, age-adjusted inhalation rate (18 m®/day at 350 m3/yr 6300 6300 | FBP 2013 App. B Table
days/yr) 4
lis resident adult shower exposure time (0.25 hr/day Unitless 0.01 0.01 | FBP 2013 App. D Table
at 350 days/yr) D.2
Cus water contained in air at shower conditions g/m3 41 41 | SRR 2012 & FFS 2003
ARF airborne release fraction Unitless 1.0E-04 1.0E-04 | SRR 2012 & DOE 1994
Pw water density kg/m® 1000 1000 | Lee and Coffield 2008a
Inhalation of Garden Water Exposure Parameters
Cua | water contained in air at ambient conditions | gm® | 10 | 10 | FFS 2003
Inhalation of Garden Dust Exposure Parameters
Lag) atmospheric mass loading of suspended soil kg/m® 1.00E-07 1.00E-07 | Lee and Coffield, 2008a
particulates in the garden
Direct Exposure to Garden Soil Exposure Parameters
| no additional exposure parameters | | |
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Notes to Table 5-12:

o Exposure parameters are only shown the first time they are used by an exposure scenario; exposure parameters used again in subsequent

exposure scenarios are not duplicated within this table.

o Exposure parameters with Portsmouth site-specific values are highlighted in blue.
The “Typical Person” exposure parameters are used for the base case. The “Typical Person” is a hypothetical aggregation of human (male
and female) physical and physiological characteristics over various ages that is typical of the entire population group and it is established
at the 50th percentile (median) of national usage data.
The "Reference Person" exposure parameters are used for sensitivity case #5. The "Reference Person” is a hypothetical aggregation of
human (male and female) physical and physiological characteristics over various ages that represents a highly exposed individual
established at the 95th percentile of national usage data.

[
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Table 5-13. Radionuclide Soil/Water Partition Coefficients (Kq;)

Soil /Water Soil /Water

Partition Partition
Radionuclide | Coefficients Reference Radionuclide | Coefficients | Reference

(mL/g) (mL/g)

Ac-225" 2,705.6 | For 20148 & Kaplan | po 51g2 2000 | Kaplan 2010
Ac-2271 2,705.6 gglpo 20142 & Kaplan | o, -39 1,432.4 | FBP 2014a
Ac-228 * 27056 | oo 2OH4 & Kaplan | b, 939 1,432.4 | FBP 2014a
Am-241 2,705.6 | FBP 2014a Ra-223 2 5 | Kaplan 2010
At-2172 0.3 | Kaplan 2010 Ra-224 ° 5 | Kaplan 2010
At-2182 0.3 | Kaplan 2010 Ra-225 * 5 | Kaplan 2010
Bi-210 ! 2,705.6 gglpo 20142 & Kaplan | o, oo 2 5 | Kaplan 2010
Bi-211 * 27056 | o 2014 & Kaplan | o, 2082 5 | Kaplan 2010
Bi-212 ! 2,705.6 gglpo 20142 & Kaplan | o 51g2 0 | Kaplan 2010
Bi-213 ! 27056 | O 2014 & Kaplan | o 5192 0 | Kaplan 2010
Bi-214* 2,705.6 gglpo 20142 & Kaplan | o 5542 0 | Kaplan 2010
Fr-221°2 10 | Kaplan 2010 Rn-222 2 0 | Kaplan 2010
Fr-223°2 10 | Kaplan 2010 Tc-99 4.29 | FBP 2014a
Np-237 795.8 | FBP 2014a Th-227 5,411.3 | FBP 2014a
Pa-231° 7958 | 5F 20142 & Kaplan |, 5og 5,411.3 | FBP 2014a
Pa-233° 795.8 gglpo 20142 & Kaplan | 1, g 5411.3 | FBP 2014a
Pa-234° 7958 | 5F 20142 & Kaplan | 1, 539 5,411.3 | FBP 2014a
Pa-234m 795.8 gglpo 20142 & Kaplan | 1, 539 5411.3 | FBP 2014a
Pb-209 ? 2000 | Kaplan 2010 Th-232 5,411.3 | FBP 2014a
Pb-210* 2000 | Kaplan 2010 Th-234 5,411.3 | FBP 2014a
Pb-2112 2000 | Kaplan 2010 TI-207 2 10 | Kaplan 2010
Pb-212 * 2000 | Kaplan 2010 TI-208 10 | Kaplan 2010
Pb-214 2 2000 | Kaplan 2010 TI-209 2 10 | Kaplan 2010
P0-210 2 2000 | Kaplan 2010 TI-2102 10 | Kaplan 2010
Po-211 2 2000 | Kaplan 2010 U-233 22.60 | FBP 2014a
Po-212° 2000 | Kaplan 2010 U-234 22.60 | FBP 2014a
P0-213 7 2000 | Kaplan 2010 U-235 22.60 | FBP 2014a
Po-214 2 2000 | Kaplan 2010 U-235m 22.60 | FBP 2014a
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Soil /Water Soil /Water
Partition Partition
Radionuclide | Coefficients Reference Radionuclide | Coefficients Reference
(mL/g) (mL/g)
P0-215? 2000 | Kaplan 2010 U-236 22.60 | FBP 2014a
P0-216 2 2000 | Kaplan 2010 U-238 22.60 | FBP 2014a

