\WIPP Library

EEG-15

Estimated Radiation Doses Resulting if an Exploratory Borehole
Penetrates a Pressurized Brine Reservoir Assumed to Exist Below

the WIPP Repository Horizon - A Single Hole Scenario

Stephen T. Bard

Environmental Evaluation Group
Environmental! Improvement Division
Health and Environment Department
State of New Mexico

March 1982

i



EEG-2|

EEG-5|

EEG-6

EE(

EE¢

EEG-1

EEG

EEG-4 |

EEG-7 (1

a-1

EEG-3 || | N

a-9|

b (LR L il |
Enfilronmenital Evéiuat‘xm Group
‘ Report 10
n Of‘Sft Seledtion Criteria, Considerations
the|Literatune [on the| Deep Disposal of
97..- . 4;1
i NE |
ical| Charactenjz@tion Rﬁ%ort, Waste Isollation
putheastern| NeW Mexico [[SAND 7B-1596, Volumes
xds . Rédio])@'cal Heallth | Review of the| Draft
ment {DOE/ELSEQOZ6-D) Waste TsoTation PiTot
Enerigy,| Augysg| 1979.
w Comments ¢n|the Repont | of the Steering
hcd Criteria |TQF the Wdste Isblation Pilot
1 | |
‘ ated [Radiatfign|Doses Fm&m Deposition of
Mate: hefiica rapspdirtation/Accidents Involving
W /[Wastes, vemger] 1980.
| || Cons: s for Radiojdgikal Hazdrd Assessment of
| or il ng ield‘ n pandlany 1/7-18, 1980, April [1980.
t i | ite and Viclinify (Geolpgical Field Trip. A
: F | b [the| Proposell [Wglste Isolation Pilot Plant
Project|[id Sbufheaktiern New Mexico, Jiune|[1d to T#, 1980, November
58[)‘ | ‘ '_‘ : ‘} .
A i ‘ |
‘Wofsy, [Chtia}||| Thel Qignifgilcance of CePtan Rustler|Aquifer Parameters
fEr Prediqting| LonkHTerm [Radiation Dokés [Friom WIHP, September T980.
i bieglerl Peters AW Appitaach| to Calcl]atjing Uppr" Bounds on Maxiimum
Individyal Deises Frdm] £ng [Use of Copthmimated Well| Water Following a
WIPP Refibditory BrEdch, Jdptember 108 R
;adiclo mCa1 Heal kév dW of | the Finhl inMironmental Impact Statement
OE/E 026} [ Wagita Tsplfdtian [Pil amtly U. o4 Department of
‘Enerdy, Tnuam/ IE: ) NARE
{ §¢C)n}1nuej an. batk| eotlen)




Estimated Radiation Doses Resulting if an Exploratory Borehole
Penetrates a Pressurized Brine Reservoir Assumed to Exist Below
the WIPP Repository Horizon - A Single Hole Scenario

Environmental Evaluation Group
Environmental Improvement Division
Health and Environment Department
State of New Mexico
P. 0. Box 968
Santa Fe, New Mexico
87504-0968

March 1982



TABLE OF CONTENTS

Page

FOREWORD et i teeenreneeereracecassaneosoesossscsssscsasannsosnsanans 1
INTRODUCfION e |
SUMMARY ....cveenn Cesreesrseeesieetssessanans cesessenaseriaas ceeene 3
BRINE RESERVOTRS .« vve e eeesnneessenseseesnnnesosaneeesennnnens 5
BRINE RESERVOIR WELL-BORE BREACH SCENARIO.uueuveseeessevevensneses 6
RADIAf[ON DOSE CONSEQUENCE ANALYSIS..eeuiceeeeeseccsonsesrosenannas 7/
APPENDICES

