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ABSTRACT

A comparison study is performed on dose assessment programs including DOSE, LIM-
CAL, and PABLM, DOSE is a program developed for preliminary safety assessments of
the low- and intermediate- level radioactive waste disposal, and the others are existing
programs applicable to similar calculations. The results show acceptable agreement within
an order of magnitude(mrem/yr) except for C-14 and Pu-239. PABLM results higher dose
for C-14 while lower value for Pu-239 in comparison with those from DOSE or LIMCAL.
It is found that the discrepancy in C-14 is due to difference in transport model introduced
and that in Pu-239 is from the different value of dose conversion factor to each program.
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INTRODUCTION

For preliminary safety assessment of the low-
and intermediate- level radioactive waste disposal,
a program named DOSE is developed to evaluate
radiation dose through biosphere transport of ra-
dionuclides. DOSE adopts the models proposed
in Reguratory Guide 1.109(1) by the U. S. NRC.
The radiation exposure pathways considered in
DOSE are potable water, aquatic foods, vegetable
and crops, and animal products. In this context,
this study is intended to check the reliablity of
the program through a comparison with other
programs being used. The selected programs for
comparison are LIMCAL(2) and PABLM(3). The
computer program LIMCAL was developed by the
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AECL, Canada to assess the radiological effects
to neighbors through food chains due to the radio-
nuclides released into biosphere from waste repo-
sitory constructed in underground host rock. The
computer program PABLM was originally develo-
ped by the PNL(Pacific Northwest Laboratory),
U. S. A. and intended to evaluate the internal
and external radiation dose to neighbors due to
the radionuclides released into surrounding envi-
ronment from nuclear facilities, and later modified
by the ONWI(Office of Nuclear Waste Isolation)
to calculate the radiation dose from radioactive
waste disposal.

The models and equations corresponding to

‘PABLM and LIMCAL were given in Appendix.
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MATHEMATICAL MODEL

The mathematical models used in the computer
program DOSE to estimate the radiation dose to
man from each pathway are as follows :

1) Potable water

The annual internal dose from drinking of con-

taminated water is given by

R‘“’:‘:ME-FU—HL Z Qi Day exp(-Ai tp) €))

2) Aquatic foods

The annual internal dose from consumption of
aquatic foods from the contaminated river is cal-
culated by

M Uap
R, =—pT—-Z Qi By Daii exp-h &)

Pl

(@

3) Vegetable and Crops
The annual internal dose from consumption of

vegetable and crops irrigated by contaminated
water is

R:lpj= Uapz Ci\- Daipj (3)

where

r-(1-exp(-Aa tJ)

Civzciw I Y\, )\e;

f; B;\-[l-exp(-k; ts))
+
PA
Xexp(-Ai ) (4

for all nuclides except trituim  and

Co=Ci, for trituim. )

4) Animal products

The annual internal dose from consumption of
animal foods such as meat or milk from the ani-
mals that are grown by contaminated feed and
forage is

Rapi=UapZ Ci Duy; ®

where
Cu=Fa EC;( Qi+ Can Qaw], ¢))

for all nuclides except trituim and

Cu=Fi Gy (Q+Q,) for trituim (&

SAMPLE CALCULATION
AND DISCUSSION

The radiation internal exposure pathways in
the comparison are potable water, aquatic foods,
vegetable and crops, and animal products. Howe-
ver, salt-water is not considered in aquatic foods
and external exposure pathways. The radionucli-
des selected for comparison are H-3, C-14, Ni-59,
Tc-99, 1-129, Cs-135, and Pu-239, which are consi-
dered important nuclides for the safety assess-
ment of low- and intermediate- level radioactive
wastes. Since the repository site has not been
determined, nominal values of release rates of
the radionuclide into surface water body, mixing
ratio, and ground water and surface water flow
rate are assumed. The input parameters summa-
rized in Table 1 are from Reg. Guide 1.109. Only
the whole body doses for adult group are conside-
red in this paper.