Notes to Table 5-13:

o Portsmouth site-specific Kgs were utilized as provided in FBP 2014a Appendix | Table 1.12 as
available and are highlighted in blue.

Based upon Kaplan 2010 the Kgs of Actinium (Ac) and Bismuth (Bi) for a given geologic material are
the same as that of Americium (Am), therefore the Portsmouth site-specific Ky for Am was assigned
to both Ac and Bi.

Elements for which Portsmouth site-specific Kys are not available from FBP 2014a Appendix | Table
1.12, the Kgs for sandy sediment from Kaplan 2010 were utilized. A comparison of the Kaplan 2010
sandy sediment Kgs for elements that also had Portsmouth site-specific Kys within FBP 2014a
revealed that 5 of the 6 Kaplan 2010 sandy sediment Kgs were less than the Portsmouth site-specific
Kgs. Therefore the use of the Kaplan 2010 sandy sediment Kgs is considered conservative versus the
vegetative ingestion exposure pathway/scenario.

Based upon Kaplan 2010 the K, of Protactinium (Pa) for a given geologic material is the same as that
of Neptunium (Np), therefore the Portsmouth site-specific Ky for Np was assigned to Pa.

1

6.0 Portsmouth OSWDF All-Pathways Dose Model Runs and Results

In this section, we discuss and compare results from the dose calculations made to evaluate a base case
OSWDF scenario and five sensitivity cases varying different aspects of the base case scenario. A list of
the six dose calculations performed for this study indicating the parameter values used is shown in Table
6-1. The Base Case scenario has the following structure:

1) Use of the most reasonable estimate of the OSWDF disposal inventory and configuration,
2) Assumption that POA-3 is the uncontaminated Berea aquifer,

3) Use of STOMP transport results calculated with nominal uranium Ky values,

4) Use of transfer factors that were used in the OSWDF intruder dose analysis and

5) Calculation of the dose to a typical person representing the 50" percentile of the population.

Sensitivity Case 1 replaces the reasonable estimate of OSWDF inventory and configuration with a higher
disposal inventory for each radionuclide and a revised OSWDF configuration that would lead to earlier
arrival of contamination at the points of assessment (see Section 4.0). Sensitivity Case 2 assumes that the
Berea aquifer mixes with contaminated water from the 680 Sandstone layer in the ratio of 95:5 (see
Section 4.0). Sensitivity Case 3 uses STOMP transport results calculated using a reduced uranium Ky in
the waste zone (see Section 4.0). Sensitivity Case 4 uses the most recently published IAEA bio-transfer
factors for soil-to-vegetable, feed-to-beef, and feed-to-milk, where available. The primary impact of this
change is that the soil-plant bio-transfer factor for Tc is significantly increased (17.9 vs 0.065) based on
the latest IAEA published factors. Sensitivity Case 5 uses dose parameters appropriate for a reference
person representing the 95™ percentile of the population.