A. On-Site Dose Commitments from Inhalation .......ce0ceeeee 9

B. Downwind Dose Commitment from Inhalation and I[ngestion .. 14

C. Bounding Dose Limits - A Specific Activity Model......... 18

REFERENCES LI I B B I Y B L B L I B B I B I I B I B R B R B B BN B R I R B R I I B L L B N B IR R R 20



FORCWORD

The purpose of the Environmental Evaluation Group (EEG) is to conduct an
independent technical evaluation of the potential radiation exposure to people
from the proposed Federal radioactive Waste Isolation Pilot Plant (WIPP) near
Carisbad, in order to protect the public health and safety and ensure that
there 1is minimal environmental degradation. The EEG is part of the
Environmental Improvement Division, a component of the New Mexico Health and
Environment Department -- the agency charged with the primary responsibility
for protecting the health of the citizens of New Mexico.

The Group 1is neither a proponent nor an opponent of WIPP,

Analyses are conducted of available data concerning the proposed site, the
desigﬁ of the repository, its planned operation, and its long-tern stability.
These analyses include assessments of reports issued by the U.S. Department of
Energy (DOE) and its contractors, other Federal agencies and organizations, as
they relate to the potential health, safety and environmental impacts from
WIPP.

The project is funded entirely by the U.S. Department of Energy through
Contract DE-AC04-79AL10752 with the New Mexico Health and Environment

Department. [
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INTRODUCT [ON

A number of pressurized brine reservoirs have been encountered in deep drill

holes which have penetrated the Castile formation of the Permian Basin (Ref. 2).

Although most of these reservoirs appear to be associatad with a “"deformation

front" within about six miles of the Capitan Reef, the Belco exploratory gas well
is about three miles southwest of the center of the WIPP site while the brine

encountered in the deepening of WIPP-12 (1.2 million gallon flow) is only one

mile north of the site center (Figure 1). The relative close proximity of

pressurized brine to the proposed site and the possibility of a potential driving

force beneath the repository horizon has raised some concerns regarding the

lTong-term integrity of the waste repository (Ref. 4).

The Environmenta! Evaluation Group has considered two scenarios in estimating

potential radiation dose consequences which could result from future exploratory

drilling for gas or oil through the sealed repository and into a pressurized

brine reservoir in the Castile horizon approximately 800 feef helow.

]—.

The EEG-11 report (Januaryv1982) addresses a two borehole scenario in which
an exploratory borehole into pressurized brine 15 cenned, plugged and
abandoned. The brine subsequently flows into tho viid spaces of the
repository until the pressures are equalized. A <2cond borehole at some
future time again penetrates the repository allowing brine contaminated with
radionuclides leached from the solid wastes to flow into a five acre holding

pond at the surface.

This report, EEG-15, considers the potential radiavion dose consequences
which could result from an event similar to that wihiich occurred following the
deepening of WIPP-12. The assumption is made that only the cored wastes are
brought to the surface and mixed in a one acre holding pond with the drilling
mud required to penetrate down to the top of the Chastile formation where
pressurized brine is encountered. Although this is similar to scenario 5
addressed in the Final Environmental Impact Statement (Ref. 3) it identifies
the inhalation pathway to be the most critical and nuv the direct aexposure to

a geologist examining core samples.
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SUMMARY

A radiation dose consequence analysis has been performed for a postulated
scenario in which an exploratory gas or oil well-bore penetrates the repository
and intercepts a brine reservoir in the Castile formation. The brine, corings
and drilling mud are contained in a one acre holding pond on the surface. Upon
the completion of drilling activities the dried holding pond area is reclaimed
with a bulldozer to its original topographic conformation. The estimated
radiation bone dose commitments to 1) a bulldozer operator, and 2) a member of a
farm family 500 meters down wind are summarized for three penetration event times
in Table 1.