The doses from different pathways and total
dose for all pathways calculated by the three com-
puter programs are shown in Table 2 to 5 and
in Figure 1. The results for the total dose agree
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Table 1. The values of input parameters used in the comparsion.
PATHWAY PARAMETER DATA
Q Release Rate of nuclide i 1X10" (pci/yr)
M, Mixing ratio 2.7X10° (dimensionless)
F Ground water flow rate 1X10° (L/yr)
Usp Food type (kg/yr)or(L/yr)
1. Fruits and vegetables 190
2. Milk 110)
3. Meat & poultry 95
4. Fish 6.9
5. Drinking water 370
Drinking tp Environmental transit time 1.37X10°% (yr)
Water
Aquatic t, Environmental transit time 2.74X10° (yr)
Foods
r Interception fraction 0.25
(for iodine) 0.1
Vegetable Vo Agricultural productivity 2.0 (kg/m®
and f; Fraction of year that crops 0.75
Crops are irrigated
te Period of crop leafy vegetable, 1.64X 10 (yr)
or pasture grass exposure during
growing season (yr)
ts Period of long-term build up 15 {yr)
for activity in sediment or soil
P Effective surface density of soil 240 {kg/m?»
th Hold time 274X10° | (yr)
I Average irrigation rate 100 (L/m*/yr)
Animal Y, Agricultural productivity 0.7 (kg/m?)
Products (Grass-cow-milk-man)
t. Same to vegetable 821X 102 (yr)
th Ingestion of forage animals 0 (yr)
-. for stored feed 246X 10"
Q Anmal’s feed or forage (kg/d)
consumption rate
-. Milk Cow 50
-. Beef Cattle 50
Qs Animal's water consumption rate (1/d)
-. Milk Cow 60

-. Beef Cattle

50
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Table 2. Calculated doses for potable water pa- Table 3. Calculated doses for aquatic pathway

thway(mrem/yr). (mrem/yr).

Nuclide | DOSE | LIMCAL | PABLM Nuclide | DOSE | LIMCAL | PABLM
H-3 0.11E-2 | 011E-2 | 067E-2 H-3 020E-4 | 021E4 | O11E-4
C-14 058E-2 | 058E-2 | 062E-2 C-14 | 064E+0 | 065E+0 | 053+0
Ni-59 | 017E-1 | 017E-1 | 062E-2 Ni-59 | 035E-1 | 036E-1 | 0.58E-2

Tc99 | 090E-4 | 090E4 | 040E-3 Tc99 | 026E-4 | 026E-4 | 0.16E-3
1120 | 093E-1 | 093E-1 | 053E-1 1129 | 027E-1 | 030E-1 | 0.19E-1
Cs-135 | 080E-1 | 081E-1 | 049E-1 Cs135 | 0.32E+1 | 0.32E+1 | 0.20E+1
Pu-239 | 019E+0 | 0.19E+0 | 0.17E-2 Pu-239 | 065E-1 | 0.73E-1 | 0.16E-3

Table 4. Calculated doses for vegetable and Table 5. Calculated doses for animal products

crops pathway(mrem/yr) pathway(mrem/yr).