The Base Case and Sensitivity Cases all assume that the dose is to an individual who uses well water
drawn from the Berea aquifer below the OSWDF site and who consumes produce and animal products
raised at the site using irrigation water and to water livestock from a surface pond receiving seepage from
the 680 Sandstone layer. Results from the dose calculations are summarized in Table 6-2. In general, for
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the first 1,000 years following site closure, insignificant doses (from Tc¢-99) to an individual are predicted
to occur for all cases. Doses remain below 0.1 (mrem/yr) throughout the first 10,000 years except for
Sensitivity Case 2 where the Berea aquifer becomes contaminated and doses reach just over 10% of the
25 (mrem/yr) dose limit.

The discussion in this Section focuses on the most significant differences found in results from the
various case studies in contrast to the Base Case. Plots of dose by ingestion pathways, dose by parent
radionuclide, and dose by pathway (ingestion, inhalation and external exposure) for each of these cases
are provided as part of the following discussion. For Sensitivity Case 2, where drinking and shower water
were obtained from the Berea aquifer contaminated with water from the 680 sandstone layer, dose by
POA is also plotted. For the other cases, no dose to the individual was predicted to occur from
consumption of Berea aquifer water.

58



SRNL-STI-2014-00130

Revision 0
Table 6-1. Case Definitions
Exposure
Inventory Scenario POA-3 Scenario U Source_ Ka Transfer F_actor Pargmeters
Scenario Scenario .
Case Scenario
Reasonable | Conservative | Cased | Uncased | Nominal Low Base Sensitivity | Typical | Reference
Case Case Well * Well 2 Ky Kq? Case Case Person | Person
Base Case X X X X X
Sensitivity #1 X X X X X
Sensitivity #2 X X X X X
Sensitivity #3 X X X X X
Sensitivity #4 X X X X X
Sensitivity #5 X X X X X

Notes to Table:
1

A owoN

100% Berea groundwater.

95% Berea groundwater and 5% 680 SSL.

Nominal uranium Kq = 365 mL/g.

Low uranium Kq = 14.6 mL/g.

Input Tables 5-8, 5-9, and 5-13 are used for all cases (i.e. Base Case and Sensitivity Case #1 through #5).

Base Case input tables: Table 4-1 reasonable case inventory; Table 4-3 POA-1 SW Zone Base Case; Table 4-4 POA-3 GW Base Case; Table 5-5 Base
Case Irrigation and Watering Pond; Table 5-10 Base Case Transfer Factors; and Table 5-12 typical person exposure parameters.

Sensitivity Case #1 input tables: Table 4-1 conservative case inventory; Table 4-5 POA-1 SW Zone Sensitivity Case #1; Table 4-6 POA-3 GW
Sensitivity Case #1; Table 5-6 Sensitivity Case #1 Irrigation and Watering Pond; Table 5-10 Base Case Transfer Factors; and Table 5-12 typical person
exposure parameters.

Sensitivity Case #2 input tables: Table 4-1 reasonable case inventory; Table 4-3 POA-1 SW Zone Base Case; Table 4-7 POA-3 GW Sensitivity Case #2;
Table 5-5 Base Case Irrigation and Watering Pond; Table 5-10 Base Case Transfer Factors; and Table 5-12 typical person exposure parameters.
Sensitivity Case #3 input tables: Table 4-1 reasonable case inventory; Table 4-8 POA-1 SW Zone Sensitivity Case #3; Table 4-9 POA-3 GW Sensitivity
Case #3; Table 5-7 Sensitivity Case #3 Irrigation and Watering Pond; Table 5-10 Base Case Transfer Factors; and Table 5-12 typical person exposure
parameters.

Sensitivity Case #4 input tables: Table 4-1 reasonable case inventory; Table 4-3 POA-1 SW Zone Base Case; Table 4-4 POA-3 GW Base Case; Table 5-
5 Base Case Irrigation and Watering Pond; Table 5-11 Sensitivity Case #4 Transfer Factors; and Table 5-12 typical person exposure parameters.
Sensitivity Case #5 input tables: Table 4-1 reasonable case inventory; Table 4-3 POA-1 SW Zone Base Case; Table 4-4 POA-3 GW Base Case; Table
5-5 Base Case Irrigation and Watering Pond; Table 5-10 Base Case Transfer Factors; and Table 5-12 reference person exposure parameters.
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Table 6-2. Summary of Results from All-Pathways Dose Calculations