Table 1. Estimates of bone dose commitments
from postulated brine reservoir

scenario (mrem/50 years)

Penetration Time (a) 100 yrs 400 yrs 1000 yrs

On-site Exposure (b)

CH-TRU Waste 495 475 455
RH-TRU Waste 62 40 38

Off.site Exposure (c)

Inha]atioq

CH-TRU Wastes 3.9-01(d) 3.3(E-01)  3.1(E-01)

RH-TRU Wastes 5.4(E-02) 4.0(E-G2) 3.8(E-02)
Ingestion

CH-TRU Wastes 4.3(E-04) 4.0(E-04) 3,5{(E-04)

RH-TRU Wastes 3.4(E-02) 6.9(E-05) 4.5(E-05)

(a) years after closure

(b) Forty hours occupational exposure to a worker reclaiming dried holding pond
ared.

(¢c) Fifty year dose commitment following a one year intake of radionuciides by a
member of a farm family.

(d) log notation, 3.9(E-01) = 3.9 x 10-°



The highest estimated 50 year bone dose commitment to an individual reclaiming
the contaminated holding pond area was determined to be 590 mrem from the
inhalation of CH-TRU wastes resuspended into the atmosphere at an event time of
100 years post-closure (a). A second dose model using a specific activity
approach is developed in Appendix C for this same individual where an upper 50
year dose commitment of 450 mrem is calculated. Both of these derived estimates
may be compared to the 5800 mrem to bone surfaces which may be expected from

natural background radiation to an individual in the United States over a fifty

year period (Ref. 8).

(a) Although the loss of both active and passive controls is considered a
conservative assumption after 100 years it is consistent with the time frame
used in the FEIS (Ref. 3) and is thus used for comparative nurposes.



BRINE RESERVOIRS

Brine reservoirs are saturated solutions of salt occasionally encountered in
evaporite formations. They are of concern to the rock salt mining industry since
they can pose an occupational hazard to miners, particularly if they contain
gases such as hydrogen sulfide, methane, nitrogen and/or carbon dioxide.

Little is known about the origin and formation of brine reservoirs. The large
natural brines in the Michigan Basin that are of economic importance, and for
which geochemical information is available, are believed to have resulted from a
combfnation of factors: (1) the entrapment of the original sea water in which
the evaporite layers were deposited, and (2) the percolating influx of fresh
water which dissolved some of the soluble beds of salt, gypsum and carbonates
(Ref. 1).

Brine reservoirs have been encountered in both the Salado and Castile formations
of the Upper Delaware Basin. Those in the Salado formation which have been
opened during potash mining operations are relatively small in size (maximum
volume estimated at about 4500 barrels), have not contained gases and are
considered to be only a minor inconvenience to mining operations /‘Ref. 12, p.
16). Those encountered in the Castile formation appear to be much larger and are
under high pressure. Twelve brine reservoirs have been penetrated in the zone
within 12 miles of the proposed WIPP site (Figure 1). Ten of these were under
sufficient pressure so that brine flowed to the surface at initial rates
estimated between 660 and 20,000 barrels per day ( Ref. 12, p. 16). (f these
ten, eight are Tocated within a six mile wide zone bordering the Capitan Reef to
the north., This zone has been referred to as the "deformation front" (Ref. 2).

The brihe reservoir (Belco-Hudson), located three and one half miles southwest of
ERDA #9 at the center of the WIPP site and the one more recently encountered at
WiPP-12 one mile to the north are not associated with the "deformation front".
Based upon the data available from WIPP-12, brine could be present directly below

the repository horizon.



BRINE RESERVOIR WELL-BORE BREACH SCENARIO

General Assumptions

1.

A ten inch diameter exploratory borehole penetrates the repository coring
through either (a) one maximally loaded RH-TRU waste cannister, or (b) two
average and one maximally loaded CH-TRU waste cannisters.

The cored wastes are uniformily distributed in the drilling fluids through

forced circulation as drilling continues.

A pressurized brine reservoir is intercepted in the Castile formation 3250
feet below the surface raising the column of contaminated drilling mixture to

the surface into a holding pond one acre in area and four feet deep.