Nuclide | DOSE | LIMCAL | PABLM Nuclide | DOSE | LIMCAL | PABLM
H-3 0.55E-3 | 0.84E-2 | 048E-3 H-3 0.68E-3 | 052E-2 | 043E-3
C-14 0.78E-1 0.77E-1 | 042E+2 C-14 0.94E-1 090E-1 | 061E+2
Ni-59 0.62E-2 | 076E-3 | 0.20E-2 Ni-59 034E-1 | 0.15E-1 | 025E-2
Tc-99 0.84E-4 | 054E-4 | 0.37E-3 Tc-99 0.18E-2 | 0.11E-2 | 031E-2
1-129 013E+0 | 045E-2 | 043E-1 1-129 0.88E2 | 0.11E-2 | 0.31E-2
Cs-135 | 029E-1 | 020E-2 | 0.35E-1 Cs-135 | 051E-1 | 023E-1 | 0.15E-1
Pu239 | 065E-1 | 0.12E-2 | 0.15E-2 Pu-239 | 013E-2 | 053E-3 | 0.64E-5
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Fig. 1. The Comparison of Total Dose Rate(mrem/yr).:
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by about an order of magnitude except for C-14
and Pu-239. In PABLM, C-14 is considered as
a special nuclide and it is conservatively assumed
that plants receive all the carbon in the irrigation
water. Such an assumption could lead to overesti-
mate concentration of C-14 in plant and result
in radiation doses considerably higher than those
by other models in DOSE and LIMCAL. The resu-
Its of total dose for Pu-239 is lower by about two
order of magnitude than value calculated in DOSE
and LIMCAL. This is due to the differences in
dose conversion factors used in these three prog-
rams. Namely, the dose conversion factors in
DOSE and LIMCAL are given as input data, but
in PABLM, they are determined specifically as
shown in appendix using the input data represen-
ted in Table 6. Here, the dose conversion factors
calculated in PABLM for Pu-239 and Ni-59 are
2.121X107 mrem/pci and 2.73X 107 mrem/pci re-
spectively. These differ considerably from 1.191
X10® mrem/pci for Pu-239 and 1.63X10°
mrem/pci for Ni-59 used in DOSE and LIMCAL.

In the result of the nuclides which based on
DOSE, C-14 show high in vegetable and crops
pathway and animal products pathway in PABLM.
The reason was already mentioned above. Doses
from Ni-59, except for the case of vegetable and
crops pathway, are relatively low due to dose con-
version factor (lower about an order of magni-
tude) used in PABLM. The calculated doses by
LIMCAL for vegetable and crops pathway are lo-
wer for 1-129, Cs-135, and Pu-239 than those by
DOSE. This is due to the following aspects. In
DOSE and PABLM, to estimate the contribution
of direct deposition to the radionuclide concentra-
tion in the edible pérts of plants, the transfer of
radionuclides from irrigated water to plants th-
rough water deposited on leaves is considered,
while LIMCAL considers the much smaller dry
deposition of resuspended radionuclides on leaves

pathway. For H-3, the dose by LIMCAL in vegeta-
ble and crops pathway is higher than that by
DOSE. This is due to the facts that the concentra-
tion in plants in LIMCAL is higher than those
in DOSE, which is considered as a special nuclide
and assumed to be equal to that in irrigated water.
Pu-239 in PABLM is lower in vegetable and crops
and animal products than DOSE and LIMCAL
since dose conversion factor used to be low.

CONCLUSION

For the validation of a dose assessment code,
DOSE developed for preliminary safety assess-
ment of the low- and intermediate- level radioac-
tive waste repository, sample calculations were
made and the results of calculation were compa-
red with those by LIMCAL, and PABLM. The
results show acceptable agreements by about an
order of magnitude except for the discrepancies
arising from difference in the dose conversion
factors for some particular nuclides such as Pu-
239 and in the modeling of special nuclides such
as C-14. The systematic research of C-14 deposi-
tion rate in the plant and dose conversion factors
are required as a future work.
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Table 6. The input data used in dose conversion factor( Dy, )

H-3 C-14 Ni-59 - Tc-99 1-129 Cs-135 Pu-239
fui 1.0 10 0.3 0.5 1.0 1.0 3X10%
gl 58X10° 54X10° 7.7X10°% 9.5X10? 8.7X10* 6.6X10* 53
TRi 123 5.7X10° 7.4X10* 2.1X10° 1.6 X107 2.3X10° 24X10*
TBi 2.7X10° 2.74X10? 1.827 2.7X103 2.7X10? 3.2X10? 1.8X10°
M;j 7.0X10* 7.0X10* 7.0X10* 7.0X10* 7.0X10* 7.0X10* 7.0X10*
cumulated Radiation Doses from Radionuclides Ruy= [U,,,Z (Ci+Cy) Duyy) v

in the Environment, PNL-3209(1980).