Maximum Dose durin . i

1,000 Year Period ofg M%'Q:Lnllzoosgoat Any Pgticmgy I\CISI:\(;:Indge

Assessment = RIS Highest Highest
Case (mrem/yr) (year) (mrem/yr) (year) Dose Dose
Base Case 1.5E-14 1,000 0.0020 4,000 | Vegetable Tc-99
Sensitivity #1 1.4E-10 1,000 0.064 10,000 | Vegetable Tc-99
Sensitivity #2 5.9E-11 1,000 2.55 8,000 Water Tc-99
Sensitivity #3 1.5E-14 1,000 0.038 10,000 | Vegetable U-234
Sensitivity #4 3.9E-14 1,000 0.0052 4,000 | Vegetable Tc-99
Sensitivity #5 1.1E-13 1,000 0.015 4,000 | Vegetable Tc-99

The Base Case scenario uses the reasonable estimate for OSWDF inventory, assumes that pond water
contaminated with seepage from the 680 sandstone layer (POA-1) is the only dose source and calculates
the dose to a typical individual (50" percentile). This case also employs STOMP transport results
obtained using a best estimate value for uranium Ky and uses the dose coefficients employed in the
OSWDF intruder analysis. Results of dose calculations for this case are presented in Figure 6-1. Figure
6-1(a) plots the total dose to an individual and the total doses from the three major dose pathways
considered in the analysis (ingestion, inhalation and external exposure). The total dose for the Base Case
is essentially equal to the ingestion dose with very small contributions from inhalation and external
exposure. This result, that the ingestion dose is the largest contributor to total dose, is also true for all of
the sensitivity case scenarios.

Figure 6-1(b) shows the contribution to total ingestion dose from the various ingestion pathways
considered. The legend to the figure lists the pathways in order of highest maximum doses observed over
the 10,000 year period of analysis. For the base case, where it is assumed that drinking water is not
contaminated, the largest source of dose to an individual is the consumption of vegetables from a local
garden that have been contaminated by irrigation with pond water containing seepage water from the 680
sandstone layer. Consumption of eggs is the next largest source of dose to an individual followed by
consumption of meat and milk where the source of contamination is animal consumption of pond water
and fodder that has been irrigated with pond water. From Figure 6-1(b), it is apparent that the inadvertent
consumption of a small amount of contaminated soil while working in the garden contributes negligible
dose.

Figure 6-1(c) shows the contribution to total dose from each parent radionuclide. The parent dose
includes doses from daughter radionuclides which are assumed to transport along with the parent. For the
base case, the peak dose of 0.002 (mrem/yr) occurs at 4,000 years and is almost entirely from Tc-99.
However, by 10,000 years the dose from Tc-99 is declining while the dose from the uranium isotopes is
increasing. U-234 contributes the highest dose of the four uranium isotopes considered.

Dose results for conservative inventory Sensitivity Case #1 are shown in Figure 6-2. Figure 6-2(a) shows
the dose contributions for Sensitivity Case #1 by pathways. When compared to Figure 6-1(a), the total
dose for Sensitivity Case #1 is relatively constant from 3,000 to 10,000 years with the maximum total
dose occurring at 10,000 years. This behavior is explained by comparing the dose by parent radionuclide
for Sensitivity Case #1 shown in Figure 6-2(c) with the result for the Base Case shown in Figure 6-1(c).
These figures show that for the conservative waste inventory and distribution, the contribution to total
dose from uranium isotopes increases relative to the dose from Tc-99 which leads to an increase in total
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dose at later times. Figure 6-2(b) shows that the order of contribution to total dose from the ingestion
pathways considered is the same as that for the Base Case.