Although exploratory drilling would most 1ikely continue after this
pressurized brine encounter, radiation dose modeling calculations are pased
upon ceasing operations at this point for maximum dose estimates in thnis

scenario.

Principle Exposure Pathways to Man

1.

On-site contaminaticn

Inhalation of resuspended contaminated soil particles by a bulldozer operator
who spends a total of 40 hours reclaiming the dried holding pond to its
original conformation,

Off-site contamination

Ingestion and inhalation of radionuclides to members of a farm family 500

meters downwind from the reclaimed holding pond.



RADIATION DOSE CONSEQUENCE ANALYSIS

The mathematical development of radiation doses from these two pathways is

given in the appendices. The dose commitments calculated for a repository breach
occurring at times of 100, 400 and 1000 years post-closure are presented in
Tables 2 and 3.

The highest estimated 50 year radiation dose commitment to an individual would
result from the inhalation of CH-TRU waste resuspended into the atmosphere from
the soil surface following reclamation of the dried holding pond. The 590 mrem
maximum bone dose commitment from CHQTRU waste at 100 years is comparable to
about 10% of the radiation dose to bone an individual would be expected to
receive from natural background in the United States over the same 50 year period
(Ref. 8).

Table 2. Estimated bone dose commitments (from inhalation)
to an ‘individual spending forty hours reclaiming a contaminated dried
' holding pond (mrem/50 years).

Penetration Time (years) 100 400 1000

CH-TRU waste

Pu-(total) 475 460 450
Am-241 20. 15 5
TOTAL 495 475 455

RH-TRU waste

Pu-(total) 40 39 38

Am-241 2 1 {a)
Sr-90 20 (a) (a)
TOTAL 62 40 38

(a) less than 1 mrem



Table 3.

Estimated bone dose commitments (from one year's ingestion and

inhalation) to a member of a farm family 500 meters downwind from the

reclaimed holding pond (mrem/50 years).

Penetration time (years) 100 400 1000
a. CH-TRU waste
Inhalation 3.9(E-01)(a) -01) .1(E-01)
Ingestion 4,.3(E-04) .0(E-04) 3.5(E-04)
TOTAL 3.9(E-01) 3.3(E-01) 3.1(E-01)
b. RH-TRU waste
Inhalation (E-02) 4.0(E-02) 3.8(E-02)
Ingestion .4(E-02) 6.9(E-05) 4,5(E-05)
TOTAL 8.8(E-02) 4.0(E-02) 3.8(E-02)

(a) Log notation, 3.9x10-!




APPENDIX A
ON-SITE DOSE COMMITMENTS FROM INHALATION

Primary Contamination: The WIPP Safety Analysis Report (Ref. 15) considered the

direct handling of cored wastes by a geologist to be representative of the
maximum credible exposure (gamma) to an individual member of an exploratery
drilling crew, however, the scenario analyzed in this document considers the
potential radiation dose commitment from inhalation to & bulldczer operator who

reclaims the contaminated dried drilling mud pond area.

I. Specific Assumptions and Parameters

A. A 10 inch well-bore penetrates a 7.9 ft. section (threx stacked
containers) of CH-TRU waste or 2 feet of RH-TRU wéste.

B. The radionuclide concentrations (Ci/liter) of these wastes as a function
of time to 1000 years (Tables A-3 and A-4).

C. Resuspension factor from reclaimed soil surface to air, 5 x 10~/ m-!,
based upon mechanical disturbance (Ref. 9).

D. A bulidozer operator spends a total of 40 hours reclaiming the dried
‘holding pond area.

E. The dried contents of holding pond (including cored radinactive wastes)
are uniformly mixed with surrounding backfill in a one acre pond 4 feet
deep. |

F. Depth of soil which can resuspend to the atmosphere, lcm.

G. Occupational breathing rate, 1.2m%/nr (Ref. 10}.

H. Inhalation dose conversion factors (DCF), 50 year dose commitment from a

single intake (Ref. 6).