Appendix : Mathematical Models of
LIMCAL and PABLM

LIMCAL

1) Potable water
The annual internal dose from ingestion of
comtaminated water is

M,

U,
Rapj= F Z exp(-}\,i tp ) Qi Dnipj (9)

2) Aquatic foods
The annual internal dose from consumption

of aquatic foods from the contaminated fresh
water is

M, U,
Rapi = F

Z B, exp(-Ai t,)Qi Duy;
(10)

3) Vegetable and Crops
The annual internal dose from consumption
of Vegetable and crops irrigated by contamina-
ted water is

Here, the radionuclide concentrations in edible
portion of Vegetable and crops from root uptakes
radionuclides, Cir, and from air deposition of ra-
dionuclides on léaf, Cil are given as follows

* Root pathway

Cv=(SD; By, exp(-hi 1) (12)

* Leaf pathway

an [d;a {rj (l-EXp(-Aei tej)} /(Yj A‘el)

exp(-A, th) s

Using the reéuspension factor, the annual average
concentration of a radionuclide at a reference hei-
ght of 1 to 1.5m ACi(pCi/m®) is given by :

AC=S8D; SSD SBD K (19

The dry deposition rate of a radionuclide from
air, d. is given by

du=AC; Vu (15)

4) Animal products
The annual internal dose from consumption
of animal foods that are grown by contamina-
ted feed and forage is
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Rapj'::UapZ Ca D.y (16)
The radionuclide concentration in animal foods

is given by :

Cia = Fia [ (Cir+ Ci!) Q[+ Ciaw Qaw] [17]

PABLM

Accumulated radiation dose AR.; to man from
radionucides in the environment is

noof yrs

ARy = Z Cip(t) Usp Dijp(t) (18)

The equation for committed radiation dose equi-
valent per picocurie per year ingested, Dy for
organ j, for an arbitrary period following ingestion
for a period Ti is:

- Fuigy et
Dijp—0.0187m’rl Aot g2 — o2t (19)

radionuclide concentration in the medium of each
pathway is given as follow :

1) Potable water

F (20)

2) Aquatic foods
Ci=Ciw Bip 21)

3) Vegetable and Crops

For all radionuclides except trituim and C-
14

C,=(Cut+Cilexp(-hi t) (22)
i) concentration of radionuclides from direct
deposition, Cu
Co=d.. T l-exp(-ks te))/AaY.

d=Cy I (23)

ii) concentration of radionuclides from root
uptake, Ci
Ci=0Ci. Biw/P
where

Cis= d.-(l-exp( D I (24)

* Concentration of tritium in vegetation, Ch,

Ch‘::g Chw. Fh\' (25)

* Concentration of “C in vegetation, Cy, o

Cuey = Cuew Fu (26)

where,

c _ C-14 concentration in irrigated water(pci/l)
Yov™

carbon concentration in irrigated water
(kg/D
4) Animal Products

* For all nuclides except trituim and C- 14

C.=FulCi Q+Cin Qu) (27)

+ Concentration of tritium in the animal
products, C,

__{ Cu Qi Craw Qaw\l
" FuQrQus)

Fra (28)
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+ Concentration of “C in the animal pro-
ducts, Cy o

( Cuet Qr+ Cuuaw Quw ]F., (29

Ca R QP @

Total annual dose to man is calculated by the
summation of the internal doses from all pathways
mentioned above.