Sensitivity Case #2 includes contamination of well water in the Berea aquifer (POA-3) by water from the
680 sandstone layer. Therefore, the additional dose pathways of water ingestion and inhalation of shower
water, which do not apply in the other cases, contribute dose to an individual. Figure 6-3(a) shows the
dose by pathways for Sensitivity Case #2. Comparison with Figure 6-1(a) shows a significant increase in
the ingestion dose from the direct consumption of contaminated water and a similar increase in inhalation
dose although the dose from inhalation remains small. The ingestion dose, shown by ingestion pathway
in Figure 6-3(b), is almost entirely from water ingestion and other contributions to ingestion dose remain
the same as those for the Base Case shown in Figure 6-1(b). Figure 6-3(c) shows the dose from each
parent radionuclide (including the contribution from decay products which are assumed to transport along
with the parent) for Sensitivity Case #2. Comparison with the results for the Base Case in Figure 6-1(c)
shows that doses from each parent increased but the relative order remains the same. Figure 6-3(d) shows
that the dose from POA-3 dominates the dose to an individual for this case. The peak dose over 10,000
years for Sensitivity Case #2 is 2.55 (mrem/yr) which is approximately 1250 times greater than the dose
from the Base Case. As outlined in Section 4.0, Sensitivity Case #2 assumes that an uncased well to the
Berea is placed at the location of the greatest concentration over time in the 680 SSL beyond the 100 m
perimeter surrounding the OSWDF and allows leakage from the 680 SSL into the Berea (95% Berea
groundwater and 5% 680 SSL leakage) from which it is pumped for domestic water usage. This is
scenario is considered very unlikely for two reasons. First the leakage from the 680 SSL is assumed to
come from the location of the greatest concentration over time beyond the 100 m perimeter. Second
uncased wells are not permitted under the Ohio Administrative Code (Chapter 3701-28 Private Water
Systems, 3701-28-10 Well construction, alteration, and maintenance). This portion of the Ohio
Administrative Code requires that casing with watertight joints be used and that the annular space
between the formation and casing be sealed with cement grout or bentonite grout, as appropriate. Such
well construction would prevent leakage from the 680 SSL to the Berea aquifer.

Sensitivity Case #3 used STOMP transport results obtained using a lower K4 for uranium in the waste
zone (14.6 ml/g instead of the nominal 365 ml/g). Doses from Tc-99 remain the same as for the Base
Case while increased uranium concentration in the pond water leads to higher doses from the uranium
isotopes. Results for this sensitivity case are shown in Figure 6-4. As shown in Figure 6-4(a) the
ingestion pathway dominates the total dose. Figure 6-4(b) shows that while consumption of vegetables
and eggs are still the primary ingestion dose pathways, consumption of poultry is relatively higher
indicating a stronger dependence on uranium concentration than doses from milk and meat. Figure 6-4(c)
shows doses from parent radionuclides for Sensitivity Case #3. Beyond about 6,000 years, the dose from
U-234 begins to exceed the dose from Tc-99 and the peak dose for Sensitivity Case #3 occurs at 10,000
years while the uranium concentrations are still increasing.

Figure 6-5 shows dose results for Sensitivity Case #4. This case used transfer factors that determine the
transfer of radionuclides from the ingestion of contaminated feed and water by cattle to meat and milk
and transfer of radionuclides from soil to plants updated to the latest values recommended by the IAEA
(Table 5-11) where available. As noted above, the biggest impact from this change in dose coefficients
from the nominal values used in the Portsmouth Intruder analysis (Table 5-10) is a significant increase in
the transfer of Tc-99 from soil to plants. This is reflected in the results where an increased dose from Tc-
99 is observed in Figure 6-5(c) and the peak dose from Sensitivity Case #4 increases to 0.0052 (mrem/yr)
which is approximately 2.6 times greater than the peak dose in the Base Case. Figures 6-5(a) and 6-5(b)
plot the dose by pathway and ingestion dose by ingestion pathway, respectively.

Sensitivity Case #5 used nominal settings for transfer factors, uranium Kg, and the source of contaminated
water. However, Sensitivity Case #5 applies ingestion parameters appropriate for a 95" percentile
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reference person to calculate the effective dose. These parameters include increased consumption of
vegetables, meat, and milk which will increase the effective dose. Consequently, as shown in Figure 6-
6(a), the contribution to total dose from ingestion pathways is higher for Sensitivity Case #5 than for the
Base Case. As shown in Figure 6-6(b), the dose from vegetable ingestion is the dominant pathway for
this scenario. The relative contribution to total dose by parent radionuclides remains the same as in the
Base Case as shown in Figure 6-6(c). Using dose parameters for the 95" percentile instead of the 50"
percentile person increased the maximum dose over the 10,000 year period of analysis by approximately a
factor of seven.