11. Transport Kinetics to Man

A. Quantity of radionuclides cored and brought to the surface holding poad,

Qi (Ci)
Qy = kznr?Cp ' Fq. A-1
Where: )
k = conversion factor, 28.3 liters/ft?
z = thickness of waste containers cored, ft.
r = radius of drill, 0.42 ft.

9



Cr = concentration of specific radionuciides in RH and CH-TRU waste

(from tables A-3 and A-4.)

Table A-1. Quantity of cored waste brought to the surface used in estimating

radiation dose commitments from

inhalation, Qi (Ci)

Penetration Time {years) 100 400 1000
CH-TRU waste Curies
Pu (total) 3.12 3.0C 2.9
Am-241 0.45 0.30 0.11
RH-TRU Waste » Curies
Pu (total) 0.41 0.40 0.38
Am-241 0.06 0.04 0.02
Sr-90 30.0 - -

B. Mobile surface contamination of nuclide, i, ovver 1 acre area (4 x

10°m%) and 1 cm. in depth.

Where:

wj= surface contamination, Ci /m?
A = surface area contiminated, 4 x 10° m
f = fraction of contaminated soil depth assumed to be mobile to wind

2

transport, 1 cm/121 cm = 0.008
C. Radionuclide intake from inhalation following 40 hours' exposure,

Iy = w(Ci/mZ) 5 x 107 a-! x 1.2m3/hr X 4G hrs

D. Fifty year bona dose commitment from one year's inhalat:

i, Dy {mrem)

Dj = (13) (DCF) (10'7)

Where:

(Ea.

A-3)

I;
i

(Eg. A=)

(Eg.

of nuclide

he5)

DCF = 50 year integrated dose conversion fector Tur nuclide 1,
(mrem/pCi, from table B-1)
1012 = conversion factor from curies to picocuries {pCi/Ci)

10



APPENDIX A

ON-SITE DOSE COMMITMENTS FROM INHALATION

Primary Contamination: The WIPP Safety Analysis Report {Ref. 15) considered the

direct handling of cored wastes by a geologist to be representative of the

maximum credible exposure (gamma) to an individual member of an exploratory

drilling crew, however, the scenario analyzed in this document considers the

potential radiation dose commitment from inhalation to a bulldozer operator who

reclaims the contaminated dried drilling mud pond area.

[. Specific Assumptions and Parameters

A. A 10 inch well-bore penetrates a 7.9 ft. section (thre:z stacked
containers) of CH-TRU waste or 2 feet of RH-TRU waste.

B. The radionuclide concentrations (Ci/liter) of these wastes as a function
of time to 1000 years (Tables A-3 and A-4).

C. Resuspension factor from reclaimed soil surface to air, 5 x 10-7 m‘l,
based upon mechanical disturbance (Ref. 9).

D. A bulidozer operator spends a total of 40 hours reclaiming the dried
‘holding pond area.

E. The dried contents of holding pond (including cored radinactive wastes)
are uniformly mixed with surrounding backfill in a one acre pond 4 feet
deep. |

F. Depth of soil which can resuspend to the atmosphere, lcm.

'G. Occupational breathing rate, 1.2m°/nr (Ref. 10).

Inhalation dose conversion factors (DCF), 50 year dose commitment from a

single intake (Ref. 6).

{i. Transport Kinetics to Man
A. Quantity of radionuclides cored and brought to the surface holding pond,

Qi (Ci)

Q; = kznr?Cp ' Fq. A-l
Where:
k = conversion factor, 28.3 Hters/ft3
z = thickness of waste containers cored, fi.

r = radius of drill, 0.42 ft.
9



Cr = concentration of specific radionuclides in RH and CH-TRU waste
(from tables A-3 and A-4.)

