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Development of a Simplified Source Term Estimation Model
for a Spent Fuel from Westinghouse-type Reactors
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Abstract

There are 11,811 LWR spent fuels stored at reactor sites, as of 2009. Source terms based on reference spent
fuel which represents entire spent fuels with bounding values in the aspect of source term has been applied to a
design of nuclear installations, instead of those which are generated by weighting respective source term for
each spent fuel. Simplified regression models to estimate total decay heat, radioactivity, and ingestion hazard
index for spent fuel from Westinghouse-type reactors were developed in this study, because it can be used as a
fundamental model for weighting source term for respective spent fuel to exclude conservativeness in source
terms. It was found that the estimated source terms agreed with calculated value from ORIGEN-ARP within 5%.
It was also found that the conservativeness could be excluded if the weight source terms were used as reference
source term in the design. Therefore, it is expected that the developed regression model could be widely used in

the conceptual design process of nuclear facilities related with storage and disposal of spent nuclear fuel.
Key words : spent nuclear fuel, source term, discharge burnup, regression model, disposal system design.
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Fig. 1. Relation between initial enrichment and discharge burnup
for spent fuels from Westinghouse-type reactors.
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Table 1. Regression model and coefficients for decay heat.

Vol. 8(3), p.239-245 Sept. 2010.

Category Time [years] Equation Constant
v0 = 4.908966E+02
o ] i) o ] i) o i) Al =7.679070E+03, t1 = 1,797920E+00
1~30 t £, t
s a=y,tA e " +Ay;ce VA0 VT A2=1,045528E+03, 12 = 2,488088E+01
A3 =1,322184E+04, 13 = 8,543600E-01
a Fitting ( . J ( . ) y0 = 4,490509E+01
20) - \E s = 56F = 4 379 2
30 ~ 300 @ = vy tAjre VA, e VB Al =1,132256E+03, tl = 4.379002E+01
A2 =2 034482E+02, 2 = 3,939357E+02
300 ~ 106 a = a-x? a = 8.533352E+03, b = -7.193700E-01
y0 =17.23509, x0 =0.23599
Al =1102.09085, t1=1,29539
1~300 ; =
A2 = 298,05839, 2 = 4.41315
7( x—xb) 7( x—xo) 7( x*xo) A3 = 204.66334, 13 = 54.00279
f [ [
8 =y,tAce t I+ Ace N T I+ A e VT v0 = 0,27076, X0 = -2511,04593
B Weighting Al =-733,76391, tl = 3622,04249
3X10% ~3x101 p ==
A2 =2784,07004, 12 = 552,360651
A3 =728.61222, 13 = 3663.67428
3%10% ~100 B=a-x? a =308.48779, b = -0.68194
Y Burnup all range Y= up - 35) /5
Input Variable : [year], burnup [GWd/MtU]
Final Output : Decay Heat = a+ ( 8 X 7), Watt/MtU
Table 2. Regression model and coefficients for radioactivity.
Category Time [years] Equation Constant
y0 = 9.016602E+04
_(Tx) _(Tx) _(Tx) Al = 5.430436E+05 tl = 2.384940E+01
1~30 = . 1 . 2 . 3
a=y,tA e +Aye +A;z-e A2 = 1,528686E+06 12 = 1,878550E+00
A3 = 3.017734E+06 3 =9.055100E-01
a Fitting [ ) ( ) y0 = 4,156295E+03
X X
0 ~ 300 ey 'ty Al = 2,352309E+05 t1 = 5.000588E+01
3 3 a=y0+Al'€ 1+A2‘€ 2 .352309 > 5. 5
A2 = 2 999008E+05 t2 = 2.801968E+01
300 ~ 100 a = a-* xb a = 3,042961E+05 b = -7.325000E-01
y0 = 559.71304 x0=0,15743
Al = 29187.41507 tl = 6,04885
1~300
A2 =191041.7258 2 = 1,46839
_( x—xg) _[ x—xg) _[ x—xg) A3 = 59636,81392 3= 40.86193
I3 t
B =y, tA e 't Ayce +A;-e : v0 = 11.37008 X0 = 2470.21524
B Weighting ) Al =-63085.41625 tl = 4142,0681
3% 102 ~3% 104
A2 =133198.8947 2 =502,15324
A3 = 63053.18504 3 = 4155.18836
) " a = 219533843
X 10% ~100 = .
3 B=a-x b =-0.50773
Y Burnup all range vy =

Input Variable : [year], burnup

Final Output : Radioactivity = @+ ( 3

[GWd/MtU]
X 7), Curies/MtU
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Table 3. Regression model and coefficients for ingestion hazard index.