Table 6-3 provides an overall evaluation of the impact of each of the sensitivity cases relative to the Base
Case. The sensitivity cases are listed in order of their increase over the Base Case considering the
maximum doses at any time over a 10,000 year period of assessment. As seen Sensitivity Case #2, which
was requested by the OEPA for use in the Portsmouth WD RI/FS Report (FBP 2014a), by far has the
greatest impact on dose. As outlined above, this scenario is considered very unlikely because it assumes
leakage from the location of greatest concentration in the 680 SSL over time and does not conform to
standard private water well construction practices. The increase over the Base Case and maximum doses
at any time associated with all other sensitivity cases remain insignificant relative to the DOE all-
pathways 25 mrem/yr Performance Objective. The bottom-line is that all doses, including that of
Sensitivity Case #2, fall well below the DOE all-pathways 25 mrem/yr Performance Objective.

Table 6-3. Impact of Sensitivity Cases

Maximum Increase
Dose at over Base
Case Description Any Time Case

(mreml/yr) )
Base Case 0.002 -
Sensitivity #2 | Uncased Well To Berea 2.55 1275
Sensitivity #1 | Conservative Inventory 0.064 32
Sensitivity #3 | Low uranium Ky 0.038 19
Sensitivity #5 | Reference Person Exposure Parameters 0.015 75
Sensitivity #4 | Sensitivity Transfer Factor 0.0052 2.6
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Figure 6-1. Dose Results for Base Case
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Figure 6-2. Dose Results for Sensitivity Case #1 with a Conservative Inventory
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Figure 6-3. Dose Results for Sensitivity Case #2 with Contaminated Well Water from the Berea
Aquifer
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Figure 6-4. Dose Results for Sensitivity Case #3 with Lower Uranium Ky in the Waste Zone
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Figure 6-5. Dose Results for Sensitivity Case #4 with IAEA Transfer Factors
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6.1 OSWDF Inventory Constraints Based on All-Pathways Dose Analysis

Eleven parent radionuclides are included in the OSWDF all-pathways dose analysis. Results from
STOMP transport modeling show no measurable concentrations of any radionuclide except for Tc-99 at
any POA within 1,000 years from the time of burial for any of the scenarios evaluated. Sensitivity Case
#1 yielded the highest dose during this time period. The highest dose occurred at 1,000 years. For the
Table 4-1 conservative case inventory of 385 Ci of Tc-99 used in this sensitivity analysis, the maximum
dose was 1.4E-10 mrem/yr. From the ratio of the predicted dose to the dose limit of 25 (mrem/yr), the
inventory constraint for Tc-99 is 6.3E+13 Curies (3.7E+12 kg). Inventory limits for the other
radionuclides are not bounded by the 1,000 year all-pathways dose analysis. Assuming an OSWDF
volume of 5 million cubic yards (3.82E+6 m®) and a waste density of 3.2 kg/L the entire disposal site can
hold at most 1.22E+7 kg waste. Therefore it is not possible for the OSWDF to hold enough Tc¢-99 to
reach the dose limit within 1,000 years.

If we take an extremely conservative approach and extend our estimate of inventory constraints over all
scenarios and over 10,000 years from the time of burial, Table 6-2 shows that the maximum dose is 2.55
(mrem/yr) for Sensitivity Case #2. Only Tc-99, U-234, U-235, U-236 and U-238 produced measurable
concentrations at the POAs within 10,000 years. Therefore, the inventory of these radionuclides could be
increased by a factor of 9.8 over the Table 4-1 reasonable case inventory before reaching the 25
(mrem/yr) dose limit. More realistically, considering only the Base Case scenario, which produced a
maximum dose of 0.002 (mrem/yr) over 10,000 years, the inventory for Tc-99, U-234, U-235, U-236 and
U-238 could be increased by a factor of 12,500 over the Table 4-1 reasonable case inventory before
reaching the dose limit. Again, if the inventory of each parent was increased by this factor the mass of
each one would exceed the capacity of the OSWDF by more than an order of magnitude.
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