Table A-1. Quantity of cored waste brought to the surface used in estimating
radiation dose commitments from inhalation, Qi (Ci)

Penetration Time (years) 100 400 1000
CH-TRU waste Curies
Pu (total) 3.12 3.0C 2.9
Am-241 0.45 0.30 0.11
RH-TRU Waste _ Curies
Pu (total) 0.41 0.40 0.38
Amn-241 0.06 0.04 0.02
Sr-90 30.0 - -

B. Mobile surface contamination of nuclide, i, over 1 acre area (4 x
10°0%) and 1 cm. in depth.

£XQ; (Eg. A-3)
A

Wi

Where:
wj= surface contamination, Ci/m?
A = surface area contiminated, 4 x 103 m?
f = fraction of contaminated soil depth assumed to be mobile to wind
transport, 1 cm/121 cm = 0.008

C. Radionuclide intake from inhalation following 40 hours' exposure, I; (C1)
I = m(Ci/mz) 5 x 107 @t x 1.2m3/hr x 40 hrs (Eg. A-4)

D. Fifty year bone dose commitment from one year's inhalation, of nuciide

i, Dy {mrem)

Di = (13) (DCF) (10%?) (Eg. A-5)
Where:
DCF = 50 yedar integrated dose conversion fector Tur nuclide 1,
(mrem/pCi, from table B-1)
1012 = conversion factor from curies to picocuries {pli/Ci)

10



II1. Radiation Bone Dose Estimates from On-site Contamination (Inhalation)

Table A-2. Radiation dose commitment estimates to an individual reclaiming

the contaminated dried holding pond area (mrem/50 years).

Penetration Time (years) 100 400 1000
CH-TRU waste
Pu-(total) 475 460 450
Am-241 20 15 5
Total 475 475 455
- RH-TRU waste
Pu-(total) 40 39 38
Am-241 2 1 {a)
Sr-90 20 (a) (a)
Total 62 10 38

(a) Less than 1 mrem

11
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Table A-3(2)
Maximum Radionuclide Concentrations in RH-Waste Container Used in Dose Estimates

(Ci/liter)

Nuclide Half-life (yrs) 100 yrs 250 yrs 400 yrs 1,000 yrs
Sr-90 28 0.95 2.3 x 10-2 5.4 x 10-" (c)

Y-90 28 (b) 0.95 2.3 x 10-2 5.4 x 10-* -
Cs-137 30 5.8 x 10-3 1.8 x 10-" 5.6 x 10-° -
An-241 , 460 1.9 x 10-3 1.5 x 10-3 1.2 x 1073 4.5 x 10-"
Pu-238 86 4.4 x 10-* 1.3 x 10-* 3.9 x 10-° 3.8 x 10-7
Pu-239 2.4 x 10" 1.0 x 10-2 1.0 x 10-2 1.0 x 10-2 9.9 x 10-3
Pu-240 6.6 x 103 2.4 x 10-3 2.4 x 10-3 2.4 x 10-3 2.2 x 10-3
Pu-241 13 1.3 x 10-3 4.3 x 10-7 1.4 x 10-1° -
Pu (total) (d) - 1.3 x 10-2 1.2 x 10-2 1.2 x 102 1.2 x 10-2

[+ 3]

This data is derived from information contained in Table 3.1-4 of Ref. 15.
Short-lived daughter in equilibrium with Sr-90
Radicactivity reduced by decay to negligible amounts

—— —— ——— ———
a 0o
L e )

Except Pu-24]1 beta emitter.




el

Table A-4{a) 7
Maximum Radionuclide Concentrations in CH-Waste Container Used in Dose Estimates

(ci/liter)(b)

NucTide Half-life (yrs.) 100 yrs 250 yrs 400 yrs 1,000 yrs.
Am-241 460 1.0 x 10-2 8.2 x 10-3 6.6 x 10-° 2.5 x 10-3
Pu-238 86 2.4 x 10-3 7.2 x 10-* 2.2 x 10-" 2.1 x 10-°
Pu-239 2.4 x 10" 5.5 x 10-2 5.5 x 10-2 5.5 x 10-2 5.4 x 10-2
Pu~240 6.6 x 10° 1.3 x 10-2 1.3 x 10-2 1.3 x 10-2 1.2 x 10-2
Pu-241 13 7.0 x 10-3 2.35 x 10-°

Pu {total) (c) - 7.0 x 10-? 6.9 x 10-2 6.8 x 102 6.6 x 102

(a) This data is drived from information in Table 3.1-2 of Ref. 15.