Category Time [years] Equation Constant
y0 = -1,529380E+10
7(776) 7(i) 7(7%) Al = 1.566411E+11 11 = 2.945641E+01
1=30 a=py+A;re VA, ee 4 A0 V5 A2=1598310E+11 2= 6.511G3GE+01
A3 =1.977448E+11 3 = 1.260960E+00
a General Form ( ) ( ) y0 = 1.081586E+09
(2 =
30 ~ 300 ¢ =y, +A, e i +A, e ty Al =1,466729E+11 t1 = 4.099393E+01
A2=1466720E+11 12 = 4,099393E+01
y0 = 5.477266E+07 x0 = 2.921808E+01
) i} Xy - -
= = = Al = 4,375762E+10 tl =5.662534E+01
300 ~ 106 = . h ) . f2 ) . ( 3 )
B = gy ey Wy Wy A2=9.430733E+08 2 =7.759008E+02
A3 =1.049437E+08 3 = 1,247778E+04
y0 = 1.252047E+08 x0 = -2,671970E+00
1~ 300 Al = 7.203654E+10 tl = 1,405140E+00
i A2 = 3,145802E+10 2 = 4,133913E+01
Burnup A3 = 6,537647E+09 3 = 4,170630E+00
B Weighting = Q) _ "”‘Q) _ x—xg) y0 = 4.839842E+06 x0 = -1.330955E+03
Form 107~ 35100 B=y,+Ace VN I4A e VT I4A e T Al=-1.271987E+10 11 = 3.324422E+03
) A2 = 3,841549E+09 2 = 4,872931E+02
A3 =1,271658E+10 3 = 3.331380E+03
3% 104 ~106 y0 = -3.048595E+08 X0 = -9.744935E+06
: Al = -2.366668E+10 tl = 1,996750E+06
Burnup A2 = -8,790208E+10 12 = 1.332595E+06
Y all rang Yy = (Burnup - 35) / 5
Correction Value all range (E P )/ A3=4.3552386+400 13 = 4.701943E+06
Input Variable : [year], burnup [GWd/MtU]
Final Output : Toxicity = @+ ( fX 7), m3-water/MtU
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Fig. 2. Comparison of decay heat calculated by ORIGEN-ARP and
regression model.
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Fig. 3. Relative difference of decay heat calculated by ORIGEN-ARP
and regression model.
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Fig. 4. Comparison of radioactivity calculated by ORIGEN-ARP
and regression model.
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Fig. 6. Inventory versus discharge burnup of spent fuels from
Westinghous-type reactors.
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Table 4. Difference of source terms calculated by reference spent fuel and regression model.

Decay Heat Radioactivity Ingestion Hazard Index
v (Watts/Canister) (Curies/Canister) (Curies/Canister)
car
. BT Difference? . o Difference ) o Difference
Bounding Combination? ©) Bounding Combination %) Bounding Combination )
1 2.092E+04 2.022E+04 3.4 4.976E+06 4.852E+06 2.6 7.857E+11 7.619E+11 3.1
5 4.347E+03 4.132E+03 5.2 1.370E+06 1.323E+06 3.6 5.570E+11 5.392E+11 3.3
10 2.859E+03 2.717E+03 5.3 9.658E+05 9.314E+05 -3.7 4,826E+11 4.674E+11 -3.3
40 1.571E+03 1.497E+03 5.0 3.921E+05 3.773E+05 39 2.310E+11 2,237E+11 33
100 7.175E+02 6.855E+02 4.7 9.620E+04 9.250E+04 4.0 5.532E+10 5.355E+10 3.3
300 3.047E+02 2.931E+02 4.0 1.022E+04 9.837E+03 39 2.697E+09 2.603E+09 3.6
1,000 1.233E+02 1.193E+02 3.4 4.018E+03 3.887E+03 3.4 8.793E+08 8.505E+08 3.4
1) 7)) FFA BF 71 AT AR 2 e 49
2) Zt AR S AR o] AV AEE 71T B¢
3) (Combination - Bounding)/Bounding X 100
N.2 & [4] 257, 25, e, “WAS ARAlad AAE 9
3 ASFUAR A BA D oS PAps)s| B
2000W 7)Fo 7 11,811 thake] A4w e dgr) 3]A], Vol. 4 (1), Mar. 2006
> o - - « = 5 _ Y
HEEon, AR 7 AT dne] ta) WA [5] 254 9, “AAF ARA2R HAS 9% T2 AL
& 7}Eske] Ao wkedslr) ALY BobsEtel, A1 o SR A 9 AU 24 A EEEA)
AN A BEEE 2 71F AT RS Hgsk Vol. 6 (2) Jun. 2008.
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o s 34
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Qe Agko 2 FYseFU
AR

[1] 2010 YAFE WA, Sh=12 k7 7]&-4, 2010.

[2] o]z @, AREFH AR WSt AL wet
A+ FES ot AA o=t

WA H 71E8HE], 2005.

e 9], AR T 323t Wet A,

AR AT-Y, KAERI/RR-2845/2007, 2007.

1ol
FF

(3] ity

[7] &5

(8]

-245-

SFedE A A =SR], Vol 6 (3),
Sept. 2008,

-, May, 2010.

25| 9], “uEfHTE AEls
A S Ak A, KAERI/RR-2765/2006.
Dong—Keun Cho, Yang Lee, Jong—Youl Lee and

AREA 2

Jongwon Choi, “Characteristics of a Geological
Disposal System for the Increasing Burn—up of
Spent Nuclear Fuel in Korea," Journal of Nuclear
Science and Technology, Vo. 44 (10), 2007.