Ri= 2 % Rup (30)

Nomenclature

By : equilibrium Bioaccumulation factor for nu-
clide i in pathway p(L/Kg)

B concentration factor for uptake of nuclide
i from soil by edible parts of crop(veg/soil)

Cwe  * concentration of tritium in feed or forage
(pCi/kg)

Cw  concentration of tritium in the environme-
ntal water(pCi/L)

Chw - concentration of tritium in animal drinking
water(pCi/L)

Ca  : concentration of nuclide i in animal pro-
duct(pCi/kg)

Ciaw  concentration of nuclide i in water consu-
med by animals(pCi/L)

Ci * concentration of nuclide i in feed and fo-
rage(pCi/kg)

Ci  ° concentration of nuclide i in aquatic food
(pCi/kg)

Cy  * concentration of nuclide i in the medium
of pathway p at time t(pCi/kg, pCi/L, pCi/m?)

Cs  : concentration of nuclide i in soil(pCi/kg)

G concentration of nuclide i in vegetable and
crops(pCi/kg)

Ciw  : concentration of nuclide i in water(pCi/I)

D.,; - dose factor, specific to a given age group
a, nuclide i, pathway p, and organ j(mrem
/pCi)

Dy - dose commitment factor for organ j from
nuclide i through pathway p(rem/pCi)

di ! deposition rate of nuclide i(pCi/m?® per hr)

di. - dry deposition rate of nuclide: i from air
(pCi/m? per day)

F  Isurface water flow rate(/yr)

Fa : fraction of carbon in animal product

Fw : fraction of hydrogen in animal product

F« : fraction of carbon in feed or forage

Fu : fraction of hvdrogen in animal feed

f.  : fraction of year that crops are irrigated(di-
mensionless)

F. ! transfer coefficient of stable element(d/l or
d/kg)

F.. : fraction of carbon in total vegetable

F.. : fraction of hydrogen in total vegetable

Fo - fraction of carbon in water

Fuy ° the fraction of radionuclide i ingested rea-
ching the organ j

I - the average irrigation rate, during the gro-
wing season(L/m?/mon)

K resuspension factor(pCi/m® per pCi/m®)

M; ‘the effective mass of organ j, grams. organ
masses used in PABLM are those taken from
ICRP-23

M, -+ mixing ratio{dimensionless)

P : effective surface density for soil(kg/m?)

Q. : animal water consumption rate(L/day)

Q: . animal feed and forage consumption rate
(kg/day)

Q  : release rate of nuclide i into surface water

body(pCi/yr)

- fraction of deposited activity retained on

Lo

crops(dimensionless)
r; . interception fraction of vegetation for nuc-
lide deposited in air(dimensionless)



Hee-Seoung Park, et al.: Conparison of Dose Assessment Programs;DOSE, LIMCAL and PABLM 51

R.; - annual dose to organ j of an individual
of age group a via pathway p(mrem/yr)

SBD : soil bulk density(kg/m?)

SD; ! averge annual soil concentration of nuclide
i(pCi/kg)

ts - period of time for while soil is exposed
to the contaminated water(yr)

TBi : biological half-time(yr)

te . time period that crops are exposed to con-
taminated during the growing season(yr)

t; - time of above-ground exposure of vegeta-
tion during the growing season(yr)

t= - holdup time(yr)

t, - averge transit time(yr)

TR; : radiological half-time(yr)

T. - factor for translocation of externally depo-
sited radionuclides to edible parts of plants
(dimensionless)

T, : the intake time, taken to be 1 year in
PABLM

T:

U,

Vdi

Y,
&j

A

Aei

A
p-

: time over which dose is accumulated(yrs),
assumed to be 1 year

. usage factor for an individual of age group

associated with pathway p(L/yr or kg/yr)
* dry deposition velocity of nuclide i from
air(m/yr)

* agricultural productivity(kg/m?)

: the effective decay energy of radionuclide
i in organ j, MeV per disintegration.

: the effective removal half-time, related to
the biological half-time, TB;, and the radiolo-
gical half-time, TR;, as

0.693(TR;+ TB)
TR:XTB;

ears’

. effective remokal rate constant for nuclide

i from crops(yr")
= )\ri + }\-w

! decay constant of nuclide i(yr")
: the removal rate constant for physical loss
by weathering(yr")
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