(b) Concentrations in average loaded containers are 0.04 of these values

(c) Except Pu-241 beta emitter



APPENDIX B

DOWNWIND DOSE COMMITMENT FROM INHALATION AND INGESTION

Secondary Contamination - In order to estimate potential off-site radiation doses
to people, it is assumed that a family crop farming operation is located 500

meters downwind from the site of primary contamination in the recltaimed holding
pond area. The soil surface is subject to wind erosion, and the downwind
transport of radionuclides and the short-term (several years) equilibrium
concentrations in the atmosphere and edible crops are calculated. These
concentrations are converted to fifty year dose commitments to an individual

based upon one year's intake.

I. Environmental Transport Kinetics and Specific Assumptions

A. Downwind radionuclide transport rate, Q
Qi = pdgA Cg Ar (10") Eq. B-1

Where:
Qi = source term, Ci/sec
p = so0il density, 1.6 g/cm3
dy = depth of soil profiie which may be removed by wind erosion, 1 cm,
A" = area of primary contamination, one acre (400Um")
Ar = soil particle resuspension rate, 10-!! sec-! (Ref. 13)
= average radionuclide concentration in dry dry soil assuming equal
distribution of cored wastes, mud and backfill in one acre ponding

area four feet deep, Ci/g

10* = conversion from m to cm 2

B. Downwind radionuciide concentration in the atwosphere over farw, x;
o= () (2 Eq. B-2
Xi i 6— ~q . :

Where:
xj = radionuclide concentration in air, Ci /m®

Qi = radionuclide source term, Ci/sec

14



x/Q = Estimated atmospheric dilution factor 500 meters downwind,
3x10~° sec/m® (Ref. 7)

C. Equilibrium radionuclide concentration on crops and soil surface, wj

(Ref. 7)
wi = (xi)(Vd) Eq. B-3
Ae
Where:
wj = areal surface contamination of radionuclides, Ci/m2
xj = radionuclide concentrations in air, Ci/m3
V¢ = dry deposition velocity of atmospheric particulates onto soil
and vegetative surfaces, 10-2 m/sec (Ref. 13, 14)
Ae = effective removal rate of radionuclides deposited on above

ground crop surfaces. Based upon a 14 day effective

residence time, 5.8 x 10-° sec.-!l.

II. Radionuclide Uptake into Member of a Farm Family from One Year Exposure,

Curies
A. From inhalation:

Qi = (xi) (B.R.) Eq. B-4

Where:

Qi radionuclide body burden resulting from inhalation from one

i

years residency on farm, Ci
i = Average annual air concentration of radionuclides, Ci/m*
B.R. Annual breathing rate, 8000m° (Ref. 11)

it

B. From Ingestion:

Qi = (wi) (IR) Eq. B-5

Where:
N; = radionuclide body burden resulting from ingesting farm crops

over an eight month growing season.

15



areal concentration of radionuclides on crops, Ci/m?

wj =

IR = daily ingestion rate of leafy vegetables crops, 0.18Kg (Ref.
11)

D = areal density of crops, 2kg/m? (Ref. 11)

C. Fifty year bone dose commitment from oneé year's intake (mrem/50 years)
(Resulting dose commitments are shown in Table B-2.)

D (mrem) = Qj x DCF «x 1007 Eq. B-6
Where:
Qj = Radionuclide intake in one year.
DCF = Dose Commitment Factor. (Table B-1)
10'2 = Conversion factor from Ci to pCi.

Table B-1. Fifty year adult bone dose
commitment factors (DCF)
mrem/pCi (Ref. 6).

Nuclides Inhalation Ingestion
Fu(total) 3.2 7.9 x 10~
Am-241 1.0 8.2 x 10-"
<r-90 0.012 7.6 x 10-*

16



Table B-2. Fifty year bone dose commitment to a member of a farm family from (a)

inhalation and (b) ingestion (mrem/50 years)

Penetration time (years) 100 400 1000
a. Inhalation
CH-TRU waste
Pu-(total) -01)(9) . -01) 3.1(E-01)
Am-241 5(E-02) . -02) 3.8(E-03)
TOTAL 3.9(E-01) 3.3(E-01) 3.1(E-01)
RH-TRU waste
Pu-(total) 4.1(E-02) 3.9(E-02) 3.8(E-02)
Am-241 2.0(E-03) 1.3(E-03) 5.0(E-04)
Sr-90 1.1(E-02) 6.6(E-05) (b)_
TOTAL 5.4(E-02) 4.0(E-02) 3.8(E-02)
b. Ingestion
CH-TRU waste
Pu-(total) 3.7(E-04) 3.6(E-04) 3.4(E-04)
Am-241 5.6(E-05) 3.7(E-05) 1.4(E-05)
TOTAL 4.3(E-04) 4.0(E-04) 3.5(E-04)
RH-TRU waste
Pu-(total) 4,6(E-05) 4,4(E-05) 4.3(E-05)
Am-241 7.4(E-06) 4.9(E-06) 1.8(E-06)
Sr-90 3.4(E-02) 2.0(E-05) (b)
TOTAL 3.4(E-02) 6.9(E-05) 4,5(E-05)

(a) Log notation, E-01 = 10-!
(b) Less than 10-% mrenm
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APPENDIX C
BOUNDING DOSE LIMITS - A SPECIFIC ACTIVITY MODEL

Radiation conseguance analyses using deterministic modeling techniques, in the
absence of site specific data, must rely upon input parameters determined
elsewhere and published in the literature. Micrometeorological parameters such
as resuspension factors may vary by several orders of magnitude depending upon
soil moisture content, vegetative cover, average wind velocity, etc.; it is
important, therefore, tc define some upper bounding dose limits which are
unlikely to be exceeded, based upon the specific activity of the radionuclides
(Ci/g) in the environmental media being considered.

In the case of a well drilling operation, the continuous circulation of drilling
mud used for cooling and removing the cored material to the surface would dilute
the specific activity of this waste to a fraction of what it was in the

repository.

The most conservative dose assessment analysis which may be made in this scenario
is to utilize a mass loading concept in which it is assumed that the specific
activity of resuspended radionuclides in atmospheric particulates is the same as
that in the dried and reclaimed holding pond. Although these may be unrealistic
upper limit assumptions, it does provide some boundary conditions upon which to

base maximum dose assessments.

[. Specific Assumptions and Parameters

A. Atmospheric particulate concentration in respirable size range above
3

dried holding pond during reclaimation, 30 x 10-° g/m
B. Density of drilling mud, 1.76g/cm3
C. Volume of fluid in a 10 inch borehole 3250 feet deep (into Castile),
5x107 cm?
D. Total dry weight of clay fraction in column of drilling mud, 3.8x107g
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Table C-1. Specific activity of
radionuclides in dried
mud pond (100 years)

CH-TRU Waste Ci/g
Pu (total) 9.2 x 10-8
Am-241 1.2 x 10-8

RH-TRU Waste

Pu (total) 1.2 x 10-8
Am=241 1.6 x 10~2
Sr-90 7.9 x 10~7

Table C-2. Fifty year dosé commitment
from forty hour inhalation
(100 years)

CH-TRU Waste mrem
Pu (total) 420
Am-241 30
Total 450

RH-TRU Waste

Pu (total) 55
Am-241 4
Sr-90

Total 60
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